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FOREI,TORD

The format adopted for writing this thesis follows the manuscript

style and has been approved by the Council of the Faculty of Graduate

Studies and the Department of Plant Science at the University of Manitoba.

Three manuscripts, including materials, methods and results, are prepared

to comply with the requirements of the Canadian Journal of Plant Pathology

in whích these are intended to be published. A general abstract and a

general introduction precedes the manuscriPts, a general discussion

follows, and the thesis terminates with bibliography and appendices.
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GENERAL ABSTRACT

Rashid, Khalid Youssef. Ph.D., The University of M,anitoba, February, 1983.

Inheritance of Spe cific Resistance to Rust CJqSEySç, viciae-fabae) in Faba

Bean (VLcia faba) and Evaluation of Slow-Rusting Resistance. l4aj or

Professor; Dr. C.C. Bernier.

Open-pollinated accessions of faba bean (Vicia faba L.) represenEing

a wide range of germplasm from various regions of the world were evaluated

for their reaction to two single-pustule isolates (SP3 and SP51) of Uromvces

viciae- fabae (Pers.) Schroet. from ManÍtoba. After three cycles of testing,

selection and selfing, 117 lines homozygous for resisÈance (infection type

0-2) to either one or both rust isolates were ídentified and grouped into

nine classes.

Inheritance of resistance to the rust isolates SP3 and SP51 was

investigaÈed in 10 faba bean inbred lines and four open-pollinated field

selections. Analyses of the F1 and l, data fxom 27 reciprocal crosses

showed the presence of eight genes for resistance. Three genes provide

resistance to SP3 and are designated Frl in Ack-A, 2N43 and 2N43-A; Fr5

in ILB938-8 and Fr8 in ILB159-1, ILB159-4 and Diana-2. Two genes, Fr6 in

ILB938-8 and Fr9 in ILB159-4 condition resistance to SP51. Three additional

genes , Fr2 in Erf-2 and 2N5, Fr4 in Erf-2 and Fr7 in ILB938-8, TLB479-7 and

ILB159-1, provide resistance to both isolates. Susceptibility in the

accession 2N4O-5 to SP3 was shov,rn to be dominant or epistatic to the resís-

tance in some moderately resistant accessions. Field selections rìtere shown

to have additional non-identified genes for resístance.

Evaluation of. 253 open-pollinated faba bean accessions for their
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ability to retard rust development was carried out in small adjacent field

plots using a mixture of rust isolates in 1978-1979 and the isolates SP3

and SP51 in 1980-1981. The area under the disease Progress curve (AUDPC),

final- disease severity and percentage infecËed plants were used as criteria

for evaluation. Mass (MS) and single-plant (SP) selection were used for

selection within accessions. Eight slow-rusting selections with low AUDPC

values f2X6 (MS), 2N2g (SP), 2N43 (MS and SP), 2NL22 (SP), ILB93B (MS),

ILB(332X133)A (MS) and ILB(332X133)B (MS)] and four moderate-rusting selec-

rions wirh inrermedíate AIIDPC values IZNZSI (MS), 2N319 (SP), ILB697 (MS)

and ILB866 (l'Ist were identified over 3-4 years of testing" Other accessions

tested were found to be either fasË rusters or inconsistent from one year

to another. Rust spread and devel-opment wâs also evaluated in isolated

test plots using two selections i,rith low AIIDPC values and one fast ruster"

Slow rusting selections had lower AUDPC values and the fast-rusting selec-

tion had higher AUDPC values in isolated plots than ín small adjacent plots.
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GENERAL INTRODUCTION

The rust, Uromyces viciae-fabae (Pers.) Schroet., is common on various

leguminous specíes of the genera !!gig, .Lets, Pisum and Lathyrus. Rust

causes severe losses in faba bean (Vic:Lê faba L.) Èhroughout the Middle

East and North Africa (Sekhit et a1. L970, HawEin and SLewarE 1979, Mohamed

1981). Estirnates of yíeld losses range frour 5-20% (Mansour et al. 1968)

to 23-30% (Papoyan L970) and 17-45% (ltilliams 1978). In Canada, the rust has

been reported from Manitoba and Saskatchewan on this crop since its íntroduc-

tion into Western Canada but has not presented a serious problem in corn-'nercial

fields (Bernier 1975, McKenzie and Morrafl 1975). Conner (1981) showed that

ín Månitoba, primary inoculum may come from native vetches of the genera

Vicia and Lathyrus and confírmed the potential threat of the pathogen to

faba bean.

Pathogenic varíability in U. vicíae-fabae has been reported on faba

bean and peas (Gaumann 1934, Kispatic L949). Conner and Bernier (1982c),

using faba bean inbred lines, r¡rere able to ídentify seven races of the patho-

gen. An additional four races were also identified with Ëhe use of pea

cultivars. Conner (1981) found Ëhat U. viciae-fabae had a wide host range

\^7ith little relationship to the formae speciales described by Gaumann (1934).

The heterogeneiËy of faba bean cultivars and accessions for agronomic

traits is also observed in their response Ëo rust (Kispatic L944' 1949,

Ibrahim and Nassib lg7g, Conner and Bernier 1982c). This was attributed to

the partially out-crossing nature of the crop (Holden and Bond 1960,

Poulsen 1975, Hawtin and Omar 1981b).
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The failure of Hiratsuka (1934) to find resistance to rust in faba

bean cultivars may be due to the fact that specific resistance was masked

by pathogen variability and host heterogeneity. Moderately resistant

cultivars were identified by Kispatic (1949) using, single-spore isolaËes

of rhe rusr, by Papoyan (1970) and Mohamed (1981) using fíeld collections

sf urediospores, but resistance genes were not identified. Specific resis-

tance in faba bean inbred lines to tr,lo single-pustule rust isolates SP3

and Sp51 from Manitoba was recently found by Conner (1981) to be governed

by three dífferent genes.

Race specific resisËance has been found to be short-1ived (Johnson

196I, Stakman 1964, Hooker 1967, Caldwell 1968). Modern cultivars with

specific resistance often break down and become highly suscePtible (nay

Lg7 4, Robinson 1980). In an attempt to find more durable and stable resis-

tance Èo faba bean rust, Conner and Bernier (1982b) evaluated open-pollinated

accessions of faba bean for their ability to retard rust development under

field conditions. Three accessions with consistently 1ow AUDPC values

were identified as slow-rusting and six other accessions had AUDPC values

that shifted from low to íntermediate during the 3 years of Ëesting.

The objectives of these studies r^rere: 1) to evaluate a large number

of open-pollinated faba bean accessions from various regions of the world

for specific resistance to rust, 2) to investigate the genetics of specific

resistance in selected inbred lines in order to find new sources of resis-

tance, and 3) to evaluate open-pollinated faba bean accessions and selec-

tions in small adjacent field plots for their ability to retard rust

development. I4ass and single plant selections \¡lere used in an attemPt to

improve the uniformity of the accessions.
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LITERATURE RNVEI,J

1. The Host Cr Vícia faba

1.1 Center of Ori sin and l{orld Dí tribution

Carbonized remains of faba beans appeared in several Bronze Age

sites of the Eastern Mediterranean region. Such remains were also common

in Central Europe during the late Bronze Age and in Western Europe during

the Neolithic Age (Zohary and Hopf 1973). Cubero (1973, L974) believed

that the cultivation of faba bean species began in the Near East follow-

ing the Neolithic culture, but this does not mean that the species was

not known in the þtediterranean region by then. Cubero (1974) supposed

that the faba beans spread from the Near East into the Old lÙorld along

four main routes: a EuroPean route through Anatolia and Greece, a North

African route to Spain through the Nile Delta, a Nile River route through

the Nile Valley to Sudan and Ethiopia and an Asian route through

Ùlesopotamia to India and the Far East. Bond (1979) rePorted that faba

beans have been cultivated in England for more than 2,000 years' In

North America, faba beans were first introduced during the early 17th

century (Evans and Slinkard Ig75). It is also believed that the species

reached china around 100 years B.c. (tao 1981) and Japan around the year

700 A.D" (Kogure L979).

In addítion to the Near East as a center of origin of the sPecies'

other regions such as Ethiopia and Afghanístan are considered aS secondary

centersofdiversity(BondLg76).I.IithregardsËovariability,
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Witcombe (i981) did not recognize any one region as the only center of

diversity of t.he species and indicated that germplasm materials collected

from different parts of Ehe world are equally important.

1.2 Proeenitors of Faba Beans

The wild progenitors of the faba beans are not known. Zoíary and

Hopf (L973) assumed that Vicia narbonensis L., â l4ediËerranean wild

species, is the progenitor of Ëhe present Vicia faba L. Another species,

VicÍa galilea Plitm. et Zoh., !üas also believed to be an ancestor of

!. faba L. because morphologically these two species are similar.

Abdalla and GunzeL (L979), using protein electrophoretic patterns, found

that V. narbonensis has a protein pattern distinct from V. f.aba. The

proÈein patterns in the subspecies of V. faba are essentially similar,

indicating that they likely evolved from Lhe same ancestors. The work

of Ladizinsky (1975) supports these findings and shows that the albumín

profile of seed protein from the specíes V. faba, V. galilea, V.

narbonensis and V. hyaeniscyamus Mont. have little in common.

Attempts to cross V. faba with V. galilea, V. narbonensis and V.

hyaeniscyamus have failed (Abdalla and Gunzel 1979, Haq I979, Witcombe

19Bl). Chooi (1971) showed that V. narbonensis has half the DNA/ceIl

when compared with X. faba. Vícia narbonensis was believed by many

workers to be an ancestor of V. faba, although the two species have

different chromosome numbers, dífferent karyotypes and fail to hybridize.

Hawtin and Stewart (1979) reviewed the development of V. faba and con-

cluded thaÈ the similaríty between chromosomes of V. faba and those of V.

narbonensis and V. serratifolia Jacq. suggests that these two species

are as closely related to I. faba as V. galilea.
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1.3 P tatus of Fa an

The cultivation of faba beans extends from 9-400 N latitude and from

near sea level Ëo over 2,000 m altitude (Kây 1979) and it has recently

extended to 53o N latitude (Clarke 1980). The crop ranks as the fourth

most important pulse crop in the world after dry beans, dry peas and

chickpeas (Hawtin and Stewart I979). T\ro-thírds of the world production

ís in China while the Middle East, North Africa and Europe collectively

produce around 3O%. Faba bean production is gaining ground in new regions

like Canada and Japan. In the Middle East and North Africa' one-third

of the regíon's production is in the Nile Valley (Hawtín L977) with

Turkey, Morocco and lran as the other major producers (Hawtin and StewarË

r979) 
"

In Canada, faba beans have been planted as a vegetable since the

19th century utilizLng Ëhe large-seeded types (Evans et al. 1972). The

interest ín srnall-seeded faba beans as a crop began in the 70's (Evans

and slinkard Ig75, Furgal and Evans 1981), especially in the provinces of

Manitoba, Saskatchewan and AlberEa. Several European cultivars, as well

as other faba bean collectíons, \dere introduced into the breeding pro-

gram at the Universit.y of Manítoba. The major objectives of this pro-

gram have been to develop beËter adapted varieties to the loca1 condi-

tions. The future of faba bean is promising and the first local variety,

Aladin, was licensed in 1980. Crop yields comparable to those of cereal

crops have been achieved in tJestern Canada and so the potential of faba

beans as a break crop is quite high (Evans and slinkard 1975). Similar

reports and prospects for the crop were rePorted from England (Chapman

and Peat 1978).

Collec¿ions of \/. faba germplasm from different Par¡s of the world
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are held in several research institutes and cencers. The largest collec-

tion is held at Ëhe International Center for Agricultural Research in

the Dry Areas (ICARDA) and contains 21000 entríes as well as 2,500 inbred

lines (ttawtin and Omar 1980a, I,Iitcombe 1981).

In the last few decades research efforts have been concentrated on faba

bean for its importance in the world agriculture and food supplies as a high

protein and a high nitrogen fixing crop (Griffith and Lawes L978, Clarke

1980). Most of Ëhe current research is conducËed in Europe (England, France,

Gernany and Spain), in the Middle East (ICARDA, Egypt and Sudan) and ín

Canada in North America. Very litt1e is known regarding research on faba

beans in Russía and Chína.

I.4 Nature of the Crop

Vic-!g faba has been generally subdivided into Ëhree subspecies:

ma.ior, equine and minor based mainly on seed size (Muratova 1931, Hanelt

1972, Evans and Slinkard L975). The use of a fourth subspecies,

paucijuga, is also conmon in literature (Cubeto L973, L974). The faba

bean is basically a self-pollinated crop with high variability in cross-

pollination ranging from 5'70% (Holden and Bond L960, Poulsen I975'

Hawtin and Omar 1980b). The extent of cross-pollination depends on

many factors, some of which are related to the genetics and physiology

of the crop. The only f.ettíLLzation barrier in Èhe species is due to

incompatibility factors .(Holden anrl Bond 1960) " Having a typícal

papilionaceous flower, the faba beans are associated with the necessity

for tripping which may help to rupture the sLigma papillae and enhance

rhe differential growth of foreign pollen (Rowlands 1958' 1961). An

observed decline in self-incompatibility in inbred lines was related to

a decline in heterozygosity (Drayner l-956' Hawtin 1981). Rowlands (1958)
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explaíned the decline in terms of homozygous deleterious genes which can

accumulate in out-breeding systems. The failure of young pods to survive

and mature is attributed to competition between the large number of pods

(I(âmbal et al. Lg76). It is also interesting to note that decapitation

seems to reduce the vegetative growth and improve the pod setting

(chapman and Peat Lg7B, Toynbee-cl-arke Ig7g, Gehriger and Keller 1980) '

Similar observations of better pod-setting in decapitated plants lùere

made by the author in several experiments in the greenhouse at the

Universíty of Manitoba (unpublished results) '

The hígh rate of cross- fertLlization is the major reason for the

high degree of non-uniformity in either open-pollinated or synthetic

cultivars (Evans and slínkatd 1975, Hawtin 1981). The degree of out-

crossing is also affected by factors other than the crop itself such as

the population and activity of bees and the distances between test plots

or cultivars (Gottschalk 1978, Hawtin and Omar 19BOa). AutofertÍ1ity

was shown to be high in Mediterranean cultivars comPared Lo European

cultivars (Hawtín Ig77, 1981, Saxena 1981) and in the subspecies

pauciiuga collectíons from India, Africa and the Mediterranean region

(Evans and slinkard Ig75). The close association between inbreeding and

reduction in autofertilíty and hence reduction in yield ís due to the

loss of heterosis (Drayner lg5g, Toynbee-clarke I97L, Poulsen I977> '

Hawtin (1981) reported that all faba beans show inbreedíng depression

when compared to their best crossbred offsprings but yield levels of

inbred lines equal to those of open-pollinated populations have been

identífied.

