
                             The University of Adelaide 
                                   Faculty of Sciences 
                                                                                                                

 
 
 

      IDENTIFICATION OF SOURCES OF DISEASE RESISTANCE IN 
CHINESE FABA BEAN GERMPLASM FOR INCORPORATION IN 
AUSTRALIAN CULTIVARS 

 
                  
                       A thesis submitted in fulfilment of the  
                     Degree of Master of Agriculture Sciences 
 
 
                                                   
                                                By 
 
 
 
 
                                     Ali Raza Jamali  
 
 
                                          
 

 

 

 

 

                   School of Agriculture, Food and Wine 

                     Faculty of Sciences, Waite Campus 
                   The University of Adelaide, Adelaide 
                                  December 2009 
 



 ii 

STATEMENT OF ORIGINALITY 
 

I hereby declare that this work was conducted in the Faba Bean Breeding Program, University 

of Adelaide and contains no material that has been accepted for the award of any degree or 

diploma in any university or institution either in Australia or abroad, to the best of my 

knowledge and faith. Furthermore, this work does not contain material previously published 

or written by another person, with exception of due references that have been made in the 

text. 

 

 I give consent to this copy of my thesis, when deposited in the Library of University of 

Adelaide, being available for loan and photocopying. 

 

 

 

 

 

 

                                                                                    Ali Raza Jamali 

                                                                                     December 2009  

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

ACKNOWLEDGMENTS 
 

I express my greatest feeling of love and respect for my parents who ever prayed for my health 

and brilliant future and supported me financially and morally throughout my studies. I would like 

to thank my wife for her support, patience for my absenteeism that resulted from sparing more 

time for studies rather than family.  

 

I feel honour to express my heartiest and ineffable gratitude to my supervisor Dr. Jeffrey Paull, 

Head of the faba bean breeding program, for his kind supervision, sincere advice, valuable 

suggestions, great help and ever friendly and loving attitude during the conduct of research and 

completion of this thesis. 

 

I owe a debt of gratitude to Dr. Ahmad Maqbool, Jenny Davidson and particularly to Rohan 

Kimber of SARDI for their skilful guidance, encouragement, precious suggestions and provision 

of facilities of the Pulse Pathology Laboratory during the course of the study. Very cordial 

thanks and acknowledgements are due to Kevin James, Ian Roberts and Michelle Russ, faba 

bean breeding program for their kind co-operation and technical help, which I received from 

time to time to complete this research project.  

Acknowledgements are extended to Government of Pakistan for financial support through 

professional development training program, which enabled me to complete my studies in the 

University of Adelaide. 

 

I am highly obliged to Jane Copeland, Margaret Cargill and Kate Cadman for their help in initial 

stages of my candidature. Last but not the least, I find it hard to express gratitude to my 

affectionate Ex-Professor Dr. Shahid Baloch for his co-operation who consistently inspired, 

encouraged and helped me to achieve my goal. 

 

 

   

                                                                                              

                                                                                              ALI RAZA JAMALI 

 

 

 



 iv 

DEDICATION 
 

 
 I dedicate this humble effort to my beloved daughter 

 Najma Ali Jamali 

who’s birth here in Adelaide brought  pleasure and 

 happiness for me and my family. 

 

 

 

 

 

 

 

 

 

 

 

                                  

                                                                                   Ali Raza Jamali 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v 

Abbreviations 
 
Acc               Accession 

ACIAR         Australian Centre for International Agricultural Research 

ATFCC        Australian Temperate Field Crops Collection 

ANOVA       Analysis of Variance 

°C                 Degree centigrade 

C. V.            Co-Variance 

cv.                Cultivar 

cvs.               Cultivars 

Diam            Diameter 

d. f.               Degree(s) of freedom 

F.                  Factorial 

F1                 First filial generation 

F2                 Second filial generation 

F3                 Third filial generation 

ICARDA      International Center for Agricultural Research in the Dry Areas 

INRA            Institut National de la Recherche Agronomique             

LSD              Least significant difference 

min               Minute 

ml                 Millilitre 

mm               Millimetre  

EtOH            Ethanol 

NIAB            National Institute of Agricultural Botany 

P1                 Parent 1 

P2                 Parent 2 

PDA              Potato Dextrose Agar Medium 

Pers. comm.  Personal communication 

RCBD           Randomized complete block design 

RO                Reverse Osmosis 

SARDI          South Australian Research and Development Institute 

Sec                Seconds 

Seln.              Selection 

Sr.no.            Serial Number 

St. dev          Standard deviation 



 vi 

μ                   Micro meter 

Var               Variance 

χ2                          Chi-square 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



 vii 

Summary of the project 

 
A total of 115 Chinese accessions from six provinces  with diverse climate, topography 

and farming systems were screened for reaction to three fungal diseases Ascochyta blight, 

(Acochyta fabae), chocolate spot (Botrytis fabae) and Cercospora leaf spot (Cercospora 

zonata). Not all the accessions were included in three disease screening trials due to a 

limited number of seeds for some accessions. However, a majority of lines were included 

in all three disease screening trials and the remaining at least for two trials. In the 

Ascochyta blight screening trial 96 Chinese accessions were evaluated and while the 

majority of lines were susceptible a number of lines including 1688, 1689 (Gansu), 1729 

(Guangxi), 1750 (Jiangsu), 1998 and 1999 (Qinghai) were identified with a significant 

degree of heterogeneity including a low proportion of resistant plants. Single plants with a 

disease score of either 1 (resistant) or 3 (moderately resistant) could be used for the 

development and selection of resistant lines. 

 

The effect of three concentrations of B. fabae inoculum was observed on four cultivars 

1714-1, Nura, Fiesta and Icarus. The disease development was proportional to the amount 

of inoculum irrespective of cultivars but the relative responses of cultivars varied between 

treatments, consistent with partial resistance. The lines 1714-1 and Icarus were most 

resistant at all treatments. A medium dose of inoculum provided the opportunity for cv. 

Nura to express resistance compared to cv. Fiesta, while at a low and high inoculum 

concentration, there was no significant difference between the two cultivars. 

 

A total of 99 Chinese accessions from six provinces were evaluated for chocolate spot 

resistance. Germplasm from Qinghai, Guangxi, Jiangsu and Gansu were more resistant as 

compared to germplasm from Yunnan and Guangdong. Qinghai Province lines 1982, 

1983, 1988, 1994, 1998 and 1999 were the least susceptible among all the Chinese lines 

and could be valuable sources of resistance against the chocolate spot disease. A total of 

45 faba bean lines, 22 from six different regions of  China, identified in the preliminary 

screening as having some degree of resistance, 13 regional lines previously reported as 

resistant to chocolate spot and 10 Australian cultivars were evaluated for chocolate spot  

resistance. Germplasm from Qinghai, Jiangsu and Yunnan regions were comparatively 

resistant and particularly accessions 1983 and 1985 from Qinghai province showed a 

moderately resistant reaction. Accession 1714-1, a selection from Acc 1714 from Gansu, 
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was the most resistant among all lines including Icarus and Farah. None of the other 

Chinese lines was equivalent to Australian resistant cultivars Icarus and Farah.  

 

In Cercospora leaf spot screening trial, a total of 72 Chinese accessions and two local 

check lines were screened for disease resistance. The only resistant line was the local 

check, however, three lines 1673, 1727 and 1890 from Gansu, Guangxi and Yunnan, 

respectively expressed a minor level of resistance and there is potential to develop 

resistant lines through single plant selection from these heterogeneous accessions. There 

was significant defoliation due to disease. 

 

The genetics of inheritance of resistance to A. fabae (isolate 86/03) was investigated in 

five faba bean lines. The resistance of cvs. Farah and Ascot was under the control of 

different genes in the two cultivars. The F2 populations of the crosses of these two 

cultivars with susceptible cv. Icarus segregated in different distribution patterns for 

resistance and susceptibility that indicated a dominant gene controls resistance in Farah 

while resistance in Ascot is controlled by a recessive gene. The cross 1783/2*Ascot (Acc 

1783/2 of Tunisian origin) did not segregate in the F2  generation, with the exception of a 

single plant rated 5, indicating resistance in both cultivars is controlled by  the same 

gene(s). Two crosses out of three from 1689/1*Ascot (Acc 1689/1 susceptible and of 

Chinese origin) segregated in the ratio 1:3 indicating the resistant gene of Ascot is 

recessive to 1689/1. 

 

Seventeen isolates of A. fabae from southern Australia were characterised for a number of 

characters including pathogenicity on cv. Icarus, growth on medium, growth patterns, 

pycnidial formation and distribution, size of spores and colour. The isolates were variable 

in most of the features. Pycnidial formation and growth on media were positively 

associated with disease severity, but there was no association between the other  traits in 

culture with disease severity.  

This project has identified variation within Chinese germplasm in response to the fungal 

diseases Ascochyta blight, chocolate spot and Cercospora leaf spot. Lines with a degree of 

resistance to Ascochyta blight and Cercospora leaf spot were heterogeneous and screening 

of larger populations of identified lines and selection of individual resistant plants could 

lead to the development of new resistant lines. Genetic studies of resistance to Ascochyta 

blight comparing Ascot and Farah confirmed that there are alternative genes controlling 
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resistance, and resistant Chinese lines might provide additional resistance genes. 

Identification of chocolate spot resistance in Acc 1714-1 is a significant finding as the 

majority of previously identified sources of resistance to this disease originated from the 

Andean region. Further characterization and utilization of these new sources of disease 

resistance should contribute to a long-term strategy of breeding disease resistant faba bean 

cultivars. 
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Chapter  1      Introduction 
 
Faba bean is botanically known as Vicia  faba L. with the common names including broad 

bean, horse bean and tic bean. The species is divided into two subspecies, eufabae and 

paucijuga, on the basis of leaflets per leaf (Muratova 1931). This classification is accepted 

in general. The eufabae is further divided into major, equine and minor cultivars, which 

are large seeded, intermediate and small seeded, respectively. The seed varies in weight 

from 20 mg to 200 mg per seed, and also varies in shape and colour. Faba bean is one of 

the oldest legume crops used as a food by human beings. The origin of the crop is obscure 

but recent studies have indicated that the faba bean originated in west Asia (Cubero 1974; 

Tanno and Willcox 2006) or central Asia (Ladizinsky 1975). 

 

Faba bean cultivation in Australia is relatively recent, although the crop was introduced in 

different areas of Australia and New Zealand with the early settlement of British people 

(Hawthorne et al. 2004; Muratova 1931). Faba bean was first cultivated on a commercial 

scale in Australia  in 1980, when the cultivar Fiord was released. Fiord was derived from a 

landrace of the island of Naxos, Greece (Knight 1982-83). In 2007, Australia was ranked 

6th in the cultivation of faba bean in terms of production (FAO 2009). The four year 

average area of cultivation and production in Australia for the period 2000-2005 was 

174,000 hectares and 246,000 tonnes, respectively, and production was greatest in South 

Australia with 83,000 hectares and 133,000 tonnes for 2005-6 (Brown et al. 2007). 

 

Foliar diseases are one of the most serious problems in the production of faba bean in 

Australia (Ramsey et al. 1995). In southern Australia, Ascochyta blight (Ascochyta fabae 

Spegzani) and chocolate spot (Botrytis fabae Sardina) are the most serious diseases while 

Cercospora leaf spot (Cercospora zonata Fautery) is present in a high incidence but has a 

relatively small effect on yield. Rust (Uromyces viciae fabae) and viral diseases are 

serious problems in sub-tropical regions of Australia, particularly New South Wales, but 

are generally a minor problem in southern Australia (Kimber pers. comm., 2007). 

Ascochyta blight infection on pods leads to seed staining which affects the quality of faba 

bean seed resulting in  reduced marketability and poor germination (Kimber et al. 2004; 

Raynes and Bretag 2001). The control of these diseases is necessary for sustainable 

production.  

 



 6 

A comprehensive knowledge of the behaviour and interaction of pathogen and host is 

necessary to develop better strategies for disease control. 

The Australian faba bean breeding program has been introducing and exchanging 

germplasm from a number of countries, through bilateral research and other regional 

breeding programs (Paull et al. 2006) and heavily depends on ICARDA material (Paull 

and Kimber 2006). China is the largest faba bean producing country and the crop is grown 

across diverse climatic conditions and topography, but Chinese germplasm is poorly 

represented in the ICARDA collection and has not been evaluated extensively 

internationally. In recent years, through bilateral agreements with ACIAR and ICARDA, 

Chinese, Australian and ICARDA scientists have made germplasm collections in China. 

This newly collected material has great potential as a source of disease resistance that has 

not been explored previously. Thus, evaluation of this germplasm could potentially 

contribute to the gene pool of Australian faba bean industry for a number of traits 

including disease resistance. 
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Chapter 2    Literature Review 
 

2.1 Introduction 
Faba bean, Vicia faba L. is a partially outcrossing, or allogamous, species and is highly 

heterogeneous. In Australia, faba bean is mostly produced in southern Australia, 

particularly in South Australia and Victoria, while production is also increasing in the sub-

tropical region of northern New South Wales following the release of adapted varieties. 

Australia is one of the major exporters of faba bean to the international markets, in 

particular to the Middle East and Egypt where it is a staple component of the diet (Paull et 

al. 2006; Tadros 2004). However, faba bean production has remained inconsistent due to 

drought and fungal diseases which are the major factors limiting production of the crop.  

 

Existing cultivars such as Fiord, Fiesta and Farah perform well in many areas of southern 

Australia but the improved resistance against pathogens of recent Australian varieties, 

Farah and Nura, could be overcome due to changes in pathogens virulence/aggressiveness 

at any time. Fiord was the first cultivar released in Australia, and while it was well 

adapted in South Australia and Victoria, it was susceptible to all major fungal diseases. 

The cultivars Icarus (based on ICARDA line BPL 710) and Ascot (selected from Fiord)  

were released for resistance to chocolate spot and Ascochyta blight, respectively, in the 

early 1990s but both cultivars have  proved relatively low yielding and consequently were 

not widely cultivated. Fiesta VF, derived from the ICARDA chocolate spot resistant line 

BPL 1196, was released in 1997 and has become the major cultivar in Australia. The more 

recently released cultivars, Farah (selected from Fiesta VF) and Nura (pedigree 

Icarus*Ascot), have better overall combined resistance to chocolate spot and Ascochyta 

blight. However, both cultivars are still heterogeneous in reaction to Ascochyta blight with 

a low proportion of susceptible plants (Paull pers. comm., 2008).      

                

The Australian faba bean industry is focused on producing a demand-oriented product for 

export markets. Seed quality is an important determinant of  price and  diseased seeds are 

sold in the market at a low price and market choices are limited for such seeds (White et 

al. 2004). Middle Eastern countries, Egypt, United Arab Emirates, Yemen, Saudi Arabia, 

and Jordan were the major faba bean importing countries with annual imports of 459,258, 

11,189, 10,776, 8,955 and 6,927 tonnes for year 2006 respectively (FAO 2009). Pulse 

Australia has explored the Egyptian market, and negotiated with the Egyptian Government 



 8 

in 2002 to reach consensus on some product specifications. Australia supplied 220,000 

tonnes of faba bean to Egypt during 2002 and Australian small seeded cultivars are well 

accepted in Egyptian markets (Tadros 2004). Furthermore, Indonesia imports between 

8,000 and 10,000 tonnes for their food industry while Italy and Spain also import small 

quantities of faba bean from Australia (Tadros 2004). Good quality produce and constant 

supply to these international markets will be a key factor in future marketing.  

 

Fluctuations in production and low-grade seed are the key problems for exporters in 

maintaining a major role in the competitive international market, which ultimately results 

in a loss to the Australian farming community. There is a need to identify new genetic 

sources for resistance against the fungal pathogens to ensure consistent production and 

minimize the risk of changes in the pathogen to overcome the resistance of Australian 

cultivars. Plant material from diverse regions has increased the possibility of major gene 

resistances (Vale et al. 2001). The current available faba bean gene pool has not been 

exploited fully so far and new sources of variation are continuously being explored. 

Chinese origin germplasm in particular is under-represented internationally (Lawes et al. 

1983; vanLeur 2004; Witcombe 1984). 

 

China is the largest faba bean producing country in the world with the production of 

1,420,000 metric tonnes, followed by  Ethiopia, Egypt, France, United Kingdom and 

Australia with the  production of 576,156,  301,770,  254,800, 160,000 and 138,000 

tonnes for 2007 respectively (FAO 2009). Faba bean germplasm resources are abundant 

and widely distributed across China (Li-Juan 1993) and faba beans are grown throughout 

China in 20 provinces and autonomous regions of the country (Liang 1986). China has had 

a long history of faba bean cultivation, with a diverse climate, topography and a long time 

span during which artificial and natural selection took place. The reproduction of Chinese 

faba bean genetic combinations in isolation of foreign gene pools, over long periods with 

varying selection pressures, have contributed to a separate gene pool of Chinese origin 

(Zong et al. 2009). All aforementioned  factors contributed to the development of a rich 

faba bean germplasm resource in China (Zhuo-Jie 1993b).  

 

Although the collection of Chinese faba bean germplasm started in the 1960s, a more 

serious effort has been made since 1979. However, further germplasm collection work is 

on-going and many areas are yet to be accessed due to an  insufficient number of  

scientists and poor transport facilities (Zhuo-Jie 1993a). In China, there were about 2000 
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faba bean germplasm accessions held by 1989 from 21 provinces but after investigating 

the similarities in the names and  proper identification, the final figure of unique 

accessions was estimated to be about 1500 (Zhuo-Jie 1993b). Until recently, germplasm 

had not been collected in five provinces, municipalities and autonomous regions, and 

continuous  efforts are needed to access remote areas across China (Zhuo-Jie 1993a). The 

Chinese germplasm was not fully exchanged internationally in the past. However, in the 

early 1980s, the International Center for Agricultural Research in the Dry Areas and China 

began cooperation through visits of the Shanghai Academy of Agricultural Sciences 

Scientists to ICARDA which later on resulted in cooperative agreements between the 

Chinese Academy of Agricultural Sciences  and ICARDA in 1987. More recently, China 

and Australia collaborative projects, “Improvement of faba bean in China and Australia 

through germplasm evaluation, exchange and utilization” (ACIAR1994/034), and 

“Increased productivity of cool season pulses in rainfed agricultural systems of China and 

Australia” (CIM/2000/035), funded by the Australian Centre for International Agricultural 

Research (ACIAR), have provided Australian scientists an opportunity to access the 

Chinese germplasm.  

 

The present study aims to identify and characterize new genetic sources for resistance to 

Ascochyta blight, chocolate spot and Cercospora leaf spot from these Chinese accessions, 

which have been collected from farmer’s varieties (land races) through the collaborative 

project between China and Australia. Collections were made in six provinces including 

sub-tropical Guangdong, Guangxi and Yunnan, temperate Jiangsu, and Qinghai and 

Gansu, which have cold winters and crops are spring sown.  

 

The Chinese germplasm has been exchanged in recent years with ICARDA and Australia 

but Chinese germplasm representation is still  poorly represented in the ICARDA 

collection with only 494 accessions of Chinese origin in the ILB collection (K. Street  

pers. comm.., 2008), which numbers more than 10,000 accessions in total (vanLeur 2004). 

Hence, there is a great potential to explore the Chinese germplasm for many traits 

including as sources of resistance to fungal diseases. Any new sources of resistance could 

be used for the future breeding program of faba bean in South Australia.  
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2.2  Fungal diseases 
The major foliar fungal diseases of faba bean in Australia include Ascochyta blight, 

chocolate spot and Cercospora leaf spot in the Mediterranean region and rust in the Sub-

tropical region, while minor diseases include Alternaria and Sclerotinia. The cost of 

disease control management and losses in terms of yield and quality remain limiting 

factors in faba bean production. Although the faba bean breeding program has explored 

resistant sources and incorporated them into high yielding cultivars, present cultivars are 

mostly derived from the mixed populations that were introduced to Australia. However, 

these cultivars are not completely resistant against the fungal pathogens and available 

resistance sources could be eroded by changes in the pathogen’s virulence/aggressiveness 

with the passage of time. Further potential for the selection of desired genes within the 

local accessions is limited. Therefore, this project has the objective of identifying Chinese 

germplasm that could contribute to the development of cultivars with resistance to the 

major diseases of faba beans, particularly in the Mediterranean environment of southern 

Australia. Disease descriptions are therefore limited to Ascochyta blight, chocolate spot 

and Cercospora leaf spot. 

 

2.2.1   Ascochyta blight 
Ascochyta blight has been attributed to Ascochyta pisi Lib or Ascochyta fabae Speg. by 

different researchers. The first description of Ascochyta came from Libert in 1830, 

describing it as the causal agent of blight of Pisum sativum L. (Sattar 1933; Yu 1947). A 

spelling alteration was made by Link, replacing “x” from Ascoxyta with “ch” and giving 

the name Ascochyta and this was generally accepted. In 1889, Spegzani from Argentina 

described it as Ascochyta fabae and mentioned that symptoms were dark yellow to brown 

spots on leaves of V. faba L. (Beaumont 1950; Yu 1947). The pathogen was further 

described by Link and Berkley (Sattar 1933). In the United Kingdom the pathogen was 

first reported in Sussex by Carruthers (1899) as attacking stems, leaves and pods and it 

was again recorded in Devon during 1927 (Beaumont 1950). The disease is now common 

throughout the world: in Asia, North Africa (Egypt, Morocco, and Tunisia), Europe, 

America, Argentina, Canada and Australia (South Australia, New South Wales, Victoria, 

Western Australia and Tasmania) and New Zealand (Gaunt 1983; Randles and Dube 

1976; Sattar 1933; Yu 1947). 
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Colonies of A. fabae on Potato Dextrose Agar Medium are white to ash white, with large 

quantities of pycnidia. Pycnidia usually develop in the centre but can develop scattered 

within the mycelium of the fungus. The colour of pycnidia is light brown or yellow brown 

to brown or dark brown (Punithalingam and Holliday 1975; Yu 1947). Pycnidia are 

prominent, globose-depressed, with papilliate, light brown ostioles. Ostiole size  ranges 

between 30- 50 µ (Yu 1947). Spores are usually straight, sometimes curved, oblong, 

hyaline 1 or rarely 2 or 3 septate measuring in the range 14-30.4 x 3.8-7.9 µ  and  average 

size of 17.9 x 5.9 µ (Beaumont 1950; Yu 1947). Hyphae develop between cells but can 

sometimes develop inside the cell (Maurin et al. 1993; Yu 1947). 

 

2.2.1.1 The Teleomorph stage of Ascochyta fabae 

The teleomorph stage of  A. fabae  was first described on overwintering bean straw of faba 

bean in  the Plant Breeding Institute, Cambridge, during 1989.  Jellis and Punithalingam 

(1991) described this stage as Didymella fabae: 

 The fungus ascomata arranged in rows on bean straws, immersed becoming partially 

erumpent, dark brown, to blackish brown, subglobose, single, separate  sometimes in 

groups, 180-240 x 130-150 µ with short necks ostiolate. Ascomatal wall 

pseudoparenchymatic, composed of five to eight layers of cells (texture angularis), the 

outer three to four layers dark brown, the inner layer hyaline. Ostiole nearly circular, 35-

50 µ wide, surrounded by dark brown cells. Asci arranged in a relatively flat layer, 

hyaline, cylindrical to subclavate, bitunicate, eight spored, 55-70 x 10-14 µ, usually 

constricted near the base to form a distinct foot.  

Pseudoparenchyma hyaline, thin walled, septate, 1-2 µ diameter conspicuous immature 

fructification. Ascospores irregularly distichorous, hyaline, smooth, slightly biconic, 

broadly ellipsoid, two celled, constricted at the septum, with the upper cell broader than 

the lower cells 15-18 x 5.5-  6.5 µ. Naturally discharged ascospores on bean straw later 

turn yellowish brown to dark brown and sometimes three septate. 

 

2.2.1.2  Disease symptoms on plants 
Ascochyta blight symptoms appear on plant leaves, stems and pods (Beaumont 1950). On 

the leaves spots are larger, circular to oblong 2-22 x 2-16 mm in diameter with light 

coloured centres and a dark or red border (Yu 1947). In the beginning, leaf lesions are 

circular, dark brown and sunken. Symptoms are lighter in the centre under dry conditions 

and more often light to dark grey in colour. Pycnidia development either starts in the light 
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centre areas or scattered on the spotted areas. Spots enlarge and coalesce to cover the 

major portion of the leaves and nearby areas become blackened and necrotic. Leaf 

symptoms may be oval shaped with grey centres and red margins while stem lesions may 

be circular or elongate (Yu 1947). Stem lesions are darker than the leaf lesions, elongate, 

sunken and spreading, with pale centres and dark margins and in severe attacks, stems 

may break from the infection point (Gaunt 1983). On the pods spots are circular or oval, 

dark brown with black edges and deeply sunken in host tissues (Yu 1947). In the case of 

early infection, whole pods may become necrotic; pods abort and seed setting will not 

occur. In severe infection lesions may penetrate inside the pod and affect the seeds; there 

is a white fluffy mycelium growth inside the pods. The seed is shrunken and contains 

yellowish brown stains on the outer surface (Lindbeck 2007). 

 

Lesions develop rapidly on younger leaves of susceptible cultivars. Development of 

primary lesions on seedlings is very rapid during favourable wet and cold weather 

conditions and the spread of the disease is favoured by such conditions during the 

establishment of the crop (Beaumont 1950; Gaunt 1983; Maurin et al. 1993) 

 

2.2.1.3  Economic losses 
Ascochyta blight not only reduces the yield of crops but also reduces the quality of the 

seed by infection. Yield losses to susceptible cultivars will vary depending upon the level 

of susceptibility of the cultivar, severity of infection and weather conditions. Age of the 

plant and time of infection also determine the yield loss. Losses of 30-40 % are common 

but  may reach up to 90% if plants are severely affected, as in the case of Giza 4, a 

susceptible cultivar, during 1978-1979 in Syria (Hanounik 1980). In New Zealand yield 

losses of more than 15% were observed in an experiment during 1979 (Hampton 1980). 

Seed losses of  5-50% in small faba bean and  V. faba var. faba  were recorded 

(Punithalingam 1993). Yu (1947) also reported yield losses of 80-100 % from Chenkiang, 

Yunnan, China. In Victoria, Raynes and Bretag (2001)  reported reduction in germination, 

seedling emergence and crop establishment when discolouration of the seeds due to 

infection by A. fabae was more than 5%, however, in the case of more than 25% of seed 

coat infection, the seed emergence can be reduced by 30% (Lindbeck 2007). 
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2.2.2   Chocolate spot  
The first description of chocolate spot disease came from Berkley during 1849 to 1875 in 

a series of articles in Britain. However, he was unable to associate a pathogen to the  

disease (Gaunt 1983). Sardina (1930; 1932) described  the  pathogen Botrytis fabae  

during 1928-1929 when the faba bean crops were attacked by  the disease in different 

areas of  Spain and he differentiated the pathogen B.  fabae from Botrytis cineria and 

provided  a detailed description of both pathogens. Yu (1945) reported the work of Dr. R. 

H. Porter on Botrytis disease from Nanking, China,  during  1927-29 and 1934-37 and 

results were identical to those reported by Sardina (1930; 1932). Chocolate spot was  first 

reported in Australia from Tasmania (Geard 1962; Williams 1975).  

 

Chocolate spot  is widely distributed in the world and has been reported from Europe, 

South America, Africa, Middle East, India, South East Asia, China, Korea, Canada  and  

Australia (Ellis and Waller 1971; Yu 1945). Within Australia, chocolate spot has occurred 

at levels sufficient to result in significant crop loss in South Australia, Victoria, New 

South Wales and Western Australia (Day and Hawthorne 2004; Kimber and Davidson 

2004; Paull and White 2004). 

 

2.2.2.1 Disease symptoms 
The symptoms of chocolate spot first appear on the leaf blade as minute red spots, which 

gradually enlarge, the centre becomes depressed and the colour turns to chocolate or iron 

red and margins appear deep coloured. The spots are round and oval shaped but rarely 

become oblong, they occur in abundance on a single leaf and usually are less than 1 mm in 

diameter (Yu 1945). However lesions can reach up to 1 cm in size with the centre ash 

colored surrounded by alternate pale and dark concentric furrows (Sardina 1932). The leaf 

blade may die when tips and margins become black and papery (Yu 1945). On the lower 

leaf, surface spots are few with no clear margins while on the stems and petioles lesions 

are oblong, elliptical and deeply sunken with deep red margins. Very small red spots on 

pods  usually remain static throughout the year (Yu 1945). On flowers tiny red brown 

spots appear (MacLeod and Sweetingham 1999) while in severe infections the pod might 

split and small red brown spots can be seen on the outer surface of the seed (Paull pers. 

comm., 2007). 
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2.2.2.2 Economic losses 
Chocolate spot is the most damaging leaf disease of faba bean in the world (Bouhassan et 

al. 2004). Yield losses can be severe in favourable environmental conditions (Gaunt 1983) 

and may reach up to 80 or 100 percent (Khalil and Harrison 1981; Sardina 1932). 

Chocolate spot is one of the major limiting factors to faba bean production in Australia 

(Ramsey et al. 1995). During September 1983 widespread crop losses were reported from 

the  South East of South Australia (Day and Hawthorne 2004) and losses were more than  

90% in south eastern Australia (Kimber and Davidson 2004). The chocolate spot disease 

epidemics of 1997-98 in Western Australia not only destroyed the crop but also 

discouraged the farmers to grow faba bean in the following years resulting in a reduced 

area of cultivation in the region (Paull and White 2004). 

 

2.2.3 Cercospora leaf spot 
Cercospora leaf spot is caused by the fungal pathogen Cercospora zonata G. Winter. The 

disease has been reported from China (Juan et al. 1993) and Australia (Bayaa 2006; Egan 

et al. 2006; Kimber et al. 2006a). Since 2002, the disease has been spreading in southern 

and Western Australia.  

 

2.2.3.1 Disease symptoms 
Disease symptoms appear on leaves, stems, flowers and young pods. Symptoms are 

usually dark and irregular, difficult to distinguish from the symptoms of Ascochyta blight 

and chocolate blight (Bayaa 2006; Kimber and Davidson 2004).  During the early stage of 

the infection, small reddish brown spots are formed on the lower leaves, usually 1 mm in 

diameter and then gradually enlarge and become circular or zonate. Lesions generally 

range between 5-7 mm, however, under favourable environmental conditions, these can 

reach up to 14 mm with a greyish centre and brown margins and on the stem, lesions are 

elliptical with dark grey appearance. The disease is severe in moist and humid climatic 

conditions (Juan et al. 1993). 

 

2.2.3.2 Economic losses 
Cercospora leaf spot is a new emerging disease of the faba bean crop in Australia. The 

disease is more severe and spreading rapidly in southern and western faba bean growing 

areas (Kimber et al. 2006b). Suppression in yield due to the disease  was reported to be in 

the order of 5-10% in 2005 (Kimber et al. 2007) but there does not appear to be any 
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impact of the disease on seed quality as the fungus is superficial on the pod and doesn’t 

develop onto the seed (Kimber pers. comm., 2007). 

 

2.3   Control of fungal diseases  
Diseases are the major cause of reduction in yield and quality (Vanderplank 1963) and the 

most important factors which determine the yield level and stability in the production of  

faba bean (Robertson 1993). In general, there are four ways to control fungal diseases: 

1. Disease free seed 

2. Use of fungicides 

3. Cultural methods 

4. Resistant cultivars 

 

2.3.1  Control of Ascochyta blight 
A. fabae attacks leaves, stems and pods of the plant and in severe attacks the pathogen can 

infect the  seeds (Tivoli et al. 2006).  A. fabae is significantly transmitted through seed 

across the world (Kharrat et al. 2006; Punithalingam 1993; Punithalingam and Holliday 

1975; Wallen and Galway 1977) and locally by infected debris (Geard 1962; Tivoli et al. 

1987), rain splash and wind (Kimber and Davidson 2004; Tivoli 2007). Disease control by 

rotation, use of clean seed and chemical treatments has not been completely effective in 

combating Ascochyta blight (Sillero et al. 2001; Tivoli et al. 2006). However, the use of 

resistant cultivars is considered the most successful method of disease control (Roman et 

al. 2003; Tivoli et al. 2006). 

 

Studies have been conducted to control the pathogen through fungicides. A number of 

fungicides with different modes of action and application rates have been applied to 

control pathogens of faba bean (Hampton 1980; Hanounik 1980; Rahat et al. 1993; 

Wallen and Galway 1977). Liew and Gaunt (1980) compared the effectiveness of foliar 

fungicides Chlorothalonil, Captafol/Mancozeb and RH 2161 along with water spray as 

control. Chlorothalonil treated plots showed significant reduction in the infection of A. 

fabae as compared to remaining treatments. In some cases  systemic Benomyl contained 

the seed borne pathogen (Kharbanda and Bernier 1979; Wallen and Galway 1977) and 

also  soaking of seeds in Benomyl-thiram (0.2% a.i.) for 8 hours  controlled the disease 

(Kharbanda and Bernier 1979). Control of Ascochyta blight on susceptible varieties in 

southern Australia requires the application of 3-4 sprays and each spray costs $ Aus 10-
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15/hectare (Paull pers. comm., 2007). Chemical control does not provide complete 

protection and is costly which reduces profit margins (Egan et al. 2006) as well as being a 

danger to the  environment (Agrios 2005; Bouhassan et al. 2004; Brown 2006) and human 

health (Leppik 1970).    

         

The most suitable method of plant disease control for sustainable production is the use of 

resistant varieties (Bouhassan et al. 2004; Roman et al. 2003). There is a need for 

exchange of germplasm among faba bean breeding programs of different countries and  

institutions to identify sources of resistance and evaluate the effectiveness of resistant 

genes against the races of the pathogen in different regions (see Section 2.4.1). 

 

2.3.2   Control of chocolate spot 
Botrytis fabae is transmitted through seed (Geard 1962) and by spores which usually 

spread during heavy rains, but in dry weather spore dispersal is reduced (Creigton et al. 

1985). Wind speed also affects the spread of the pathogen (Harrison and Lowe 1987). 

Disease spreads from one field to the adjacent field by airborne conidia usually produced 

on lesions during high humidity. During warm and humid conditions air borne conidia are 

readily produced  on dead leaves and disease spreads very quickly (Ellis and Waller 1971; 

MacLeod and Sweetingham 1999). Crop rotation, adjustments of sowing date, proper 

drainage, use of potash and fungicides reduce the disease incidence (Liang 1993). Under 
conditions of high disease pressure, plots sprayed with Benomyl showed an increase in the 

yield of faba bean upto 20 percent greater than the untreated plots. Other fungicides, 

Thiabendozile, Prochloraz and Iprodine provided a degree of disease control but were not 

as effective as Benomyl (Bainbridge et al. 1985). However, significantly, during low 

incidence of the disease there was no increase in the yield through application of 

fungicides. 

 

Chemical application provides partial control (Bouhassan et al. 2004; Tivoli et al. 1986) 

and is costly for the farmers, which reduces profit margins as well as being harmful to the 

environment (Bouhassan et al. 2004). Therefore, the least expensive and best practical 

method for the control of the chocolate spot disease is the use of resistant cultivars 

(Makkouk and Hanounik 1993).  
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2.3.3 Control of Cercospora leaf spot 
Several fungicides have been tested to compare their efficacy against  Cercospora leaf spot 

disease in Australia. Kimber et. al (2007) reported Procymidone, Copper oxychloride and 

Captan were more effective than other fungicides to control the disease in field trials 

during 2005 and 2006. There is no report of disease transmission through seed (Kimber 

pers. comm., 2007). 

2.4      Disease resistance in plants 
Disease resistance is present within genotypes and populations which can interbreed 

(Harlan 1977). In the process of evolution different interactions, including natural and 

artificial selection pressures, isolation of stocks and exchange of seed into new 

environments resulted in hybridization and recombination of characteristics. Primitive 

agriculture  enhanced the variability, integration and adaptations in populations and 

created land races (Harlan 1975). Land race populations are mixtures of genotypes and are 

well adapted to the regions where they evolved and often include resistance to the 

prevailing diseases in the region. Resistance of modern varieties is often derived from 

ancestral landraces in pedigrees (Frankel 1977) and resistance can be potentially  found in 

the areas having a long history of crop cultivation in the presence of disease (Harlan 

1977).  

 

Plants show different levels of reactions to diseases (Fry 1982; Vanderplank 1978). For 

survival, plants develop a wide range  of defence mechanisms which are based on the 

principles of avoidance and resistance or tolerance (Parlevliet 1989; Vale et al. 2001). In 

the first type, the host reduces the frequency of incidence of disease by avoiding contact 

between host and parasite thus preventing successful establishment. In the second type, 

the host resists the growth of the parasite after the establishment of the interaction. 

Avoidance includes development of morphological barriers such as hairs, thorns, resin 

ducts and volatile repellents (Vale et al. 2001) while resistance is of a chemical nature 

(Parlevliet 1989; Vale et al. 2001) and operates after the establishment of host-parasite 

interaction. There are two types of resistance, one in which the plant resists the successful 

establishment of the pathogen at the infection site by restricting the infection process; and 

a second in which the host resists colonization and growth of the pathogen after the 

successful establishment of the pathogen (Nelson 1978). It can further be defined in terms 

of epidemiology as a reduction in the onset of disease due to a reduced amount of initial 
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effective inoculum and reduction in apparent rate of infection as a result of a decreased 

amount of disease that develops on the plants.  

 

Resistance to diseases is an important factor to improve production and enhance the 

stabilization of food legumes (Porta-Puglia et al. 1993). It has been established, in nature, 

that there is a continuous balance between pathogenic virulence and host avirulence genes; 

that is an evolutionary process so resistance remains transitory (Vale et al. 2001) and 

known as a temporary character in plants (Kiraly et al. 1974). Plant pathogens have the 

ability to erode the resistance of cultivars any time and are considered shifty enemies. This 

shift in the pathogen is usually due to selection pressure.  

Resistance occurs in plants either qualitatively or quantitatively or as a combination of 

both and is of a chemical nature (Vale et al. 2001). In general, qualitative resistance is also 

called non-durable, narrow resistance and is usually controlled by a major gene while 

quantitative resistance is controlled by more genes and is also called durable or broad 

resistance (Nelson 1973). Quantitative resistance is assumed either to be due to 

morphological and physiological characters present in the plant, which act independently, 

or together to check the ability of fungus to grow and spread by reducing the sporulation, 

penetration and growth after establishment. Vertical resistance and horizontal resistance 

terminology is also applied to qualitative and quantitative resistance (Nelson 1973; 

Parlevliet 1979; Vanderplank 1984). However, little work has been done so far on the 

expression and inheritance of resistance genes of faba bean and on the combining of such 

genes in a cultivar. There is a need to pool different resistance genes to develop cultivars 

with long lasting resistance. 

 

2.4.1 Variation in resistance 

Variability can be found within and between  crop cultivars (Day 1973; Marshall 1977) or 

land races. Faba bean germplasm has been collected from different geographic areas of the 

world and a gene bank has been developed by the International Center for Agricultural 

Research in the Dry Areas (ICARDA), at Aleppo, Syria. A number of  resistant lines have 

been developed from ICARDA germplasm  such as BPL 471,- 460, -646, -74 and -2485 

against A. fabae  while BPL 710, 1179, 1196, 1278 and ILB 3025, -3026, -2300 and -2320 

are resistant or moderately resistant against  B. fabae (Hanounik et al. 1993; Robertson 

1993). Resistance to C. zonata has recently been identified in Australia in Acc 1107/2, 

1108/2 (derived from ILB 2582 and ILB 2583 which originated from Morocco), 1322-2 
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(derived from L 82003 B8833) and a breeding line 1269*483/6 developed in Australia 

(Kimber et al. 2006b). Resistant genes from different sources have been used to develop 

faba bean cultivars but not on a large scale. However, even the development of improved 

cultivars is inadequate to represent the different  faba bean regional agro-climatic 

conditions (Torres et al. 2006). 

 

ICARDA germplasm has been exchanged extensively with Australia. China and ICARDA 

have exchanged germplasm on a small scale but Chinese germplasm has not been 

exchanged widely internationally. The recent ACIAR projects, “Improvement of faba bean 

in China and Australia through germplasm evaluation, exchange and utilization” 

(ACIRA1994/034) and “Increased productivity of cool season pulses in rain fed 

agricultural systems of China and Australia” (CIM/2000/035) have resulted in the 

collection of germplasm, which has not been evaluated for resistance to diseases either in 

China or internationally. As the majority of the germplasm is landraces, it is possible that 

some level of resistance has been selected over many generations of cultivation.  

 

The present study aims to evaluate Chinese cultivars and landraces for resistance against 

three major fungal diseases. These lines originate from six provinces of China with 

contrasting agro-climatic conditions and there is a greater chance  for the presence of 

resistance sources in diverse geographic areas with long history of cultivation of a 

particular crop (Harlan 1977). 

 

2.4.1.1 Ascochyta fabae 
Variation in resistance to Ascochyta blight has been observed from different geographical 

regions of the world. Kimber et al. (2006a) studied twenty pairs of imported faba bean 

accessions and progenies derived through two generations of mass selection for resistance 

against A. fabae in the faba bean breeding program at The University of Adelaide, 

Australia. The original parental lines were from Afghanistan, China, Greece, Iraq, 

Lebanon, Morocco and the former USSR. The selected line from Afghanistan was more 

resistant than the original population and similar results for five other populations and 

their derived lines were also observed. This indicates that there is variation for resistance 

to Ascochyta blight within some faba bean populations and lines, and enhanced resistance 

can be obtained through single plant selection. 

 



 20 

Hanounik and Robertson (1989)  found 19 lines resistant out of 672 lines screened against   

A.  fabae in ICARDA, Syria, and only seven lines remained resistant after exposure to a 

second cycle of inoculation. This indicated the presence of heterogeneity in V. faba for 

resistance. Hanounik and Maliha  (1984b) also observed differences in reaction of 1730 

germplasm accessions of ICARDA, using a two-cycle screening technique. In the first 

year, 533 lines were selected as resistant and retested in the following year when only 15 

lines proved resistant. These lines originated from a number of countries, which included 

Ethiopia, Greece, Iraq, Lebanon, Spain and United Kingdom. In Canada, Rashid et al. 

(1991) investigated the reaction of two isolates, A and Y, against 77 single plant selections 

derived from 372 plant populations. The selections were tested at two locations during 

1981-84 and were found heterogeneous in reactions to both isolates. Before further 

evaluation, the level of homogeneity of plant populations was brought to >80% by selfing 

and testing the plants for 4 cycles. Seven lines reacted homogenous resistant to isolate A 

and eight lines to isolate Y while five lines were homogeneous resistant to both isolates. 

 

In Wuhan, Hubei, province of China, 910 lines were evaluated during 1986-1990 against 

Ascochyta blight using a local susceptible broad bean line as a check. Lines showed a 

diverse range of reactions from moderately resistant to highly susceptible; 94 lines were 

moderately resistant, 459 lines moderately susceptible and 124 lines highly susceptible 

(Guoqing et al. 1993). In another Chinese study conducted at Crop Research Institute of 

Zhejiang Academy of Agricultural Sciences in Hangzhou, 900 lines of diverse origin, 

including 500 lines from Zhejiang province and the remaining lines from ICARDA, Japan 

and some other countries, were evaluated and only 24 lines were resistant against A. fabae 

(Juan 1993). 

 

A considerable difference was also observed among genotypes during the assessment of 

the resistance of faba bean to A. fabae by  Maurin and Tivoli (1992). The variation was 

related to some extent to morphological characteristics, but not always, and they found 

variability between genotypes: winter faba bean lines 29 H, 29 M and 972 C showed 

resistance while lines  48 B,  FD 64 and 14.4  appeared susceptible. Variation in the 

stability of resistance was also observed in the line 29 H under controlled conditions 

where 29 H proved more stable against A.  fabae among 10 genotypes evaluated for 

resistance (Tivoli et al. 1992).  

In the United Kingdom differences in susceptibility between two lines T18 BSv (Quasar) 

and 1B18 1/3, were observed. Similar spore germination rates occurred on both lines 
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indicating the possibility of biochemical differences rather than morphological 

characteristics for the resistance (Pritchard et al. 1989). Lockwood et al. (1985) reported a  

relationship between disease incidence and plant morphological characteristics and small 

seeded, tall and late flowering varieties had less infection when compared to dwarf, early 

flowering broad beans.  

 

2.4.1.2 Botrytis fabae  
Many studies carried out in different regions of the world have indicated variation in 

resistance to B. fabae. In China, 938 accessions were assessed during 1986 to 1990 against 

chocolate spot, in Zhejiang province with local cultivars as check lines. None of the 

accessions proved either highly resistant or resistant however, 96 lines were found to be 

moderately resistant, 385 lines moderately susceptible and 295  lines highly susceptible 

respectively (Guoqing et al. 1993). These lines originated from Zhejiang, Hunan and 

Jiangsu provinces where chocolate spot disease is common due to high humidity. In 

another Chinese study conducted at Crop Research Institute of Zhejiang Academy of 

Agricultural Sciences in Hangzhou, 900 lines of diverse origin, including 500 lines from 

Zhejiang province and the remaining lines from ICARDA, Japan and some other 

countries, were evaluated and only 14 lines were resistant to chocolate spot (origin not 

mentioned) (Juan 1993). In China, 966 lines of faba bean, collected from 15 different 

provinces in the 1990s, were evaluated against B. fabae. Among these, 105 lines showed a 

level of resistant reaction and in particular a small seeded green cultivar remained stable in  

three consecutive years in the trial, while others showed moderate resistant reactions 

(Liang 1993). 

 

 At ICARDA, Hanounik and Robertson (1988) evaluated  253 faba bean accessions 

originating from Columbia for the identification of  resistance sources. Plants were 

inoculated with a mixture of 20 isolates from different faba bean growing regions of Syria 

and a two-year screening cycle was used. In the first year, 53 accessions showed resistance 

while in the second year 14 accessions proved resistant and 39 accessions susceptible. In 

France, Tivoli et al. (1988) studied 20 genotypes of faba bean from Egypt and Syria 

(ICARDA), and included two local checks, using detached leaf, polyethylene tunnel and 

field evaluation techniques to observe the differences among the genotypes. Plants were 

categorised into good, intermediate and weak performer groups and ILB 938 (originating 

from Ecuador) proved most resistant and Giza 402 most susceptible. In a previous study, 

conducted in France during 1984-85,  ILB 938 also showed resistance when compared 
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with 6 other lines and Giza 402 showed higher level of susceptibility (Tivoli et al. 1992). 

In Rabat, Morocco, Bouhassan et al. (2004) reported different levels of reactions in 

Maghrebian germplasm evaluated against B. fabae, and two lines (FRYM 167 and FRYA 

58) out of 136 lines showed a good level of partial resistance compared to BPL 710.  

 

Variation in breeding lines to chocolate spot reaction in Australia, in field trials with 

natural infection were reported by Paull and Kimber (2006) where cv. Nura was more 

resistant than cv. Fiesta (derived from BPL 1196) while cv. Fiord was very susceptible. 

 

2.4.2 Variation in the pathogen 
Plant pathogens differ in their pathogenicity, virulence and aggressiveness (Carson 1997). 

There is also variation in  pathogens spread and the rate and way of multiplication 

(Parlevliet 1979). Knowledge of the genetic variability of plant pathogens is very 

important for selection programs, which aim to focus on resistance sources from different 

geographical areas and to develop breeding strategies to produce resistant cultivars.  

 

2.4.2.1 Ascochyta fabae 
A comprehensive knowledge of the variation in  A.  fabae is necessary for  faba bean 

breeding to develop resistant cultivars. Variation was observed within and among 52 

isolates collected from 23 different locations in three states of southern Australia. There 

was variation in colony size, pycnidiospore production and size and colour of the 

pycnidiospores and also variation in aggressiveness (Kohpina et al. 1999). The growth 

rate of mycelium, the  size of conidia and sporulation was found to differ between  

biotypes of  A. fabae of Spanish origin (Roman et al. 2003). In Canada, Kharbanda and 

Bernier (1978b; 1980) also reported similar results indicating differences in growth, 

sporulation, average size of conidia, production of conidia and pigmentation within and 

among isolates. Isolates that  produced brown pigmentation were more  effective in 

producing infection against the cultivar Ackerperle as compared  to isolates that  produced 

black pigmentation (Kharbanda and Bernier 1978b). Isolates A and Y showed the highest 

level of aggressiveness among all the isolates studied (Ali and Bernier 1985). In Canada, 

Rashid and Bernier (1985) also observed variation in the interaction between ten isolates 

used against 15 lines and identified 6 races of  A. fabae. 
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2.4.2.2 Botrytis fabae 
Differences in virulence among 5 isolates of B. fabae collected in Egypt were observed by 

using the detached leaf technique for the evaluation of 13 different faba bean lines. B. 

fabae isolates were collected from the Alexandria, Gemeiza, Ismailia, Nubaria and Sakha 

areas of Egypt. Alexandria and Nubaria isolates were most virulent while the Sakha 

isolate proved least aggressive (Mohammad et al. 1981). In China, different isolates of B. 

fabae showed variability in culture by  producing more sclerotia with minimum mycelium 

growth and vice versa. However, some showed intermediate response in both sclerotia 

formation and mycelium growth (Liang 1993). Hanounik and Maliha (1984a) studied 3 

isolates from Tel-Kalakh and Lattakia, Syria and Doha, Lebanon at ICARDA against 

seven faba bean lines. The isolate collected from Tel- Kalakh was more aggressive than 

the remaining two isolates with specific pathogenic patterns against all seven lines and 

produced less sporulation than the other two isolates.  

 

2.4.3   Inheritance of resistance to A.  fabae 
Resistance in plants is controlled by either major or minor genes or by a combination of 

both types of genes. Genetic inheritance studies have shown that both major and minor 

genes controlled resistance of faba bean to Ascochyta blight. However, in the past 

breeders remained unsuccessful in  achieving complete resistance  due to unclear 

knowledge about genetic inheritance (Avila et al. 2004). To determine what types of genes 

are controlling the resistance, genetic studies with appropriate resistant and susceptible 

parents are necessary.  

Palmer (2002) studied the inheritance of resistance in  faba bean at the faba bean breeding 

program at The University of Adelaide, Australia,  by crossing a susceptible line Acc 969 

(BPL 710, or Icarus) with a resistant line Acc 970 (ILB 752). The segregation of the F2 

progeny showed a 3:1 ratio for resistance and susceptibility, which indicated a dominant 

gene for the control of resistance in the line Acc 970. On the other hand, the segregation of 

F2 derived families from the cross of susceptible line Acc 969 and resistant line Acc 622 

(a component of cv. Ascot) indicated that resistance of Acc 622 was recessive; however, 

the sample size was not sufficient to determine with certainty whether there were one or 

two recessive genes. 

 

In another similar study conducted previously in the  faba been breeding program at the 

University of Adelaide (Kohpina et al. 2000), two homozygous populations ILB 752 
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(resistant also Acc 970) and NEB 463 (susceptible) were investigated for the genetic 

control of Ascochyta resistance. F1 hybrids, F2 populations and backcrosses with parents 

showed the segregation ratio 3:1 in the F2, which indicated the presence of a dominant 

gene for the control of resistance in line ILB 752. Thus ILB 752 or Acc 970, was shown to 

have a single dominant gene controlling resistance when crossed to two susceptible lines 

(Kohpina et al. 2000; Palmer 2002). The genetic analyses were based on segregation of 

crosses with specific individual parent plants as compared to the entire accession to 

eliminate the chances of heterogeneity and the possibility that one of the parent plants was 

heterozygous. Ascot (composite of Acc 621 and 622 resistant to A. fabae) was  crossed 

with Icarus (BPL 710 resistant to B. fabae but susceptible to A. fabae ) with the  aim to 

pool the  resistant sources of both parents in the faba bean breeding program at The 

University of Adelaide, Australia. The segregation ratio within 980 F2  progeny was 

almost 1: 3 ratio for resistant : susceptible, which indicated  the presence of a single 

recessive gene for the control of resistance in the cultivar Ascot (Ramsey et al. 1995). 

Thus two studies indicated resistance of Ascot or one of its component lines to be under 

recessive genetic control. 

In Canada, segregation ratios in the F2 of 3:1 were reported by Rashid et al. (1991) for 

crosses between resistant lines 9, 10 and 11 with susceptible lines 20, 21 and 22 against 

isolate A, and resistant lines 12, 13 and 14 with susceptible lines 21 and 22 against isolate 

B, indicating a dominant gene for resistance to Canadian isolates.  In France, the  resistant 

lines 29 H and  A 8817 (French and ICARDA origins, respectively)  were crossed with 

line 14-12 (susceptible from France), and their F2 segregation ratios reflected the presence 

of dominant genes for the control of leaf resistance (Kharrat et al. 2006). An additional 

recessive gene for stem resistance was also assumed in the line 29 H due to the 

intermediate reactions of F1 hybrids.  

 

The contrasting results obtained in the studies of the genetic control of tolerance to 

Ascochyta blight can be attributed to differences in both parents and isolates used in the 

various studies. The results indicate that there are a number of genes which confer 

tolerance, while there are also a number of races of the pathogen. Identification of novel 

sources of resistance to A. fabae, such as in Chinese germplasm, should contribute to a 

long-term strategy of utilizing disease resistance to control the disease.  
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2.4.4 Inheritance of resistance to B. fabae 
The mechanism of resistance to chocolate spot was investigated at Plant Breeding 

Institute, Cambridge, during 1971-72  (Bond et al. 1972). The line 67 (resistant) was 

crossed and backcrossed with the line 76 (susceptible) with the objective to transfer the 

resistance of line 67 to other lines. F2 results indicated two genes might control resistance. 

In another study, Elliot and Whittington (1979) reported resistance to be controlled 

through dominant alleles on the basis of F2 diallel crosses of five cultivars, using 

regression analysis and suggested a polygenic system for the control of resistance. 

Hanounik and Maliha (1986) reported broad-based resistance for BPL 710, 1196 and 

1179-1 and narrow-based resistance for BPL 1676,1821 and ILB 1814. In a chocolate spot 

screening trial, Bouhassan et al. (2004) evaluated 136 lines and suggested quantitative 

resistance for a number of lines including BPL 710. Tivoli et al.  (2006) also reported that 

resistance to chocolate spot in faba bean is partial. 

 

2.5  Screening methods 
Screening of germplasm for the identification of resistance  sources is  carried out either in 

field or under controlled environmental  conditions (Tivoli et al. 2006).  Conditions for the 

natural development of  infection in the field are not always satisfactory for disease 

resistance evaluation, therefore exposure of  the plant populations to the pathogen in 

uniform and favourable environmental conditions is often necessary to distinguish 

between resistance and susceptibility (Hanounik et al. 1993). The dose of inoculum must 

be sufficient to allow the development of disease (Porta-Puglia et al. 1993; Tivoli et al. 

2006). Each specific pathogen needs specific techniques and conditions. Factors that are 

related to disease epiphytotic conditions to ensure optimum disease development include: 

1.  the pathogen 

2.  the host 

3.  environmental conditions 

4.  cultural practices (Hanounik 1986). 

 

Ideal environmental conditions for  disease development are not always available in the 

field so conditions under which plants are expected to develop disease must be provided  

artificially, particularly homogeneous inoculation and humidity (Hanounik et al. 1993). 

Controlled environmental conditions including glasshouse, laboratory, polyethylene tunnel 

and growth rooms have been used in the past and each has its own advantages. Tivoli et 
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al. (1992) described a method of simulating natural infection for inoculation of   plots in 

the field. Disease screening for laboratory and field conditions was also described by 

Hanounik (1986). Previously a  two-cycle disease screening technique was also developed 

by Hanounik and Maliha  (1984b) to explore  resistance sources. Significantly, glasshouse 

screening has several advantages. Temperature and  humidity can be adjusted to provide a 

favourable environment for  disease development, and plants of different ages can also be 

inoculated with a range of inoculum concentrations (Porta-Puglia et al. 1993). 