5 Breedine Methods

In spite of the interspecific hybridization barrier it !. faba and

1
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the closed genetic system of the species (Chapman and Peat l97B), the

most significant feature of the recent work is an understanding of the

extent of its genetíc variation. The variation Present in the species

is the result of natural as well as man-made selection under different

environmental conditions throughout the long history of the faba beans

(I{itcombe 1981). This variation is well expressed in the various

characterisËics of the sPecies such as protein content which ranges

between 20-49% (Chapman and Peat L978, Griffiths and Lawes 1978) and

yield which ranges from 1.6-3.2 Tlina in Engl-and (Bond L979), from 2.5-3"5

T/ha in Canada (Evans and Slinkard L975, Furgal and Evans 1980) and from

3.0-7 .5 T/ha in China (Tao 1981).

The basic requirements of any genetic improvement is the hybridiza-

tion process which allows for gene recombination and releases new or

ímproved gene combinations. Coupled with continuous selecËion, this is

capable of exploiting the genetic variability in the crop (Hawtin 1981).

Mass selection is still the most widely used breeding method in

faba bean ímprovement especially in upgrading loca1 populations fol1ow-

ing hybridization (Hawtin 1981, Nassib and Khalil 1981). The advantages

of mass selection in ímproving uniforrnity and other characters of high

heritability are recognized by Hawtin (1981) and its application has

led to high improvemenË of yield and stability among local popularions

of faba beans in Egypt (Nassib and Khalil 1981) 
"

Recurrent selecËion is another effective !üay of improvíng popula-

tions especially in out-crossing crops (Rachie and Gardner 1975). Thís

method is currenÈly used by ICARDA (Hawtin 1981) and in Egypt (Nassib

et al. LgTg). The advantages of this method 1ie in the production of

ímproved open-pollinated cultivars as well as providing a genetic pool
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for further selection and improvement.

Pure line selection has been employed (Nassib et al. L979) but has

not lead to any effective improvement in faba beans. This method would

be more effective in autofertile lines of l4:editerranean origin or in the

subspecies pauq¡jqge (Toynbee-Clarke L97I, Poulsen L977). Inbreeding

may help to identify some recessive genes which are masked in hetetozy-

gous conditions (Hawtin 1981) and also help to improve simply inherited

qualítative traits. Inbred lines are homozygous and their narrow genetic

base may resulÈ in high disease vulnerabilíty. Bond (1979) found that inbred

lines are highly influenced by environment and Èhat Ëheir yield fluctuates

great 1y.

A single-seed descent procedure proposed by Brim (1966) is also useful

for selection in advanced populations without limiting genetic variability.

The system used at ICARDA aims to develop relatively homozygous

subpopulations with desired specific characteristÍcs by using rÉss-

selecËion ín F2 generation. The desired characters could be transferred

to the mainstream populations when suffÍcient advancement is achieved

in those subpopulations (Ilawtin 1981' Nassib and Khalil 1981). In a

similar manner, I{itcombe (1981) suggested the use of trait specific

gene pool approach.

L.6 Ma or a of Fa Beans

Faba beans are subject to a number of diseases wherever they are

cultivated in the world. The most serious diseases threatening the crop

are found in the Middle East and North African countries (Hawtin and

stewart :j7g, Hussein 1981, Mohamed 1981). Reports from Europe (Bond

Lg7g, Bond and Jellis 1980, Berthelem 1980' Bos 1981, Salt 1981) showed

that diseases of faba beans are less co¡rrron than in Ëhe ÈfÍddle EasË and
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may not be as destructive. In Canada, the major diseases reported in the

Middle East have been observed (McKenzie and MorraLI 1973, Gourley and

Delbridge L973, Bernier L975, Howard 1981) but were noÈ considered to be

of any ímmediate threat Ëo the crop. However, several diseases íncluding

rust, Ascochyta blight and bean ye11ow mosaic virus were considered to

be poÈentially destructive (Bernier 1975).

Chocolate spot caused by Botrvtis fabae Sard. and to a lesser

extent by B. cinerea Pers. is presenË in all areas where faba beans

are planted, especially in the Mediterranean basin (Hawtin 1981, Hanounik

and Hawtin 1981, Mohamed 1931). In Europe, this disease has been reported

to be of major importance in England (Bond L979) and France (Berthelem

1980). In Canada, chocolate spot was first reported by Gourley and

Delbridge (1973) ín Nova Scotia and in Saskatcheuan by McKenzie and

MorralL (1973), In Manitoba, it v,¡as first reported by Platford et al.

(1974) and its incidence has been insignificant since then. Chocolate

spot ís the most prevalent disease of faba beans in Alberta (Sumar et al'

1981).

The Ascochyta leaf blíght and pod spot caused by Ascochvta fabae

Speg. is a destructive dísease of faba beans and the most widely distrí-

buted ín Èhe world (Bernier L975, Hawtin and Stewart L979). In Canada,

the disease has been reported by Bernier (L975> and Lachaace and Choquette

(1e74).

The rust caused by Uromyces viciae-fabae Pers. Schroet. is another

important and common disease of faba beans in Èhe Middle East, North

Africa and Europe (Hawtin and Stevrart 1979, Mohamed 1981). The rust was

reported from Manitoba (Berníer 1975) and Saskatchewan (McKenzie and

Morrall L975). As previously mentioned, the potential of this disease
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as a t.hreat to faba bean production in Manitoba should not be under-

estimated.

powdery mil-dew on faba beans is caused by Erysiphe polvgoni D.C.

and Leveillula taurica (Lev.) Arnaud. in Lhe Middle East (Hawtin and

Stewart LgTg) and by Mvcrosphaera penicillata (I'Iall. ex. ¡'r') Láv' var

ludens (SaLm.) Cooke (Kharbanda and Bernier L977, Sumar et al. 1981) in

al-1 the ltesËern provinces in Canada (Howard 1981) '

Other minor foliar diseases caused by fungi such as Alternaria sPP',

Cerco sDora sPP. , Clado orlum spp., Peronospora viciae (Berk') Casp. have

been reported from different areas of faba bean production (McKenzie

and MorraLI Ig75, Hawtin and Stewax:- 1979, Mohamed 1981). Recently,

a bacterial blíght !üas rePorted by Reddy and tlawtin (1980) and was sus-

pected to be caused by a Xanthomonas spp.

A number of virus díseases are very conmon on faba beans including

broadbean nosaic virus (BBMV), bean yellow mosaic vírus (BYì{V), bean

wilt virus (e!Ùv) and pea mosaic virus (PMV) (Bernier 1975, Hawtin and

SÈewart lg7g, Bos 1981). Bos (1981) reported the presence of 16 different

viruses on Ëhe field-grown faba beans. In Canada, BYì4V has been reported

by Bernier (L975) and by Frowd and Bernier (L977) '

Root rot and stem rot caused by a number of pathogens such as

Fusarium sPP., Rhizoctonia sPP.r Sclerotinia sPP', Pvthium spp" and

Cvl- indroc erDon spp. are sometimes of major threat to the crop (Bernier

!g75, HawÈin and stewart 1979, Salt 1981). In Canada, $hizoctonia

solani Kuehn., sclerotinia sclerotiorum (Lib.) de Bary and Fusarium

oxvsporum SchLecht. have been reported from Manitoba, Saskatchewan and

Alberta (Bernier Ig75, McKenzíe and MorraLl L975, Sumar et al' 1981)'

Recently a serious seedling blight caused by Aphanomvces euteiches
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Drechs. has been reported in Manitoba (Lamari 1982)'

L,7 Pros cfs or the F

Hawtin and stewart (1979) considered v. faba as an incompletely

domesÈicated species and they anticipaËed a tremendous need for improve-

ment before it reaches the leveL of productivity of the other important

food crops óf the worl-d. Hawtín (L977) sununarized the major problems

of faba beans affecting yield sËabi1-íty such as autofertility, flower

drop,poddropandpooragronomiccharacteristics.otherproblems

include Rhizobium association, weed competition and dísease and pest

resistance in addition to some probl-ems limiting the utilization of the

crop such as phenols, tannin contents and favism' The future of the

crop lies in finding solutions Ëo such problems (Evans and slinkaxd L975'

Hawtín 1977, Bond 1979).

2. The Pat n ces vl t- - fabae

2.L The rtance of aba Bean R t

Uromyces lc]-ae- bae (Pers.) Schroet. is widespread, occurring on

various leguminous species in different areas of the world (Grove 1913'

I.Iilson and Henderson 1966). this rust is conuron on cu1 tivated pulse

cropssuchasfababeans,peasandlentilsanditshostrangeextends

to a large number of other vicia, S-i-gut, taÈhyrus and Lens species

(cuurmins 1,934, Anon. Lg6O, Wilson and Henderson 1966, Conners 1961 ,

Kapooria and Sinha L966, L97L).

Ur ces viciae -fabae is ve ry cornmon throughout the Middle East

and North Africa and is a serious threat to the faba bean crop in certain

countries (Hawtin and stewart LgTg). The rust is considered one of the

most destrucËive diseases of faba beans in Egypt. It prevaíls in the
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northern region of the Nile Delta where conditions of relatívely low

temperature and high relative humidity favour its spread. The losses

from Èhis dísease range between 5-20"/" depending on the time of infection

and severity of the disease (El-Helaly 1939, Mansour et al. 1968, Bekhit

eÈ aI. L970, Mohamed 1981). StilL hígher losses of 23% of green yíeld

and 307. of grain yield r^rere reported by Papoyan (1970) from the Armenian

state in the U.S.S.R. In Australía, tJillianns (1978) studíed the effect

of rust severíty on the growth and yield of faba beans. He found that

yield loss ranges betvreen L0-45% depending on cultivars used and the

level of rust severity. This loss appeared to be due to a shortage in

assimilaËes during Èhe pod filling stage.

In India, U. viciae-fabae is an important pathogen on lentils and Peas"

On lentils, it is very common in the northern Part of India r,lhere aeciospore

infection prevails at the temperature range L7-2Oo C Leading to the formation

of secondary aecia whÍle at a temperature of 25o C and above the uredia

and urediospores are formed (Prasada and Verma 1948) " The role of secondary

aecia requíres further confirmatíon. In field Peasr the aecia and

aeciospores are very common and the disease causes stem deformations as

well as complete death of the plant (Kapooria and Sinha 1966, l97I'

cupta L974),

In Canada, the rust is present on faba beans in Manitoba and

Saskatchewan (Berníer L975, ÞlcKenzie and Morrall 1'975). It has also been

reporËed on differenr specÍes of E!Þ,ry, vic_ia and !!sum (conners

Lg67). Recently the importance of thís rust and its wide host range

has been confirmed by Gonner (1981) and different isolates have been

collected from V. faba, V. americana Muhl., LaËhyrus species and. Pisum

sativum L. for host range and pathogenic variability studÍes. All
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isolates trere capable of infecting lenÈils. It has been also found that

part of the natural inoculum on faba beans came from the veËches in

Manitoba and Èhis coul-d build up to become a serious problem on faba

beans, lentils and peas (Conner 1981).

2.2 Taxonomy

Faba bean rust is an old, well-known pathogen rePorted by Persoon

under Lhe name Uredo fabae in 1794 and later on under the name Uredo

v]-cl-ae -fabae in 1801. It was then reported by de Bary in 1863 under

the name Uromyces fabae (Cunningham 1931). The name lgggygÉ fabae

(Pers.) de Bary remained in use for a long time (Curnmins 1934). This

rust has been since described by a number of mycologisÈs and plant

paÈhologists using different binomial names (l,Iilson and Henderson 1966,

Boerena and Verhoeven 1979). Boerema and Verhoeven (1979) put forward

a strong argument for the name llsgl,g fabae (Grev.) de Bary ex. Fuckel.

based on the fact that the first description of the telia and teliospores

was done by P. Karst.en in 1879 under the name UromYces v]-cl-ae - fabae

afËer the descrÍpËion of Puccinia fabae Greville Ln 1822. To them this

took priority in naming Ëhe fungus.

tJilson and Henderson (1966) and Laundon (1968), on the other hand,

agreed to the name Uromvces viciae-fabae (Pers.) SchroeË. based on cer-

tain facts such as the findings of some telia in Persoon's original

collecËion of Uredo víc r_ae - fabae by J{rstad in 1958 (Boerema and

Verhoeven LgTg) and the fact that Persoon did indeed describe the telia

buË not the teliospores. Thus, Persoonts naming takes prioríty in

describing the perfect sÈage of the fungus (paragraph 3 of the present

AcÈ 59 of the International Code of Botanical Nomenclature) and is the

legitimate basionym for Lhe telial state.
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Laundon and !{aterston (1965), in the Com¡nonwealth Mycological

Institute description of pathogenic fungi and bactería, agreed to

Uromyces vic tae - fabae (Pers.) Schroet. as the valid legitimate name with

other names as synonyms.

= @þ viciae-fabae Pers. (180I)

= ]þggygg fabae (Pers.) de Bary (1863)

= !Ëre orobi (Pers.) Fuckel (1869)

= Uromvces viciae Fuckel (1869)

= !5ry.g. polvmorphus Peck and ClinË (1878)

= fEry.g. voshinasaí P. Henn. (1901)

In spite of the legitimacy of the name U. viciae-fabae and its contrnon

use, the other names are still being used in literature (Kapoor La L97L,

Nene et a1. 1975, McKenzie and MorraLl :-975, SrivasËava et al. 1980).

2.3 Biolo and Life Cycle of Ur ces I - fabae

Ur omvces víciae -fabae is a eu-auËoecious , heteroÈhaLic rust. The five

spore stages: pycniospores, aeciospores, urediospores, teliospores and

basidiospores, are well known and described by various sources (Grove

LgL3, Cunníngham 1931, Cummíns L934, Butler and Jones L96L, Laundon

and waterston 1965, I,lílson and Henderson 1966, Kapooría L97L).

The pycnia are amphigenous in snall grouPs growing among the aecia

and are usually found on the upPer side of the leaf. Fertilízation of

the pycnial flexuous hyphae with pycniospores from a different monosporidial

pustule Ís necessary for the formation of aecia, which is typical of

heteroËhalic rusts (Brown Lg4O' Prasada and Singh L975). During the

course of their studies, Prasada and singh (1975) found some aborted

pycniaonthelowersurfaceoftheleaveswhichisacommonphenomenon

in both homo- and heterothalic rusts (Brown 1940t Johnson and Green
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L954). Aecia are also amphigenous or hypophyllous, seated on pale yellow

spots which are scattered or in clusters of whitish cup-shaped structure.

Aeciospores are spheroid and densely verrucose, yellovJ to hyaline in

color and range from 14-26u in diameter (Laundon and l,Iaterston 1965'

Wilson and Henderson 1966). Pycnia are very rarely seen in naturet

alÈhough they have been frequently encountered in research work (Brown

1940, prasada and Singh L975), while aecia are commonly found on Lathvrus

and Vicia species (Buller 1950) but they are rare on g. faba. Aecia

have been reporEed to occur in late autumn and early spring ín England

(frlilson and Henderson 1966) and this suggests that some teliospores are

capable of readily germinating in Ehe fal1. AecÍa and aeciosPores

cannot survj-ve ín severe winter of northern regíons in Europe but

probably wilL remain viable under the lvlediterranean climaÈe (Kispatic L949)

where aecial production could be repeated throughout the whole season.

prasada and Verma (1943) have shown that in Northern India, cool tempera-

Ëures (17-2Oo C) favour the recycling of aecial stage on lenËils to a

Level where ít becomes as destructive as the uredial stage.

Uredia are amphigenous, scattered or clusËered pustules exposed by the

ruptured host epidermis. Uredíospores are obovoíd or ellipsoidal with a

finely echinulated thin wall which is light golden brown in color. Theír

size ranges from 20-30 x 18-26 y and they have three to four pores in

their walls (I,lilson and Henderson 1966). Uredia are very common'

especially on Vicia faba and sometimes they are associated with aecia

ear\y in the season and wiËh telia at the end of the season (Brown

Lg4O, Prasada and Verma Lg48, Prasada and singh L975). Urediospores are the

most destructive stage of the fungus since they can recycle during the

growíng seäson and cause severe epidernics. Kispatic (1949) reported
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one to nine uredial generatíons Per season in Yugoslavia.

Telia are similar to uredia except for their blackish dark-brown

color and they are commonly associated with uredia in which both uredio-

spores and teliospores are produced in the same pustules. Teliospores

are subglobois, ellipsoid wifh a round or truncated apex and a thick

dark-brown wall having one apical pore. They measure 25-38 x 18-28 p

and are pediceLate with long pedicels up to 100 1 long (Laundon and

VlaÈerston 1965, Wilson and Henderson 1966). Teliospores are the sur-

vÍval sËate of the fungus under adverse condítions of both low and high

temperature (Kispatíc L949, Prasada and Singh L975, Prasada and Verma

1948).

There is little known about the germination behavior of the telio-

spores. Studíes by Prasada and Verma (1948) showed that the teliospores

do not require a resting period and can germinate readily under suitable

conditions of L2-22o C. These results were suPPorted by Kispatic (1949)

in yugoslavia and by Willson and Henderson (1966) in England. Studies

by lGpoorj,a (I97L) showed that attempts to germinate fresh teliospores

collected before November in North India often failed while successful

germination hTas always obtained when spores were collected afËer

November. This indicaÈes that teliospores developed under temPera-

ture ín North India did not germinate while those developed under colder

temperatures towards the end of the season can germinate readily.

2.3.L The short- cvcl Íns phenomenon. Uromvces viciae-fabae is a

Long-cyc1-ed (macrocyclic) rust caPabLe of producing all íts sPore sËages

on one and the same host plant of various ElhXIus, $!g, Lens and Vic'ia

species (Buller 1950). The rust Ëends to shorten its life cycle by producing

aecia and uredia on the same mycelial colony. Brown (1940) studied the
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behavior of the rust and confirmed that the association of urediospores

and aeciospores in the same pustules is very hígh and that short cycling

nay cause the complete omission of the aecial stage. This phenomenon

supports the theory that through the course of evolution the short-

cycled rusts have been derived from the long-cycled rusts (Buller 1950).

2.4 Pathoeen Variabilitv and t Ranse

The variation in the species Uromyces víciae-fabae and the lack of

information on the subspecies, varieties or isolates used in research

work in different parts of the \^iorld makes it difficult to standardize

the host range of the fungus. The earliest work on the special-ization

of g. viciae-fabae was done by Plowright in 1889 and cited by l{ilson

and Henderson (1966). More recent studies have been carried out by

Hiratsuka (1933) and Gaumann (1934). Gaumann (1934) surmnarized the work

done up to his time and recognized six formae speciales.

( i) f.. sp. viciae- fabae de Barv on Pisum sativum and Vicia faba"

( ii) f. sp. isi-satív HiraËsuka on P. saËivum

(iii) f.. sp. craccae Fisher on v" .craccâ, P. saËivum and weakly

on y. hirsuta.

( iv) f., sp. viciae-sepium Gaumann on y. sepium and !' faba'

( v) f.. sP. vicíae-nipponicae Hiratsuka on y. nipponica'

( vi) f" sp. viciae-uniiugai Hiratsuka on y' uniiuga"

Another species, Uromyces orobi (Pers.) Lev., !ìlas regarded as a

distinct species by Gaumann (1934) where he recognized three formae

speciales: (i) f. sp. orobi Jordi, (ii) f. sp' Lathyr í-vermi Jordi and

(iii) f. sp. Lathyri-maritimi HÍratsuka. Recently, the u. orobi has

been transferred to U. viciae-fabae by J/xslad and is classified as

var. orobi under the U. viciae- fabae (lIilson and Henderson 1966). It
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dif fers from var. vicíae-fabae on1 y in its average thickness of uredio-

spore i.:alls. Gaumann's r.tork (1934) shows that the specificity of each

subspecies or formae speciales of U. viciae-fabae is limited to two or

three host species at the maximum while the isolates used by Kispatic

(Ig4g) showed a wider host range including six Vicia spp. in addition

to V. faba and Pisum sativum. The isolates used by Kapooria and Sinha

(1966) showed some differences in hosË range which includes six Vicia

spp. in addition to V. faba, of which only two are in common with

Kispaticts host range. Further studies by Kapooria and Sinha (1971),

using different collections of rust due to the loss of their 1966 collec-

tion, showed a completely different host range íncluding two Lathvrus

spp. and three Pisum spp. besides Pisum sativum which is the only common

hosÈ wiËh Kispaticrs host range. Obviously, every rust isolate or

collection is giving a different hosË range which could be partially due

Ëo the variation in the rust PoPulation and partially to Ëhe hetero-

geneity in the host species cultivars used ín the studies.

As early as 1913, Grove reported on the host range of U. fabae de

Bary to include vicia spp.¡ !g!!IggE spp. and Pisurn spp. similarly,

Cunníngham (1931) reported U. fabae on Vicía faba, E!-Urus, Pisum and

other Vicia spp" in New ZeaLand.

In North America, U. viciae-fabae has been reported to infect 21

Lathyrus spp. ¡ eight Vicia spp. including V. faba and Pisum sativum

(Cummins L934, Anonymous 1960). In Canada, U. viciae-fabae has been

reported to infect six Lathyrus sPP., six V'icia spp. including Vícia faba

and Pisum sativum in different regions from coast to coast (Conners

Lg67). In recent studies en the pathogenic variability and the host

range of the U" vicíae-fabae, Conner (1981) demonstrated a consíderable
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degree of variability within populations of the pathogen. He used

isolates from Vicia faba, V. americana, Pisum sativum and different

Lathyrus spp. and found that there are at least two distinct groups of

isolates of the fungus from V. faba. The isolates from V. amerícana fit

closely to some !. faba isolates while the isolaËes from !3!bE5 seem

Èo be different. The Pisum isolates from }fanitoba and Quebec differ in

their host range. All the isolaËes used by Conner (1981)' excePt one'

\¡rere capabLe of infecting faba beans, while all except one' I¡iere capable

of infecting lentils (Lens cu1 inari . Thís sEudy confirmed the presence

of host specificity among the isolates of the fungus and showed a wider

host range lrith little relationship to the formae sPeciales described

by Gaumann (1934).

Reports of U. vicíae-fabae on lenËils are very corrunon. Prasada and

verma (1948) reported severe outbreaks of rust on lentils (Legs. esculenta)

in India where the pathogen is known to infect lentils, field peas' sweet

peas and faba beans. Reports by Nene et al. (1975), Gupta (L974), and

Narsinghani et a1. (1980) claimed that the U. fabae de Bary is one of the

major diseases on peas in North Eastern India. Faba bean is a cortrnon

host of U. vicia e -fabae ín the Middle East and North Africa (Kaiser et al

!967, Djerbí et al. Lg78, Hawtin and Stewatt 1979, Mohamed 1981)' Lentil

is a common host for U. viciae-fabae ín Ethiopia (Mengistu 1978) and

Syria (Hanouník 1978). In Europe, faba beans have been reported to be the

common host of U. víciae-faba (Gaumann L934, Kíspatic L944' L949,

Papoyan 1970, Berthelem 1980).

2,5 HosË Res is tance

Kispatic (Lg44) was the fírst to use the infection type reaction

of o, i¡ 1, II, III, IV and IV* to quantify Ëhe interaction of faba bean
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cultivars Èo the rust. The results of his work showed variabÍlity ín

uredial size and number as well as in the formation of secondary rings

of uredia around the primary uredía. Two different groups of isolates

!ùere recognized; one of which being very aggressive on faba bean cultivars.

Considerable variation in resistance hras reported between, as well as

within, faba bean cultivars confirmíng the heterogeniety of the cultí-

vars. Usíng single-sPore isolates, Kispatic (L949) was able to detect

moderately resistant faba bean cultivars and differentiated nine races

of U. víciae-fabae based on theír reaction on different pea cultivars.

Varietal resistance to IJ. viciae-fabae was also investigated in Armenia

among 19 different varieties of faba bean to local isolaËes of Ëhe rust

during the years L}6I-I964 (Papoyon 1970). Ackerperle !üas one of the

highly resistant varÍeties arrð Herz Freya ütas among the resistant varie-

Èies, while the local varieËies were either moderately resistant or

susceptible. In Japan, HiraËsuka (i934) failed to find resistant cultí-

vars among f.aba beans. Thís may be due to the different collections of

rusË he used and the fact that specific resistance was masked by the

pathogen variability and the host heterogeniety. Varietal resistance

in faba beans ín Egypt was studied using a local rust collection on

detached leaf Ëesrs, seedling tests and field experiments (Mohamed 1981).

Uníform resistance Tdas deËected in some varieties in differenË tests.

Some cultívars showed more resistance when inoculated aE 75 days, com-

pared to 50 days of plant age while others showed the opposite reaction.

Thís nay be comparable to the phenomenon of adult plant resístance

reported ín cereals (Depauw and Buchanon 1975, Sunderwith and Roelfs

1980). A comprehensive sËudy on the inheritance of resistance to faba

bean rust in inbred lines reveaLed the presence of three different
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dominant genes (Conner 1981). Two of these genes conditioned resistance

to isolate SS3 while one conditioned resistance t,o isolate SP51. In

addition, some inbred lines were found to have other resistance genes

in heterozygous condition.

Studies on rust resistance in peas were carried out usíng 49

different genotypes of diverse origin in India employing the Stakman and

Levine (1922) system of evaluation and selection (Narsínghani et al" 1980).

A few resístant and moderately resistant lines were found but the majority

of the lines tested !üere susceptible with some showing heterogeneous

reactions. Símilar results v,,ere reported by Sohi et al. (1974) using 35

lines of peas. Anot.her Large scale field.screenÍng for resist.ance in pea

germplasm has been carried out in Bangalore, India (Pal et al. 1980).

Of 269 enËries from 23 species of }!g, only three were resistant to

loca1 rust collections.