Glasshouse screening techniques have been developed by the faba bean breeding program 

at the University of Adelaide for the identification of sources of  resistance to Ascochyta 

blight (A. fabae), chocolate spot (B. fabae) and Crecospora leaf spot (C. zonata). In 

Ascochyta blight screening, plants are inoculated with a mixture of spore suspensions at 4 

weeks age and 3 weeks later are assessed for disease using the ICARDA 1-9 rating scale 

(Kimber et al. 2004). While for chocolate spot screening plants are inoculated at 5 weeks 

age with a mixture of spore suspensions and 7 days after inoculation are assessed for 

disease, also with the ICARDA 1-9 rating scale (Paull and Kimber 2006). For Cercospora 

leaf spot screening, plants are inoculated with a mixture of ground mycelial fragments at 4 

weeks after sowing and assessment is taken 2 weeks after inoculation with a 1-9 scale 

based on % leaf area damage (Kimber et al. 2006b). Resistant and susceptible local check 

lines are included for comparison with germplasm for each disease screening trial. 

Humidity is maintained according to the requirements of each pathogen through overhead 

micro-mist sprinklers. 

 

2.5.1 Disease rating scales 
Disease rating scales for the assessment of resistance sources in plants must be quick, easy 

to operate (Carson 1997; James 1971), meet the objective of the experiment and should  

represent the amount of damage  due to disease (Carson 1997).  The objective behind the 

measurement of disease is to get  quantitative data of disease establishment and 

development (James 1971). The absence of accurate scoring in disease screening is a 

major hurdle to the identification of sources of disease resistance. Selection of resistant 

plants depends on such measurements (Parlevliet 1989; Vale et al. 2001). For foliar 

pathogens even minor differences in host response must be measured to identify sources 

of partial resistance (Porta-Puglia et al. 1993). There are different scoring criteria used  to 

assess the disease based on either the amount of disease systems or amount of damage to 

the plant (Roman et al. 2003). The assessment may be based on the disease incidence, 
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such as the number of diseased plants compared  to the total number of assessed plants 

expressed as a percentage, or on the disease severity such as the infected area of tissue to 

the total area of tissue expressed as a percentage (Parlevliet 1979). Disease percentage 

scale is advantageous as it provides upper and lower limits of the scale, the scale can be 

divided and subdivided (James 1971; Zadoks and Schein 1979), it is well known  

worldwide and it can be applicable to both disease incidence and disease severity 

measurements (James 1971). The amount of disease can also be assessed in more detail by 

measuring the number of lesions, size and extent of the lesions. Disease resistance is 

usually measured relative  to standard local varieties (Parlevliet 1989; Vale et al. 2001) 

which usually includes the most susceptible variety, particularly for the  measurement of  

partial resistance (Parlevliet 1989). As disease severity is the outcome of several 

components including infection frequency, latent period, incubation period, spore 

production and infection period (Parlevliet 1979) such components can be measured 

separately for more accurate results. Scoring criteria that have been applied to diseases of 

faba bean include:   

1.  1-9 disease rating scale, which was developed by ICARDA and  is     internationally 

accepted for Ascochyta blight and chocolate spot (Bernier et al. 1985). This scale is 

based on the severity and distribution of symptoms. 

2.  Infection type 0-5 scale (Rashid et al. 1991). 

3.  Disease severity, percentage of symptoms to whole plant (Sillero et al. 2001).  

4.  Pod infection 0-5 scale (Maurin and Tivoli 1992). 

 

 A disease severity scale which is based on the amount of tissue damage relative to the 

total tissue area of the plant is usually used for the quantification of the resistance (Roman 

et al. 2003). It is usually assumed that disease symptoms are the reflection of the 

quantitative growth pattern of the pathogen in the host (Parlevliet 1979). Lesions usually 

reflect the intensity of disease by their appearance, morphology or sporulation (Zadoks 

and Schein 1979). Generally, faba bean resistance is quantitative so in this study a disease 

severity scale was used to measure the level of resistance. As the ICARDA disease rating 

scale of 1-9 is being used internationally for assessing disease reaction of faba beans, it 

was used in this project, when appropriate. 
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2.6  Conclusion of literature review  
 Faba bean is an important crop and has been cultivated by human beings since ancient 

times in different geographical areas of the world. Populations of the plant contain a lot of 

variation; similarly the pathogens   A.  fabae and B. fabae  contain variation and such 

variability is also expected in C. zonata. Resistance in the crop is always transitory so 

there is a need to continually study the variation of the pathogen and the plant populations 

to identify new sources of resistance. This resistance could be incorporated in high 

yielding Ascochyta blight susceptible varieties, such as Fiord, or combined with resistance 

to other diseases, such as the chocolate spot resistance of the variety Icarus. Resistant 

sources can be pooled to develop cultivars resistant to Ascochyta blight, chocolate spot 

and Cercospora leaf spot. There is a need to explore and exploit new resistant sources for 

sustainable faba bean production. Due to the presence of the crop in different geographical 

areas of the world, there will be a lot of variation among plant populations worldwide. 

Fully exploring this variation should increase the probability of identifying a range of 

sources of resistance to individual diseases and such resistance sources could be used for 

future breeding program to develop disease resistant cultivars. The cultivation of resistant 

 

cultivars will not only save chemical costs but will also provide a safe environment and 

chemical free pulses in the future, and also ensure a sustainable faba bean production. 
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Chapter 3     Materials and Methods 

 

3.1  Screening of Chinese germplasm 
3.1.1  Germplasm collection 
A total of 115 Chinese lines plus Australian control varieties (Table 1) were made 

available by Dr. J.  Paull,  Faba Bean Breeding Program, University of Adelaide, 

Adelaide, Dr. R. Redden, Australian Temperate Field Crops Collection, Department of 

Primary Industries Victoria and Mr J. vanLeur, New South Wales Department of Primary 

Industries. The Chinese germplasm, which originated from six provinces, was either 

obtained in germplasm collection missions, or provided by faba bean researchers in China, 

as activities in two projects funded by Australian Centre for International Agricultural 

Research (ACIAR). The projects were “Improvement of faba bean in China and Australia 

through germplasm evaluation, exchange and utilization,” (ACIAR1994/034) and 

“Increased productivity of cool season pulses in rain fed agricultural systems of China and 

Australia” (CIM/2000/035). Passport data for the Chinese accessions is presented in 

Appendix A. The Chinese accessions, together with Australian controls, were screened for 

reaction against three fungal diseases of faba bean, Ascochyta blight (Ascochyta fabae), 

chocolate spot (Botrytis fabae), and Cercospora leaf spot  (Cercospora zonata) during  

2007-2009. There was insufficient seed available for all lines to be screened for all 

diseases and  the total numbers of the lines, including local check lines,  for each disease 

screening trial were, 99, 102 and 74 for Ascochyta blight, chocolate spot and Cercospora 

leaf spot, respectively. 

 

 

 Table 3.1    List of Chinese and Australian germplasm accessions screened against,  

Ascochyta fabae,  Botrytis fabae  and Cercospora zonata. Lines were tested for all 

diseases unless indicated otherwise. 

Serial no.  Accession State Serial no. Accession State 
1 16711 Gansu 62 17541 Jiangsu 
2 16721 Gansu 63 17551 Jiangsu 
3 16731 Gansu 64 1756 Jiangsu 
4 16741 Gansu 65 1879 Yunnan 
5 16751 Gansu 66 1880 Yunnan 
6 1680 Gansu 67 18814 Yunnan 
7 1683 Gansu 68 1882 Yunnan 
8 16864 Gansu 69 1883 Yunnan 
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9 16874 Gansu 70 1884 Yunnan 
10 16884 Gansu 71 1885 Yunnan 
11 1689 Gansu 72 18864 Yunnan 
12 1689-13 Gansu 73 1887 Yunnan 
13 16903 Gansu 74 18884 Yunnan 
14 16924 Gansu 75 1889 Yunnan 
15 16934 Gansu 76 1890 Yunnan 
16 16982 Gansu 77 1891 Yunnan 
17 1705 Gansu 78 18924 Yunnan 
18 17094 Gansu 79 18934 Yunnan 
19 17102 Gansu 80 1894 Yunnan 
20 17114 Gansu 81 1895 Yunnan 
21 1712 Gansu 82 18964 Yunnan 
22 17134 Gansu 83 1897 Yunnan 
23 17144 Gansu 84 18984 Yunnan 
24 1714-12 Gansu 85 1899 Yunnan 
25 1716 Gansu 86 1900 Yunnan 
26 17174 Gansu 87 19024 Yunnan 
27 17184 Guangdong 88 1903 Yunnan 
28 17194 Guangdong 89 1904 Yunnan 
29 17204 Guangdong 90 1905 Yunnan 
30 17214 Guangdong 91 19074 Yunnan 
31 17224 Guangdong 92 19094 Yunnan 
32 17234 Guangdong 93 1910 Yunnan 
33 1724 Guangxi 94 1911 Yunnan 
34 17251 Guangxi 95 19125 Yunnan 
35 1726 Guangxi 96 1980 Qinghai 
36 17271 Guangxi 97 1981 Qinghai 
37 1728 Guangxi 98 1982 Qinghai 
38 1729 Guangxi 99 1983 Qinghai 
39 17301 Guangxi 100 1984 Qinghai 
40 17314 Guangxi 101 1985 Qinghai 
41 1732 Guangxi 102 1986 Qinghai 
42 1733 Guangxi 103 1987 Qinghai 
43 17341 Guangxi 104 1988 Qinghai 
44 1735 Guangxi 105 1989 Qinghai 
45 17361 Guangxi 106 1990 Qinghai 
46 17374 Guangxi 107 1991 Qinghai 
47 1738 Guangxi 108 1992 Qinghai 
48 1739 Guangxi 109 1993 Qinghai 
49 17404 Guangxi 110 1994 Qinghai 
50 1741 Guangxi 111 1995 Qinghai 
51 17421 Guangxi 112 1996 Qinghai 
52 1743 Guangxi 113 19974 Qinghai 
53 17444 Guangxi 114 19984 Qinghai 
54 17454 Guangxi 115 1999 Qinghai 
55 1746 Guangxi 116 Icarus4 Australia 
56 17474 Jiangsu 117 Fiesta4 Australia 
57 17484 Jiangsu 118 Ascot3 Australia 
58 17495 Jiangsu 119 10102 Australia 
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59 17504 Jiangsu 120 Farah1 Australia 
60 17524 Jiangsu 121 1322-21 Australia 
61 17532 Jiangsu    
 

1. Lines only included in Cercospora leaf spot screening trial. 
2. Lines only included in chocolate spot screening trial. 
3. Lines only included in Ascochyta blight screening trial. 
4. Lines only included in Ascochyta blight and chocolate spot screening trial. 
5. Lines only included in chocolate spot and Cercospora leaf spot screening trial. 

 

3.1.2  Experimental design 
A similar experimental procedure and design was used for each disease screening test with 

the exception of placement of check lines. A randomized complete block design (RCBD) 

was used with four replications of each entry. Check lines were selected on the basis of 

known reaction in routine screening in the faba bean breeding program (Kimber et al. 

2006a; Kimber et al. 2007; Kimber et al. 2006b; Paull and Kimber 2006): 

A. fabae : Ascot (Resistant), Fiesta (Moderately resistant) and Icarus (Susceptible)  B. 

fabae : Icarus (Resistant), Fiesta (Moderately susceptible) and 1010 (Very susceptible)   

C. zonata : 1322-2 (Resistant) and Farah (Susceptible) 

 

The check lines were included systematically throughout the trials to provide a reference 

for the reaction of the Chinese lines relative to the checks and also to provide an estimate 

of uniformity of the disease development and to facilitate spread of the disease.   

 

3.1.3  Screening methods 
Plants were grown in 10 cm x 8 cm MK 12 punnets filled with “Bark mix” soil (Appendix 

B). A single seed was sown per punnet and the punnets were placed in trays holding 12 

punnets. Each tray contained one replication of three entries having three seeds of each 

entry and a single seed of three check lines in Ascochyta blight and chocolate spot 

screening trials (Fig.3.1) 

 

 

 

 

 

 

 



 
A Ic B C 

 A Fst B C 

A Asc B C 

                                                          

   Fig. 3.1a                                                        Fig. 3.1b  

      Fig. 3.1 Layout for the Screening trial of (a) Ascochyta blight and (b) chocolate      spot 

Asc = Ascot    Fst = Fiesta     Ic = Icarus            A, B, C = Entries  

 

However, in the Cercospora leaf spot screening trial three seeds of the check lines were 

included in every alternate tray. The plants were inoculated at 4-6 leaf stage for all 

diseases.  

 

 

    

 

 Fig. 3.2a                                                       Fig. 3.2b 

 

Fig. 3.2 (a) Placement of plants in a single tray and (b) Placement of trays on a bench in a 

single compartment for disease screening. 

 

 

 

 

 A 1010 B C 

A Fst B C 

 A Ic B C 
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The plants were grown in a shaded glasshouse under controlled temperature and humidity. 

High humidity was maintained by automated overhead micro-sprinklers, which provided a 

fine mist; the timing and duration of which differed between diseases and was based on 

the optimal conditions identified in routine disease screening by the faba bean breeding 

program (Kimber pers. comm. 2007). A misting of 10 sec  every 20 min for chocolate 

spot,  20 sec every 2 hrs for Cercospora leaf spot and 20 sec  every 2 hrs for Ascochyta 

blight was applied. Temperature was maintained at a maximum of approximately 20°C 

with evaporative air coolers however there was no control of minimum temperature. 

 

3.1.4  Statistical analysis 
The data were subjected to analysis of variance using Gen Stat version 10 for  all  

diseases. The hypothesis for significance of differences was tested at 5% level for 

acceptance or rejection for all the diseases. Comparisons were made between individual 

accessions to identify disease resistant accessions and between the overall responses of 

accessions from each province to identify any province that might have a significantly 

greater level of disease resistance. 

 

3.2  Ascochyta blight screening 
3.2.1 Chinese germplasm screening  
A total of 96 accessions from six province of China and three local check lines (Table 3.1) 

were evaluated for their resistance to the disease. 

 

3.2.2  Materials and methods 

3.2.2.1  Collection and selection of the isolates 
The selection of the isolates for the Ascochyta blight screening was carried out in three 

stages to ensure that all isolates used in pathogenicity studies were of the same age and 

background. In the first stage, a total of 26 isolates of A. fabae in the SARDI pulse 

pathology collection, collected over a number of seasons and geographic regions, were 

individually  inoculated onto single plants of  susceptible cultivar Icarus (Table 3.2). Four 

plants inoculated with distilled water were  used as a control to observe the possibility of  

cross-contamination (None observed). Plants were grown in 10 cm x 8 cm MK 12 punnets 

filled with “Bark mix” soil in closed polyethylene chambers in a glass house. The punnets 

were spaced at least 30 cm from each other to prevent contact between plants. Humidity 
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was provided through automated misting 20 sec every 2 hrs. A volume of 50 ml with the 

A. fabae concentration of 2 x 105 spores/ml was applied to each plant. Twenty-one out of 

26 isolates showed viability and expressed symptoms on cv. Icarus. These were reisolated 

for the development of pure cultures on Potato Dextrose Agar Medium (PDA).  

 

In the second stage, 20 days after the inoculation, 2-3 mm size diseased portions of leaves 

and stem were taken from the juncture of diseased and healthy plant tissues. The diseased 

plant tissues were placed in ethanol for 15 sec, then in Milton for 40-50 sec, then placed in 

sterilised water for 1 min. These plant tissues were dried on sterilized filter paper for 2-3 

min.  Four or five pieces were picked and placed on full PDA (Appendix C) plates of 90 

mm diam. Forceps were sterilized by flame inside a laminar flow cabinet prior to 

transferring each isolate. The PDA plates were sealed with paraffin tape and incubated at 

room temperature, under fluorescent light. Full germination of spores took place after 2-3 

weeks duration. 

 

In the third stage, the 17 most active isolates, with a good level of mycelium growth on 

PDA were selected for assessing their virulence. The pathogenicity was assessed by 

inoculating all the isolates individually onto susceptible cv. Icarus. A water control was 

included to detect any cross-contamination between isolate treatments. 

 

Finally, the eight most virulent isolates from these 17 isolates were multiplied on Potato 

Dextrose Agar Medium (PDA)  to produce mass culture for inoculation of the Ascochyta 

blight screening trial. 

 

Table  3.2  List of the Isolates used in the  Ascochyta blight screening trial (Chapter 4), 

Characterization of the isolates (Chapter 5) and Genetics of inheritance studies (Chapter 

6). 

Sr.no. Isolate Location  State Year of collection 

1 174/051 Bool Lagoon South Australia 2005 

2 493/92 Bordertown South Australia 1992 

3 55/011 Cockaleechie South Australia 2001 

4 55/061 Turretfield South Australia 2006 

5 69/051 Ardrossan South Australia 2005 

6 7/06 (Orange)1 Waite Precinct South Australia 2006 
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7 7/06 (Brown) Waite Precinct South Australia 2006 

8 76/021 Cockaleechie South Australia 2002 

9 76/97 A Watervale South Australia 1997 

10 86/032, 3 Hart South Australia 2003 

11 88/032 Saddleworth South Australia 2003 

12 89/042 Saddleworth South Australia 2003 

13 AP31 Templers South Australia 2007 

14 MF 92 Manoora South Australia 2007 

15 PCS Gulnare South Australia 2007 

16 PH 21 Clare South Australia 2007 

17 SE 122 Glenroy South Australia 2007 

18 75/042 Minyup Victoria 2004 

19 76/042 Horsham Victoria 2004 

20 Victoria 21 Warracknabeal Victoria 2007 

21 Victoria 62 Murtoa Victoria 2007 

22 87/02 Turretfield South Australia 2002 

23 119/99 Laura South Australia 1999 

24 260/91 Freeling South Australia 1991 

25 57/05 Owen South Australia 2005 

26 YP14 Warooka South Australia 2007 

 
1. and 2.    Isolates used in the isolate characterization study after the virulence test. 
2.    Isolates used in the screening of germplasm for resistance to Ascochyta blight. 
3.    Isolate used in genetic studies 

 

3.2.2.2  Inoculum preparation and inoculation 
The eight most virulent A. fabae isolates were selected for mass multiplication of culture. 

These isolates were subcultured, via 2-3 mm plugs of agar from the 16 day old mycelium 

colony which was sliced from the margins and transferred to PDA and incubated at 20°C 

for 2-3 weeks to obtain a pure culture. After 2-3 weeks fungal spores were harvested by 

flooding the PDA with 20-30 ml of reverse osmosis (RO) water then fine scratching with a 

knife from the surface of PDA. This resulting spore suspension was streaked using an 

inoculating loop onto four Petri dishes for each isolate, inside a Laminar flow cabinet to 

avoid any contamination. After 20-24 hrs four or five single spores from each plate were 



 36 

selected with the help of a compound microscope (Olympus BH-2) and transferred onto 

full strength PDA plate. The plates were incubated for 2-3 weeks at 20°C under 

inflorescent light. 

 

Inoculum was harvested from the Petri dishes as described above and spores were sieved 

through a 1 mm sieve and funnelled into a jar. Finally, spore concentrations were 

measured by a haemocytometer and adjusted to 2 x 105 spores/ml for inoculation. In each 

litre of inoculum, 2-3 drops of Tween-20 were added to enhance the contact of inoculum 

solution with plant tissues. All steps involved from the selection of the isolates to the final 

preparation of inoculum were undertaken in the Pulse Pathology Laboratory of SARDI. 

Plants were inoculated at the 4-6 leaf stage. Plants were inoculated to run-off stage with a  

knapsack pressure pack  sprayer to ensure equal distribution of the inoculum on the plants.    

3.2.3.3  Rating scales 
Plants were assessed individually by two scales:  ICARDA 1-9 disease rating scale 

(Hanounik 1986) (Table 3.3) and leaf area damage (%) using the  National Institute of 

Agriculture Botany (NIAB)  key as a guide (Priestley et al. 1985b). The scores for the 

three plants per replicate were averaged and this value was used for statistical analysis. In 

the genetic studies, described in the Chapter 6, plants rated 1 or 3 were considered 

resistant while those rated 5 or greater were classified as susceptible. This cut off point 

was selected on the basis of the reaction of the parental lines (see Table 6.4). 
 

Table  3.3    ICARDA 1-9  rating scale for Ascochyta blight caused by A. fabae (Hanounik 

1986). 

 

a1172507
Text Box
                           NOTE:    This table is included on pages 36-37  of the print copy of the thesis held in    the University of Adelaide Library.
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3.3  Chocolate spot  screening   
Three experiments were conducted in relation to screening for resistance to chocolate spot. 

The initial experiment investigated the effect of three concentrations of inoculum on the 

disease expression of four lines of known contrasting resistance to chocolate spot. The 

second experiment was the screening of Chinese germplasm for resistance to chocolate 

spot and the final experiment compared the most resistant Chinese lines in the screening 

experiment with lines that previously reported as resistant to chocolate spot. 

 

3.3.1 Materials and methods 

3.3.1.1  Isolate collection and culture preparation 
Eleven isolates of B. fabae collected in southern Australia in recent years were provided 

from the SARDI Pulse Pathology collection (Kimber, 2007-8). The isolates were 

multiplied on PDA, as described in Section 3.2.2.2, with the exception of taking 2-3 mm 

size pieces of agar instead of single spore selection. The culture was prepared by grinding 

the PDA plate in RO water for 2-3 min in a commercial  grinder/blender and multiplied 

using the same procedure as for A. fabae (Section 3.2.2.2).   

 

Table  3. 4   List of B. fabae isolates used in the disease screening trial. 

Sr. no. Isolate Location State Year of collection 

1 80/08 Maitland South Australia 2008 

2 AP 10 Saddleworth South Australia 2007 

3 EP 4 Cummins South Australia 2007 

4 MF 1 Clare South Australia 2007 
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5 166/05 Bool Lagoon South Australia 2005 

6 167/05 Penola South Australia 2005 

7 171/05 Nuriootpa South Australia 2005 

8 173/05 Bool Lagoon South Australia 2005 

9 FTO 4021 Mintaro South Australia 2004 

10 T 04031 Mintaro South Australia 2004 

11 171/02 (lentil) Horsham Victoria 2002 

 

 

3.2.2  Effect of concentration of inoculum 
The effect of three inoculum concentrations, 2 x 105 spores/ml, 2 x 103 spores/ml and 2 x 

102  spores/ml  on the disease development on the local cultivars Icarus, Nura and Fiesta 

and Chinese line 1714-1 was assessed to identify the optimal concentration to differentiate 

between different levels of resistance.  

 

3.2.2.1 Materials and methods 

3.3.2.1.1  Inoculum preparation and inoculation 
The isolates of B. fabae were obtained from SARDI pulse pathology. A mixture of 11 

isolates was used in the screening trial. The mass culture was prepared as described in 

Section 3.3.3.1 and plants were inoculated as described in Section 3.2.2.2. 

 

3.3.2.2  Experimental design 
A  randomized split plot design was used for the inoculum concentration effect experiment 

with  three inoculum concentrations as major plots and four cultivars as sub-plots. The 

inoculum concentration main plots were separated by polycarbonate partitions. Each entry 

consisted of six plants in 10 cm x 8 cm punnets placed in trays holding 12 punnets/tray 

filled with “Bark mix” soil (two entries/tray). There were six replications for each of the 

three concentration x cultivar treatments.  

 

3.3.3  Rating scale  
Plants were assessed individually by two scales:  ICARDA 1-9 disease rating scale 

(Hanounik 1986) (Table 3.5) and leaf area damage (%) using the NIAB key as a guide 
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(Priestley et al. 1985a). The scores for the six plants per replicate were averaged and this 

value was used for statistical analysis. 

 

Table  3.5   1-9 ICARDA rating scale for chocolate spot caused by  B. fabae (Hanounik 

1986). 

 

3.3.3  Chinese germplasm screening  
A total of 99 germplasm accessions from six provinces of China and three Australian 

check lines (Table 3.1) were evaluated for resistance to chocolate spot. 

 

a1172507
Text Box
                           NOTE:     This table is included on page 39  of the print copy of the thesis held in    the University of Adelaide Library.



 40 

3.3.3.1 Materials and methods 

3.3.3.1.1  Inoculum preparation and inoculation method 
The procedure for inoculum preparation and inoculation was the same as described in 

Section 3.3.2.1. The inoculum concentration of 2 x 104 spores/ml of B. fabae was used for 

the Chinese germplasm screening trial. Data were recorded 3 and 6 days after inoculation. 

 

3.3.3.2  Rating scale  
The same rating scales described for B. fabae concentration effect (Table 3.5 and NIAB % 

leaf area damage) were used to measure the disease severity. 

 

3.3.4  Comparison of different regional chocolate spot disease resistance 

sources 

3.3.4.1  Materials and methods 

 3.3.4.1.1 Germplasm  
Chinese lines observed to express a moderate resistance to chocolate spot in the 

germplasm screening Section 3.3.3 were compared with previously reported chocolate 

spot resistant lines (Table 3.6). A total of 22 Chinese lines, 18 lines previously reported  as 

resistant to chocolate spot (available in University of Adelaide faba bean collection) and 

10 Australian cultivars and checks were  tested. A number of the Australian cultivars were 

selected from introduced germplasm and the origin is indicated in Table 3.6. A 

randomized complete block design (RCBD) was used with four replications of each entry.  

Plants were grown in 10 cm x 8 cm  MK 12 punnets filled with “Bark mix” soil. Each tray 

contained one replication of two entries having five seeds of each entry and one plant of 

each check line. The check lines were Icarus (Resistant) and 1010 (Very susceptible). The 

check lines were included systematically throughout the trial to provide a reference of 

resistant lines relative to the checks, and to also provide an estimate of uniformity of the 

disease development and to enhance infectivity of the disease.  
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 Table   3.6   List of Chinese, international and Australian germplasm accessions screened 

for resistance to B. fabae. 

Sr. no.  Acc.  or 
cultivar 

Origin ICARDA Acc. 
or  pedigree 

Reference 

1 1683 Gansu   
2 1687 Gansu   
3 1714-1 Gansu ILB 5561(U of A 

Seln) 
 

4 1733 Guangxi   
5 1735 Guangxi   
6 1740 Guangxi   
7 1745 Guangxi   
8 1981 Qinghai   
9 1982 Qinghai   
10 1983 Qinghai   
11 1984 Qinghai   
12 1985 Qinghai   
13 1988 Qinghai   
14 1989 Qinghai   
15 1990 Qinghai   
16 1991 Qinghai   
17 1992 Qinghai   
18 1993 Qinghai   
19 1994 Qinghai   
20 1995 Qinghai   
21 1998 Qinghai   
22 1999 Qinghai   
23 Icarus Ecuador/Aust BPL 710 1,3 
24 971 Ecuador BPL 1179 1,4 
25 973 Ecuador ILB 3025 1,2,4 
26 Manafest Ecuador/Aust ILB 3026 1,2,4 
27 1020 Ecuador ILB 2282 1,2 
28 238 Britain BPL 110 1,4 
29 278 Britain BPL 112 1,4 
30 795 Greece BPL 261 1,3,4 
31 482 Greece BPL 266 1,3,4 
32 Fiord Greece/Aust.   
33 Ascot Greece/Aust. Fiord Seln.  
34 Fiesta Spain/Aust. BPL 1196 Seln. 1,3,4 
35 Farah Spain/Aust. BPL 1196 (Fiesta 

seln) 
1,3,4 

36 Aquadulce Spain/Aust.   
37 735 Syria BPL 1278 1,4 
38 683 ICARDA L 83114 1,4 
39 712 ICARDA L 82003 1,4 
40 722 ICARDA L 82009 1,4 
41 1010 Morocco ILB 136  
42 1557 Ethiopia BPL 1821 1,4 
43 Nura Australia Icarus/Ascot  
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44 Cairo Australia   
45 Doza Australia   

 
1.    Bond et al.  (1994) 
2.    Hanounik and Robertson (1988) 
3.    Hanounik and Maliha (1986) 
4.    Robertson (1993) 

  

3.3.4.1.2   Inoculum preparation and inoculation method  
The procedure for inoculum preparation and inoculation was the same as described in 

Section 3.3.2.1. Plants were inoculated with a concentration 2 x 105  mycelial threads or 

spores of B. fabae/ml and  high humidity was maintained by overhead micro-sprayer 

discharging for 10 sec  every  20 min. Data was recorded 3 and 6 days after inoculation. 

3.3.4.1.3  Rating scale  
The rating scales described for B. fabae concentration effect were used to measure the 

disease severity (Table 3.5). 

3.4  Cercospora leaf spot  
3.4.1  Chinese germplasm screening 
A total of 72 Chinese germplasm accessions plus two local check lines as described in 

Table 3.1 were screened for the identification of  sources of resistance to Cercospora leaf 

spot. 