Lentil resístance to U. fabae de Bary was also studied in Utter

Pradish, India using L29 línes and varieties (Nene et al. I975). Several

lines were ímmune, while others were resistant and could be used in

breeding for resistance. Some of the resistant lines found by Nene g!

a1. (1975) r/'tere also resistant to the wilt organism Fusarium oxysporum

Schl. f. sp. lentis Vasud. and Sriniv. under field conditions. Field

resistance in 1183 lentil lines to U. fabae (Pers.) de Bary was investi-

gated by Agrawal et aI. (L976) in India where the disease was reported

to be very severe on lentils. Only 22 lLnes were reported free from

rus¡, while 149 lines had trace infections. The importance of lentil

resisËance to U. viciae-fabae was also shov¡n by Singh and Sokhi (1980)

in their work on pathogenic variability of this rusË. Their results

showed thäE neither peas nor svJeet peas have any differential reaction
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Ëo any of the seven rust isolates from Punjab, while the lentils did.

Thus, 11 lentil lines were used as host differentials for race identifica-

Ëion in Punjab. Lentils \¡lere also shown to be infected by all except

one of the rust isolates used by Conner (1981).

3 The Concepts of Disease Resi stance in Plants

3.1 Tvpes and Terminolosv

Day (L974) described host plant resistance in functíonal and genetic

terms referring to highly specific and non-specific types of resistance

in comparison with Vanderplank's (1963) functional terms vertical and

horizontal resistance. In genetic terms, Day (I974) described resistance

as oligogenic or major gene resistance determined by one or few genes

whose indivídua1 effects are easily observed, polygenic resistance

determined by many genes of individually small effects and cytoplasmic

resistance under Èhe control of cytoplasmic factors and not the nucleic

genome. Browning et al. (L977) looked at Vanderplank's vertical and

horizontal resistance as genetically defined and epidemiologically pro-

jected. They proposed the use of rrdiscriminatory resístance'r which dis-

tinguish among different pathogen genotypes and "dilatory resistance" to

delay pathogeniciEy ín epidemiological terms.

Nelson (1973) defined resistance as an ínherent abilíty of the host

plant to prevent or resist the establishment of a successful parasitic

relationship either by restricting the infection site and the infection

process or by resisting the colonization and subsequent growth of the

pathogen following a successful infection process" This first type of

resistance is known as specific resistance and usually associated with

differential interactions among the genotypes of the host and those of



24

the pathogen. The nature and performance of this Lype of host resistance

is expressed as a reactíon to specific races of the pathogen. In response

to the resistant reaction, the specific races may acquíre virulence to

enable them to overcome the specific genes for resisËance (Nelson 1973,

Day L974, Browning e! al. Ig77). This kind of resistance is referred

to as race-specific, vertical, major gene, monogenic, oligogenic' hyper-

sensiËive and non-uniform resistance (Vanderplank L963, Robinson 1969'

Day 1974, Browning et al. Ig77, Parlevliet and Zadoks L977, Nelson 1978)'

The second type of host plant resistance (Nelson L973) which resists

colonízation and subsequenÈ growth of the pathogen is capable of reducing

Ëhe infection rate and hence is called rate-reducing resístance (Nelson

1978). This type of resisËance is associated with non-dífferential

interacÈion among Ëhe hosË and the Pathogen genotyPes (Vanderplank 1963'

1968, Nelson 1978). It confers an enduring and stable reaction by the

host to all pathotyPes or races of a pathogen. Time has been recognLzed

as a prime factor in the epidemioLogical approach of studying disease

resistance which involves the rate of develoPment of an epidemic (Stevens

1960, Zadoks Ig72, Vanderplank 1975). The terminology used to describe

the epídemiologícal concept of resistance is quite variable and includes

general resistance, field resistance, partial resistance, slow-rusting,

race non-specific, uniform, horizontal and minor-gene resistance (Vanderplank

1963, 1968, Nelson Lg73, Day L974, Browning et al. L977, Horsfall et al'

1977, Parlevliet and Zadoks 1977). Vanderplank's (1963) concept of

horizontal resistance implies a race non-specific resistance which

acts againsE all biotypes of a pathogen and is controlled by a poly-

genic system. The confusion arose from the fact that Vanderplank defined

horizontal- resistance in genetic terms and took the epidemiological
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approach to explain the hypoEhesis (Ellingboe 1981). In contrast to

the horizontal resistance, the slow-rusting resistance does not imply

effectiveness agaínst all races of a pathogen (l{ilcoxson 1981), nor does

it imply anything about the genetics of the resistance or whether it is

polygenic or oligogenic in nature.

ElLingboe, in a recent revíew (1981) on the host-pathogen genetic

concepts, suggested that horizontal resistance is an artifact of experi-

mental conditions and is a resistance that has not yet been shown to be

vertical or specific and concluded that almost all the naturally occurring

genetic variability seems to follow the gene-for-gene pattern. I,lorking

on the slow-mildewÍng of wheaË, Ellingboe (1981) found that upon careful

analysis the sLow-nildewing which is typícal of the original description

of horizontal resistance or race non-specifÍc is a simply inherited trait

that is race-specific. Idartin and Ellingboe (1976) found that the major

genei Pm4, conferring high resistance or immunity to powdery mildew in

wheat, reacted by reducing the ínfection effíciency when tesËed to two

strains of Erysiphe graminis f. sp. tritici and by lengthening the

generation time when tested Èo a third straÍn. The Pm4 major gene showed

a horizontaL resistance performance when tested with the appropriate

strains in a precise analytical experiment.

3.2 Genetics of Race-Soecífic Resistance

Race-specific resistance has been, until recentLy, the major

genetic approach for plant disease control in breeding programs (Nelson

L973). IÈ ís described by Nelson to have Ëhe following characteristics:

(Í) resists the establishment of a successful infection site, (ii) is

expressed Ín the form of hypersensitive reaction, (iii) has an all or nothing

type reaction, (ív) is differentially reactive to different races'
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(v) is drarnatically expressed and simply inherited, (vi) is inactive and

undeËectible in the absence of matching virulent genes in the Pathogen

and (vii) is generally unstable.

Vanderplank (1963, 1968) referred to vertical resistance (race-

specífic) as a discontinuous variation in resistance with a qualitative

expression which is monogenically or oligogenically controlled. The

fact that vertical or race-specific resistance ís a reflection of the

gene-for-gene system (Day L974, Parlevliet and Zadoks L977) does not

mean that only major genes are involved in such reactions because Èhey

are easily identified, but also minor genes with sruall additive effects

may react in the same way with minor genes in the pathogen (Nelson 1973,

'l-g78, ParLevliet and Zadoks L977). Nelson (-1978) goes further in

his explanaËion about the function of major and minor genes to say that

there is no such differentiation and that genes function in race-specific

(vertical) manner when they are alone and as race non-specific (horizon-

tal) when they are together. Evidence for this is Present in maize with

resistance to the northern leaf blight, Helminthosporium turcicum Pass.

where the effect of resistance genes was addiÈive (Hooker L973). Further

evÍdence is also provided in Solanum demissum Lindl. resistance to

Phvtophrhora infestans (MonË.) de Bary (Niederhauser 1961). Although

Solanum demissum showed field resistance to late blight, genes expressing

vertical or race-specific resistance were continuously extracted from

Ëhe species. Thus, ít is believed that the race-specific genes extracted

from S. demissum were collecËively responsible for its field or horizon-

tal resistance (Nelson L978). Some race-sPecific genes for resistance

maíntain measurable residual effect in restricting dísease increase and

severity after being overconrc by virulent races and this supports the
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hypothesis that horizontal or non-specífic resistance is controlled by

the same genes controlling race-specífic or vertical resistance (Martin

and Ell-ingboe 1976, Ellingboe 1981, Nass et al. 1981).

The complementary genetic system developed by host-parasite inter-

action during Ëheir evolutíon was fully explored in the flax rust,

Melampsgra lini (Pers.) Lev. (Flor 1955, L956). This has been demon-

strated in an increasíng number of host-parasite systems especially in

cereal rusts as well as n¡any other host-parasite systems (Day L974).

Triticum - Puccinia graminis tritíci (Green L966), Avena - Puccinia

graminis avenae (Martens et al. L970) and Triticum - Puccinia recondita

(Sarnborski and þck 1968) are three rypical ilLustrations of the gene-

for-gene system. An important feature of these systems is Èhat the hosts

are all economical-ly imporLant crops and the resístance Ís controlled by race-

specific genes. Day (Lg74) refers to thís as an "unnatural" situation because

resistance in natural plant populations is a combinatíon of both specific

and non-specific types, whereas most. breeding programs have attemPted to

isolate race-sPecific genes from their natural hosts (Johnson L96L)

and thus render Ëhem vulnerable to attack due to pathogen variability

(e.g. a mutation at one locus). Thus, the gene-for-gene concept becomes

an artifact of breeding for resistance (Day L974).

The mode of inheritance of this type of resis¡ance is commonly

controlled by completely dominant genes to most of the cereal rusts

(Hooker Lg67). In the flax rust system, it has been demonstrated that

dominant genes have been the sole basis for resistance to l"Ie sora

lini (Flor L97L' Hoes and Kenaschuk 1980r Lawrence eJ al. 19Bl)' In

all cuLtivars released in canada since 1-950 are charac-wheat stem rustt

terLzed by race-specifÍc resistance buË they may Possess more than one
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resistance gene (Green and CarnpbelL L979). Some of these wheat cultivars

have complex genetic resistance involving genes for hypersensitive reaction

as r¡ell as low receptívity (MorËensen and Green 1978). Resistance in 13

wheat cultivars to Puccínia gramínis !rítíci was shown to be controlled by

single dominant genes which segregate independently (Gough et a1. 1980).

Incorn,resistanceto@po1vsoraUnderw",thesoutherncornruSt'

was determined to be a dominant character (Futrell et al" 1975).

Resistance controlled by recessive genes in the host is known in

several hosË-parasiËe systems. Thatcher and lularquis wheat resistance

to race 9 of P. recondita was determíned to be a single recessive gene

(Bartos et al. 1969). Glenlea wheat also has one recessive gene con-

trolling resisËance to four races of P. graminls tritici (Ndondi 1978).

ChottÍ lerma resistance to race I22 of !. graurinís tritici !ùas also found

to be controlled by two recessive genes (sawhney et a1. 1978). Platford

(1976) found that resistance to Clav DS purpurea (Fr.) Tul. is con-

trolled by two recessive genes in lGnya Farmer wheat while resistance in

Carleton wheat is governed by two dominant genes'

Resistance in corn was shown to be dominant when tesEed with culture 901

of Puccinia sorghi Shw., while it was a recessive trait when tested with

culture 933 of the same fungus (Saxena and Hooket L974). In Ëhis case'

it may be the same gerle reacting differently to the two different cul-

tures of rust or two closely linked alleles'

þck and Samborski (1968) reported on the effect of different back-

grounds on resistant genes and the reaction of the two alleles Lt22 and

Lr24 Ln wheat to P . recondita. The reaction of t.hese two alleles changed

from domÍnance to intermediate and recessive when crossed to different
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susceptible cultivars. Similarly, McDaniel (1973) found a background

effect on the expression of the gene PC45 from Avena sterilis to two

races of the cro!ùn rust of oat, P. coronata avenae Eriks. Riley (L973)

found that resisÈance to Clavíceps purpurea in Tríticum tímopheevi Shánk.

to be a dominant traiË when crossed with tetraploid wheat and recessive

when crossed with hexapLoid wheat. Complementary gene effect may be the

case of resistance in some oat cul tivars to the cro\^tn rusË P. coronata

avenae (Simons L966) and to stem rust of wheaE !. Êraminis tritici as

reported by l(nott and Anderson (1956).

3.3 Slow Rus t inø

Slow rusting was first reported by Farrer in 1898 (Hooker 1967)

as a measure of host resistance and was noted to be an inherÍted trait.

It has been described as a reduced rate of epidemic develoPment (Nelson

L973, MacKenzíe L976) and Ís characËerized by delaying, inhibiting and,

ultimately, reducing fungus sporulation and multiplication (Statler et a1.

I977), yet the host plants are infected with susceptible infectÍon type

(PartevLiet I979a). Parlevliet (L979a) referred to this kind of resístance

as partial, which retards disease developmenÈ through its effects on

disease epidemiology. In genetíc Ëerms, slovu-rusting could be a single

gene trait such as in the resistance of Ëhe r,lheat cultivar Hopps to

!. graminís tritici which is conÈrolled by one single gene Sr2 (Sunderwith

and Roelfs 1980). In other cases, a few Ëo many genes could be involved

Ín the slov¡-rustíng resístance such as the resíst,ances in wheat to

E. recondita tritici that was shown to be under the control of four to

L4 genes (GavinLertvatana and l{ilcoxson 1978). Cultivars nay carry genes

that condition both specific types of resistance as well as slow-rusting

and this r¡as demonstrated by Parlevl-iet and Kuiper (L977) in some barley
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cultivars against P. hordei.

Slow-rusting resist,ance has become more useful Ín plant breeding for

disease resistance due to its durable nature and wide genetic base

(Nelson L978, Parlevliet I979b, I{ílcoxson 1981). Slow rusting has been

reported and documented in crown rusË of oat (Luke et al. 1975, Luke

et 41. 1981), barley leaf rust (ParlevlieÈ and Van Ommeren 1975, Johnson

and I{ilcoxson 1979), wheat stem rust (Skovrnand et al. 1978, Martins et al"

L979, Ayers et 4. 1981), wheat leaf rust (Shaner et aI. L978, Kuhn et al"

L978, Shaner and Finney 1980), corn rusËs (Lewellen et al. L967, Hooker

1969), rice bLast (Villareal el al. 1981) and powdery mildew in wheat

(Shaner L973).

3. 3.1 Components of slow-rusting. Slow-rusting involves different

mechanísms or components operating after the parasite infects the host.

Parlevlíet (L979a) categorized the componenÈs into resistance to infec-

tion, resistance to colonization and resistance to sporulation. These

are accepted in general epidemÍological Ëerms, but they are usually sub-

divided into more sígnificant components (Berger L977, ParlevlieE L979a,

tJílcoxson 1981) which can be easily studied and quantitatively measured

(Martins et 41. L979).

Infectíon frequency (receptivity) is one of the main factors con-

tributing to slow-rustíng in wheat to P. graminis tritícj and was reported

to vary in effectiveness againsË dífferent races (Mortensen and Green

L978). High and low receptivity in some wheat cultivars !üas reported to be

controlled by one dominant gene in ldaed 59, one recessíve gene in Lee and

t!üo recessive genes .ín Thatcher (Rowell and McVay LgTg). lfith bar-

ley leaf rust, Parlevliet and Kuiper (1977) found that some partiaLly

resistant barley cultivars produced fewer uredia than susceptible ones
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and when this was coupled with a longer latent period, lower infection

frequencies resulted (ParlevLiet Ig77b, Parlevliet and zadoks L977).

Luke gq {. (].98L) reported a 60-65 fold reduction in receptivity in

the fiel-d as compared to growth chambers wíth slow-rusters Eo oat cro\¡tn

rusE, whereas there !üere no significant differences with fast rusters'

Low receptivity Ì{as aLso reported to be a prime factor responsible for

slow-mildewing of wheat (Shaner L973) '

Latent perÍod was found to be the most important and reliable com-

ponent of partial resístance to barley leaf rust ¡'vith a high correlation

between the two traits (Parlevlíet and Van Onmeren L975, Neervoort and

Parlevliet1978).Sirnilarly,highcorre].ationsbetweenareaunder

disease progress curve (AIIDPC) and latent period vrere reported by

Johnson and tlilcoxson (1978). shaner and Finney (1980) found that the

Latent period was longer in slow-rustíng compared to fast-rusting wheat

cuLtívars and concluded that Latent period is the coroPonenÈ of resistance

measured with the least error. LatenË period could be the most stable

selectíon criterion on a large scale ín greenhouse screeníng (ParlevlieL

Lg77b). LaÈent períod was estimated to be controlled by three to six

genes in the barley cultivars Sultan, Volla, Julia and Vada, with Ëhese

genes acting in an additive manner (Parlevliet 1978). Another Ímportant

factor of latent period in partíal resistance is its effect on the onset

ofthenextcycl-eofsporeproductionaswellasthegrowthrateofthe

parasite in the host plant (Neervoort and Parl-evliet 1978)'

Lesionsizereflectsthegrowthrateoftheparasiteínthehost"

Resistant corn cuLtívars reacted by producing smaller lesion types in response

to Helminthosporium sPP. than susceptíble culËivars (Johnson and Taylor

Lg76). KruLl et al. (1965) aLso reported that oat cultivars resistant to
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P. graminis tritici bore small uredia compared to susceptible ones.

Ohm and Shaner (L976) found that smaller uredia, especially on the younger

leaves, characterized the resistance of two wheat cultivars to P. graminis

triticjl. Lesion size was also found to be an important component of

slow-blasting of rice with large differences ín Lesion size between resistant

and susceptible cultivars. Another type of host resistance to lesion si.ze

is related to a reduction in the rate of lesion growth.

The effect of host resistance on sporulation is dependent on, and

related to, other components including infection frequency, latent period,

lesion síze and infectious period (Parlev1íet L979a). Mortensen and Green

(1978) found that low spore production per pustule is an important factor

in the resistance of the wheat cultivar Exchange. Neervoort and Parlevliet

(1978) equated total spore production to the interaction between infec-

tion frequency, lesion size and infectious period, and found that barley

cultivars vary greatly (ratio 1:7) in their capacity of spore production

of 3. hordei per unit area. Sinilarly, Villareal et al. (1981) found

clear differences between resistant and susceptible rice cultivars to three

ísolates of Pyrícularia ol.yzae and their spore product.ion. Slow-mildewing

on wheat was aLso attributed to both low receptívity and low spore production

under 1ow inoculum potential suggesting that 1ow spore production seems

to be limiting the disease development (Shaner L973).

Resistance based on shortening the infectious period (the tíme

that infectíous propagules are produced on diseased host tissue) was

demonsÈrated by Neervoort and ParlevLiet (1978) and variation from 5-3

weeks of infectíous period was reported between resistant and susceptible

cultivars of barley to leaf rust. Sztejnberg and Wahl (1976) studíed

the patterns of sPore production in Avena sterilis ínfected with P.
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graminis avenae and found that besides the differences in total spore

production between resistant and susceptible 1ines, Èhere !üere also

differences in the patËerns and rates of spore production and this may

have affected the total spore production.

Another component of slow-rusËing is characterized by the high

infection threshold (a minimum concentration of pathogen propagules

necessary for infecEion) requiremenË (Berget L977). Such varieties

would have a slow rate of disease infection and few subsequent infec-

tions. Luke et al. (1972) associated this phenomenon with rrlate rusting"

where concentrations of arriving fluxes of spores determine the incidence

and severity of oat crown rust. The "late rustingrt resístance seems to

have a different mechanism t,han slow-rusting because such cultivars can

be very suscepÈibIe later on during the season under the influence of

heavy Ínoculum potential.

3.3,2 SËabilitv of slow-rusting. For any kind of resistance to

be long lasting, it has to be effective against many, if not all, variants

of Ëhe pathogen and should remain effecËive over a long period of time

under a wide range of geographical areas (Caldwell 1968). A recent

review of the genetics of slow-rusting by lrlilcoxson (1981) focused the

attention on the stability of this trait. He reported that slow-rusting

in the oat cuLtívar Red Rustproof'Èo P. coronata f. sp. avenae has been

stable for more than 100 years (Luke et al. L972) and in the wheat

cultivars, thatcher and Lee, the slow-rustíng character to P. graminis

tritíci, has also been sËable for 55 and 30 years' respectively. Similarly,

the vlinter wheat varieËy, KnoN, has been shown to be a slow ruster wíth

!. graminis tritici for more than 25 years (Ohm and Shaner L976).

In other diseases, the slow development of potato late blight was
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shovrn to mainËain its stability (Caldwel1 1968). Also, the slow-rusting

of corn with Puccinia sorghi and P. Dolvsora has been shown to be verv

stable for a long tíme (Robinson L976 ín l'Iilcoxson 1981).

It is generally believed that slow-rusting is a quantitative trait

under polygenic conËrol (lJilcoxson 1981). This was clearly shown in the

wheat cultivars Thatcher, Lee, l"farquis, Prelude and Barat to wheat stem

rust (Ayers et al. 1981, Skovmand et al" L978), in barley leaf rust

(Johnson and !'lilcoxson 1979), in wheat leaf rust (Gavinlertvatana and

I.lilcoxson 1978) and ín oaË cro\nrn rust (Luke et al. 1975).

On Ëhe other hand, some reports refer to slow-rusting character as

race-specific. Browder (1973) found thaÈ the slow-rusting of "Bulgarie

88'r wheat to leaf rust !üas a race-specific trait and could be over-

come easily by certain strains of P. recondita. This agrees with the

findings of Johnson and Taylor (1976) that slowing down the epidemic is

not a long lasting type of resistance. The interaction between specific

races and slow-rusting cultivars characterLzed by long latent period and

reduced spore production leas demonstrated by Parlevliet (1978) and Mortensen

and Green (1978). Parlevliet (1978) suggested that the gene-for-gene

system could be also functioning in slow-rusting host-parasite inter-

actions. An interaction between race-specifíc resistance genes and genes

controlling slow-rusting to wheat stem rusE was demonstrated by Skovmand

et al. (1978). They found that slow-rusting resistance ís not controlled

by race-specific genes and that additive gene action \^ras predominent in

the genetic control of slow-rusting. Ayers et al. (1981) used the AUDPC

as a measure of slorv-rusting and found no association between that and

the number of resisËance genes in the host. In some cases, the increased

numbers o"f resistance genes in the host caused an increase in AUDPC
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measurement. These findings by Ayers et al-. (1981) do not agree with

Nelson's (1978) approach for pyramiding genes for attrate-reducing"

res is tance .

Transgressive segregation !"as demonstraËed in each cross between

slow and fast rusËing wheaË cultivars to P. graminis tritici (Skovmand

et al. 1978) leaf rust of barley (Johnson and I'Iílcoxson 1979) and in

vrinter wheat leaf rust (Gavinlertvatana and l{ilcoxson 1976). The presence

of transgressive segregation vras also demonstrated in crosses between 10

cultivars of wheat resistant to strípe rust, !. striiformis I'Iest., where

rnany F4'F6 Plant progenies \^lere more resístant than the parental culti-

vars (Lewellen et al" 1967, Krupinsky and Sharp 1979)'

The heritabilíty of slow-rusting in cereal crops has been studied

by different researchers and was estimated to range between 46'92%

(Luke et aL. I975, GavinLertvatana and lJíLcoxeon 1978¡ Skovnnnd et al.

l97g). I^Iilcoxson (1981) pointed out that the interesÈ in slow-rusting

has increased greatly in the last 10 years due mainly to its stability'

Simílarly, Luke et al. (L975) suggested breeding for slow leaf-rusting

resistant wheaË cultivars and anticipated that slow-rusting should play

a more ímporËant role in Protecting croPs from disease epidemics in the

future.

3.3.3 Meas nt and selec tion for slow- rust ins Assessment of

slow-rusting resistance is done by monitoring and studying Ëhe develop-

ment of disease severity during the growing season. Data accumulated

from the series of disease evaluations can be summarized by calculating

the infection rate

,=Æ-Log ].o 
xz(l-xt) as proposed by vanderplank (1963),

tz-tL x, (1-x2)
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or by calculating the area under the disease progress curve AIIDPC =

K
J'

i=1
1/2(Si+Si+l) (tlilcoxson et af . L975).

Although Statler et al. (1977) found that the infection rate

measurements gave significant differences among wheat varieties infected

wíth P. recondita tritici, the infection rate was rePorted to be less

convenient than the AIIDPC and not as reliable in evaluating wheat culti-

vars and Ëheir ability to retard the development of g. grglninis tritici

(ÍJilcoxson et al. L975). Vanderplank (1963) suggested that r-values

are more accurate when estímated at the early phase of disease develop-

ment. Shaner and Finney (1977), working with slow-míldewing on wheat

found that early in the season the infection rate \^tas sÈrongly influenced

by minor differences Ín disease severity and the stage of crop develop-

ment while the AUDPC was only slightly affected and thus it was considered

to be more reliable for slow-mildewing assessmenÈ. Wilcoxson et 41.

(1975) found that the AIIDPC is a more reliable and convenient method

than the r-value and that the differences among wheat. cultivars infected

r,¡ith P. graminís tritici were distinct and consistent from one trial to

another. The AIIDPC is thus the most coflrmon method used for evaluatíng

slow-rusÈing and comparing disease development (lJilcoxson et al. L975,

Shaner and Finney 1977, Johnson and WiLcoxoon 1978, Skovmand et al.

L97 B) .

Screening in smaLl adjacent plots is cornmonly used to evaluate

slow-rusting between different cultivars. Vanderplank (1963) pointed

out that testing Ín adjacent plots tends to underestimate the partial

resistance (horizontal- resistance). ParlevlÍet and Van Ommeren (1975)

studied partial resistance among 16 barley cultivars to P. hordei in



37

(i) adjacent single-roh7 plots, (ii) l-m square plots separated by 2-m of

slow rusting barley, (iii) small 3x4-m isolated plots, as well as the

latent period at the seedling and adult plant stages. Their results

from single-row adjacent plots and the l-m separated plots leere essen-

tially the same (correlation coefficÍent = 0.95). Sirnilarly, the corre-

l-ation coefficienÈ betv¡een adjacent and isolated plots was very high

(r = 0.95 and 0.96). The latent períod of the adult plant stage was also

highly correlated with partial resistance (r = 0.94), wiËh a lower

correlation between latent period of seedling stage and partial resis-

tance (r = 0 "57) " These results indicate that selection for partial

resistance (s1ow-rusting) is fairly easy and can be done either in sma1l

adjacenr plots ín the field or by selecting for longer latent períod in adult

plants in the greenhouse.

Parlevlíet et aI. (1930) evaluated the partial resistance of 40

lrlestern European barley cultivars Ëo P. hordei and reporËed significant

correlations for 1-atent period between adjacent and isolated plots but

the correlations !üere not as high as those reported by Parlevliet and

Van Ornneren (1975). Data from smal1 adjacent plots were believed to

underevaluate the partía1 resistance due to Ëhe inter-plot interference

whích was relativeLy ssral1. Parlevliet et al. (1980) suggested that

selection at the seedling stage is most effecËíve when based on latent

period and least effecÈive when based on infection frequency while the

most effective selection is done in small adjacent plots in the field"

Johnson and Wilcoxson (1978, L979) showed a high and signifícant

correlation between AUDPC and the latent period in wheat stem rust as

well as highly effective selection for barley leaf rust resistance based

on the latent period. They suggested that selection for slow-rusting



38

could be practised in the field usíng the AIIDPC and in the greenhouse

using Èhe latenË period which is more effectíve and reliable than using

the infection frequency. I.Jahl et al. (19s0) reported on slow-rusring

resistance to wheat stem rust in the greenhouse and concluded that selec-

tion for latent period and uredial size would be a very promising

criterion for sLow-rusting resistance.