 

3.4.2  Materials and methods 

3.4.2.1  Isolate collection and culture preparation 
Table 3.7    List of C. zonata isolates used in the Chinese germplasm screening. 

Sr. no. Isolate Location  State Year of collection 

1 PH 5 Koolunga South Australia 2007 

2 SE 17 Culburra South Australia 2007 

3 168/05 Charlick South Australia 2005 

4 69/04 Turretfield South Australia 2004 

5 157/02 Bool Lagoon South Australia 2002 

6 79/00 Keith South Australia 2000 

7 Victoria 19 Yanac Victoria 2007 

8 72/04 Kaniva Victoria 2004 
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3.4.2.2   Inoculum preparation and inoculation method  
The procedure for inoculum preparation and inoculation was the same as described in 

Section 3.2.3.1. The eight isolates (Table 3.7) used in the disease screening trial, collected 

in recent years from southern Australia, were made available by Rohan Kimber of SARDI. 

Plants were inoculated with a concentration of 2 x 105 mycelial fragments or spores of C. 

zonata/ml.   

 

3.4.3  Rating scale 
The disease severity was measured on %age of leaf area damage (Rohan Kimber, pers. 

comm. 2008) as there has been  little research  on resistance of faba bean to Cercospora 

leaf spot and a well recognized rating scale is not available. The disease symptoms first 

appeared nine days after inoculation on the susceptible check as well as on several other 

accessions. Data were recorded 11, 13 and 15 days after inoculation and these timings 

corresponded with initial, moderate and severe symptoms expression on the susceptible 

controls. 
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Chapter  4    Resistance of Chinese  faba bean germplasm to 
foliar fungal diseases 
 
Introduction 
Faba bean is one of the most important cool season legume crops and provides protein for 

the human diet as well as fodder and forage for animals (Bayaa 2006; Torres et al. 2006). 

A number of fungal and viral diseases attack the crop and this is a major constraint to 

sustainable production. In addition, diseases can lead to deterioration of quality. The 

impact of diseases has lead to a reduction in cultivated area of the crop across the world 

(Torres et al. 2006). The  quarantine regulations  which have been implemented to check  

disease transfer between different geographic regions also restricted the utilization of 

international germplasm and contributed to a reduction in faba bean production (Hanounik 

et al. 1993). The three major foliar fungal diseases in southern Australia are Ascochyta 

blight (Ascochyta fabae), chocolate spot (Botrytis fabae) and Cercospora leaf spot 

(Cercospora zonata).   

 

Australia is one of the major producers and exporters of faba bean to international market 

(Tadros 2004), therefore, sustainable production of high quality product is required. The 

Australian Faba Bean Breeding Program, based at the University of Adelaide, South 

Australia, is developing improved cultivars to fulfil the needs of farmers and maintain a 

sustainable production in the Southern or Mediterranean type region of Australia. 

Currently, the Faba Bean Program has a collection of over 1500 faba bean accessions and 

these have been introduced to provide sources of adaption, quality traits and disease 

resistance for the breeding program. The first Australian faba bean cultivar Fiord, derived 

from germplasm of Greek origin, was released in 1980. Fiord was selected from 

thoroughly rougued multiplication plots that had been sown with disease free seed 

(Lasawadsiri 1994). Despite the careful attention to producing disease free seed, 

symptoms of Ascochyta blight started to appear in farmer’s field within a few years of the 

release of Fiord and since then the disease has become widely distributed throughout 

southern Australia. 

 

Faba bean is a partially cross-pollinated crop and cultivars and landraces are 

heterogeneous and purity of desired characteristic is not maintained after a few 



 45 

generations of cross-pollination. Disease resistant lines require either constant selfing or 

multiplication in isolation of all susceptible lines to sustain the resistant characteristics.  

Effective disease control could be achieved through inclusion of  disease resistance as a  

major component of a disease management strategy (Hanounik et al. 1993; Hanounik and 

Maliha 1986). Use of resistant cultivars is the only cost effective (Muehlbauer and Chen 

2007), sustainable (Bouhassan et al. 2004; Porta-Puglia et al. 1993), environmentally safe  

and most efficient  means of  disease control (Tivoli et al. 2006). Currently, disease 

resistance is a major goal of most breeding programs. Inherited resistance can easily be 

used by the farmers and reduces, but does not eliminate, the need of other means of  

control (Johnson 1992). 

 

Identification of new sources of disease resistance through screening of germplasm 

collections is a component of the overall strategy for the development of resistant 

cultivars. Knowledge about the processes involved in resistance such as type of resistance, 

nature of the plant and degree of pathogenicity and virulence in the pathogen are very 

important for the development of resistant cultivars. 

 

The Australian faba bean breeding program is developing cultivars with resistance to 

Ascochyta blight, chocolate spot and Cercospora leaf spot diseases by introduction of 

foreign germplasm and identification of resistant sources in such germplasm as well as in 

locally adapted lines. Many good sources of resistance to Ascochyta blight have been 

identified (Kimber and Davidson 2004) but there are fewer sources of resistance to 

chocolate spot and Cercospora leaf spot. Further sources of resistance to all diseases are 

sought to diversify the range of resistance genes in Australian varieties and so reduce the 

potential impact of change in the pathogen on production.  

 

Resistance  genes can be identified in a range of germplasm including regional, foreign, 

and primitive cultivars; discarded breeder stocks, wild relatives and sometimes induced 

mutations can provide such sources (Agrios 2005; Sharma 2006). Genetic diversity for 

resistant sources can be found in the regions where host and pathogen have co-evolved 

(Pataky and Carson 2004). Due to the cross-pollinated nature of the faba bean a significant 

level of heterogeneity is always present within the crop. The level of heterogeneity in faba 

bean is  approximately 30% (Lawes et al. 1983). Cultivars show different levels of 

resistance or susceptibility and complete resistance is seldom present in a host species 
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(Parlevliet 1989). The faba bean crop is relatively new in Australia so it is a realistic 

approach to explore the primary and secondary origins of the crop for new sources of  

disease resistance. China has had a long history of faba bean production and is the largest 

faba bean growing country in the world (FAO 2009) with production covering diverse 

climatic and topographic regions (Zhuo-Jie 1993b) thus increasing the possibility of 

different resistance sources in Chinese germplasm. Chinese faba bean germplasm has not 

been exchanged widely with other countries and there has been only limited evaluation of 

Chinese faba bean germplasm as a potential source of new disease resistance genes. A 

recent molecular study of faba bean has shown regional differentiation within Chinese 

germplasm and also divergence between Chinese germplasm and material from elsewhere 

(Zong et al. 2009).  

 

This project has the mandate to explore germplasm of Chinese origin and to identify new 

sources of disease resistance. Resistant, or partially resistant sources identified in the 

Chinese germplasm could be pooled with current sources of disease resistance in a cultivar 

for sustainable production.  

 

A total of  121 Chinese and Australian lines, including  Australian control varieties,  were 

screened against  A.  fabae,  B.  fabae and C.  zonata during  2007-2009 with the 

objectives (1) identifying individual lines with resistance to one or more diseases and (2) 

comparing the response of germplasm from individual provinces to diseases 

 

4.1  Screening  Chinese germplasm for resistance to Ascochyta 
blight  
Introduction 
Ascochyta blight, caused by A. fabae Speg., is a major disease of faba bean (Vicia faba L.) 

in  southern Australia. Sources of resistance to Ascochyta blight have been identified 

through systematic screening programs at national as well as international research centres 

and have been used for the development of resistant cultivars. In Australia, resistant cvs. 

Farah and Nura have been released in recent years (Paull et al. 2006; Paull and Kimber 

2006). Resistance in faba bean plants might  not last for long periods either due to 

variability in the pathogen or due to the partially cross-pollinated nature of the faba bean 

plant (eg. proximity of susceptible plants). For the sustainable production and 

development of resistant cultivars, faba bean germplasm from different regions should be 
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evaluated on a regular basis. Efforts should be focussed on the need for, and identification 

of new resistant genes that could be used if the pathogen overcomes current deployed 

genes. 

 

4.1.2  Materials and methods 
A total of 96 Chinese accessions from six provinces and 3 local check lines Ascot 

(Resistant), Fiesta (Moderately resistant) and Icarus (Susceptible), were screened  for 

reaction to Ascochyta blight (Table 3.1). Collection and selection of the isolates from 

southern Australia was carried out as described in Section 3.2.2. Plants were inoculated 

with a mixture of A. fabae isolates at a inoculum concentration of 2 x 105 spores/ml 

(Section 3.2.2.2). Humidity was maintained by overhead micro-sprinklers and a misting of 

20 sec every 2 hrs was applied (Section 3.1.3). Data were recorded with both the ICARDA 

1-9 rating scale (Table 3.3) (photos Fig. 4.1) and disease severity as percentage of affected 

leaf area on 12, 16 and 20 days after inoculation. 

 

4.1.3  Results and discussion 
The first symptoms of the disease appeared 8 days after the inoculation of plants with A.  

fabae spore suspension. Initially, symptoms were very minute, brownish black dots on 

several accessions as well as on the local susceptible check cv. Icarus. The accessions 

were grouped into resistant and susceptible categories based on the reading 16 days after 

inoculation, considering both rating scales with reference to check lines as well. In the 

second rating, there was good disease development and significant discrimination between 

the check lines (Table 4.1) (see Fig. 4.1 for examples of symptoms).  

 

The reaction of check lines to disease differed from each other and was consistent with 

expectations. Ascot (Resistant) was homogeneous resistant in reaction to A. fabae while 

the majority of the Icarus (Susceptible) plants showed a susceptible reaction. However, a 

few plants were rated moderately susceptible. Out of the three check lines, Fiesta 

(Moderately resistant) showed variation in reaction to A. fabae (Table 4.1) and a large 

proportion of the plants were scored either 1 or 3 and a few rated 5 or 7 covering a range 

of reactions. This variation of Fiesta  previously provided an opportunity for the selection 

of resistant cv. Farah through single plant selection (Paull et al. 2006). 
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Table  4.1     Distribution of individual plants of check lines into different resistant and 

susceptible categories (ICARDA 1-9  scale) 16 days after inoculation 

Cultivar                                  Rating 

                   1                3                5                7              9 

Ascot        81              49                4                0              0 

Fiesta       68               41              16              12              0 

Icarus         0                 0              12            116              9 

 

 

Six  Chinese accessions, 1688, 1689, 1750, 1752, 1879 and 1891, two from each province 

Gansu, Jiangsu and Yunnan, showed some degree of resistance to Ascochyta blight 

although none was as resistant as Fiesta (Table 4.2). The partially resistant reaction of the 

accession 1689 against A. fabae  supports the  previous  observations by the University of 

Adelaide faba bean breeding program (Paull pers. comm. 2009). 

 

A number of accessions including 1689-1, 1693, 1729, 1732, 1879, 1881, 1891, 

1894,1896,1898, 1981,1997 and 1998 were moderately susceptible however, these lines 

were closer to the susceptible check rather than the moderately resistant check line (Table 

4.2).  
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      1                                     3                                  5 

 

 

         
                7                                                   9 

Fig. 4.1   ICARDA 1-9    rating scale for Ascochyta blight 
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Table  4.2   Disease reaction of Chinese faba bean germplasm to Ascochyta fabae  

Acc. Province   Mean 
(%) 

  Mean 
(Rating) 

Acc. Province Mean 
(%) 

Mean 
(Rating) 

1680 Gansu 27 6.5 1883 Yunnan 33 7.3 
1683 Gansu 18 6.0 1884 Yunnan 21 6.5 
1686 Gansu 34 6.8 1885 Yunnan 33 6.3 
1687 Gansu 34 6.7 1886 Yunnan 28 6.3 
1688 Gansu 9 4.5 1887 Yunnan 32 7.1 
1689 Gansu 12 4.3 1888 Yunnan 29 6.0 
1689-1 Gansu 17 6.2 1889 Yunnan 28 6.7 
1690 Gansu 20 6.3 1890 Yunnan 25 6.0 
1692 Gansu 28 6.5 1891 Yunnan 19 5.3 
1693 Gansu 21 6.1 1892 Yunnan 21 6.1 
1705 Gansu 38 7.1 1893 Yunnan 25 6.1 
1709 Gansu 33 6.6 1894 Yunnan 24 5.5 
1711 Gansu 27 6.5 1895 Yunnan 33 6.6 
1712 Gansu 29 7.0 1896 Yunnan 27 5.6 
1713 Gansu 30 7.9 1897 Yunnan 33 6.9 
1714 Gansu 30 6.8 1898 Yunnan 21 6.0 
1716 Gansu 32 7.5 1899 Yunnan 31 6.5 
1717 Gansu 22 6.5 1900 Yunnan 31 7.0 
1718 Guangdong 39 6.6 1902 Yunnan 40 7.3 
1719 Guangdong 46 8.0 1903 Yunnan 36 7.6 
1720 Guangdong 38 7.6 1904 Yunnan 33 7.3 
1721 Guangdong 36 7.3 1905 Yunnan 30 6.3 
1722 Guangdong 40 7.8 1907 Yunnan 30 6.6 
1723 Guangdong 34 6.8 1909 Yunnan 31 6.5 
1724 Guangxi 30 7.0 1910 Yunnan 29 6.5 
1726 Guangxi 29 7.3 1911 Yunnan 28 6.0 
1728 Guangxi 24 6.1 1980 Qinghai 38 7.3 
1729 Guangxi 30 5.6 1981 Qinghai 18 6.0 
1731 Guangxi 35 7.3 1982 Qinghai 27 6.5 
1732 Guangxi 23 5.6 1983 Qinghai 25 6.0 
1733 Guangxi 40 7.3 1984 Qinghai 38 7.0 
1735 Guangxi 30 6.8 1985 Qinghai 24 7.0 
1737 Guangxi 41 7.8 1986 Qinghai 40 8.1 
1738 Guangxi 33 7.1 1987 Qinghai 40 7.4 
1739 Guangxi 32 6.1 1988 Qinghai 31 7.5 
1740 Guangxi 27 6.4 1989 Qinghai 32 7.0 
1741 Guangxi 24 6.7 1990 Qinghai 28 7.0 
1743 Guangxi 42 7.6 1991 Qinghai 40 8.1 
1744 Guangxi 33 6.5 1992 Qinghai 41 7.8 
1745 Guangxi 33 8.0 1993 Qinghai 35 7.1 
1746 Guangxi 24 5.8 1994 Qinghai 36 6.8 
1747 Jiangsu 22 5.7 1995 Qinghai 33 7.1 
1748 Jiangsu 30 6.5 1996 Qinghai 36 7.1 
1750 Jiangsu 24 5.0 1997 Qinghai 19 6.1 
1752 Jiangsu 12 5.0 1998 Qinghai 19 5.7 
1756 Jiangsu 23 6.3 1999 Qinghai 25 6.6 
1879 Yunnan 23 5.1 Ascot Australia 2 1.9 
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1880 Yunnan 25 6.3 Fiesta Australia 4 2.5 
1881 Yunnan 21 6.1 Icarus Australia 21 6.8 
1882 Yunnan 34 6.5     
LSD           5%              11.7 (% infection) 

 

 

Variation in response was identified within a number of accessions, including 1688, 1689, 

1729, 1732, 1750, 1752, 1998 and 1999 which showed a range of disease reaction from 

resistant to highly susceptible (Table 4.3). The individual plants with a good level of 

resistance (Rating of 1 or 3) could be a valuable source of resistance for the development 

of resistant cultivars. Selection of single resistant plants in heterogeneous accessions from 

a number of geographic regions has enabled the development of many Ascochyta blight 

resistant lines (Paull et al. 2006).  

                                                                                                            

Table  4.3    Distribution of  individual plants of the accessions with heterogeneity in 

reaction to A. fabae 

Cultivar                                  Rating 

                   1                3                5                7                 9 

1688           0                3                8                0                0 

1689           1                3                4                2                0 

1729           1                1                3                7                0 

1732           0                1                8                1                2 

1750           0                1                8                1                0 

1752           0                2                6                1                0 

1998           0                1                5                5                0 

1999           0                1                1                8                1 

 

 

The accession 1719 from Guangdong was the most susceptible among all the lines with 

mean disease score of 8 and 46% for rating scale and disease severity respectively. 

Overall, most of the accessions were more susceptible to Ascochyta blight than the local 

susceptible check cv. Icarus, which was scored 6.8 and 21% leaf area damage according to 

rating scale and disease severity.  

 

The overall response of the lines from six provinces was diverse, both in terms of the 

range between minimum and maximum scores within a province and mean scores of each 
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province (Table 4.4). The mean disease score of Jiangsu province was 22%, followed by 

Gansu and Yunnan with 25 and 28%, respectively. Accessions from Guangdong province 

were the most susceptible with mean disease score of 37%. All accessions from 

Guangdong and the neighbouring province Guangxi were more susceptible than Icarus. 

These two provinces are the most southern with a sub-tropical climate, which is not 

conducive to the growth of  

A. fabae. The highly susceptible nature of accessions from these two provinces is 

consistent with lack of selection pressure for resistance to A. fabae. 

 

The diverse reaction of accessions from six provinces indicates the possibility of new 

resistance sources against the disease. These resistance sources could be compared with 

existing sources for the development of resistant breeding lines and resistant cultivars 

against the disease. In the past, evaluation of germplasm contributed to the identification 

of Ascochyta blight resistant faba bean accessions. At ICARDA, Hanounik and Robertson 

(1989) identified five lines (BPL 471, 460, 646, 2485 and 472)  resistant to A. fabae by 

evaluating 672 accessions. In France, line 29 H, the cultivar Quasar in England and  cv. 

Czyzowskich  in Poland were found with good resistance (Bond et al. 1994). 

The variable resistant and susceptible reactions in faba bean cultivars and identification of 

a few resistant lines  such as 29 H, 29 M and 972 bc have been reported (Maurin and 

Tivoli 1992).  Sillero et al.  (2001) identified resistance in 34 lines out of 752 accessions 

and their study contributed to the identification of four resistant lines (V-83, 165, 175 and 

V-212).  

 

The current germplasm screening results are in agreement with previous studies and 

suggest that screening of germplasm could contribute to the development of new resistant 

cultivars against Ascochyta blight. However, a large number of accessions should be 

screened to increase the chance of finding resistant lines as well as a greater number of 

individual plants for the selection and development of resistant cultivars. The number of 

plants of each accession that was screened in this study was limited by availability of seed 

and size of screening facilities. It could be recommended that a much greater number of 

plants of the heterogeneous accessions listed in Table 4.3 should be screened to identify 

more resistant plants of each accession. Selected plants should be progeny tested to 

identify those that  are homozygous resistant to Ascochyta blight and then be used as 

parents for the development of new resistant selections. 
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Table   4.4  Summary of the reaction of accessions from Chinese provinces to   

    A. fabae 

Province Entries Mean Min Max St. dev 

Gansu 18 25 9 38 8.02 

Guangdong 6 37 30 46 4.08 

Guangxi 17 31 23 42 5.88 

Jiangsu 5 22 12 30 10.73 

Qinghai 20 31 18 41 7.59 

Yunnan 30      28              19 40 7.28 

LSD          5%                           5.8 
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4.2  Chinese germplasm screening against the chocolate spot 
disease 
Introduction 
Chocolate spot, caused by Botrytis fabae, is one of the most important diseases of  faba 

bean (Boris 1997; Gaunt 1983). It causes instability in yield (Lawes et al. 1983; Villegas-

Fernandez et al. 2006) and can be found worldwide (Bouhassan et al. 2004; Gaunt 1983; 

Villegas-Fernandez et al. 2006). When environmental conditions are conducive (warm 

and moist), the disease can develop into an epidemic resulting in complete failure of the 

crop. The disease is common in Australia and  susceptible cultivars such as Fiord can be 

severely damaged in favourable environmental conditions (Paull and Kimber 2006). 

Fungicides provide partial control (Boris 1997), but are costly (Bouhassan et al. 2004; 

Villegas-Fernandez et al. 2006) and harmful to the environment (Tivoli et al. 2006). 

Hence, the use of cultivars, with either partial or complete resistance, would be the best 

option for management of the disease.  

 

Sources of resistance to chocolate spot have been identified, but resistance is only partial 

and not sufficient to counter the disease (Lawes et al. 1983; Rhaiem et al. 2002). 

Therefore, further screening is required to identify new resistance sources for chocolate 

spot. Germplasm, including landraces, local cultivars with a long history of cultivation, 

cultivars and germplasm from regions where the disease and the cultivars have co-evolved 

would be appropriate material to screen to identify new sources of disease resistance.   

 

International Center for Agricultural Research in the Dry Areas (ICARDA) Aleppo, in 

Syria has collected faba bean landraces across the world to develop improved cultivars 

since its establishment in 1977. The faba bean landraces collected from different regions 

of the world by ICARDA are designated as International Legume Bean (ILB). Faba bean 

pure lines developed from such heterogeneous populations, through successive disease 

screening trials and single plant selections to achieve a homogenous line, are designated as 

Bean Pure Line (BPL). The nomenclature used by ICARDA was used in this study. 

However, the cultivars developed by Australian breeders from the accessions provided 

either by ICARDA or the mixed populations of faba bean introduced from other sources 

have their own local names. ICARDA has developed two lines, BPL 710 and BPL 1179, 

which are derived from the Ecuadorian lines ILB 438 and ILB 938, respectively 

(Hanounik et al. 1993). Most of the present B. fabae resistant lines are derived from the 

Andean region of Columbia and Ecuador (Bond et al. 1994; Hanounik and Robertson 
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1988; Tivoli et al. 2006). Currently, Icarus is the only chocolate spot resistant cultivar in 

Southern Australia and is derived from BPL 710 (Paull pers. comm., 2008).  

 

The susceptible and moderately susceptible reactions of BPL 710, both in the field as well 

as in the greenhouse, against  B. fabae in Tunisia (Rhaiem et al. 2002) indicates that the 

resistance  of this genotype could be eroded at any time by new emerging races. 

Resistance to chocolate is quantitative, scarce and at present mostly derived from the same 

region. Although these sources have proved to be durable in a number of countries, 

breeding programs should not rely on one source, but rather should use diverse sources of 

resistance when available to stabilize the faba bean production.  

Experiments were undertaken to: 

 (1) Study the effect of inoculum concentration on development of chocolate spot on 

genotypes differing in resistance 

 (2) Screen germplasm of Chinese origin to identify new sources of resistance to chocolate 

spot and  

(3)  Compare the respose of the most resistant Chinese lines with lines that have 

previously been reported to be resistant to chocolate spot. 

 

4.2.1  Comparison of different concentrations of B. fabae and  disease 

development 

Introduction 
The disease epidemics in a given area depend on several factors including weather 

conditions, type of host and type of pathogen. The amount of initial inoculum of a 

pathogen has a key role in the disease development. For development of a disease 

management strategy, knowledge about the factors, which could contribute to the disease 

occurrence, must be kept in mind and disease screening techniques should be appropriate 

to avoid misleading conclusions. Developing a disease screening procedure involves 

consideration of several factors including humidity, plant age and inoculum dose. 

Conditions that lead to a high level of infection can lead to lines with a degree of partial 

resistance developing a high level of disease and thus being classified as susceptible. 

Conversely, at a low level of infection partially resistant plants might  fall into the 

resistant category (Singh and Singh 2005).  
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Therefore, an intermediate inoculum pressure, slightly in favour of the pathogen, may be 

the best option for the expression of resistance (Tivoli et al. 2006). These concentrations 

should also be applied at the appropriate age of the plant for the identification of resistance 

in a given host. As there are very few sources of resistance to chocolate spot the 

germplasm must be adequately and efficiently screened for the identification of all 

possible major and minor resistance sources.  The present experiment, which compares the 

response of four genotypes/cultivars differing in resistance to chocolate spot to 3 

concentrations of inoculum, will contribute to the Faba Bean Breeding Program and 

disease management in future by confirming the appropriate inoculum dose for disease 

screening.  

 

4.2.1.2  Materials and methods 
The effect of three concentrations of  inoculum of  B. fabae was observed on four  lines 

(1714-1, Fiesta, Icarus and Nura) having a diverse level of  resistance. Icarus (Resistant) is 

derived from BPL 710 which originated from Ecuador, Fiesta (Moderately resistant) is 

derived from BPL 1196 B887 and Nura is derived from Icarus*Ascot (Paull and Kimber 

2006). The line 1714-1 is derived from Acc 1714 (cv. Lin Can No. 2, Gansu, China). The 

inoculum concentrations of 2 x 102 , 2 x 103 and 2 x 105 spores/ml were used (3.3.2). The 

inoculum preparation and inoculation was done as described in Section 3.2.2.2. The three 

inoculum treatments were main plots and four cultivars sub-plots (3.3.2.2). Humidity was 

maintained by providing 10 sec misting every 20 min through automated overhead 

sprinklers. Data were recorded on a daily basis until 6 days after inoculation. 

 

4.2.1.3  Results and discussion 
Disease symptoms appeared on the upper portion of the canopy 24 hours after inoculation 

of entries at the high inoculum concentration. In the initial two days, disease development 

was slow but a significant level of disease then appeared (Fig. 4.2 and Fig. 4.3). 
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Fig. 4.2  Comparison of  plants inoculated with different inoculum concentrations 2 and 6 

days after inoculation 

 

There was a greater disease development on cultivars with a high dose of inoculum and 

lesser disease development as the inoculum dose was lowered, irrespective of the cultivars 

(Fig. 4.2 and Table 4.5). Line 1714/1 was similar to resistant cv. Icarus at all inoculum 

treatments, while cv. Fiesta was the most susceptible among the four lines (Fig. 4.4 and 

Table 4.5). Similar findings have previously been reported, the  number of lesions per 

leaflet were directly proportional to the concentration of conidial suspension (Last and 

Hamley 1956) and disease development both  in terms of  lesions and sporulation 

increased when the concentration of inoculum increased (Creighton et al. 1986). These 

previous findings were based on detached leaf experiments of single genotypes, while in 

current study four genotypes were used.  
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Fig. 4.3   Comparison of B. fabae inoculum concentrations  

 

 

 

 

 

 

 

 

 

 

   

Fig. 4.4   Progress of development of B. fabae on four cultivars at high inoculum 

concentration 
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Fig. 4.5   Progress of development of B. fabae on four cultivars at the medium inoculum 

concentration 
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Fig. 4.6    Progress of development of B. fabae on four cultivars at the low     inoculum 

concentration 

 

The lowest concentration of inoculum only produced a few symptoms on the leaves within 

24 hrs of inoculation, with a low disease progress in the remaining days of the experiment. 

The highest dose was so severe that after 2-3 days, it was quite difficult to categorize the 

plants into different resistant and susceptible categories. Nura has been observed to 
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express a higher level of resistance than Fiesta under field conditions in South Australia 

(Paull and Kimber 2006) and this was also observed at the medium inoculum 

concentration. However, at the highest inoculum treatment there was no difference in 

response between the two cultivars and both developed severe symptoms of chocolate 

spot. Therefore, the results and apparent observations suggest an intermediate 

concentration of inoculum should be used, as a higher dose of inoculum may limit the 

chances of identifying the expression of partial resistance in new germplasm. 

 

   Table  4. 5  Effect of different inoculum concentrations on disease development (% leaf 

area damage) on four lines: average values of 6 ratings 

Cultivar Three inoculum concentrations of Botrytis fabae    

        Low                    Medium                High  

Mean disease (%) 

1714-1  5.5 17.3 51.8 24.9 

Fiesta 15.7 48.0 74.4 46.1 

Nura 12.8 25.2 70.9 36.3 

Icarus 6.6 21.5 52.8 26.9 

Mean 10.2 28.0 62.5  

 

LSD  5%          for concentrations                       4.9           

LSD  5%          for varieties                                 5.6 

LSD  5%          for concentration*Variety           9.7 

 

4.2.2    Chinese germplasm screening 
 A total of 99 Chinese germplasm accessions from six  provinces, and three standard 

check lines Icarus (Resistant), Fiesta (Moderately resistant) and 1010 (Susceptible) from 

South Australia, were evaluated for the identification of resistance sources against 

chocolate spot during 2007-8.  