4. Breedine StraEesies for Disease Resistance

4.L Monosenic Lines

The use of race-specífic genes for resistance has been and continues

to be an effective way of protecting many crops from disease epidemics

províded they are handled carefully (Day 1974). Although monogenic resistance

has been ín use in Canadian wheat cultivars released since the early 5Ors,

the cultivars wit.h enduring resistance \^rere reported to have rnany genes for

resistance in different combínatíons (Green and Carnpbel-L L979). This

employs the use of pure line cultivars carrying specific genes for resis-

tance against the most prevailing races of the pathogen. The advantage of

using race-specific resistance ís that it is readily transferred and yields

rapid results. Since race-specific genes are simply inherited they can

be bred into different varieties usÍng the simple conventional breeding

methods. The stabiLity of monogenic resisLance is unpredictable and

may break down under any minor changes (a mutation for vitrulence or

aggressiveness, sexual or somatic hybrídization) in the pathogen popu-

laËions (NeLson L973, L978, Day L974). Using monogenic,resj-stance

requires tremendous survey effort to monitor the race-population in

the agro-ecosysËem and continuous search for race-specífÍc resis-

tance genes to counteract any shíft in the pathogen population. IË also

necessitates fast íncorporation of the new resistance genes into the cul-

tivars and Ínrnediate release to farmers to replace the "defeated"
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monogenic resisËance. On the other hand, the employment of new resis-

tance genes may dísrupt the balance between host and pathogen by exerting

high selection pressure on the pathogen for acquiring virulence genes

(Johnson L96L, 811-ingboe 1981). The use of monogenic resistant cultivars

means a high level of crop uniformity and sometimes a narrow geneEic base.

This increases the vulnerability of the crop and often leads to serious

disease epidemics (Horsfall eË al. L972) and was referred to by Day (L974)

as a I'technologicaL t.azard",

4.2 MuLtilines

The multiline concept has been introduced to incorporate greater

variat'ility ancl dir¡ersity ínto the self-pol1Ínated crops by using iso-

genic or near-isogenic lines carrying different race-sPecific resistant

genes (Nelson I973, Day L974, Parlevlíet L979b). Browníng and Frey

(L969) found that since the rnultiline cultivars carry different genes

for specific resistance, they act by reducing the ínitial inoculum and

subsequently lower the rate of disease Progress. Similarly, Nelson

(i973) believed that multilines exhíbit boEh vertical as well as horizon-

ËaL resistance by reducing the initial inoculum available for successful

infections and curb the subsequent increase in disease severity. A

mulEiline cultivar usually utilizes several resistant genes (7-I2 genes

according to Nelson 1973, Day L974) and may confer more stable and

durable resÍstance over a wide area by acting as a buffer for any neT¡t

virulence races. Nelson (1973) believed thaÈ it is unlikely that a race

would acquire all the necessary virulence genes to overcome all the

resistance genes in a multiline cultivar, but it still could acquire

some of the necessary virulence genes and end up with Ëhe occurrence

of some dísease. In this case, new lines with different specific
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resístance genes could ahùays be added to the multiline or substituted

for the ones with highly susceptible background (Nelson 1973, ParlevlÍet

L979b).

AnoÈher poinÈ of view expressed by Hooker (L967) is rhat extensive

use of multiline cultivars will result in heterogeneous rust populations

with biotypes collectively virulent on all comPonents of the urultiline

cul-tivars. Littl-e l¡ork has been done ín this area but Parlevliet (1979b)

beLieves that stabilizing selection has f.ittle or no importance in

preventing the development of complex races. Careful selection of com-

ponents of the multilines based on levels of stabilízing selection

associated v¿ith each virulence gene in the pathogen nây be capable of

naintainíng rhe effectiveness of the multiline (Groth 1976). The dur-

ability of multilines is related to the number of component lines, the

Level of stabil LzLng selection, the efficiency in monitoring the pathogen

varíabílity and the replacement of some components when needed (ParlevLiet

L979b).

MuLtil-ines are beLíeved to have another mechanism for disease con-

trol- through induced resistance. Johnson and Allen <L975) worked wíth

induced resistance on host and non-host pathogens and poínted out thât

multilines with a mixture of bouh susceptible and resistant lines could

provide a suitabLe environment for induced resisËance which would probably

contribute to the resistant mechanism of the multi1ínes.

The advantage of muLtílines lies in the diversity of resístance

genes used. However, Èhey are Practicall-y uniform Ín all other aspects

and this makes them very vulnerable to other pathogens (Day I974).

Therefore, a comPromise has to be reached between demands for uniformity

and the advantages of diversitY.
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4.3 Gene-Pyramiding

The failure of race-specific (vertical) genes for resistance in

monogenic lines to counteract the shift in wheat stem rust, oat croÍvn

and stem rust and potato late blight focused the attention on producing

multigenic lines. Thís ínvolves the formaÈion of double, triple or

multígenic barrier by incorporating several race-specífic genes ínto a

single genetic background. The effectiveness of multigenic lines is

associated with the difficulty in acquiring two, three or more simul-

taneous changes for vírulence in a nerrr race of the pathogen (Nelson

I97 3, Parlevliet I979b) .

Careful selection of t.hese gene combinations in different cultivars

is very essential especially in a confined geographical area, ín order

to avoid any stepwise change in virulence and subsequently a complete

destruction of the multigenic cultivars (Knott I972, Parlevliet I979b).

Nelson (1978) point,ed out the modifying effect of major and minor genes

and their role in conditioning horizontal resistance. He also revieL¡ed

the additive effect of resistance genes and suggesËed that gene6 act

vertically when they are separate and horizontally when they are together

in one background. The accumulation of several vertical- genes for

resistance to wheat stripe rust showed an additive effect and thís rrras

expected to be a long-lasting effect (Sharp I972). Parlevliet (1976)

showed that the greater the number of specific genes for resistance to

P. hordei in barley cultivars the longer is the latent period.

4.4 Gene Deployment

Some parasites persist in large geographical areas and move within

its epÍdemiological subunits between seasons along with crop development

and prevailing winds such as the Puccinía Pathr'Jay in CenÈral North
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America. It has been suggested that the use of different resistance genes

in different regions along the geographic range of the pathogen movenent

may interfere with the yearly epidemic development and the formation of

complex races (Nelson L973, Parlevliet L979b). However, Nelson (1973)

pointed out that geographical gene deployment carries a risk of severe

disease loss in one region where pathogen races have acquired the matching

virulence genes while in the meantime protecting the other regions.

A high degree of co-operation is essentíal for the success of the

gene deployment to ensure that many different genes are deployed in each

region without duplication since a few genes may be inadequate and any

duplication of genes may enable the pathogen to bridge the gap beËween

regions (Day L974).
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RESI]LTS OF RESEARCH

1. Evaluation of Resistance in Vícia faba to Two Isolates of
Rust. Uromvces vicíae-fabae from Manítoba

ABSTRACT

Faba bean(Vicla faba L.) accessions from various regions of the world

vrere evaluated to single-pustule isolates SP3 and SP51 of the rust,

Uromyces víciae-fabae (Pers.) Schroet. in the greenhouse. Accessions

with at leasË one resistant pLant (infection type 0-2) were couunon and

a few accessions with several resiSÈant plants were also observed.

After three cycles of testing and selfing, 117 homozygous lines were

grouped into nine classes on the basis of their reactions to Ëhe two rust

ísolates. Eleven lines showed a high leveL of resistance (infection type

O-;) to both rust isolates and eight lines showed a high level of resis-

tance Ëo SP51 but were moderateLy resistant (infection type 1-2) to SP3.

Additional useful combinatíons of resistance included 1ínes with moderate

resisËance Ëo SP51 and high to moderate resistance to SP3 and lines with

a high Level of resistance to SP3 and moderate resistance to SP51. The

resistant accessions were from various regions of the wor1d.
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INTRODUCTION

The rust fungus, uromyces víciae-fabae (Pers.) schroet,, is a

major disease of faba beans (Vícia faba L.) in Ehe Middl-e East and North

Africa where epidemics causing yiel-d Losees of up to 20% often occur

(Bekhit et al. l97O; Mohamed L981). The rusË has also been reported in

both ìdanitoba and Saskatche$ran on this crop since iËs introduction ínto

tlestern Canada in 1970 (Berníer L975; McKenzie and Morrall l-975) '

The three subspecies of V. faba, .9êj9Ë, eouina and minor' are

charaàterized by a high degree of cross-po]-lination (Poulsen 1'975) which

may reach 70% (Holden and Bond 1-960). The heterogeniety of the crop is

reflected in the lack of uniformíty ín Ëhe reaction of culËivars to both

rust (KÍspatic Lg44, L949; Conner 1981) and to chocolate spot, Botrvtis

fabae Sard. (Jennifer and l{hittingËon 1979). The faiLure to find resis-

tance to rust in previous attemPts has been aËtributed to a lack of cul-

tivar uniformity (Kispati.c L944, L949) or to Èhe absence of resisÈance

(I{iratsuka \933, Lg34). Recently, Conner (1981), in Manitoba, tested

17 cultívars and accessions of faba bean Ëo Èwo single-pustule isolates

(sP3 and sP51) of rust r¡ith disÈÍncË vírulence Patterns. After three

generaËions of selfing, three Lines were uniformly resistant to isolate

SP3 and one line to both isolates SP3 and SP51'

The purpose of this study was to evaluate faba bean accessions from

various regions of the world to rusÈ isolates from Manitoba with a view

to finding additíonal sources of resístance and to determine the dístri-

bution of resistance in germpl"asm collectÍons. AccessÍons with resisÈance

to índívidual- isoLates rdere rePeatedl-y tested and selfed to provide

homozygous inbred lines for genetic studies'
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MATERIALS AND METHODS

Seventy-six faba bean accessions from various regions of the world

provided by the International Center for Agricultural Research Ín the

Dry Areas (ICARDA) were evaluated 1n addítion to the suscepLible

1ine, 2N40 (PI222L28) and four cultivars (Ackerperle, Diana, Erfordia

and Herz Freya) presently grohrn in Western Canada. Eíght seeds of each

accession or cultivar were planÈed in Ëwo 15-cm clay pots using a 2:L:L'

(v/v) mixture of soil, sand and peat. The two youngest ful1y developed

Leaves of the seedlings were inocuLated with a suspension of uredospores

in a lighr oÍ1 (Soltrol 170, Phílips Petroleum Co. Special Products Div.,

Borger TX 79007) with a fine nylon brush. After drying, the seedlings

were incubated at 1007. relative humidity for 24 hr and then moved into

the growthroom at a photoperiod of 16 hr and a night and day temperature

of 15-200 C. The seedlings were scored for infection type (Table 1)

after LI-I2 days and selected plants nere saved for selfing and seed

íncrease.

In the first two cycLes of testing, a mixture of rust isolates v¡as

used as inoculum while in the third cycle two single-pustule isolates

(SP3 and SP51) with distinct virulence petterns (Conner 1981) were used.

Plants were first inoculated vrÍth the less virulent isolate (SP3) and

scored for infection type after 11 days. The infected leaves were

removed and the plant.s were Ëhen inoculated wÍth isolate SP51 and were

treated as outlined for Ísolate SP3

Uredospores nere Íncreased on 2-week-old plants of the susceptible

Line PI222L28, with standard procedures to prevent contamination (Green
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TABLE 1. Infection types of Uromvces viciae-fabae on Vicia
faba and Pisum sativum.

Infection
type

Cul tivar
reaction

Reaction
c lass

,

1

0

2

3

+

No sign of infection

Necrotic flecks

Uredia minute,
barely sporulating

Uredia small
(about .5 mm in diameter)

Uredia Large
(about 1.0 rmn in diameter)

Uredia very large
( > 1.0 mrn in diarneter)

Immune

Hypersens itive

Very resistanË

Res is tant

Suscept ib 1e

Very susceptible

Modífied from Conner (1981).
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1981; Appendix 1). The inocuLated plants were covered with polyvinyl

tubes, incubated at 1007" relative humidity for 24 hr and then moved to

the greenhouse where the tubes were connected to a source of filtered

air to prevent cross-contaminatíon of isolates and Ëhe build up of mois-

ture under the tubes. Uredospores were collected tlvo to three Ëimes with

a cyclone spore collector (Browder I97L) and stored at 50 c for 2-3

months.
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RESIJLTS AND DISCUSSION

All the accessions and cultivars tesLed expressed consíderable vari-

abilíty in their reaction to rust when inocuLated with a mixture of

Ísolates. However, accessions with aË least one resistant plant (ínfec-

tion type O-2) were common and a few accessíons had several- plants with

resisËant to highly resistant reactions. The variabiLíty can be attri-

buted Èo the heterozygosity of the accessions as well as to Ëhe use of

a mixture of rust isolates. Progenies from 239 seLfed single plant

selections with resístance were subjected to a second cycle of testing

and reselectíon. The 1eve1 of heterogenÍety within the selections was

reduced considerabty in the second cycle of selfing and 199 single resis-

tant plants (infection type 0-2) were selected for a third cycle of

Ëesting to single-pusËule Ísolates SP3 and SP51. One hundred and seventeen

selections from the third selfing (53), homozygous for ínfectíon type

to either one or both rust isolates (Appendix 2) were grouped into nine

classes based on their reaction to the rust isolates (Table 2).

Resistance to isolate SP51 was less common than to ísolate SP3:

63 53 lines showed resistance to SP51 in comparíson to 100 lines with

resistance to SP3 (Appendix 2). These results suPPort Connerts (1981)

findings that ísolate SP51 is more virulent Ëhan isolate SP3.

ELeven 53 lines possessed a high level of resistance (0-;) to both

isolates (Class I Table 2) and eight f.ines possessed a high level of

resistance (0-;) io Ísolate SP51 and a moderate leve1 of resístance

(1-2) ro isolare SP3 (Class 2 TabLe 2), In addition, five s3 lines

showed high to moderate resistance to SP51 but were susceptible to SP3
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TABLE 2. Classification of 53 faba bean inbred lines based e¡ their reaction
to isolates SP3 and SP51 of Uromvces viciae-fabae.

Clas s
Reaction to rustl

SP3 SP5].

Accession number2
and regions of origin3

2

I

I

9

HR HR 2N311 (NA), 2N319 (EU), Ackerperle (EU),
Erf ordia (EU), ILB96 (CA), ILB403 (}{A) 

'rLB431 (rrA) , fLB479 (EA), rLB866 (EU),
rLB919 (NA), rtB938 (SA)

2N192 (Iß), 2N319 (EU), 2N255 (¡ß),
2N441 (NA), rLB315 (EU), rLB411 (EU),
rLB479 (EA), rLB920 (}{A)

2N168 (CA), 2N319 (EU), rLB920 (¡IA)

2N281 (CA), ILB Giza 3 (EA)

2N34 (EA) , 2Nr22 (EU), 2N285 (EU),
2N319 (EU), Herz Freya (EU), ILB534 (EA)

2N26 (EU), 2N34 (EA), 2NL22 (EU),
2N285 (EU), 2N319 (EU)

2N168 (CA), 2N175 (CA), 2N255 (¡ß),
2N285 (EU), 2N319 (EU), 2N431 (EA),
2N432 (EA), 2N435 (NA), rLB75 (EU),
rLB335 (EU), rLB431 (l{A), rLB490 (CA),
rLB534 (EA), rtB864 (EU)

2N311 (NA), 2N319 (EU), 2N382 (IG),
2N435 (NA), Diana (EU), Erfordia (EU),
Herz Freya (EU), ILB96 (CA), TLB226 (¡48) 

'rLB318 (EU), rtB335 (EU), rLB403 (NA),
ILB431 (lr{A), ILB490 (CA), ILB919 (NA)

2N431 (EA), rLB335 (EU)

MR

HR ltR

MR l,lR

lReaction to rust: HR = highly resisLant wíth infection types O-;
MR = moderately resistant roith infection types 1-2

S = susceptible lsith infectíon types 3-4

')
'L"tt"ta preceding accession numbers refer to faba bean collections

2N = University of Manitoba collection
ILB = Internatíona1 Legume faba bean collection at ICARDA

3L"tG.t" between brackets refer to region of origin
EA = East Africa; NA = North Africa; m = Central Asia;
ME = Middle East; EU = EuroPe; SA = South America

IIR

HR

MR

s

S

MR

HR

s

S

S

3

4

5 S

6

7
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(Classes 3 and 4 TabLe 2).

Twenty-nine 53 lines characterized as highly resistant (0-;) to

ísolate SP3 were eiËher susceptible (3-4) or moderately resistant (I'2)

to isolate SP51 (Classes 7 and 8 Table 2). Seven additional S, lines

characterized as moderately resistant (L-2) to isolate SP3 were also

either susceptible (3-4) or moderately resistant (1-2) to isolate SP51

(Classes 6 and 9). Susceptibilíty to both isolates SP3 and SP51 was

expressed only in six 53 l-ines (Class 5).

Resistance specific to rust isolates from Manitoba was present in

accessions and cultivars originating from various regions of Ëhe world

(Table 2), suggesting that the accessions had been exposed previously

Lo rust isolates identical to SP3 and SP51 either in the various regions

or in the center of origin of Vicia faba which is believed to be in the

Near East (Cubero L973),

Minor characters of the host reaction such as chloroËic and necroËic

zones surrounding the rust pustules were observed occasionally and found

to be influenced by environmental conditíons rather than by host genotyPes.

Such characters !\rere not useful in further characterization of the infec-

tíon type.

Accessions such as 2N319 and ILB431 gave rise Ëo several single

plant selections homozygous for a range of resistant infection tyPes to

each rust isolate indicating that the accessions are heterogenous Popu-

l-at.ions of several resistant genotyPes. The range of resistant reactions

(infecËion types 0-2) observed in this study !üas greater than that reported

by conner (1981) who found only infection types 0 or ;. The high and

moderate sources of resistance identified in this study could be useful

in developing faba bean cultivars wíth durable rusË resistance based on
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either gene pyramiding (sharp 1972, Green 1981, Nelson L978) or multi-

lines (Browning and Frey Lg6g, Nelson L973, Marshall L977),
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2. Inherilance of Specific Resistance in Vicia faba to
TVo Isolates of Uromvces viciae-fabae from Manitoba

AsSTRACT

Inheritance of resistance to tv,7o isolates SP3 and/or SP51 of rust

C8o*vceq viciae-fabae Pers. Schroet") from Manitoba was investigated in 10

faba bean Ei".!g faba L.) inbred lines and four field selections. A series

of crosses involving these hosts was nade and the F. and F, generations lJere
L¿

s tudied "

Eight genes for resistance were identified in the various inbred

lines and field selections. The genes Frl in the field selections Ack-A,

2N43 and 2N43-A; Fr5 in ILB938-8 and Fr8 in ILB159-1, ILB159-4 and Diana-2

provide resístance to SP3" Tho additíonal genes Fr6 in ILB938-B and Fr9

in ILB]-59-4 conditíon resistance to SP51. Three genes for resistance to

both isolates were detected z ît2 in Erf-2 and 2N5; Fr4 in Erf-2 and Fr7

in ILB938-8, fLB479-7 and ILB159-1. The results also showed that suscep-

tibility to the rust ísolate SP3 in susceptible Parent 2N40-5 is dominant

or epistatic to the resistance in some moderately resistant lines. Crosses

between faba bean field selections such as 2N5, 2N43' 2N43-A and Ack-A

revealed that these lines may have additional non-identified genes for

res is tance 
"
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INTRODUCTION

Faba bean rust, Uromvces viciae-fabae (Pers.) Schroet. causes severe

losses in many faba bean growing areas of the world (lIilliarns 1978,

Mohamed 1981). In Manitoba and S.askatchewan, Ëhe rust has been reported

on this crop since its introduction into l{estern Canada in 1970 (Bernier

Lg75, McKenzie and MorralL 1975) and a PathotyPe of the rust virulent on

the commercial cultivars was identified (Conner 1981)" Faba bean culti-

vars do not react uniformly to individual rust isolates (Kispatic 1944, 1949,

Ibrahirn anci Nassib Lg7g, Conner and Bernier L982a) due to the partially

out-crossing nature of the crop (Holden and Bond 1960, Poulsen I975'

Hawtin and omar 1981b). RecenEly, three genes conferríng innnunity to

certain rust isolates from Manitoba have been identified using inbred

faba bean lines (Conner and Bernier 1982b)"

This study \¡7as carried out to invesLigate the genetícs of resistance

in 10 faba bean inbred lines from various regions of the world to two

isolates of Ur omvces viciag-fabae from Manitoba" Attempts were also made

Ëo establ-ish the relationship between the resistance genes in the inbred

lines and four field selections.
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MATERIALS AND METHODS

Ten faba bean Ínbred lines with uniform reaction to rust isolates

SP3 and SP51 after three cycles of selfing (Thesis secËion 1), and four

heterogeneous faba bean field selections with resistance !üere used in

this study. The orígin and infectíon type (IT) of the inbred lines and

the field selectíons to the rusË isolates are presented in Table L. The

reacLion of Ëhe inbred lines to each rust isolate was confirmed in the

fíeld aË túto seParate sites in l-980.

plants were grovin in 7.5-cm peaÈ pots (Z}ltLat) in a rust free green-

house at 16-200 C undera 16 hr photoperiod. After testing and scoring for

infection typesrthe plants tJere t.ranspLanted into 15-cm clay pots using

2zlzl (V/V) mixture of soil, sand and peat. Reciprocal- crosses were made

between each resistant inbred line and the susceptibLe Línes Herz Freya

(Iff-7) and 2N40-5 (pT222128) as well as between resisËant inbred lines.

Reciprocal- crosses htere also made between the field selections and the

resisËant inbred l-ine Erf-2 as well as between the fiel-d selections.

The seedlings of F, and F2 PoPulations were tested sequentially to

the two rust isolates as descríbed previously (Thesis secËion 1) using

the less vírulent isolate SP3 in the fírst inocuLation, folLowed by

isolate SP51. Parental lines were incLuded in all tests to ensure that

the rust isolates vgere free of contaminaËions' Each rust isolate \'7as

increased in isolation on the susceptible 1íne 2N40 (PT222L28) rotlowing

the procedure described previously (Thesis section L; Appendix 1) ' PLants

were cate gorízed as suscePtibLe or resistant based on the infectíon type

(Thesis section 1-; Table 1). Results from the F2 families of the same
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cross vJere pooled only when the Chi-square test for homogeneity and the

Chi-square test for independence (Contingency Chi-square) had shown them

to behave the same (Cochran and Cox 1957). The Chi-square tesË for good-

ness of fit was used to analyze Ëhe data from all the F, progenies.
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TABLE 1. Identity, origin and infection type of faba bean
inbred lines and fíeld selections to rust isolates SP3

and SP51.

Infection Type
Inbred l-ine* Origin

SP 51SP3

rLB938- I

Erf.-2

ÍL8479-7

ILBI59 - L

ILBL59-4

Diana-2

rLB335- 6

TLB534-2

I{F- 7

2N40- 5

¿¿
Field selectíons^^

2N5

2N43

2N43-A

Ack-A

Colombia

Germany

EÈhiop ia

Greece

Greece

Germany

Egvpt

Ethiopia

Germany

Afghanistan

EngLand

Afghanis tan

Afghanis tan

Germany

0

0

I

0

2

1

2

2

4

2

4

4

4

1

2

1

2

2

4

4

0
t03

03

03

23

01

*Inbred lines were selfed 3 times (S3) before crossing.
ooFiuld selections !üere not selfed before crossing.

fSome plants have infection type 0 while others have

infection tyPe 3.

0

0
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RES1JLTS

Resís tance Genes in Inbred Lines

The fínal analysis of Ëhe data includes pooled results from crosses

and their reciprocals since Ëhere I¡tere no differences between the Flrs

in each and everY cross.

The F1 progenies from Ëhe crosses between the resistant line Ii,B938-8

(IT 0 ro Sp3 and Sp51) and the susceptible l-ines IIF-7 and 2N40-5 were all

resístant (TabLe 2). The F, PoPulaEions from these crosses segregated in

a ratío of 15 resistant:1 susceptible to each of the rust isolaËes (Table

3), supporting Ëhe hypothesis Lhat ILB938-8 carríes two dominant genes

for resisËance Ëo each rust isolate. The combined data for both ísolates

produced a good fit of 57 z3'.3:1 ratio of resistant:susceptíble (Table 4),

indicating that ILB938'8 has a total of Ehree genes for resÍstance' one

for each rust isolate and one coÍEnon to both isolates.

Crosses invol-ving Line Erf-2 (IT 0 to SP3, 11 2 Èo SP51) and the

susceptible lines I{F-7 and 2N4O-5 produced only resisËant F1 Plants

(Table 2). The F2 populations from two families in each cross segregated

in a ratio of 15 resístant:L susceptible to each rust isolate, however,

three and two families from each cross resPectively, segregated ín a

3 resistant:1 susceptíble ratío (Table 3). The combined data from all

Èhe families in each cross best fit a 27 resistant:5 susceptible ratio

(i.e. hatf the F1 plants heterozygous at both locí and haLf homozygous

recessive at one Locus), suPPorting the hypothesis that Etf:2 has Ëwo

dominant genes for resístance, only one of ¡vhich is homozygous. The two
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TABLE 2. Reactíon to rust isolates SP3 and SP51 in F.t populations from
crosses between faba bean inbred 1ínes and field 'selections.

SP3 sP 51

Cros s
Parent

react ions
F1
R:S

Parent
reactions

F1
R:S

rLB938-8 X

rLB938-8 X

Erf.-2 X

Erf-2 X

ILB938-B X

tLB479-7 X

rLBl59-1 X

rLBl59-4 X

Dj.ana'Z X

rLB335-6 X

rLB534-2 X

rLB479-7 X

rLB159-1 X

rLB159-4 X

Diana-2 X

TLB534-2 X

rLB538-8 X

rLB938-8 X

Erf.-2 X

TLB479-7 X

ILB].59.4 X

rLB335-6 X

ttr-7 X

2N5 x

2N5 X

2N43 X

2N43-A "X

TTF.7

2N40- 5

rß-7

2N40- 5

Erf.-2

I{F.7

ITF.7

r{F -7

Lß.7

TTF.7

ITF- 7

2N40- 5

2N40- 5

2N40-5

2N40- 5

2N40- 5

rLB47 9-7

rLBl 59 - 1

rLB479-7

rLBL 59 - 1

Diana-2

rLB534-2

2N40'5

Erf-2

2N43

Erf.-2

Ack-A

RXS

ru(s

Ð(s

RXS

RXR

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXR

RXR

RXR

RXR

RXR

RXR

SXS

RXR

Ð(R

RXR

ÐG.