 

4.2.2.1  Materials and methods 
The inoculum preparation and inoculation procedures were the same as described in 

Section 3.2.2.2. The data were recorded 3 and 6 days after inoculation and analysed to 

determine the response of individual lines and to compare the over all response of lines 

from each province. 
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4.2.2.3   Results and discussion  
A total of 99 germplasm accessions from six regions of China and three Australian lines 

were evaluated for chocolate spot disease resistance. Initial symptoms appeared 24 hours 

after inoculation on almost all entries. Plants were categorized, based on the first data (3 

days after inoculation), as disease expression was so severe 6 days after inoculation that 

there was little differentiation between accessions (Table 4.6, see Fig. 4.7 and Fig. 4.8 for 

examples of symptoms).  

 

Table  4.6  Disease severity (% leaf area damage) score on check lines 3 and 6 days after 

inoculation 

Cultivar              Days 

                     3                 6                 

Icarus          11               47                                         

Fiesta          17               80                                        

1010           19               99                           

 

Table  4.7   Distribution of check lines into different resistant and susceptible categories 

according to 1-9 ICARDA rating scale 3 days after inoculation 

Cultivar                                    Rating 

                     1                3                5                7               9 

Icarus           3               56              73                7             1 

Fiesta           1               36              45               48             7 

1010            0                 7              67               57           17 

 

 

The reaction to chocolate spot of individual Chinese accessions as well as the reaction of 

the accessions within the provinces varied considerably (Table 4.8). 

Out of 99  Chinese accessions, none was found to be resistant or highly resistant. 

However, most of the accessions from Qinghai province showed a moderate level of 

resistance and a few lines from each of the remaining provinces were also   moderately 

resistant. The local cv. Icarus was the most resistant as both a check as well as an entry 

with 11% leaf area damage (see Fig 4.9 for comparison with other germplasm). 
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  Fig. 4.7   Disease severity (% leaf area damage) for chocolate spot 
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Fig.  4.8    ICARDA 1-9 disease rating scale for chocolate spot 
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Accession 1687 from Yunnan, 1714-1 and 1716 from Gansu, and 1982, 1983, 1984, 1985, 

1993, 1994, 1998 and 1999 from Qinghai province were moderately resistant (leaf area 

damage  <  15 %). In addition, heterogeneity was observed within accessions 1714, 1716, 

1720, 1733 and 1735 and a few individual plants received low disease scores and could be 

potentially with a substantial level of resistance.  Single plant selection and progeny 

testing of plants with low disease expression is required to confirm if these are true 

resistant plants or “escapes”. Accession 1714-1 is the result of single plant selection from 

Accession 1714, undertaken by the faba bean breeding program in 2003. The improved 

resistance of 1714-1 compared to 1714 supports the observation of genetic heterogeneity 

for resistance to chocolate spot within accessions.  

 

The Chinese germplasm evaluation identified the presence of sources of partial resistance 

to chocolate spot, particularly in accessions from Qinghai province (Table 4.9). 

Accessions 1983 and 1985 from Qinghai were also moderately resistant when tested in a 

subsequent trial (Section 4.2.3) for the comparison of  resistant Chinese germplasm with 

previously reported resistant or partially resistant lines. However, Qinghai province 

germplasm lines were less resistant than the cv. Icarus which originated from Ecuadorian 

germplasm.  

 

A number of accessions were more susceptible than the local susceptible check line 1010. 

Accessions 1718, 1721 from Guangdong, 1738 from Guangxi, 1890, 1891, 1892 and 1895 

from Yunnan and 1747 from Jiangsu province were highly susceptible. The rest of the 

germplasm showed intermediate disease severity reaction and individual replication 

disease scores ranged from 10 to 58%.   

 

The variable reaction of Chinese germplasm against chocolate spot indicates the 

possibility of resistance sources in the germplasm. Evaluating germplasm of different 

regions could contribute to the identification of new disease resistance sources apart from 

the existing resistance gene pool. Breeders should evaluate such sources on various 

locations for the consistency of disease reaction prior to incorporation in local cultivars. 

There was not a single line with a highly resistant reaction; however, a number of lines 

with a partial resistance to chocolate spot were identified in Chinese germplasm. Similar  

findings  with a wide range of infection rate from 14% for NEB 519 to 92% Rebaya 40 

was noticed in a detached leaf experiment in Egypt however, commercial cultivars were 

found to be moderately resistant (Ibrahim and Nasib 1979). Variation in the  level of 
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resistance in Tunisian germplasm  was also reported by Rhaiem et al. (2002) in a field 

evaluation trial. They found 14 lines with moderate resistance, a level greater than BPL 

710. Hanounik and Robertson  (1988) also reported new potential resistance sources 

against chocolate spot in Columbian region germplasm through evaluation in both field 

and laboratory.  

 

 

        
 (a)         (b)       

Fig. 4.9   Comparison of check lines with germplasm. (a) green plant of Icarus at the front 

(b) Icarus second from left, Acc 1714/1 third from left 

     

 

Table  4.8  Disease reaction of Chinese faba bean germplasm to B. fabae 

Acc. Province   Mean 
(%) 

Mean 
(Rating) 

Acc. Province Mean 
(%) 

Mean 
(Rating) 

1680 Gansu 19 7.5 1882 Yunnan 26 9.0 
16831 Gansu 15 7.5 1883 Yunnan 21 8.5 
1686 Gansu 20 8.0 1884 Yunnan 20 8.0 
16871 Gansu 14 6.5 1885 Yunnan 25 8.5 
1688 Gansu 16 7.0 1886 Yunnan 20 8.5 
1689 Gansu 16 6.5 1887 Yunnan 16 7.0 
1692 Gansu 18 8.0 1888 Yunnan 21 8.0 
1698 Gansu 16 7.0 1889 Yunnan 19 7.5 
1705 Gansu 21 8.0 1890 Yunnan 23 9.0 
1709 Gansu 19 7.5 1891 Yunnan 25 9.0 
1710 Gansu 18 8.0 1892 Yunnan 25 8.5 
1711 Gansu 21 8.0 1893 Yunnan 20 7.5 
1712 Gansu 20 7.0 1894 Yunnan 18 8.0 
1713 Gansu 21 8.0 1895 Yunnan 25 8.5 
1714 Gansu 23 7.5 1896 Yunnan 20 8.0 
1714-11 Gansu 14 4.0 1897 Yunnan 20 7.5 
1716 Gansu 14 6.5 1898 Yunnan 20 8.0 
1717 Gansu 20 8.5 1899 Yunnan 18 7.5 
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1718 Guangdong 24 8.5 1900 Yunnan 23 8.0 
1719 Guangdong 19 7.0 1902 Yunnan 15 7.0 
1720 Guangdong 18 7.5 1903 Yunnan 21 8.0 
1721 Guangdong 23 8.0 1904 Yunnan 18 7.5 
1722 Guangdong 21 8.5 1905 Yunnan 18 7.0 
1723 Guangdong 20 7.0 1907 Yunnan 24 8.5 
1724 Guangxi 18 8.0 1909 Yunnan 21 8.5 
1726 Guangxi 16 6.5 1910 Yunnan 19 8.0 
1728 Guangxi 19 8.0 1911 Yunnan 18 7.5 
1729 Guangxi 18 7.5 1912 Yunnan 20 6.5 
1731 Guangxi 19 7.0 1980 Qinghai 16 7.0 
1732 Guangxi 19 7.5 19811 Qinghai 14 6.0 
17331 Guangxi 14 6.5 19821 Qinghai 13 7.0 
17351 Guangxi 15 7.0 19831 Qinghai 13 6.0 
1737 Guangxi 16 7.5 19841 Qinghai 14 7.0 
1738 Guangxi 21 8.5 19851 Qinghai 13 6.5 
1739 Guangxi 16 7.5 1986 Qinghai 16 6.5 
17401 Guangxi 15 7.0 1987 Qinghai 19 7.5 
1741 Guangxi 19 7.0 19881 Qinghai 13 6.5 
1743 Guangxi 20 8.0 19891 Qinghai 15 7.0 
1744 Guangxi 16 6.5 19901 Qinghai 15 6.0 
17451 Guangxi 15 6.5 19911 Qinghai 15 7.5 
1746 Guangxi 19 7.5 19921 Qinghai 15 6.5 
1747 Jiangsu 23 7.5 19931 Qinghai 14 6.5 
1748 Jiangsu 18 6.5 19941 Qinghai 13 6.5 
1749 Jiangsu 16 5.5 19951 Qinghai 15 6.5 
1750 Jiangsu 16 7.0 1996 Qinghai 18 6.5 
1752 Jiangsu 20 8.0 1997 Qinghai 16 6.5 
1753 Jiangsu 19 6.0 19981 Qinghai 14 7.0 
1756 Jiangsu 18 6.5 19991 Qinghai 13 6.5 
1879 Yunnan 20 8.0 Icarus S. Australia 12 4.3 
1880 Yunnan 23 8.5 Fiesta S. Australia 17 5.3 
1881 Yunnan 19 8.0 1010 S. Australia 19 6.1 
LSD        5%                   6.6  (% infection) 
 

1 Lines selected for further studies on resistance to chocolate spot (see Table 4.11) 
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Table   4.9   Summary of the reaction of Chinese provinces accessions to B. fabae 

Province Entries Mean Min Max St. dev 

Gansu 18 18 14 23 2.68 

Guangdong 6 21 18 24 2.33 

Guangxi 17 18 14 22 2.03 

Jiangsu 7 18 16 23 2.24 

Qinghai 20 14 13 19 1.83 

Yunnan 31 20 15 26 2.84 

LSD               5%                 4.6 

 

 

4.2.3    Comparison of Chinese and previously reported sources of resistance 

to chocolate spot 

Introduction 
Faba bean was one of the earliest domesticated crops and has spread to diverse regions  

from Mediterranean, Nile Valley, Ethiopia, central Asia and northern Europe to Andean 

regions of South America (Sadiki 2006). The crop has been grown from equatorial regions 

to near the Arctic Circle, in a wide range of climates and this has contributed to a wide 

range of genetic diversity for many important traits. Chocolate spot caused by B. fabae  is 

one of the most damaging diseases of faba bean crop in various parts of the world 

including Nile Delta, Mediterranean coastal regions, Western France, United Kingdom 

and near the Yangtze River in China, during favourable environmental conditions. The 

level of resistance to chocolate spot in most faba bean cultivars is low although varying 

degrees of resistance have been reported (Hanounik and Robertson 1988; Paull and 

Kimber 2006; Tivoli et al. 2006). Most of the current chocolate spot resistant cultivars are 

derived from the germplasm that originated from the Andean region of Columbia and 

Ecuador, while additional sources of resistance have been identified in other parts of the 

world (Bouhassan et al. 2004; Saxena 1993).  

 

The objective of this experiment was to compare the more resistant lines identified in the 

initial screening of Chinese germplasm, with lines that have previously been reported as 

resistant to chocolate spot. If found better than currently known sources of resistance then 

the Chinese germplasm could contribute to future disease management, through gene 

pyramiding with existing resistant cultivars. A number of more recently reported sources 
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of resistance (Bouhassan et al. 2004; Rhaiem et al. 2002) could not be included due to 

quarantine restrictions on importing faba bean into Australia and not being able to to be 

processed through a quarantine generation within the time frame of the project. 

 

4.2.3.1 Materials and methods 
A total of 45 lines, including 22 Chinese lines with moderate level of resistance to 

chocolate spot in disease screening trial (Section 4.2.2 and Table 4.8) from six provinces, 

10 Australian lines (Table 4.11) and 13 lines that previously have been reported as 

resistant (Table 3.6 and Table 4.11) were evaluated for  resistance to chocolate spot. The 

inoculum preparation and inoculation procedures were as described in Section 3.2.2.2 with 

the exception that in this experiment due to technical reasons mycelial thread fragments 

with a low number of spores were used. 

 

 There were two check lines Icarus (Resistant) and 1010 (susceptible) and two entries with 

5 plants of each entry and 2 check plants included per tray.  

 

4.3.2.2 Results and discussion 
 A wide range of reactions was shown by the 45 accessions from 11 different regions for 

chocolate spot resistance. The disease development was comparatively slower than the 

chocolate spot germplasm screening trial. The reasons for the slow development of the 

disease were probably the difference of inoculum as mycelium suspension was used in this 

experiment instead of spore suspension due to technical problems in producing the 

inoculum and the inclusion of a greater proportion of known resistant accessions in the 

experiment. The first symptoms appeared 24 hours after the inoculation on the susceptible 

check Acc 1010. Data were recorded 4 and 6 days after the inoculation and plants were 

categorised into different resistant and susceptible categories according to the data taken 6 

days after the inoculation. Results for individual plants of the checks are presented in 

Table 4.10. Icarus was among the most resistant entries and Acc 1010 was the most 

susceptible (Table 4.11). 
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Table 4.10 Distribution of individual plants of check lines in rating categories 6 days after 

inoculation 

Cultivar                                                 Rating  

                      1                      3                    5                     7                     9 

Icarus            2                    71                   19                    7                     0 

1010             0                      5                   31                   48                     7 

 

  

 Acc 1714-1 from Gansu province of China was the most resistant among all the lines 

evaluated under glasshouse conditions, and this line was more resistant than the known 

resistant line Icarus. Acc 1714-1 was similar in resistance to Icarus in a previous 

experiment on the effect of B.  fabae concentration on  disease development (Chapter 

4.2.1). 

 

 Three Chinese lines, 1745 from Guangxi and 1983 and 1985 from Qinghai province, 

expressed a higher level of resistance compared to most of the known regional resistant 

sources. However, lines 683 and Farah were more resistant than these three lines. 

Previously known resistant lines including 735, 238, 973 and Manafest were similar in 

disease reaction to the three partially resistant Chinese lines while the Australian cv. Doza 

also expressed a similar level of resistance (Table 4.11).   

 

Table   4.11   Disease reaction of different regional accessions of faba bean to  

  B. fabae 

Acc. Region  Mean 
(%) 

Mean 
(Rating) 

Acc. Region Mean 
(%) 

Mean 
(Rating) 

1683  Gansu 38 4.4 1020 Ecuador 40 4.2 
1687 Gansu 36 4.0 1010 Morocco 52 6.2 
1714-1 Gansu 17 3.1 973 Ecuador 35 3.9 
1733 Guangxi 39 4.4 971 Ecuador 31 4.1 
1735 Guangxi 40 4.4 795 Greece 37 4.0 
1740 Guangxi 40 3.8 735 Syria 25 3.8 
1745 Guangxi 34 3.7 722 ICARDA 40 4.2 
1981 Qinghai 35 3.8 712 ICARDA 36 4.9 
1982 Qinghai 32 4.2 683 ICARDA 25 3.4 
1983 Qinghai 32 3.8 482 Greece 46 4.8 
1984 Qinghai 34 4.4 238 Britain 39 3.7 
1985 Qinghai 32 3.8 278 Britain 41 4.3 
1988 Qinghai 44 5.0 Ascot Greece 32 3.8 
1989 Qinghai 34 4.4 Aquadulce Spain 38 5.2 
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1990 Qinghai 43 4.7 Cairo Australia 40 4.4 
1991 Qinghai 36 4.3 Doza Australia 28 3.9 
1992 Qinghai 46 5.2 Farah Spain 28 3.5 
1993 Qinghai 35 4.1 Fiesta Spain 36 4.4 
1994 Qinghai 39 4.6 Fiord Greece 38 4.4 
1995 Qinghai 33 4.3 Icarus Ecuador 26 3.4 
1998 Qinghai 44 4.8 Manafest Ecuador 31 3.8 
1999 Qinghai 38 4.2 Nura Australia 35 4.0 
1557 Ethiopia 44 4.7     
LSD         5%               11.9 (% infection) 

 

 

Apart from the Andean region, which is still a major source of resistance against chocolate 

spot, other regional sources of chocolate spot resistance have been reported. A few lines 

with  a higher level of partial resistance such as FRYM 167 and FRY 58 (Bouhassan et al. 

2004) have been identified in Maghrebian germplasm. In Tunisia,  Rhaiem et al.(2002) has 

also reported a higher level of chocolate spot resistance in  lines LPF 44, LPF 237, LPF 05 

and LPF 113 than the known resistance source of BPL 710. The lines  reported by 

Bouhassan et al. (2004) and  Rhaiem et al. (2002) were not available in Australia at the time 

of this project so could not be included for comparison. In China, 105 lines from 15 

provinces showed various levels of resistant reaction against chocolate spot. The line Lu-

Xiao-LiZhong, a small seeded cultivar showed a consistent resistant reaction in three 

consecutive years of trials and a few lines with moderate level of resistance were also 

observed being grown by the farmers in China (Liang 1993). 

 

The possibility of differences in resistance sources both within and between the regions 

suggests that the best resistance sources of each region should be collected, and be evaluated 

together in different locations for consistent reaction. Finally, if found to be different from 

each other then the various sources of resistance could be combined through a breeding 

method such as recurrent selection to develop breeding lines and varieties with a high level 

of resistance to chocolate spot for sustainable production. 
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4.3    Screening of Chinese germplasm for resistance to      
Cercospora leaf spot  
Introduction 
Cercospora leaf spot caused by Cercospora zonata is a relatively new emerging fungal 

disease of the Australian faba bean crop. The disease is common in Southern (Kimber et al. 

2007) and Western Australia (Bayaa 2006) and a yield reduction due to Cercospora of  7% 

has been reported (Kimber et al. 2007). Several lines with resistance, or partial resistance, to 

Cercospora leaf spot have been identified within the Australian faba bean breeding program 

(Kimber et al 2006b), however additional sources of resistance are required to ensure the 

long-term success of a breeding strategy to manage this disease. Cercospora leaf spot has 

been reported in China  (Li-Juan et al. 1993), and the Chinese germplasm was screened to 

determine if it is a potential source of resistance o the disease.   

 

4.3.1  Materials and methods  
A total of 72 accessions of Chinese origin and two Australian check lines (Table 3.1 and 

Table 4.15) were evaluated for the identification of Cercospora leaf spot resistance sources 

in the glasshouse under controlled environmental conditions. The isolate collection and 

procedures for inoculum preparation and inoculation were the same as described in Section 

3.4.2. Humidity was maintained through overhead micro-sprinklers 20 sec every 2 hrs. Data 

were recorded 11, 13 and 15 days after inoculation. 

 

4.3.2  Results and discussion 
The disease symptoms first appeared 9 days after inoculation on leaves, as small dots. The 

plants were rated for resistant and susceptible categories based on the final rating, which 

was taken 15 days after inoculation (see Fig. 4.10 for example of disease symptoms). The 

percentage of defoliation was measured 15 days after inoculation.  

 

None of the accessions was observed with a resistant reaction except local resistant check 

line 1322-2 (Table 5.12 and Table 5.13). However, three lines 1673, 1727 and 1890 from 

Gansu, Guangxi and Yunnan, respectively, were less susceptible in reaction to the disease 

than the rest of germplasm accessions and included several resistant plants (Table 4.13 and 

Table 4.14).  The lines 1671, 1683, 1726 from Gansu, 1726, 1728, 1729 from Guangxi, 

1879, 1880 from Yunnan and 1982 from Qinghai province were highly susceptible with 

mean disease severity of more than 50% (Table 4.13).  
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Fig. 4.10    Disease severity (% leaf area damage) of Cercospora leaf spot  
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Table 4. 12  Distribution of individual plants of check lines into different disease severity 

(% leaf area damage) categories 15 days after inoculation 

Cultivar                                 Rating (% leaf area damage) 

                 0         0         10        20        30        40       50         60         70        80      

1322-2     0         5         49        73        11          0          0           0           0          0 

Farah        0         0          1          8        27        34        28         25         15          5 

 

 

Disease infection was more severe on the lower portion of the plants than the upper portion. 

With the progress of disease, leaves changed in colour from green to yellow due to gradual 

loss of chlorophyll. In cases of severe infection, defoliation occurred with leaflets falling 

from the point of bifurcation of the petiole followed by complete leaf fall. The abscission of 

leaves started when disease severity was about 20% leaf area damage and was very fast. In 

advanced stages of infection when disease severity reached near 50%, an increase in 

defoliation rate was observed on some entries. The correlation between disease severity and 

defoliation was positive and highly significant, r = 0.31, P< 0.01 (Fig. 4.11). However, early 

and late varieties showed a negative correlation between defoliation and disease 

development. These  results concur with the previous findings reported by  Kimber et al. 

(2005) with respect to severe defoliation as a result of Cercospora leaf spot infection in faba 

bean crops.  

 

Table  4.13  Disease reaction of  Chinese faba bean germplasm to C. zonata 

Acc. Province   Mean 
(%) 

Defoliation 
(%) 

Acc. Province Mean 
(%) 

Defoliation 
(%) 

1671 Gansu 53 41 1884 Yunnan 40 27 
1672 Gansu 42 37 1885 Yunnan 45 35 
1673 Gansu 29 16 1887 Yunnan 49 8 
1674 Gansu 36 41 1889 Yunnan 39 6 
1675 Gansu 46 33 1890 Yunnan 31 6 
1680 Gansu 41 32 1891 Yunnan 38 10 
1683 Gansu 52 25 1894 Yunnan 41 15 
1689 Gansu 41 39 1895 Yunnan 41 13 
1705 Gansu 30 27 1897 Yunnan 43 14 
1712 Gansu 49 25 1899 Yunnan 39 6 
1716 Gansu 43 22 1900 Yunnan 45 21 
1724 Guangxi 42 9 1903 Yunnan 44 10 
1725 Guangxi 38 19 1904 Yunnan 44 24 
1726 Guangxi 53 20 1905 Yunnan 49 21 
1727 Guangxi 32 24 1910 Yunnan 38 8 
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1728 Guangxi 48 19 1911 Yunnan 47 24 
1729 Guangxi 51 16 1912 Yunnan 43 30 
1730 Guangxi 50 17 1980 Qinghai 47 20 
1732 Guangxi 38 23 1981 Qinghai 48 24 
1733 Guangxi 47 21 1982 Qinghai 55 27 
1734 Guangxi 43 17 1983 Qinghai 44 19 
1735 Guangxi 41 17 1984 Qinghai 36 29 
1736 Guangxi 50 26 1985 Qinghai 38 28 
1738 Guangxi 38 19 1986 Qinghai 41 15 
1739 Guangxi 44 31 1987 Qinghai 44 39 
1741 Guangxi 44 43 1988 Qinghai 43 18 
1742 Guangxi 49 28 1989 Qinghai 32 29 
1743 Guangxi 56 22 1990 Qinghai 46 18 
1746 Guangxi 37 3 1991 Qinghai 42 17 
1749 Jiangsu 39 23 1992 Qinghai 47 27 
1754 Jiangsu 48 28 1993 Qinghai 39 22 
1755 Jiangsu 44 32 1994 Qinghai 41 26 
1756 Jiangsu 41 24 1995 Qinghai 34 18 
1879 Yunnan 54 21 1996 Qinghai 41 18 
1880 Yunnan 56 11 1999 Qinghai 42 14 
1882 Yunnan 45 29 1322-2 S. Australia 13 7 
1883 Yunnan 41 19 Farah S. Australia 43 17 
LSD          5%            13.6 (% infection) 
 
 
 

Table  4.14     Results of individual plants in three accessions that were heterogeneous in 

reaction to Cercospora leaf spot. Disease severity (% leaf area damage) 15 days after 

inoculation. 

Cultivar                                  Rating 

                  10               20               30             40               50 

1673           0                 5                3                4                0 

1727           1                 2                5                2                2 

1890           0                 5                2                4                1 
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Table 4.15   Summary of the reaction of accessions from Chinese provinces to  

C. zonata (see Table 4.9 and Table 4.4) 

Province Entries Mean Min Max St. dev 

Gansu 11 42 29 53 7.91 

Guangxi 18 44 32 53 6.51 

Jiangsu 4 42 40 48 3.7 

Qinghai 18 42 32 55 5.56 

Yunnan 21 43 31 56 5.57 

LSD                5%                     5.6 
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Fig. 4.11     Relationship between severity of Cercospora leaf spot and defoliation 

 

The highest percentage of defoliation was observed on the lines 1741, 1671, 1674, 1689 and 

1986 from Guangxi, Gansu and Qinghai provinces with defoliation of 43, 41, 41, 39 and 

39% respectively. There was less defoliation in a few lines, 1724 from Gansu, 1746 from 

Guangxi and 1887, 1889, 1890, 1899, 1910 from Yunnan and Qinghai province lines 1986 

and 1999.  
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All Jiangsu province accessions were highly susceptible as compared to other provinces 

which include some accessions that were moderately susceptible. However, there was no 

significant difference in overall or mean reaction of germplasm from the five provinces 

tested (Table 4.15).  

 

The present investigation of evaluating the Chinese germplasm for Cercospora leaf spot 

disease has identified a few partially resistant accessions (Table 4.13). The heterogeneous 

nature of accessions 1673, 1727 and 1890 (Table 4.14) suggests that a greater number of 

plants of these three accessions should be tested and resistant plants retained and progeny 

tested. This should result in the development of Cercospora leaf spot resistant selections that 

could be used as parents in breeding resistant cultivars. 
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4.4   Conclusion 
A total of 115 Chinese germplasm accessions were screened for resistance to the three 

fungal diseases. The germplasm screening contributed to the identification of three resistant 

accessions [1688, 1689 (Ascochyta blight) and 1714-1 (chocolate spot)] from Gansu 

province. A significant achievement was the identification of Acc 1714-1 with a good level 

of resistance in both the germplasm screening trial and the regional resistance sources 

comparison trial as well as in the inoculum concentrations effect trial. The resistance of Acc 

1714-1 was almost equal to, or better than resistant control cv. Icarus in all trials. 

 

 A few lines from different provinces (and in particular from Qinghai), were identified with 

a level of partial resistance to chocolate spot. The Gansu province accessions 1688 and 1689 

were with a good level of resistance against Ascochyta blight disease however, these 

accessions were not as resistant as the local resistant cultivar Ascot. The reaction of Chinese 

accessions and Ascot favours the possibility of major and minor genes for resistance against 

Ascochyta blight. There were additional accessions with partial resistance to diseases 

identified from all provinces. 

 

Accessions identified with a good level of disease resistance need consideration with regard 

to selection for the comparison of similarity and dissimilarity of the genes with sources of 

resistance currently utilised in breeding program. If the Chinese resistant gene sources are 

different, these could be pooled in local cultivars to strengthen their resistance level against 

any future outbreak of the pathogen race for each of the disease. However, because there 

was evidence of a considerable degree of heterogeneity within accessions for reaction to 

diseases, the most promising accessions should be evaluated in large quantities for the 

selection of individual resistant plants to develop homogeneous resistant lines. 
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Chapter 5  Characterization of Australian  Isolates of 
Ascochyta fabae 
Introduction 
The expression of disease resistance depends on variability in both the host and the 

pathogen. In general, there are two mechanisms of generation of variability in plants and 

pathogens, namely mutation and recombination. In addition, variation occurs in fungal 

pathogens due to heterokaryosis, parasexuality and heteroploidy. Pathogens express 

variation in pathogenicity, virulence, growth patterns and sometimes in the form of 

physiological races which often overcome the resistance of a host plant (Carson 1997). 

Physiological races are composed of different genotypes with a common virulence gene. 

However, they differ from each other by morphological and physiological features. 

Physiological races can be identified by evaluating differential cultivars for disease 

resistance against a set of isolates. Variability in plant pathogens is usually an inherited 

character. For successful breeding programs, breeders must monitor such variations 

because pathogens may evolve and develop a new race that could attack resistant cultivars. 

Screening for resistance against foliar pathogens requires a good knowledge of the 

variability of the pathogen, which leads to the selection of the appropriate isolate(s) for 

disease screening.  

 

Ascochyta fabae Speg. is a higly variable organism, and even colonies developed from the 

same culture show difference in their morphological characteristics. Variation among the 

biotypes of A. fabae in their cultural characteristics such as sporulation, size of conidia 

and mycelium growth have been reported by Kharbanda and Bernier (1980). Variability in 

pathogenicity against the cultivar Ackerperle was also identified among the 10 isolates 

studied (Kharbanda and Bernier 1980). Four isolates showed a higher level of virulence as 

compared to the remaining isolates. In another study, Rashid and Bernier (1991) 

investigated ten groups of Canadian isolates and on the basis of virulence categorized 

them into seven races. In Syria (ICARDA), Hanounik and Robertson (1989) categorized 

eight isolates into four races on the basis of their reaction towards two faba bean lines 

BPL 818 and ILB 1814. 

 

Investigations on the variation among  A. fabae  isolates of southern Australia are limited 

although a few studies have been conducted which confirmed variation  among  isolates 

for a number of  characteristics including colony diameter, spore size, pycnidial 
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production, mycelium growth habits and pigmentation colour (Kohpina et al. 1999; 

Lasawadsiri 1994; Palmer 2002). Palmer (2002) described one isolate, A.3.3/87, from 

South Australia that produced severe disease symptoms on cv. Icarus compared to 5 other 

isolates collected in the southern region of Australia. 

 

 The present study will contribute to the identification of variability in Australian  A. fabae 

isolates and will distinguish them into different groups based on pathogenicity and 

morphological characteristics, such as colony diameter, pycnidial production and 

distribution,  size of spores, mycelium growth patterns and colour of the mycelium. In 

addition, physical attributes of the isolates will be related to aggressiveness on the 

susceptible cv. Icarus.  

 

A detailed knowledge of variation in characteristics of the isolates will help the breeders 

to select the most diverse group of isolates for disease resistance screening to develop 

cultivars that have a broad-based resistance to A. fabae. The objective of this experiment 

was to observe different developmental and growth patterns of various Australian isolates 

of  A. fabae and to determine how different isolates grow and if there is any evidence of a 

significant level of variation that could contribute to a race structure in A. fabae in 

Australia. In addition, results of this experiment were used for the selection of isolates 

used in the germplasm screening (Chapter 4) and genetic studies (Chapter 6). 

 

5.1 Pathogenicity of A. fabae on cv.Icarus 
5.1.1 Materials and methods 

5.1.1.1   Isolate selection and culture preparation 
The selection of the isolates for the study was carried out in three stages as described in 

Chapter 3.2.1.1. The first two stages were related to the selection of viable and actively 

growing isolates. The isolates were inoculated on susceptible plants followed by in-culture 

inoculation. Initially, 21 isolates out of the 26, inoculated on susceptible cv. Icarus, were 

able to initiate the disease.  These 21 viable isolates were then grown on PDA. These steps 

were undertaken to ensure that all isolates being used in the characterization studies were 

of the same age and background. 
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Finally, in the third stage, the 17 most active isolates, with a good level of mycelium 

growth on PDA, were selected for the pathogenicity comparisons on the susceptible local 

cv. Icarus. The isolates used in the experiment are listed in Table 3.2.  

 

5.1.1.2  Inoculum preparation, inoculation method and experimental design 
The  17 most viable isolates were selected for pathogenicity testing on cv. Icarus. The 

mass multiplication of the inoculum was undertaken as described in Section 3.2.2. The 

inoculum concentration for each of the isolates was 2 x 105 spores/ml  and each isolate 

was prepared separately. Plants of cv. Icarus were inoculated with a small hand sprayer 

and  150 ml of inoculum for each of the isolates was applied equally across four 

replications when plants were at the 4-6 leaf stage. Plants were grown in MK 12 punnets 

with 12 plants/tray (replicate) and isolate treatments were separated by polycarbonate 

sheets. A water treatment was included as a control. The experiment was arranged in a 

RCB design. High humidity was maintained by overhead micro-spriklers as described in 

Section 3.1.3. Disease was initially assessed as % of leaf area damage 10 days after 

inoculation and then at two day intervals until 20 days post-inoculation 

 

5.1.2    Results and discussion 
A total of 17 virulent isolates were selected to compare their pathogenicity and water was 

used as a control treatment to observe any cross contamination. Icarus, a local cultivar 

susceptible to Ascochyta blight, was used in the trial. The developmental behaviour of 

isolates was compared for aggressiveness and variability. At the initial rating, cv. Icarus 

showed variation in reaction to the isolates and isolates Vic 2 and 69/05 were slow to 

initiate the disease. However, disease progress was very rapid in later stages and all of the 

isolates were virulent. No disease was observed on the water control treatment. The 

highest level of disease reaction resulted from inoculation by isolates 76/04 and 86/03 

from Horsham and Hart regions with disease severity scores of 74  and 73 % leaf area 

damage, respectively, 20 days after inoculation (Table 5.1). Isolate 86/03  was more 

uniform in the progression of disease development, as compared to the isolate 76/04. 

Eleven isolates were slightly less virulent with final disease severity scores of 59- 69 % 

while four isolates were the least virulent with mean disease severity scores of 49-56 % 

(Table 5.1). These results are in agreement with those reported by Ali and Bernier (1985), 

Rashid and Bernier (1985; 1991) and Kohpina et. al (1999) in respect to pathogenic 

variability among A. fabae isolates. Variability among  Australian isolates from New 
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South Wales, South Australia and Western Australia was reported by Lasawadsiri (1994) 

and  Kohpina et. al (1999). Palmer (2002)  found an isolate A.3.3/87 from South Australia 

more severe on susceptible cv. Icarus compared to 5 other southern Australian isolates. In 

particular, significant variation was observed in a collection of South Australian isolates 

probably due to a comparatively long history of faba bean crop cultivation compared to 

other Australian regions at the time of these studies (Lasawadsiri 1994).   

 
 
Table  5.1  Comparison of disease severity (% age of leaf area damage) of Australian 

isolates of A. fabae on cv. Icarus 

Isolate Location                                   Days after inoculation  

10 days 12 days 14 days 16 days 18 days 20 days Average 

76/04 Horsham, Vic 11 28 29 48 65 74 42 

86/03 Hart, SA 13 26 29 46 63 73 42 

88/03 Saddleworth, SA 9 23 28 44 60 69 39 

174/05 Bool Lagoon, SA 10 23 28 40 55 59 36 

SE 12 Glenroy, SA 10 21 23 31 55 68 35 

75/04 Minyup,Vic 9 23 28 38 58 66 37 

89/04 Saddleworth, SA 9 23 25 40 56 65 36 

MF 9 Manoora, SA 8 21 29 38 56 64 36 

PH 2 Clare, SA 9 22 23 38 56 63 35 

76/02 Cockaleechie, SA 6 20 24 35 55 63 34 

Vic 2 Warracknabeal,Vic 1 18 24 40 54 63 33 

Vic 6 Murtoa, Vic 5 19 24 35 54 59 33 

69/05 Ardrossan, SA 1 20 25 30 48 60 31 

AP 3 Templers, SA 4 15 19 29 44 56 28 

55/01 Cockaleechie, SA 5 11 20 30 40 53 26 

55/06 Turretfield, SA 4 16 19 30 45 51 28 

7/06 
(Orange) 

Waite Precinct, 

SA 

5 13 21 28 45 49 27 

Average 7 20 24 36 53 62  

 

LSD      5%            Isolates      7.3          Time  1.5       Isolate*Time       9.7 

 



 82 

5.2   Comparison of growth and morphological traits of isolates 
The growth patterns of mycelium, pycnidial formation, pycnidial distribution, size of the 

spores, and mycelium growth habits and pigmentation colour were observed to determine 

presence of variation among different isolates of A. fabae collected in southern Australia. 

 

Sixteen isolates used in the pathogenicity test, out of 21 viable isolates obtained from  

SARDI, were compared for growth characteristics on Agar and compared with 

pathogenicity on cv. Icarus (Section 5.1).  

 

5.2.1 Materials and methods 
A total of 16 isolates of A. fabae identified as the most aggressive out of 21 viable isolates 

obtained from the SARDI pulse pathology collection, were compared for their radial 

growth and morphological characteristics when grown on PDA. The isolate MF 9, which 

was included in the pathogenicity study described in Section 5.1, was not included in the 

study due to contamination. Single spore cultures were developed as described in Chapter 

3. Mycelium plugs of 2-3 mm diameter were sliced from the two weeks old single spore 

cultures for each of the isolates, placed in the centre of PDA plates (20 ml of medium per 

plate) and incubated at 20ºC  under inflorescent light. The plates were placed randomly, 

with three replications of each isolate. The first reading was taken 10 days after the initial 

plating with subsequent readings at two-day intervals. The data were recorded by 

measuring the two perpendicular diameters of each isolate until the most active isolate 

reached the radius of the Petri plates (20 days of incubation). 

 

The observations for most of the morphological traits including pycnidial formation, spore 

size, mycelium growth patterns and colour, were taken at the time of the final growth 

reading (20 days of incubation). Pycnidial formation was classified from abundant to 

sparse (Kharbanda and Bernier 1980) and pycnidial distribution  from dense to random. 

The size of spores was measured in micron (μ).  Mycelium growth behaviour and 

developmental patterns were classified as surface, aerial, in-culture and fluffy growth 

habits, developmental patterns were concentric ring, segmented, concentric and dense. 

Mycelium colour was grouped to four major colours namely white, brown, grey and 

orange (more or less similar observations for these traits as reported by Palmer 2002). 
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5.2.2 Results and discussion 

5.2.2.1 Growth rates   
Most of the isolates showed a constant increase in growth and were similar in their growth 

but three isolates were slower in growth than others (Table 5.2). The isolates 76/04, PH 2 

and 7/06 (Orange), were the fastest growing among all the isolates, with almost equal 

radial growth. The majority of the remaining isolates were slightly less active, while three 

isolates 76/02, 86/03 and Vic 6 were the least active. In particular, 76/02 was the slowest 

growing at every rating.  

 

These findings  coincide with  previous investigations on the growth pattern of  A. fabae 

isolates reported  from Australia (Kohpina et al. 1999) and  Canada (Kharbanda and 

Bernier 1980). In the broader sense, these isolates could be categorized into three groups 

with fast, medium and slow growth rates. However, the difference between fast and 

medium growing isolates was much less than between medium and slow. In general, there 

was little relationship between the growth of the most of the isolates on PDA and their 

level of virulence on cv. Icarus (Fig. 5.1). 

 

 

Table  5.2  Comparison of radial growth (mm) of different isolates of A. fabae on Potato 

Dextrose Agar Medium. (Isolates are presented in the same order as in Table 5.1) 

Isolate Location                                    Days of incubation                                 

10 days 12 days 14 days 16 days 18 days 20 days Average 

76/04 Horsham 33 43 52 61 70 75 56 

86/03 Hart 26 29 34 40 44 49 37 

88/03 Saddleworth 29 39 48 55 62 69 50 

174/05 Bool Lagoon 30 41 50 57 65 71 52 

SE 12 Glenroy 31 41 50 58 65 70 52 

75/04 Minyup 29 43 56 61 61 69 55 

89/04 Saddleworth 26 34 41 47 58 66 45 

PH 2  Clare 38 47 58 64 70 75 59 

76/02 Cockaleechie 12 17 22 23 26 30 22 

Vic 2 Warracknabeal 24 31 37 46 55 60 42 

Vic 6 Murtoa 28 32 36 43 48 55 40 
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69/05 Ardrossan 30 37 48 52 63 68 50 

AP 3 Templers 30 39 48 56 65 70 52 

55/01 Cockaleechie 27 35 43 50 59 67 47 

55/06 Turretfield 25 33 43 50 55 63 45 

7/06 
(Orange) 

Waite Precinct 29 41 49 48 69 74 53 

Average 28 36 45 51 59 65  

 

LSD            5%         Isolate       2.8          Time     0.53         Isolate*Time   3.6 
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Fig. 5.1  Comparison of growth of isolates on PDA and disease severity on 

 cv. Icarus 
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5.2.2.2  Pycnidial formation 
The isolates showed different patterns of pycnidial production. These were grouped into 

three categories from sparse to abundant pycnidia producing isolates (Table 5.3 and Fig. 

5.2).  

 

    
A. 174/05   Abundant                             B.   69/05   Intermediate 

 

 

 
C.   75/04     Sparse 

 

Fig. 5.2  Comparison of three categories of pycnidial production for isolates of  

A. fabae. 

 

The most abundant level of pycnidial production was observed in the isolates 86/03, 

76/02, 89/04, PH 2 and 174/05, while isolates 75/04 and 55/01 produced few pycnidia 

(Table 5.3). However, an intermediate pycindial growth pattern was observed among the 

rest of the isolates on PDA cultures. The variation in  pycnidial production from sparse to 

abundant is consistent  with previously reported pycnidial production patterns (Kharbanda 

and Bernier 1980; Kohpina et al. 1999). In general, the isolates which produced abundant 

pycnidia on PDA (Table 5.3) were slightly more virulent/aggressive in the pathogenicity 
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trial on cv. Icarus  in the glasshouse, compared to intermediate and sparse producing 

isolates although there were several exceptions (Table 5.1). 

 

Most of the isolates exhibited dense and consistent pycnidial distribution patterns and only 

the isolate 75/06 had a random pycnidial distribution (Table 5.3). There was no apparent 

relationship between pycnidial distribution pattern (Table 5.3) and disease development on 

cv. Icarus (Table 5.1). 

 

Tabel  5.3  Characterization of isolates of A.  fabae on the basis of morphological 

characteristics (growth patterns  of pycindia and size of spores). (Isolates are presented in 

the same order as in Table 5.1) 

Isolate Location  Pycnidial 

formation 

Pycnidial 

(distribution) 

Size of Spores 

         (μ) 

76/04 Horsham ++ Dense 17.8 x 5.0 

86/03 Hart +++ Dense 22.5 x 4.88 

88/03 Saddleworth ++ Consistent 18.8 x 4.75 

174/05 Bool Lagoon +++ Consistent 22.3 x 5.0 

SE 12 Glenroy ++ Consistent 18.9 x 5.5 

75/04 Minyup + Random 18.3 x 5.0 

89/04 Saddleworth +++ Dense 18.0 x 4.9 

PH 2  Clare +++ Dense 22.9 x 5.0 

76/02 Cockaleechie +++ Consistent 18.1 x 5.0 

Vic 2 Warracknabeal ++ Dense 21.5 x 4.5 

Vic 6 Murtoa ++ Consistent 20.3 x 4.88 

69/05 Ardrossan ++ Dense 23.4 x 5.0 

AP 3 Templers ++ Dense 19.4 x 5.0 

55/01 Cockaleechie + Consistent 20.0 x 5.0 

55/06 Turretfield ++ Consistent 19.3 x 3.8 

7/06 (Orange) Waite Precinct ++ Dense 17.8 x 5.1 

 
  * Pycnidial formation    +  Sparse,  ++  Intermediate, +++ Abundant 
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5.2.2.3   Size of spores 
The mean size of the spores of the isolates varied both in length as well as in width (Table 

5.3). The spore length of isolates ranged from 17.8-23.4 μ, with spore width of 3.8-5.5 μ. 

The greatest spore length was measured from isolates 69/05, PH 2, 86/03 and 174/05 with 

sizes of 23.4, 22.9, 22.5 and 22.3 μ, respectively,  and isolates 76/05 and 7/06 (Orange) 

were the shortest (17.8 μ). The width of spores of most of the isolates was around 5 μ. The 

greatest and least widths of spores were observed for isolates SE 12 and 55/01 with widths 

of 5.5 and 3.8 μ, respectively. Overall, the isolates could be categorized into two 

distinctive groups. The first group with the spore length of 20-23.8 μ and the second group 

with the spore length of 17.8-19.4 μ. The difference in mean spore size of various isolates 

of A. fabae  was not  large, which supports the findings of  Kohpina et al.(1999) in 

investigations of variability of A. fabae in South Australia. The spore sizes of all the 

isolates were within the ranges of 3-6 x 14-23,  3-6 x 10-26 , 3.5-6 x 16-24  and 14-30.4 x 

3.8-7.9 μ described by Beaumont  (1950), Kohpina et al.(1999), Punithalingam and 

Holliday (1975) and Yu (1947), respectively. There was no significant relationship 

between the size of spores and pathogenicity (Table 5.1 and Table 5.3). 

 

5.2.2.4     Mycelium type 
The 16 isolates showed diverse mycelial growth trends including Surface, Aerial, In-

culture and Fluffy patterns (Table 5.4 and Fig. 5.3). Only the isolate 55/01 produced fluffy 

mycelium growth. 
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A. PH 2    Surface                                      B. Vic 6   Aerial 

 

 

 

 

 

    
C. 89/04   In-culture                                  D.  55/01    Fluffy 

 

Fig.  5.3  Growth patterns of mycelium of  A. fabae isolates on PDA 

 

There was significant variation in growth patterns of mycelium on PDA. The two major 

growth types were concentric rings and segmented pattern, while several isolates showed a 

consistent growth pattern (Table 5.4 and Fig. 5.4). Isolate 55/06, with a dense type of 

mycelium growth was quite distinctive from all of the other isolates.  
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A. 75/04   Concentric                               B. 89/04    Consistent 

 

 

         
C.  86/03   Segmented                                    D. 55/06   Dense 

 

Fig. 5.4  Growth patterns of A. fabae isolates in culture on PDA. 

 

 

5.2.2.5   Colour 
The mycelium pigmentation of the 16 isolates showed a variety of distinctive and mixed 

colour patterns.  The mycelium pigmentation of most of the isolates was mixed in colour. 

In the broader sense, isolates could be classified into four colour groups, Brown, Grey, 

Orange and White (Table 5.4). There was no significant relationship of individual 

pigmentation colour to disease severity and a mix in response of all colour patterns to 

disease severity was observed in the pathogenicity experiment against cv. Icarus. These 

results are not consistent with  those reported by  Kharbanda and Bernier (1978a) for the 

relationship of brown pigmentation with greater disease virulence on cultivar Ackerperle, 

as compared to black pigmentation producing isolates. Variation in colour patterns among 

different isolates of southern Australia was reported by Palmer (2002). Current results 
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along with previous findings indicate that the A. fabae isolates of southern Australia are 

quite variable (see Fig. 5.5 for photos of all isolates). 

 

Table 5.4   Characterization of isolates of A.  fabae on the basis of morphological 

characteristics (mycelium colour and mycelium growth patterns on PDA).  (Isolates are 

presented in the same order as in Table 5.1) 

Isolate Location  Mycelium 

( type) 

Mycelium 

( growth) 

Colour 

76/04 Horsham Surface Consistent Grey 2 

86/03 Hart Aerial Segmented Brown 1 

88/03 Saddleworth Surface Segmented Orange Brown 4 

174/05 Bool Lagoon Surface Consistent Greyish Brown 1 

SE 12 Glenroy Surface Segmented Whitish Grey 3 

75/04 Minyup Surface Concentric Orange 4 

89/04 Saddleworth In-culture Consistent Orange Brown 4 

PH 2  Clare Surface Concentric Brown 1 

76/02 Cockaleechie Aerial Segmented Greyish Black 2 

Vic 2 Warracknabeal Surface Segmented Greyish Black 2 

Vic 6 Murtoa Aerial Segmented Ash White 3 

69/05 Ardrossan Aerial Consistent Brownish Grey 2 

AP 3 Templers Surface Segmented Brownish Grey 2 

55/01 Cockaleechie Fluffy Consistent Whitish Pink 3 

55/06 Turretfield In-culture Dense Brownish Grey 2 

7/06 (Orange) Waite Precinct Surface Concentric Orange 4 

 

* Colour - major groups   1.   Brown    2.    Grey   3.   White   4.    Orange   
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A.  86/03  

                           

        
B.  174/05 

 

 

      
C. 89/04                                                        
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Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 

 

     
D. PH 2 

 

 

 

       
E. 76/02  

 

 

 

       
F. 76/04 
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Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 

 

     
F. 88/03   

G.  

 

      
H. SE 12 

 

 

      
I. Vic 2                                                           

 

Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 
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J. Vic 6 

 

 

      
K. 69/05          

                                               

 

 

 

        
L. AP3 

 

Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 
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M. 55/06     

                              

 

      
N. 7/06(orange) 

 

 

      
O. 75/04        

                               

Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 
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P. 55/01 

. 

Fig. 5.5  Top (left) and bottom (right) pictures of the cultures of the isolates of A. fabae on 

PDA, used in characterization. 

 

5.3 Conclusion 
The overall results of investigations on a number of cultural and morphological 

characteristics of the various isolates of A. fabae from southern Australia indicated 

significant variation in their pathogenicity on susceptible cv. Icarus as well as difference 

in their morphological characteristics observed in culture. The mycelium development, 

pycnidial production and distribution, mycelium growth patterns and pigmentation colour 

on PDA, all varied significantly between isolates. This indicates that A. fabae in southern 

Australia is highly variable and such variability indicates rapid changes in the pathogen 

and the possibility of presence and emergence of new biotypes or races of A. fabae in 

southern Australia.  

 

The virulence/aggressiveness of the isolates on susceptible cv. Icarus was independent of 

most of the morphological traits such as mycelium development and growth habits, 

pycnidial production and distribution, spore size and colour. The only trait that appeared 

to be positively related to pathogenicity or aggressiveness was pycnidial formation. Those 

isolates that produced abundant pycnidia on PDA were in general comparatively more 

virulent or aggressive as compared to isolates with intermediate and sparse pycnidial 

production although there were several exceptions (Table 5.1 and Table 5.3). Based on the 

pathogenicity results and morphological traits observed on PDA, a number of isolates 

could be recommended for a mixture of inoculum for disease screening. A mixture of the 

isolates of  76/04, 86/03, 88/03, 174/05, SE 12, 75/04, PH 2 and 7/06 (orange) would 
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include the most active isolates and also include variation for morphological 

characteristics.  

 

These differences among the southern Australian isolates of A. fabae are highly important 

from a faba bean breeding perspective for sustainable production. However, the number of 

isolates involved in this study was not sufficient to differentiate the isolates of the 

pathogen into different groups and furthermore these isolates were tested against only a 

single cultivar. The result suggests that there should be continuous monitoring of the 

pathogen in the future and a large number of the isolates should be evaluated against a set 

of genotypes for the confirmation of any changes in the pathogen and identification of 

possible biotypes or races of the pathogen in the region. The variable nature of the 

pathogen could contribute to the development of A. fabae races against existing resistant 

cultivars if pre-emptive strategies are not implemented. Identification of a range of genes 

that confer resistance of faba bean to A. fabae, and pyramiding the resistance genes, would 

contribute to a long-term strategy of utilizing host plant resistance to control the disease. 

Investigations on identifying alternative resistance genes are described in the following 

chapter. 
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Chapter  6  Genetics of Resistance to Ascochyta fabae 
 

Introduction 
The inheritance of characters with different variants between strains, described by Gregor 

Mendel in 1865 through his controlled systematic experiments of garden pea plants having 

different variants/characters, suggested the presence of discrete “factors” which transfer 

information from parent to progeny. Genetic variations between organisms provide the 

base for explaining the biological mechanisms through genetic methods (Griffiths et al. 

2008). There is naturally occurring variation between individual members of a population 

and it is a great source for the study of biological mechanisms/phenomena.  

 

In genetic studies, there are two related phenomena concerned with the actual make up of 

the organism and apparent look of the organism, known as genotype and phenotype 

respectively. Genetics works in two ways in the prediction of genotypes of parents, either 

by observing the ratio of progeny or by predicting progeny ratios of known genotypes. 

Geneticists usually adopt the latter approach, predicting the progeny that emerge from a 

cross by measuring their probability. Mendel described not only single gene inheritance 

patterns in his famous heredity experiments of garden pea by observing seed colour and 

shape but he also explained the interaction mechanism of genes. In diploid individuals 

such as garden pea genes occur in pairs and are known as alleles (Strickberger 1985a). 

These alleles control the characteristics of individuals such as shape and colour. Alleles 

may be identical for a particular characteristic or differ from each other. If both alleles are 

the same the individual is homozygous, however, in the case of dissimilarity the individual 

is to be said heterozygous for that particular characteristic. 

 

The allele is either dominant or recessive depending on its expression. The mechanism in 

which one characteristic appears and a second characteristic is not able to express itself 

even though it is present is called dominance (Strickberger 1985a). In heterozygous plants 

both dominant and recessive alleles for the control of a trait are present, the dominant 

allele masks the recessive allele and the plants express the phenotype of the homozygous 

dominant plants. Of particular interest to disease resistance breeding, a recessive allele for 

disease resistance is not expressed in the presence of a dominant allele for susceptibility at 

the same locus. For single gene inheritance in a monohybrid, Mendel found 3:1 ratio for 

the phenotype and 1:2:1 ratio for the genotype by selfing the F2 generation (see Fig. 6.1). 
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Not all traits are controlled by a single gene nor by a dominant gene. Some traits are 

controlled by multi-genes and sometimes by a recessive gene. The major genes which 

control the resistance in a plant cultivar are either dominant or recessive (Vidhyasekaran 

2007). Disease resistance in plants is controlled by genes that usually follow the 

Mendelian law as explained in the gene for gene theory (Flor 1971). Mendel’s work also 

explained when there is more than one gene, how inheritance of such genes will occur. For 

two traits, his findings were 15:1 ratio for phenotype and 9:3:3:1 ratio for genotype (see 

Fig. 6.2). Genotype ratios will only be observed by selfing the F2 generation.  

 

Plant diseases are the outcome of the interaction of both the host plant and the pathogen. A 

low level of disease is either due to the ability of the host to defend itself or due to an 

inability of the pathogen to attack the host. Study of disease resistance is comparatively 

more difficult than the study of other plant characteristics because it involves two genetic 

systems, both the  host and the pathogen (Johnson 1987). Genetic material carried by these 

two organisms determines the characteristics of each organism and both organisms have 

the ability to transmit features to their progenies by transfer of genetic material (Agrios 

2005). The genetic systems of host and pathogen have the ability to vary and evolve, 

however the rate differs with different host-pathogen interactions and even sometimes is 

affected by the environment. Such variation also affects the interaction between the host 

and pathogen. Present investigations assess how the resistance genes are transferred by the 

host to their progenies and outcomes will enable the breeders to harness and pool the 

resistance genes in a single cultivar.  
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Fig.  6.1   Flow chart showing the F2 genotype determined on the basis of F3 phenotype 

where resistance is controlled by a single dominant gene (R_= resistant and rr = 

susceptible). 

 

 
 
Fig. 6. 2   Flow chart showing the expected inheritance patterns of two different resistance 

genes in which both genes are dominant. In F2 segregation only 1 combination is 

homozygous recessive for both genes and the plant will be susceptible to the particular 

pathogen. 

                                                             RRxrr 
 
 
F1                                                             Rr 
 
 
F2                                   RR                     Rr                             rr 
 
 
F3                                   RR                  RR,Rr,rr                     rr 
 
F2  derived family       All                 Resistant and               All 
                                resistant              susceptible             susceptible 
 
F2  genotype         Homozygous       Heterozygous        Homozygous 
                               resistant                                            susceptible  

                                                 R1R1r2r2 x r1r1R2R2 
 
F1                                                      R1r1R2r2 
 
F2                                 
                      R1R2                  R1r2                    r1R2                         r1r2 
 
R1R2             R1R1R2R2        R1R1R2r2             R1r1R2R2                R1r1R2r2 
 
R1r2              R1R1r2R2           R1R1r2r2             R1r1r2R2                  R1r1r2r2 
 
r1R2              r1R1R2r2           r1R1R2r2              r1r1R2R2                  r1r1R2r2 
 
r1r2               r1R1r2R2             r1R1r2r2               r1r1r2R2                   r1r1r2r2 
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Various types of expression of resistance to A. fabae for a number of faba bean cultivars 

have been reported, both from Australia as well as internationally. Hanounik and 

Robertson (1989)  reported that resistance in BPL 471 and BPL 2485 was broad based 

(general) while lines BPL 818 and ILB 1814  were with narrow based resistance (specific) 

following the evaluation of eight resistant lines and susceptible local checks in Syria and 

internationally. In Canada, Rashid et al. (1991) reported 7 genes responsible  for 

resistance in 19 faba bean cultivars against  5 isolates of  A. fabae. Kharrat et al. (2006)  

investigated 3 isolates against 6 lines and their combinations in France and reported 

dominant alleles for resistance in the line A 8817 (ICARDA) and 29 H (Institut National 

de la Recherche Agronomique, INRA) compared to 14-12 from (INRA) and an additional 

recessive gene in 29 H for stem resistance agaist isolate AF4-3. 

 

In Australia, Kohpina et al. (2000) identified a major gene for resistance to isolate A26 in 

the line ILB 752 relative to a susceptible line NEB 463. However, the presence of a 

complementary gene pair for recessive resistance in NEB 463 was also reported. Yakop 

(1998) described resistance of Acc 622 ( a component parent of Ascot) compared to 

susceptible cv. Icarus (BPL 710) as partially recessive or recessive based on the reaction 

of F1 hybrids. The segregation of F2 populations and F3 families supported the possibility 

of resistence being a partially recessive rather than a recessive character. In another study, 

Palmer (2002) reported a single dominant gene in Acc 970 (derived from ILB 752) for 

resistance to A. fabae compared to Acc 969 (BPL 710 and source population of cv. Icarus) 

and two or three recessive or partially recessive genes in Acc 622 compared to Acc 969 

and Acc 970 for control of resistance to pathogen.   

 

6.1 Genetics of resistance to A. fabae  
The genetics of resistance to Ascochyta blight was studied with four resistant and one 

susceptible cultivars or accessions (Table 6.1). All parental material was provided by the 

Faba Bean Breeding Program. The resistant Australian cultivars Ascot and Farah were 

selected from Fiord and Fiesta, respectively (Paull and White 2004). Ascot was developed 

by three generations of selection for resistance to Ascochyta blight with the heterogeneous 

cv. Fiord as the original population. Two resistant selections, Acc 621 and Acc 622, were 

combined to form Ascot (Yakop 1998). Fiord was developed from a landrace, collected 

from the island of Naxos, Greece, in the 1950s and was released in 1980 (Knight 1982-83; 

Ramsey et al. 1995; Yakop 1998).  
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The Ascochyta blight resistant cultivar Farah was released in South Australia in 2003. 

Farah was selected through two cycles of selection for resistance to Ascochyta blight from 

the heterogeneous cultivar Fiesta which was derived from the ICARDA line BPL 1196 

which is of Spanish origin. There is no information available on whether the resistance 

gene in Farah is the same as in Ascot. The Faba Bean Breeding Program of the University 

of Adelaide has developed many Ascochyta blight resistant selections from germplasm of 

very diverse origins (Kimber et al. 2006a; Kimber et al. 2004). The relationship between 

these other resistant lines is not known; however, the relationship of Acc 970 with Ascot 

is known and the resistant gene in Acc 970 is described as dominant. Identifying 

alternative resistant genes would assist in breeding cultivars with more robust disease 

resistance. 

 

The aims of this experiment were (1) to compare the resistance of the Australian cultivars 

Ascot and Farah and (2) to compare resistance of lines of diverse origin with Ascot. 

 

6.2  Materials and methods   
6.2.1 Development of test populations 

6.2.1.1  Parent plants and crosses 
A total of 4 resistant lines and one susceptible line were studied (Table 6.1) to identify (1) 

whether the genes controlling resistance are dominant or recessive and (2) whether the 

resistance of other lines is controlled by the same gene(s) as in Ascot. In particular, the 

recently released Ascochyta blight resistant Australian cv. Farah was compared with 

Ascot to determine if they carry the same or different gene(s). The seed of the accessions 

was derived from plants that had been self-pollinated for three generations, including two 

generations of single plant selection for resistance to Ascochyta blight. The plants were 

grown in a bee-proof  glasshouse to avoid any cross-pollination. Three plants were grown 

per 25 cm diam. pots containing “Bark mix” potting soil. Anthers were removed from the 

unopened female parent plants prior to anthesis and mature anthers were collected from 

the pollinator parent and transferred onto the stigma of the female plants. The tweezers 

were sterilized in 50% ethanol (EtOH) after each cross to prevent contamination by 

residual pollen. Careful observation was made in the selection of anthers. Bright yellow 

anthers with sticky pollen were selected to ensure the viability of pollen. All crosses were 

made on an individual plant basis and the specific parent plants were recorded. Crossed  
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Table  6.1  Faba bean selections with original lines from diverse origins, used in studies of 

inheritance of resistance to Ascochyta blight. 

Variety/Population Selection Origin 

Fiord Ascot Greece 

Fiesta (BPL 1196) Farah  Spain 

Acc1783 Acc1783-2 Tunisia 

Acc1689 Acc1689-1 China-Gansu province 

BPL 710 Icarus Ecuador 

 

 

6.2.1.2  Hybridization for the study of reaction to Ascochyta blight  
Hybrid combinations for the genetic studies are described  in Table 6.2. Icarus, Ascot and 

Farah were intercrossed, while the two resistant accessions were only crossed to Ascot.  

 

Table  6.2  Hybridization of different resistant faba bean  lines with Icarus and           

Ascot. 

 

 

 

 

flowers were tagged with parental names and date of crossing then remaining flowers of 

the raceme were removed. Maternal parent name was written first on the tag and pedigrees 

are produced in this order in this thesis. 

Pods containing F1 hybrid seed were harvested at maturity and threshed manually. The 

remaining pods on parental plants were also harvested. F1 hybrid plants were grown in a 

glasshouse, in pots filled with “Bark mix” soil to produce F2 seed for studies on 

segregation in reaction to Ascochyta blight. Three seeds of each cross were sown per pot, 

however, in the case of insufficient seeds of any cross two seeds were sown.  Seed of 

parental plants was sown at the same time to allow comparison between morphological 

traits of the maternal parent and the  F1 hybrid plants to enable identification of any self-

fertilized plants. Plants were manually harvested (individually) and threshed with a  F. 

Walter- H. Wintersteiger Laboratory thresher (Type L D 180 ST 4) to obtain F2  seeds. 

 

Crosses Crosses 
Icarus * Ascot Acc1689-1* Ascot 
Farah * Icarus Acc1783-2 * Ascot 
Farah * Ascot  
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6.3  Selection of the Isolate 
 Isolate 86/03 was selected out of 26 isolates (see Table 3.2) for inoculating the F2 

populations. Isolate 86/03 was one of the most virulent isolates among all the isolates 

tested for pathogenicity and was more uniform in reaction in comparison to other isolates 

(Chapter 5). The most virulent single isolate was selected for this study to avoid any 

experimental imbalances and give equal chance of expression to all the crosses and lines.  

 

6.4.1 Inoculum preparation and inoculation method 
The mass multiplication of inoculum and inoculation method was the same as described in 

Section 3.2.2.   

 

6.4.2 Assessment of reaction to A. fabae 

Parental lines and F2 populations were evaluated to observe the ratios of Ascochyta blight 

resistant : susceptible plants. Separation of F2 plants into resistant and susceptible 

categories was based on the reaction of the parents (see Table 6.4) and scores of 1 and 3 

were considered resistant and 5, 7 and 9 were classified as susceptible. 

 

6.4.3 Screening method 
The screening method described in General Materials and Methods (Chapter 3.1.3) for the 

germplasm evaluation against Ascochyta blight was used in this experiment with the 

exception of the layout. The layout for this experiment was 10 plants of a cross in a tray 

and two plants of susceptible cv. Icarus systematically included as a check (and disease 

spreader) in each tray (Fig. 6.3a). The parental lines were also included in the trial to 

compare with the F2 population. Two parental lines were grown in a single tray (five 

plants per parent) and the Icarus check plants were also included (Fig. 6.3b). The progeny 

of each parent plant was included in two trays to give 10 progeny in total.  

 

 

 

 

  

 

 



 

 

 

   a                                                                            b  

Fig. 6.3 Layout for the genetic study trial (a) F2      (b) Parents 

Ic = Icarus      P1 = Parent 1             P2  = Parent 2             F2   = Second filial generation  

 

 

6.4.4  Statistical analysis 
Chi-Square Test 
The segregation ratios were analysed in two steps; initially, the specific single plant 

combinations and then the combined data for the cross. The observed segregation of the F2 

population was compared with the expected value for alternative segregation ratios by 

using the chi-square test for all crosses with 1 degree of freedom.  The homogeneity chi-

square (Snusted and Simmons 2006; Strickberger 1985b) was also calculated to determine 

if it was valid to pool individual crosses. The homogeneity chi-square test  is Total  

 χ2  value - Summed χ2  value, with degrees of freedom being the tested  number of 

categories – one. 

                χ2  =∑ (Observed number - Expected number)2 / Expected number  

                  Homogeneity   χ2  = Total  χ2  - Summed χ2  

The  number of  degrees of freedom for calculating the critical value (Table 6.3) was the 

total number of data categories – one (n-1).  

 

Table  6.3   Chi-Square ( χ2 )  5% critical value for different degrees of freedom. 

Degrees of freedom           5% Critical 
Value 

1 3.841 

2                                           5.991 

3 7.815 

4 9.488 

5 11.707 

 

 

F2 F2 F2 F2 

Ic F2 Ic F2 

 F2 F2 F2 F2 

P1 P1 P2 P2 

Ic P1 Ic P2 

P1 P1 P2 P2 
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F2  populations were compared with parental lines and chi-square values were calculated 

for crosses on a plant by plant basis and, when the homogeneity chi-square indicated it 

was valid to pool the individual crosses, the overall chi-square was calculated. The ratio of 

segregation in the F2 was compared to expected values for several genetic models to 

determine the mode of inheritance in resistant lines.  

 

The presence or absence of segregation in the F2 generation of crosses to Ascot indicated 

whether the resistant selections carry the same (no segregation) or different (segregation, 

including susceptible progeny) gene(s) as Ascot. Progeny of the parent plants used for the 

crosses were included in the testing to confirm that they were either homozygous resistant 

or susceptible and that any segregation was not due to one of the parents being 

heterozygous. 

 

6.4.5  Results and discussion 

6.4.5.1  Parental lines 
Progeny of the individual parental lines of all the combinations of crosses were included 

in the trial to observe their reaction to A. fabae and determine if the original plant were 

homozygous or heterozygous. The majority of the parent plants were homozygous for 

either resistance or susceptibility. However, a few parental plants were heterozygous in 

reaction to A. fabae. Both parental plants of Farah were highly resistant and all progeny 

were scored 1 (Tabe 6.4). Icarus-4 produced a single resistant plant indicating the 

possibility of an “escape” while Icarus-3 produced two resistant plants. Resistant cv. 

Ascot included only one parent Ascot-8 out of 7 that showed segregation. The remaining 

were homozygous for resistance with disease scores of either 1 or 3 with the exception of 

a single plant from Ascot-6 with moderately resistant disease score of 5 (Table 6.4). Three 

parental combinations of Acc 1783/2 were homozygous resistant and were rated either 1or 

3 and a majority of the plants scored 1. All parental lines of the Acc 1689/1 were 

homozygous susceptible and a large proportion of the plants were rated 7 and only two 

plants scored 5 (Table 6.3). The result for parent 1689/1 was unexpected as this line was 

selected through two cycles of single plant selection for resistance to Ascochyta blight in 

the faba bean breeding program. Despite the unexpected result the cross 1689/1*Ascot 

was included in analysis to provide additional information on the genetic control of 

resistance of Ascot.  
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Table  6.4  Frequency distribution (plants) of reaction of parental and check lines into 

different categories according to the  1-9 ICARDA rating scale. 

Parent 1 3 5 7 9 Average 

Farah-2 10     1 

Farah-4 10     1 

Icarus-3 1 1  7 1 6.2 

Icarus-4 1   8 1 6.6 

Ascot-1 8 2    1.2 

Ascot-2 9 1    1.2 

Ascot-3 8 2    1.4 

Ascot-4 9 1    1.2 

Ascot-5 8 2    1.4 

Ascot-6 9  1   1.4 

Ascot-8 2 4 3 1  2.6 

1783/2-1 10     1 

1783/2-2 9 1    1.2 

1783/2-4 7 3    1.6 

1689/1-1    10  7 

1689/1-2   2 8  6.6 

1689/1-8    9  7 

Icarus-check  1 12 140 9 7 
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6.4.5.2  Farah*Icarus 
The overall segregation of the F2 generation of the  Farah*Icarus fitted a 3:1 ratio for 

resistance and susceptibility (Table 6.5) which indicates the presence of a single dominant 

gene for the control of resistance in cv. Farah compared to the susceptible cv. Icarus. Two of 

the three combinations did not differ significantly from a 3:1 ratio but Farah-4*Icarus-3 

cross results did not fit the 3:1 ratio, and were consistent with 15 resistant : 1 susceptible. A 

possible reason for this is that parent Icarus-3 showed heterogeneous reaction in the parental 

check lines (Table 6.4) and so Icarus-3 might have contributed both resistant (R) and 

susceptible (S) alleles to the F2 population, resulting in a distorted segregation ratio. An 

alternative explanation would be that there Ascochyta blight resistance of Farah-4, relative 

to Icarus-3 (but not Icarus-4) was controlled by two dominant genes. The majority of the F2   

plants were rated 1, while there was some degree of biomodel distribution for the combined 

data (Fig. 6.4) 
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Table  6.5  Segregation of F2 population of Farah (resistant)  x  Icarus (susceptible) in 

reaction to Ascochyta blight 

      Population               Number of F2 plants        Degrees of            χ2                              

                                       Resistant    Susceptible    Freedom           

Farah-4*Icarus-4 

Observed 

Expected (3:1) 

Expected (15:1) 

 

36 

37.5 

46.9 

 

14 

12.5 

3.1 

 

 

1 

1 

 

 

0.24 

40.3 

Farah-4*Icarus-3 

Observed 

Expected (3:1) 

Expected (15:1) 

 

37 

30 

37.5 

 

3 

10 

2.5 

 

 

1 

1 

 

 

6.5 

0.11 

Farah2*Icarus-3 

Observed  

Expected (3:1) 

Expected (15:1) 

 

41 

37.5 

46.87 

 

9 

12.25 

3.13 

 

 

1 

1 

 

 

1.31 

11.7 

Total  3 (3:1) 8.08 

Farah*Icarus 

Summed data 

Observed 

Expected (3:1) 

 
 
 

114 
 

105 

 
 
 

26 
 

35 

 
 
 
 
 
1 

 
 
 
 
 

3.09 
Homogeneity Test Total χ2 - Summed   χ2 3-1 = 2 5.00 

  

Statistical value P<0.05 χ2
1  =  3.84                  χ2 

2    = 5.99     
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Fig. 6.4   Frequency distribution of  F2 and parental plants for Farah x Icarus 

 

Y-axis = Frequency (%) 

X-axis = Disease score ICARDA 1-9  rating scale 

F2       = Second filial generation 

P1       = Farah 

P2       = Icarus 

A. Farah-4*Icarus-4   B. Farah-4*Icarus-3  C. Farah-2*Icarus-3  D. Farah*Icarus 
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6.4.5.3  Farah*Ascot 
Transgressive segregation was observed in the F2 generation of  Farah*Ascot and all three 

combinations of the cross  fitted a 15:1, rather than  3:1 ratio (Table 6.6). The 

homogeneity test was not significant and pooled χ2  also fitted a 15:1 ratio. This provides 

evidence of the presence of two different genes controlling the resistance in both cultivars. 

One cross,  Farah-2*Ascot-8 showed a comparatively  continuous distribution (Fig. 6.5) in 

different rating categories and this might be  due to the  segregation of  parent Ascot-8 

(Table 6.4). A majority of the plants from all combinations were rated 1 and a few were 3, 

5 and 7 however, not a single plant was rated 9. In general, transgressive segregation 

observed in the F2 of Farah*Ascot supports the hypothesis that resistance to Ascochyta 

blight of the two cultivars is under the control of different genes. 
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Table  6.6   Segregation of F2  population of Farah (resistant) x Ascot (resistant) in 

reaction to Ascochyta blight  

    Population                Number of F2 plants      Degrees of              χ2                              

                                    Resistant     Susceptible    Freedom           

Farah-2*Ascot-6 

Observed 

Expected (3:1) 

Expected (15:1) 

 

39 

30 

37.5 

 

1 

10 

2.5 

 

 

1 

1 

 

 

10.8 

0.96 

Farah-2*Ascot-8 

Observed 

Expected (3:1) 

Expected (15:1) 

 

46 

37.5 

46.9 

 

4 

12.5 

3.1 

 

 

1 

1 

 

 

7.7 

0.28 

Farah-4*Ascot-5 

Observed 

Expected (3:1) 

Expected (15:1) 

 

46 

36.7 

45.9 

 

3 

12.3 

3.1 

 

 

1 

1 

 

 

9.3 

.0012 

Total  3 (15:1) 1.24 

Farah*Ascot 

Summed data 

Observed 

Expected (15:1) 

 
 
 

131 
130.3 

 

 
 
 
8 

8.7 

 
 
 
 
1 

 
 
 
 

0.06 

Homogeneity Test Total χ2   - Summed   χ2 3-1 = 2 1.18 

 

Statistical value P<0.05 χ2
1  =  3.84                 χ2 

2   = 5.99     
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Fig. 6.5   Frequency distribution of F2 and parental plants for Farah x Ascot   

 

Y-axis = Frequency (%) 

X-axis = Disease score ICARDA 1-9 rating scale 

F2       = Second filial generation 

P1       = Farah 

P2       = Ascot 

A. Farah-2*Ascot-6    B. Farah-2*Ascot-8    C. Farah-4*Ascot-5   D. Farah*Ascot 
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6.4.5.4  Icarus*Ascot 
The segregation ratios of both crosses of Icarus*Ascot were not significantly different  to 

expected for 1:3 for resistant and susceptibility (Fig. 6.6 and Table 6.7). The homogeneity 

test was not significant and the pooled data also fitted a 1:3 ratio. This result indicates that 

the resistance of cv. Ascot is recessive relative to cv. Icarus.  

 

Table  6.7  Segregation of   F2 population of  Icarus (susceptible) x Ascot (resistant) in 

reaction to Ascochyta blight 

    Population                Number of F2 plants       Degrees of             χ2                           

                                    Resistant     Susceptible     Freedom           

Icarus-3*Ascot-5 

Observed 

Expected (1:3) 

Expected (1:15) 

Expected (3:1) 

 

19 

13.75 

3.4 

41.25 

 

36 

41.25 

51.6 

13.75 

 

 

1 

1 

1 

 

 

2.67 

75.1 

48.0 

Icarus-4* Ascot- 5 

Observed 

Expected (1:3) 

Expected (1:15) 

Expected (3:1) 

 

7 

6.75 

1.70 

20.25 

 

20 

20.25 

25.30 

6.75 

 

 

1 

1 

1 

 

 

0.012 

17.6 

34.7 

Total  2 (1:3) 2.68 

Icarus*Ascot 

Summed data 

Observed 

Expected (1:3) 

 
 
 

26 
20.5 

 

 
 
 

56 
61.5 

 
 
 
 
1 

 
 
 
 

1.97 

Homogeneity Test Total χ2   - Summed   χ2 2-1 = 1 0.72 

 

          Statistical value P<0.05 χ2
1  =  3.84                      
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Fig. 6.6  Frequency distribution of F2 and parental plants  for Icarus x Ascot  

 

Y-axis =  Frequency (%) 

X-axis = Disease score ICARDA 1-9  rating scale 

F2       = Second filial generation 

P1       = Icarus 

P2       = Ascot 

A. Icarus-3*Ascot-5          B. Icarus-4*Ascot-5         C. Icarus*Ascot   
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Table  6.8   Summary of the segregation of F2 populations of Farah, Ascot and Icarus 

crosses 

Cross Resistant Susceptible Total χ2 

Farah*Icarus 
Observed 
Expected (3:1) 

 
114 
105 

 
26 
35 

 
140 

 
 

3.10 
Farah*Ascot 
Observed 
Expected (15:1) 

 
130 

130.3 

 
9 

8.7 

 
139 

 
 

0.011 
Icarus*Ascot 
Observed 
Expected (1:3) 

 
27 

20.5 

 
55 

61.5 

 
82 

 
 

1.97 
 

Statistical value P<0.05 χ2
1  =  3.84                  

 

6.4.5.5  1783/2*Ascot 
The reaction of the F2 of the cross 1783/2*Ascot indicated a high probability of the 

presence of same gene for the control of resistance in the both cultivars (Table 6.9). All 

plants of both parents were resistant and were rated either 1 or 3 (Fig. 6.7). All plants in 

two of the three F2  populations were resistant, while a single plant was classified as 

susceptible in 1783/2-4*Ascot-3. This plant was rated 5 which is considered moderately 

resistant (MR) on the ICARDA disease rating scale for Ascochyta blight. It is possible that 

the level of disease expression was in part due to environmental factors. The homogeneity 

test was not significant and analysis of the pooled data produced a χ2    that was 

significantly greater than expected for a 15:1 ratio but not significantly different to that 

expected for no segregation (i.e. 1:0). 
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Table  6. 9  Segregation of F2  population of  Acc 1783/2 x Ascot in reaction  to Ascochyta 

blight    

Population                Number of F2 plants               Degrees of                χ2  

                                    Resistant          Susceptible       Freedom            

1783/2-1*Ascot-5 

Observed 

Expected (3:1) 

Expected (15:1) 

 

39 

29.25 

36.60 

 

0 

9.75 

2.40 

 

 

1 

1 

 

 

13 

2.60 

1783/2-2*Ascot-4 

Observed 

Expected (3:1) 

Expected (15:1) 

 

32 

24 

30 

 

0 

8 

2 

 

 

1 

1 

 

 

10.7 

2.13 

1783/2-4*Ascot-3 

Observed 

Expected (3:1) 

Expected (15:1) 

 

38 

29.25 

36.60 

 

1 

9.75 

2.40 

 

 

1 

1 

 

 

10.5 

0.87 

Total  3 (15:1) 5.60 

1783/2*Ascot 
Summed data 

Observed 

Expected (15:1) 
Expected (1:0) 

 
 
 

108 
102.20 

109 

 
 
 
1 

6.80 
0 

  
 
 
 

5.3 
0.0009 

Homogeneity Test Total χ2   - Summed   χ2 3-1 = 2 0.32 

 

Statistical value P<0.05 χ2
1  =  3.84             χ2 

2    = 5.99     
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                                                      Disease Score 

Fig. 6.7   Frequency distribution of F2 and parental plants for Acc1783/2 x Ascot.  

 

Y-axis = Frequency (%) 

X-axis = Disease score ICARDA 1-9 rating scale 

F2       = Second filial generation 

P1       = 1783/2 

P2       = Ascot 

A.1783/2-1*Ascot-5  B.1783/2-2*Ascot-4  C.1783/2-4*Ascot-3  D.1783/2*Ascot 
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6.4.5.6  1689/1*Ascot 
Results for segregation of the individual combinations of 1689/1*Ascot differed and the 

homogeneity test was significant (Table 6.10). Combination 1689/1-1*Ascot-8 fitted a 

segregation ratio of 3 resistant : 1 susceptible, while the other two combinations fitted a 

ratio of 1 resistant : 3 susceptible. Parent Ascot-8 was heterogeneous in resistance to 

Ascochyta blight and it is possible that this resulted in a distorted F2 segregation, whereas 

both parents of the other combinations were homogeneous in reaction to Ascochyta blight. 

A homogeneity test of the segregation of 1689/1-2*Ascot-2 and 1689/1-8*Ascot-1 was 

non-significant and the pooled data for these combinations produced a χ2  value of 0.53 

that supported the hypothesis of segregation of 1 resistant: 3 susceptible indicating that the 

resistance of cv. Ascot is recessive to 1689/1.  
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Table  6.10  Segregation o F2  population of Acc 1689/1 x Ascot in reaction  to Ascochyta 

blight  

  Population                  Number of F2 plants                Degrees of               χ2    

                                     Resistant          Susceptible         Freedom                         

1689/1-1*Ascot-8 

Observed 

Expected (3:1) 

Expected (1:3) 

 

26 

30 

10 

 

14 

10 

30 

 

 

1 

1 

 

 

2.13 

34.1 

1689/1-2*Ascot-2 

Observed 

 Expected (3:1) 

Expected (1:3) 

 

12 

30 

10 

 

28 

10 

30 

 

 

1 

1 

 

 

43.2 

0.53 

1689/1-8*Ascot-1 

Observed 

Expected (3:1) 

Expected (1:3) 

 

8 

24 

8 

 

24 

8 

24 

 

 

1 

1 

 

 

42.7 

0 

Total  3 (1:3) 34.7 

1689/1*Ascot 
Summed data 
Observed 
Expected (1:3) 

 
 

46 
28 

 
 

66 
84 

 
 
 
1 

 
 
 

15.4 
Homogeneity Test Total χ2   - Summed   χ2 3-1 = 2 19.2 

Total  2(1:3)  of 1689/1-2*Ascot-2 and 1689/1-8*Ascot-9 0.53 

Summed data of 
1689/1-2*Ascot-2 , 
1689/1-8*Ascot-9 
Observed 
Expected (1:3) 

 
 
 
 

20 
18 

 
 
 
 

52 
54 

 
 
 
 
 
1 

 
 
 
 
 

0.30 
Homogeneity Test Total χ2   - Summed   χ2 2-1 = 1 0.23 

 

Statistical value P<0.05 χ2
1  =  3.84                    χ2 

2    = 5.99     
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                                                     Disease Score 
 
Fig.  6.8   Frequency distribution of F2 and parental plants for Acc 1689/1 x Ascot   

 

Y-axis = Frequency (%) 

X-axis = Disease score ICARDA 1-9 rating scale 

F2       = Second filial generation 

P1       = 1689/1 

P2       = Ascot 

A. 1689/1-1*Ascot-8  B. 1689/1-2*Ascot-2  C. 1689/1*Ascot-8  D. 1689/1*Ascot 
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Table  6.11  Summary of the F2  population of Acc 1783/2, Acc 1689/1 and Ascot  in 

reaction to Ascochyta blight 

Cross Resistant Susceptible Total χ2 

1783/2*Ascot 
Observed 
Expected (15:1) 
Expected (1:0) 

 
108 

102.2 
109 

 
1 

6.8 
0 

 
109 

 
 

5.28 
0.0009 

1689/1*Ascot 
Observed 
Expected (1:3) 

 
46 
28 

 
66 
84 

 
112 

 
 

15.43 
1689/1*AscotA 
Observed 
Expected (1:3) 

 
20 
18 

 
52 
54 

 
72 

 
 

0.30 
 
A.  Includes only two combinations 1689/1-2*Ascot-2 and 1689/1-8*Ascot-9 which 
produced a non-significant test for homogeneity.  
 

Statistical value P<0.05 χ2
1  =  3.84                     

 

6.5   Discussion 
 

Study of the genetics of resistance  of Ascochyta blight in faba bean was conducted in two 

parts (1) comparison of resistance gene(s) of  Australian cultivars Farah and Ascot  and (2) 

comparison of resistance genes of  germplasm of diverse origin, namely Acc 1783-2 

(Tunisia) and Acc 1689-1 (China),  with Australian cv. Ascot. All parental lines had been 

self-pollinated for at least three generations prior to hybridization. Progeny of the parents 

were included in the testing of the F2 generations to ascertain if they were homozygous. 

There were several instances where parents were likely to be heterozygous and such cases 

were treated separately. All populations were tested with the single isolate 86/03, so all 

conclusions are limited to resistance to this isolate. 

 

 In the first part, crosses were made between two resistant Australian cultivars Farah and 

Ascot and both were also crossed with the known susceptible cv. Icarus. Two of the three 

Farah*Icarus combinations conformed to the 3:1 ratio however, Farah-4*Icarus-3 had a 

high proportion of resistant plants (Table 6.4). One explanation for this observation is that 

the parent Icarus-3 was heterozygous (Table 6.3). Nevertheless, the homogeneity chi-

square test indicated that it was valid to pool all data.  Overall the F2  progeny of the cross 
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Farah*Icarus segregated in a 3:1 ratio for resistance and susceptible disease reactions and 

this indicates that the resistance in cv. Farah is controlled by a dominant gene. In contrast, 

Icarus*Ascot produced a segregation ratio of 1:3 for resistance and susceptibility 

indicating that the resistance of Ascot is controlled by a recessive gene. The reaction of 

the F2  progeny of both cultivars with cv. Icarus produced two different ratios for 

resistance and susceptibility (Table 6.8). These results support the hypothesis of different 

resistance genes in Farah and Ascot. Further evidence to support the hypothesis of 

different genes in Farah and Ascot was obtained from the F2 population between the two 

cultivars. 

 

The cross Farah*Ascot produced resistant and susceptible progeny in the ratio of 15:1 

respectively (Table 6.5). This transgressive segregation of the F2 generation of 

Farah*Ascot, as well as the reaction of crosses of both cultivars with susceptible cv. 

Icarus, indicates that two different genes are operating for the control of resistance in two 

cultivars. 

 

 In the second part, the lines 1783-2 and 1689-1 were crossed with Ascot to compare the 

disease resistance genes of the three cultivars. The cross 1783-2*Ascot did not segregate 

in the F2 generation with the exception of 1 plant with a moderately resistant reaction 

among all three combinations of the cross (Table 6.9 and Fig. 6.7). All other F2 generation 

plants and all parents of the cross were rated either 1 or 3 so the moderately resistant 

reaction of a single plant of the combination could probably be attributed to environmental 

factors rather than transgressive segregation. This result indicates the presence of the same 

resistance gene in both cultivars.  

 

The disease reaction of 1689/1 was contrary to expectations based on previous selection 

and evaluation in the faba bean breeding program. 1689/1 was derived from Acc 1689, a 

landrace originating from Gansu, through two generations of selection for resistance to 

Ascochyta blight. In a previous Ascochyta blight screening test in 2006, 1689/1 rated 1.4 

(mean of 20 plants) while control entries ratings were Ascot 1.5 and Icarus 7.3 (Kimber 

and Paull pers. comm., 2009). One possible explanation for the difference in response 

between tests is that the breeding test was inoculated with an inoculum mixture 

comprising eight isolates, but did not include isolate 86/03, the only isolate in the genetic 

study. It is possible that 1689/1 is resistant to the isolates that were included in the mixed 

inoculum, (or if susceptible to any, the effect of dilution of individual isolates in the 
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mixture might have masked the susceptibility) whereas 1689/1 is susceptible to isolate 

86/03. This hypothesis requires further testing of genotypes with a number of individual 

isolates including 86/03 to identify if there is a differential response. 

 

Despite the unexpected response of parent 1689/1, the F2 was tested and  

analysed and produced results consistent with the resistance of Ascot being controlled by a 

recessive gene. Segregation of the progenies of the cross 1689/1-2*Ascot-2 and 1689/1-

8*Ascot-1 were consistent with the ratio of 1:3 for resistant and susceptible reactions 

(Table 6.10).  On the otherhand, segregation of 1689/1-1*Ascot-8 was highly significantly 

different to that expected for a 1:3 segregation pattern (Table 6.10 and Fig. 6.8). The 

parental line Ascot-8 was very heterogeneous in reaction to A. fabae (Table 6.3) and 

mixed pollination in the initial cross probably contributed to a distorted ratio in the F2. 

However, the possibility of a dominant gene in Acot-8 could not be excluded and further 

testing is required to determine basis for the inconsistent ratios observed in crosses with 

Ascot-8 as a parent. 

 

One limitation of this study is that inbred single plant selections were not tested for 

homozygosity with respect to resistance to A. fabae prior to undertaking hybridization and 

this occurred due to constraints of time. All parent plants were derived from plants that 

had been inbred for at least three generations, but Rashid et.al (1991) also identified 

residual heterogeneity for resistance to A. fabae after this level of inbreeding. The problem 

of possible heterozygosity of parents was taken into account by treating each cross on a 

single plant basis and only crosses that satisfied the test of homogeneity in segregation 

were pooled. It could be recommended that future similar studies have greater emphasis 

on prior selection of parents to overcome heterozygosity, an inherent problem with faba 

bean. 

 

In the past, a number of studies have been carried out to investigate resistance mechanisms 

in faba bean to A. fabae. Based on different genetic combinations and variable isolates of 

the pathogen, various genes responsible for resistance have been identified and described 

as dominant, co-dominant, partially recessive and recessive. Rashid et al. (1991) 

suggested 7 genes for the control of resistance in 19 faba bean lines to 5 isolates of the 

pathogen and described the presence of a single dominant gene in the resistant cvs. ILB 

752 (15025-2), ILB 549 (15035-1) and BPL2485-2 compared to susceptible cvs. Herz 

Freya-7 and Erfordia-3 against isolate A. However, the reaction of these three cultivars 
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with susceptible cv. 2N40 differed and  ILB 752 (15025-2) indicated a recessive gene 

while reactions of  the remaining two cultivars suggested a single dominant gene for the 

control of resistance. Furthermore the cross between ILB 752 (15025-2) and BPL 2485-2 

did not segregate in F1 and F2 and produced all resistant plants indicating the same gene in 

both cultivars, while a cross of  ILB 752 (15025-2) and ILB 549 (15035-1)  produced 15:1 

ratio for resistant : susceptible reaction  and confirmed two genes for the control of 

resistance in these two cultivars.  Kohpina et al. (2000)  reported  a dominant gene for the 

control of resistance in ILB 752 compared to NEB 463 to isolate A26. In contrast,  

Ramsey et al. (1995) identified  resistance as a recessive trait in cv. Ascot compared to 

Icarus while, Yakop (1998) described resistance in Acc 622 (a component parent of 

Ascot) as recessive or partially recessive in  comparison to  Icarus. Palmer (2002) also 

identified resistance of Ascot as being recessive in a cross to Icarus, and transgressive 

segregation in the F2  of Ascot * Acc 970 (ILB 752). 

 

These previous findings and present results obtained from a number of genetic 

combinations indicate the diversity of resistance genes in faba bean cultivars. The most 

probable model to explain the genetic control of resistance in the present study is that a 

single dominant gene controls the resistance in Farah while a recessive gene is responsible 

for resistance in Ascot compared to Icarus against isolate 86/03. This also indicates two 

different genes operating for resistance in Farah and Ascot. However, alternative models 

could be proposed for some individual combinations, particularly where one of the parent 

was heterogeneous, and further studies are required to clarify the level of diversity of 

resistance within both Farah and Ascot. Overall, a number of genes are responsible for the 

control of resistance reacting from dominant to recessive in the cultivars of diverse origin. 

Pyramiding of alternative resistance genes should contribute to the durability of host 

resistance to A. fabae. 
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Chapter  7   General Discussion 
 
Faba bean (Vicia faba L.) is a partially cross-pollinated crop and a rich source of protein 

and a staple component of the human diet in many parts of the world. Australia is one of 

the major producers and exporters of faba bean to international markets. International 

markets require uninterrupted supply with good quality produce, particularly countries 

where faba bean is being used as food. Fungal diseases are a problem to sustainable 

production, result in loss in yield, deterioration in quality, and add to the cost of 

production. Australia has a recent history of faba bean cultivation on a commercial scale 

with release of cv. Fiord in the 1980s and since then fungal diseases have emerged as a 

major constraint to production. The Australian Faba Bean Breeding Program has 

developed a number of lines with resistance to fungal diseases through either introduced 

germplasm or selections from crosses between resistant and adapted parents. Due to the 

cross-pollinated nature of the crop and vulnerable nature of the pathogen resistance, the 

Australian faba bean varieties remain under pressure and new sources of disease resistance 

and a better understanding of genetic control of resistance are required for breeding 

disease resistant varieties to sustain the long-term viability of the industry.  

 

Currently, most of the Australian faba bean material is from ICARDA through bilateral 

exchange programs. China is the largest faba bean producing country in the world and has 

a long history of crop cultivation in a diverse range of climatic conditions. Chinese faba 

bean material has not been explored extensively until recent years and thus there has been 

limited exchange internationally and is underrepresented in ICARDA collection. In China, 

faba bean is grown  in a wide range of environments and recent investigations showed 

divergence within Chinese material as well as between Chinese and international 

germplasm (Zong et al. 2009).  

 

The study of disease resistance in Chinese faba bean germplasm for incorporation in 

Australian cultivars has contributed to the identification of potentially resistant lines to 

three fungal diseases Ascochyta blight, chocolate spot and Cercospora leaf spot.  

 

 A number of lines, 1688, 1689, 1750, 1752, 1879, and 1891, from Gansu, Jiangsu and 

Yunnan were identified with moderate level of resistance to A. fabae and heterogeneity 

was identified within populations with individual plants with disease scores of 1 or 3.  A 

larger number of plants of these promising accessions should be tested for a few years in 
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Ascochyta blight screening trials with selection of individual resistant plants to develop 

new sources of disease resistance. Maurin and Tivoli (1992)  evaluated 752 lines and 

detected 34 lines with good level of resistance to Ascochyta blight. Hanounik and 

Robertson (1989) identified 5 lines resistant to A. fabae, when evaluating a total of 672 

accessions. The moderately resistant check line cv. Fiesta reacted heterogeneously and 

produced plants with a range of reaction categories. A resistant cultivar Farah was 

developed from cv. Fiesta  and this indicates that single plant selections from 

heterogeneous populations can contribute to the development of cultivars resistant  to A. 

fabae. 

 

The resistance of faba bean to chocolate spot is scarce and incomplete. The effect of three 

concentrations of inoculum on expression of resistance was observed on four cultivars 

Fiesta, Icarus, Nura and 1714-1. Accession 1714-1 and Icarus were the most resistant, 

while Fiesta was most susceptible in reaction to chocolate spot. The disease development 

corresponded to inoculum concentration irrespective of cultivars. At the high inoculum 

dose, the two cultivars Fiesta and Nura were similar while at the medium inoculum dose 

cv. Nura was more resistant than Fiesta. This indicates that application of medium 

inoculum concentration provides an opportunity for partial resistance to chocolate spot to 

be expressed, whereas a high inoculum concentration masks partial resistance. Nura 

expressed a more resistant reaction than Fiesta in a field trial in South Australia with 

natural infection of chocolate spot (Paull and Kimber 2006), thus demonstrating the 

agronomic value of partial resistance, especially when coupled with an integrated disease 

management strategy. 

  

Out of the 99 Chinese accessions, none was resistant to chocolate spot with the exception 

of a selection 1714-1 from the accession 1714 of Gansu province. Two lines from Gansu 

province were identified with a minor level of resistance and a number of lines from 

Qinghai province with  < 15%  disease infection  have a level of partial resistance. Five 

accessions 1714, 1716, 1720, 1733 and 1735 from three provinces Gansu, Guangdong and 

Guangxi showed heterogeneity in reaction to chocolate spot. The individual plants with a 

low score from these could potentially be a source of disease resistance. Most of the 

current sources of chocolate spot resistance are of Ecuadorian origin and have been 

exchanged internationally through ICARDA. Chinese germplasm is less represented in 

ICARDA faba bean gene pool so these minor resistance sources should be evaluated and 

compared with existing cultivars for future use. 
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 A total of 43 lines, including 22 Chinese lines with some level of resistance, 13 regional 

known resistant lines and 10 Australian cultivars were evaluated for chocolate spot 

resistance including those reported previously (Bond et al. 1994; Hanounik and Maliha 

1984a; Hanounik and Robertson 1988; Robertson 1993). 

Three lines, 1745 from Guangxi, 1983 and 1985 from Qinghai province expressed a 

higher level of resistance compared to most regional lines. The Australian cultivar Farah 

and line 683 showed a higher level of resistance than these three lines and a few lines 735, 

238, 973, Doza and Manafest were similar in reaction to these three Chinese lines.  

 

Accession 1714-1 and Icarus were the most resistant of all entries. Acc 1714-1 is a 

selection from Acc 1714, made in the University of Adelaide faba bean breeding program 

for partial resistance to Ascochyta blight in 2003. Acc 1714 is the Gansu variety Lin Can 

No. 2 which was developed from a single plant selection from the variety “ French Long 

Pod”  at Lin Xia Institute of Agricultural Sciences, Gansu  (Zong pers. comm. 2008). 

Thus, the provenance of Acc 1714 is unclear. It might be Chinese origin or, more likely on 

the basis of its original name, it could be an introduction from France. Zong et al.  (2009)  

demonstrated differentiation between Chinese and international faba bean germplasm via 

DNA markers. DNA markers could be applied to Acc 1714, other germplasm from Gansu, 

European germplasm and also BPL 710 which has been used extensively as a source of 

resistance to chocolate spot to determine if the chocolate spot resistance of Acc 1714, or 

Lin Can No. 2 is likely to be unique or based on BPL 710.  

 

A total of 72 Chinese accessions were evaluated for reaction to  Cercospora leaf spot. 

None of the accessions expressed even a moderate level of resistance. Only three 

accessions 1673, 1727 and 1890 from Gansu, Guangxi and Yunnan were less susceptible 

in reaction to disease compared to all other Chinese germplasm. The disease was severe 

on the lower canopy of the crop and caused defoliation of most of the lower canopy. There 

was a positive relationship between disease and defoliation. However, there was no 

relationship of disease with early or late flowering of accessions. 

 

Seventeen isolates of A. fabae from southern Australia were compared for the 

characterization of a number of traits on susceptible cv. Icarus and in-culture on PDA. All 

of the isolates resulted in severe disease development. In initial stages there was variation 

in disease development but at the later stage the disease development was fast and most of 

the isolates were aggressive in reaction to cv. Icarus. Two isolates 76/04 and 86/03 were 
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most virulent with disease severity scores of 74 and 73% respectively. Variation in 

pathogenicity of A. fabae has been reported  both internationally (Ali and Bernier 1985; 

Rashid and Bernier 1985; 1991) and in Australia (Kohpina et al. 2000; Lasawadsiri 1994) 

and a race structure has been identified (Rashid and Bernier 1985). Palmer  (2002) also 

reported variation in reaction of isolate A.3.3/87 compared to five other southern 

Australian isolates on cv. Icarus. 

 

The growth of 16 isolates was compared in culture for a number of traits. Most of the 

isolates were fast growing and isolates 76/04 and PH 2 produced the greatest growth of 75 

mm 20 days after incubation. One isolate 76/02 was slow in growth with 30 mm 20 days 

after incubation while the remainder were intermediate. There was no relationship 

between growth in-culture and disease severity on cv. Icarus. The relationship of pycnidial 

formation to disease severity was positive and the isolates that produced abundant 

pycnidia were in general, more aggressive compared to isolates that  produced less 

pycnidia. There was variation in growth patterns, pycnidial distribution patterns, 

pigmentation colour and mycelial growth on PDA among the isolates but none was related 

to pathogenicity on cv. Icarus. The size of spores was within the range previously 

described in Australia (Kohpina et al. 1999) and internationally (Beaumont 1950; Yu 

1947).  

 

The genetics of inheritance was studied for a number of Australian cultivars to investigate 

whether the resistance genes in Australian and foreign cultivars are same or different, and 

if resistance is either dominant or recessive. The inheritance of resistance in Farah and 

Ascot was compared. Crosses were made between the two cultivars and both cultivars 

were crossed with cv. Icarus to confirm the segregation patterns. Transgressive 

segregation was observed in the F2  of Farah*Ascot which fitted a  15:1, rather than 3:1 

ratio, for  resistance and susceptibility, indicating two genes in the two cultivars for the 

control of resistance to Ascochyta blight. The hypothesis was further confirmed by 

reaction of the F2  population of both cultivars with susceptible cv. Icarus. Farah*Icarus F2 

segregated in a ratio of 3:1 resistant: susceptible, while Ascot* Icarus population fitted a 

ratio of 1:3 ratio resistance and susceptibility, respectively. These two different patterns of 

reaction confirmed that two different genes are operating the control of resistance in Farah 

and Ascot. Furthermore, the resistance in Farah was dominant and recessive in Ascot. The 

recessive nature of the resistance to Ascochyta blight of Ascot was also demonstrated in 

the cross with 1689/1. Thus, these results were consistent with other results reported for 
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Ascot by Ramsey et al. (1995), Yakop (1998) and Palmer (2002). The F2  population of 

1783/2*Ascot did not segregate (with the exception of a single plant that scored 5 which 

might be due to environmental factors) and this indicates the possibility of the same gene 

for resistance in both cultivars. There was some evidence of diversity for resistance within 

the varieties so it is conceivable that more derived lines could have different genes for 

resistance.   

 

The segregation ratios observed in several specific combinations did not conform to the 

majority of combinations for particular crosses. In all cases the inconsistent ratios arose 

where one of the parents was heterogeneous for reaction to Ascochyta blight, eg Icarus-3 

and Ascot-8. It is not possible to conclude whether the inconsistent ratios were the result 

of additional genes controlling resistance to Ascochyta blight (eg a dominant gene in 

Ascot-8), or if the ratios were the consequence of mixed pollination leading to distorted 

ratios. Additional studies are required with a greater number of parent plants, and with a 

greater numenr of generations of inbreeding to clarify this issue. 

 

A number of genes controlling resistance to Ascochyta blight have been reported 

(Kohpina et al. 1999; Ramsey et al. 1995; Rashid et al. 1991). The confirmation that 

different genes control the resistance of Ascot and Farah offers the potential to combine 

these resistant genes, to reduce the risk of changes in the pathogen overcoming a single 

resistance gene.  At present, there are no identified races of A. fabae in Australia that 

could be used as differentials to assist in selecting for individual resistance genes. 

Identification of molecular markers linked to the individual resistance genes would enable 

selection of lines that carry both genes. There are no molecular markers currently available 

for Australian faba bean varieties, however markers have been linked to Ascochyta blight 

by Torres et al. (2006) and similar studies with Australian varieties would be feasible.  

 

 

Conclusion 
This project has investigated Chinese faba bean germplasm for resistance to foliar fungal 

diseases and identified variation between individual accessions and also between the overall 

response of germplasm from provinces in response to A. fabae,  

B. fabae and  C. zonata. Few lines were resistant to any disease. However, there was a good 

level of heterogeneity within populations, which offers the potential for single plant selection 
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to develop resistant lines. Chocolate spot resistance of germplasm from Qinghai and Acc 

1714-1 from Gansu were of particular interest as sources of chocolate spot resistance are rare 

and generally limited to the Andean region. Genetic studies demonstrated alternative genes 

for resistance to Ascochyta blight in the Australian cultivars Ascot and Farah, and it might be 

expected that additional resistant genes might be identified through exploration of diverse 

germplasm, such as the potential resistant lines identified in the Chinese germplasm. The 

value of identifying additional sources of diseases resistance was highlighted by the variation 

identified in Australian isolates of A. fabae. The level of variation, coupled with international 

experience, suggests that new races could develop in Australia so it is important that the 

breeding program include a diversity of resistance genes to minimize the impact of the 

pathogen overcoming a single resistance gene. 
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Appendices  
Appendix    A    Passport of Chinese lines of Chinese and Australian germplasm 

accessions screened against, Ascochyta  fabae,  Botrytis fabae  and Cercospora zonata.  
Sr. no.  Accession State ATFCC Sr. no. Accession State ATFCC 
1 1671 Gansu  62 1754 Jiangsu 63795 
2 1672 Gansu  63 1755 Jiangsu 63796 
3 1673 Gansu  64 1756 Jiangsu 63797 
4 1674 Gansu  65 1879 Yunnan 65264 
5 1675 Gansu  66 1880 Yunnan 65265 
6 1680 Gansu 62950 67 1881 Yunnan 65266 
7 1683 Gansu 62953 68 1882 Yunnan 65267 
8 1686 Gansu 62956 69 1883 Yunnan 65268 
9 1687 Gansu 62957 70 1884 Yunnan 65269 
10 1688 Gansu 62958 71 1885 Yunnan 65270 
11 1689 Gansu 62959 72 1886 Yunnan 65271 
12 1689-1 Gansu  73 1887 Yunnan 65272 
13 1690 Gansu 62960 74 1888 Yunnan 65273 
14 1692 Gansu 62962 75 1889 Yunnan 65274 
15 1693 Gansu 62963 76 1890 Yunnan 65275 
16 1698 Gansu 62968 77 1891 Yunnan 65276 
17 1705 Gansu 62975 78 1892 Yunnan 65277 
18 1709 Gansu 62979 79 1893 Yunnan 65278 
19 1710 Gansu 62980 80 1894 Yunnan 65279 
20 1711 Gansu 62981 81 1895 Yunnan 65280 
21 1712 Gansu 62982 82 1896 Yunnan 65281 
22 1713 Gansu 62983 83 1897 Yunnan 65282 
23 1714 Gansu 62984 84 1898 Yunnan 65283 
24 1714-1 Gansu  85 1899 Yunnan 65284 
25 1716 Gansu 62986 86 1900 Yunnan 65285 
26 1717 Gansu 62987 87 1902 Yunnan 65287 
27 1718 Guangdong 63743 88 1903 Yunnan 65288 
28 1719 Guangdong 63744 89 1904 Yunnan 65289 
29 1720 Guangdong 63745 90 1905 Yunnan 65290 
30 1721 Guangdong 63746 91 1907 Yunnan 65292 
31 1722 Guangdong 63747 92 1909 Yunnan 65294 
32 1723 Guangdong 63757 93 1910 Yunnan 65295 
33 1724 Guangxi 63759 94 1911 Yunnan 65296 
34 1725 Guangxi 63760 95 1912 Yunnan 65297 
35 1726 Guangxi 63761 96 1980 Qinghai 65362 
36 1727 Guangxi 63762 97 1981 Qinghai 65353 
37 1728 Guangxi 63763 98 1982 Qinghai 65358 
38 1729 Guangxi 63764 99 1983 Qinghai 65361 
39 1730 Guangxi 63765 100 1984 Qinghai 65370 
40 1731 Guangxi 63766 101 1985 Qinghai 65367 
41 1732 Guangxi 63767 102 1986 Qinghai 65369 
42 1733 Guangxi 63768 103 1987 Qinghai 65355 
43 1734 Guangxi 63769 104 1988 Qinghai 65352 
44 1735 Guangxi 63770 105 1989 Qinghai 65368 
45 1736 Guangxi 63772 106 1990 Qinghai 65372 
46 1737 Guangxi 63773 107 1991 Qinghai 65357 
47 1738 Guangxi 63774 108 1992 Qinghai 65351 
48 1739 Guangxi 63775 109 1993 Qinghai 65363 
49 1740 Guangxi 63776 110 1994 Qinghai 65366 
50 1741 Guangxi 63777 111 1995 Qinghai 65365 
51 1742 Guangxi 63778 112 1996 Qinghai 65354 
52 1743 Guangxi 63779 113 1997 Qinghai 65347 
53 1744 Guangxi 63781 114 1998 Qinghai 65348 
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54 1745 Guangxi 63782 115 1999 Qinghai 65350 
55 1746 Guangxi 63784 116 Icarus Australia  
56 1747 Jiangsu 63785 117 Fiesta Australia  
57 1748 Jiangsu 63787 118 Ascot Australia  
58 1749 Jiangsu 63790 119 1010 Australia  
59 1750 Jiangsu 63791 120 Farah Australia  
60 1752 Jiangsu 63793 121 1322-2 Australia  
61 1753 Jiangsu 63794     

 

 
Appendix  B    Bark Mix Soil 

Mix Type              6 mm Premium + BS 22 5% 

Nursery Blend      (0-6 mm)                        60% 

Composted Bark  (3-6 mm)                        30% 

Double washed deep mined sand              10% 

Starter Fertilizer and Trace elements 

Fine Lime                                                    1. 7 kg/m3 

Dolomite                                                     1 kg/m3 

Gypsum                                                      1 kg/m3 

Ferrous Sulphate                                        0.5 kg/m3 

Copper Sulphate                                         0.03 kg/m3 

Urea                                                            0.2 kg/m3 

Potassium Nitrate                                       0.4 kg/m3 

Super phosphate-Fine                                 0.5 kg/m3 

Micro-Mix                                                  0.03 kg/m3 

Osmoform 38N                                          0.5 kg/m3 

Kewik-Wet                                                 1 kg/m3 

Osmo Topdress-4005                                 0.75 kg/m3 

3-4 Osmo Exact MINi 16-3.5-9.1 + TE-8  2.5 kg/m3 

 
Appendix   C      PDA (Full) 

Oxide PDA              11.7 grams 

Reverse Osmosis water   300 ml 

Streptomycin             1% per 100ml 
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Appendix  D     Analysis of Variance of  Entries for Ascochyta blight screening (see 

Table 4.2)  

Source of       Degree of        Sum of         Mean          Variance     P Value 

Variation        Freedom         Squares        Square          Ratio          

Replication             3               348              116             1.65 

Variety                 98           25619              261             3.71          <.001     

Residual             293           20629                70         

Total                   394          46497      

 

Appendix E        Analysis of Variance of Provinces for Ascochyta blight screening (see 

Table 4.4)  

Source of       Degree of       Sum of          Mean          Variance     P Value 

Variation       Freedom         Squares         Square          Ratio           

Replication       3                    307               102             1.07               

Province           5                  4715               943             9.90          <.001 

Residual       374                35612                 95       

Total            382                40612                106 

 

Appendix   F    Analysis of Variance of for concentration effect of B. fabae 

(see Table   4.5)  

Source of         Degree of       Sum of         Mean          Variance     P Value 

Variation         Freedom         Squares        Square          Ratio             

Replication           5                 7116             143              2.02 

Concentration       2               34010         17005           240.27         <.001    

Variety                  3                 5084           1695            23.94          <.001       

Conc. Variety       6                 1276             213              3.00           0.013 

Residual              55                 3893               71 

Total                   71               44977 

Appendix   G       Analysis of Variance of Entries for chocolate spot screening 

 (see Table  4.8)  

Source of           Degree of       Sum of        Mean          Variance     P Value 

Variation            Freedom        Squares      Square          Ratio          

Replication              3                2864           955              42.59 

Variety                101                4409              44               1.95         <.001  

Residual              303                6792              22 

Total                    407             14065 
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Appendix   H         Analysis of Variance of Provinces for chocolate spot screening 

(see Table  4.9)  

Source of           Degree of       Sum of          Mean          Variance     P Value 

Variation           Freedom         Squares         Square          Ratio           

Replication            3                   307               102              1.07           

Province                5                 4715               943              9.90           <.001 

Residual            374               35612                 95        

Total                 382               40612     

 

Appendix   I        Analysis of Variance of resistant line comparison for chocolate spot 

screening (see Table 4.11)  

Source of           Degree of       Sum of        Mean          Variance     P Value 

Variation            Freedom        Squares       Square          Ratio          

Replication             3                 6772           2257             30.94 

Variety                  44                7120             162              2.22          <.001  

Residual              132                9629               73 

Total                   179               23521 

    

 Appendix   J     Analysis of Variance of Entries for Cercospora leaf spot screening  

(see Table  4.13)  

  Source of       Degree of         Sum of         Mean          Variance     P Value 

  Variation        Freedom          Squares       Square          Ratio          

  Replication            3                685               228             2.49 

  Variety                73             14813              203              2.21           <.001   

  Residual            213             19562                92            

  Total                  289            34989 

Appendix   K     Analysis of Variance of Provinces for Cercospora leaf spot Screening (see 
Table 4.15)  

 Source of       Degree of         Sum of         Mean          Variance     P Value 

 Variation        Freedom          Squares       Square          Ratio          

 Replication           3                  704             235              2.17 

 Province               4                  249               62               0.57            0.681  

 Residual            274             29675             108         

Total                  281             30613 
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Appendix   L    Analysis of Variance of % age of defoliation by Cercospora leaf spot (see 

Fig. 4.11 and Table 4.13)  

Source of        Degree of       Sum of         Mean          Variance     P Value 

Variation         Freedom        Squares        Square          Ratio          

Replication            3                238               79                0.77            

Variety                73             23037            316                3.07           <.001    

Residual            213             21863            103          

Total                 289             44237 

 

Appendix  M        Analysis of Variance for early/late varieties and interaction to Cercospora 

leaf spot (see Section 4.3)  

Source of       Degree of       Sum of        Mean          Variance     P Value 

Variation       Freedom         Squares       Square          Ratio          

Variety type       1                    29              29               0.24           0.624 

Residual         288              34960            121                       

Total               289             34989 

 
Appendix   N     Analysis of Variance for Pathogenicity of A. fabae Isolates   

(see Table 5.1)  

Source of        Degree of       Sum of         Mean          Variance     P Value 

Variation         Freedom        Squares        Square          Ratio          

Replication           3                 844              281              1.77 

Isolate                 16               8815              551              3.47          <.001    

Residual              48               7611             159               9.74 

Isolate. Time       (d.f. correction factor   0.5933) 

Time                    5            148262           29652        1821.55         <.001 

Isolate. Time       80               2492                 31              1.91          0.002  

Residual           255                4151                 16        

Total                 407           172175 

(d.f . are multiplied by the correction factors before calculating F probabilities) 

 

Appendix  O    Analysis of Variance for  Growth of Isolates (see Table 5.2)  

Source of        Degree of       Sum of         Mean          Variance     P Value 

Variation         Freedom        Squares        Square          Ratio          

Replication        2                     24                12                0.71 

Isolate             15                21835              456              86.78          <.001    
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Residual          30                   503                 17              11.83 

Isolate.Time         (d.f. correction factor   0.5304) 

Time                    5             46224             9245          6517.53          <.001 

Isolate.Time       75             2273                 30               21.37         <.001    

Residual           159   (1)         226               1.4          

Total                286    (1)    70644 

(d.f . are multiplied by the correction factors before calculating F probabilities) 
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