52 z0

52 :0

40 :0

54 :0

70 :0

51 :0

62 z0

63 z6

5B:8

4:6L

0;7 9

O;24

53 :0

0:34

0 :41

0:63

59 :0

34 :0

55 :0

96 z0

98:0

6526

0 246

103:0

87 z2

91:0

58:0

ru(s

RXS

RXS

Ð(s

ÐG'

RXS

RXS

Ð(s

SXS

RXS

SXS

RXS

ru(s

RXS

sxs

SXS

RXR

RXR

RXR

RXR

RXS

RXS

sxs

RXR

RXR

RXR

RXR

52:0

52 zO

40 :0

5420

70 :0

51 :0

62 z0

66 :3

0:66

2263

0279

24:0

53 :0

34 :0

0 :41

0:63

59 :0

34 :0

55:0

96 :0

98 :0

2

46

4855

s9

0

35:54

84 z7

58 :0



TASLE 3, Segregatlon of reactione to rust fsoletee SP3 and SP5l ln F2 populatfons fron croaeee beteeen feba been lnbred llnea.

Isolate SP3 laolate SP51

Parents Pare nt
react i m

No. of
fani I iee

Obeened
R:S

Parent
reac t ion

No. of
fani 1 les

Observed
R:S

Expected
R:S

Chi-Square
prob.

Expected
R:S

3:l
3:1

3:l
0:l
0:1
1:0

130

63: I
1:0

l:0
3:1

3:l

Ch1- Square
prob,

.70-.50

.30-.20

.90- . 70

.90- . 70

.30-.20

.70-.50

. s0-.30

ILB938-8 X s¡-7

rIJ938-8 X 2N40-5

Erf-2 X l{F-7

Erl-Z X 2N40-5

ILB938-8 X Erf-Z

RXS

RXR

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXS

RXR

RXR

RXR

RI(R

RXS

RXS

RKS

PJ(R

RXR

sxs

RXR

RXS

RXS

RXS

RXS

RXS

sxs

50-. 30

20- . 10

3

2RXS

3

2

272rL7

279 t25

63 :5

LO7:34

79 tg

7Lz2l
L65t4

15: I
15: I
l5:1
3:1

l5: I
3:l

63:1

90-. 70

90-.70
30-.20
70-. 50

50-.30

269:2O

280t24

62 25

1O4237

79:8
7lzZL

L65:4

15 :1

l5: I
l5:l
3:l

l5:1
3:l

63:l

2

tLR479-7

tLBl 59 - I
ILBt 59 -4

Dlena- 2

tLB335- 6

u.B534-2

rLb479-1

rLBl 59- I
rLBl59-4

Dlanå-2

rLB534- 2

rLB938- 8

rLB938- I
Erf-2
rLB479-7

2N40-5

2N40- 5

2N40- 5

2N40-5

2N40- 5

rLB479-7

rrBl 59 - I
rLB479-7

r¡.8159- I

134.¿.2

123:40

233r92

135254

59 :200

60 :238

62 22?9

136:65

57 :200

53 : 193

73 1242

L72tO

174:O

t83:5

334t20

164:0

400 :0

265:51

3 :13

3:l
3:13

3 :13

3 :13

1:0

l:0
63:l
15:1

1:0

1:0

27 t5

. 30- .20

.05- .0l

.20-.10

, 30- ,20

. 10- .05

.30-.20

.70-.50

90-. 70

2ll 272

140:6 I
L92 | 56

30:2 l3
22:295

17220

L74 2O

l8l:7
354:0

164:0

287 tLL3

238278

.20- . l0

.90- . 70

. t0- .05

.95- . 90

05- .01

20- . 10

90- .70

ur- 7

Hr- 7

I{F.7

nr-7
nr- 7

HF.7

3:1

331

3:l
3:l
3 :13

3: 13

.90-.70

.90- . 70

.20- . l0

.30- .20

.20-. l0

.70-.50

R¡(S

RXS

RXS

sxs

R¡(S

sxs

3:l
3:1

3:1

0:l
3:I3
0:1

139 237

L27 236

231:95

21:168

59:200

351263

30- .20

90-. 70

20-. l0

x

x
x

x
X

x

x
x

x

RXS

RKS

RXS

8XS

sxs

RXR

RXR

RXR

RXR

4 4

ILBI59-¿ X Diana-2

rLB335-6 \ rLB534-2

r{F-7 X 2N40-5 t:180 0:l 42177 0: I

(¡
\o



TABLE 4. Rélatíon of resistance to rust isolates SP3 and SP5L in F, populations deríved from crosses
between resistant X susceptible faba bean inbred lines.

Cross

rLB938-8

rLB938-8

Etf.-2

Erf-2

TLB4V9-7

rLBl 59- 1

rLB159 - 1

rLB159-4

I{F- 7

2N40-5

HF-7

2N40-5

IIF'- 7

ItF- 7

2N40-5

I-IÏ'- 7

x

x

x

X

x

x

X

x

Number of
plants

not
infected

260

265

164

148

133

L2L

L32

188

Number of
plants

infecËed
by SP3 only

Number of
plants

infected
by SP51 only

T2

L4

Number of
plants

infected by
both isolates

Chi-Square
prob.

.30-.20

.70-. 50

.10-.05

.90- .70

.90-.70

.05-.01

.30- .20

.30-.20

9

15

8

10

37

27

36

34

58

49

Expected
ratio

57 z3z3zI

57 z3z3zL

27:O:Oz5

27:0zO:5

3 :0 :0:1

3 :0 :0:1

3:0:0:1

L0 z2z2 z2

5

2

6

2

3

2

2

1

6

7

4346

cr.
O
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genes in Erf-2 control resistance against both rust ísolates sínce the

combined daËa best fít the ratio 27z}z0:5 of resistant:suscepËible (fable

4).

The cross ItB938-8 (IT 0 to SP3 and SP51) X Erf-2 (IT 0 to SP3 and

IT 2 to SP5L) produced only resistant F1 Plants and a good fit to the

ratio 63 resÍsËant:1 susceptible ín the F, populations for each rust

isolate indicating that the two inbred lines carry different genes for

resistance.

The F1 plants from the crosses beËween the inbred Línes ILB479-7

(IT l- ro SP3 and sP51) and ILB159-1 (IT ;1 to SP3 and IT 2 to SP51) with

the suscepËible line HF-7 were all resistant (Table 2). The F2 PoPulations

segregated in a ratio of 3 resistanË:1 susceptibLe to each ísolate (Table

3) suggesting the presence of a síngLe dominant gene conditioning resis-

tance to each isolate. Tþe dominant naËure of the resistance gene(s) in

ILB159-1- was confirmed by the resísËance of the F1 Plants where this line

was crossed to the suscepËible line 2N4O-5 and by a good fít of the Ft

data to a raËio of 3 resistant:1 susceptible (Table 3). The conbined data

agaínsË both isolates ín the three crosses best fit the ratio 3:0:0:1 of

resistant:susceptible suggesting that the genes in ÍL8479-7 and ILBl59-1

condition resístance to both rusË isolates (Table 4) '

The cross ILB159-4 (TT 2 to SP3 and sP51) X liF-7 (IT 4 to SP3 and

SP51) produced a few susceptibl-e plants ín the F, Progeny (Table 2), and

a ratio of 3 resistanL:1 susceptible in the F2 PoPulatíons to each rust

isolate (Tabl-e 3). However, the combíned data against both isolates best

fit the proposed ratio of 10222222 of resistant:susceptible supporting

the hypothesis that ILBl59-4 ]nas two dominant genes for resistance' one

for each rust ísolate (Tab1e 4)'
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The cross Diana-2 (IT 1 to SP3, ÍT 4 to SP51) X I{F-7 (IT 4 to SP3

and Sp51-) produced eight susceptible and 58 resistant Fl pLants (Table

2), indicatíng that Diana-2 is not homozygous. The F2 segregating popula-

tions best fit the ratío of 3 resist,anE:1 susceptible suggesting the

presence of a single dominant gene for resistance in Díana-2 to SP3

(Table 3).

The Line ILB335-6 (I1 2 to SP3 and SP5L) gave susceptÍbLe F1 P1-ants

when crossed with the susceptíble line 1{F-7 (Table 2). The F, populations

segregated in a ratio of 3 resístanË:13 susceptible Ëo each rust isolate

indícating Lhat susceptibility in IIF-7 is eiËher dominant or epistatic Eo

Ëhe resistance in ILB335-6 (Table 3). Símilar results were obtained when

TLB534-2 (TT 2 to SP3, IT 4 to SP51) ltas crossed with the susceptible

lines IIF-7 and 2N40-5 in which all the F, plants were susceptibl-e and the

F2 popul-atíons segregated in a ratio of 3 resisËant:L3 susceptibLe,

suggestíng that susceptibility in both IIF-7 and 2N40-5 is either dominant

or episEatic ro the resistance in ILB534-2 (Tab1-es 2 and 3).

The F1 progenies from crossing ILB47I-7 (rT I to sP3 and sP51) and

ILB159-4 GT 2 to SP3 and SP51-) with the susceptible line 2N40-5 (IT 4

to sP3 and sP51-) were susceptible to sP3 and resisEanË to sP5l- (Table 2).

The F2 populations from these crosses segregated in a ratio of 3 resistant:

13 susceptibLe Ëo sP3, indicating that suscepÈibility in 2N40-5 is dominant

or epistatic to the resistance in ILB479'7 and ILB159-4. However, the

good fit of the F2 populations from both crosses into a ratio of 3 resistant:

1 susceptible to isolate SP5L confirms the dominant nature of resistance

to Ëhis isolate ín Lhe two lines (Table 3). The dourinant or epistatic

nature of suscepÈibit-ity in 2N40-5 to SP3 !ùas also observed in the cross

Díarla-2 (IT 1 to SP3) X 2N4O'5 (IT 4 to SP3 and SP51), where the F1 Pro-

geny was ¡usceptibl-e and the F2 data best f.ít a ratio of 3 resistant:l3
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suscepËible (Table 3).

Crosses between the resistant lines ILB938-8 (IT 0 to SP3 and Sp51)

and ILB479-7 (1T 1 to SP3 and SP51) or ILB159-1 (IT ;1 to Sp3 and IT 2

to SP5L) produced only resistant pLants ín the F1 and F, Benerations,

indicating that the genes controlling resistance to both rust isolates in

Èhese Lines are eiËher identicaL, allelic or cl-osely linked (Tabl-es 2 ar,d

3). However, the cross ILB499-7 (IT 1 to SP3 and SP51-) X ItB159-1 (IT

;1 to SP3 and IT 2 to SP51) produced a l-5 resistant:1 susceptible ratio

in seven F2 familíes to SP3, suggesting that ILB159-L has another gene(s)

conditioning resistance to SP3 (Table 3). The F2 populations from the

cross Erf.-2 (IT 0 to SP3 and IT 2 to SP51) X TLB479-7 (IT I to SP3 and

SP51) besË fit the ratio 63 resistant:1 susceptible to each rust isolate

(Table 3), índicaÈing the presence of differenË genes for resistance in

these tr¡o lines. The cross ILB159-4 (IT 2 to SP3 and SP51) X Diana-2

(IT 1 to SP3 and IT 4 Ëo SP51) produced resistant plants in the F1 and

F2 generations to SP3, suggesÈing Èhat the genes controlling resisLance

to SP3 in boÈh parents are identical, allelic or cLosely linked (Tables

2 and 3). The good fit of the F2 populations into a ratio of 3 resistant:

1 susceptible to SP51 confirms the presence of a different gene for resis-

rance to this isolate in ILB159-4 (Table 3). The segregation of the F2

populations from the cross ILB335-6 (TI 2 to SP3 and SP51) X, TLB534-2

(TT 2 to SP3 and IT 4 Ëo SP51) into a ratio of 27 resistant:5 susceptible

(í.e. half F1 plants heberozygous at both loci and half homozygous

recessive at one locus) to SP3 and into a ratio of 3 resistanÈ:1 susceptible

to SP51, suggesting the presence of dÍfferent genes controllíng resistance

to SP3 ín each Line and that only one gene Ís homozygous (Table 3).

The F1 and F2 pl-ants from the cross between the susceptible Lines
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IIF-7 and 2N40-5 were susceptible to both isolaËes except for one and four

F2 plants which were found to be resístant to SP3 and SP51 respectively

(Tables 2 and 3). IË could be that these plants have escaped infection.

Resistant plants were also observed when lines susceptible to SP51 such

as ILB534'6 and Dj,ana-2 were crossed to either IIF-7 or 2N40-5 (Table 3).

This resistance rnight be due Èo Ëhe presence of heterozygous genes for

resisËance in Ëhese lines as well as to escaPe from infectíon.

Res istance, Genes in FieLd Se lections

The crosses involvÍng the field selections 2N5, 2N43, 2N43-A and

Ack-A revealed the heterozygous nature of the genes for resistance in

these selecÈions. The crosses 2N5 (IT 0 to SP3 and IT 0-3 to SP51) and

2N43 (I1 0-1 to SP3 and I1 0-3 to SP51) to Erf-2 (IT 0 to SP3 and IT 2 to

SP51) produced resistant Fl plants to isolate SP3 and heËerogeneous

progenies to SP51, confirming Ëhe heterozygous nature of resistance to

SP51- (Table 2). Susceptible plants vrere not observed in F2 populations

from the cross 2N5 X Erf.-2 suggesting that these two Parents carry the

same gene(s) for resístance Eo SP3 and SP51 (Table 5). The grouping of
I

F, families from the cross 2N43 (IT 0-1 to SP3 and IT 0-3 to SP51) best

fit the ratios of 63:1, 15:1 and 3:1 resistant:susceptible plants to

SP3 and SP51 suggests ËhaË the gene(s) conditioning resistance in these

tvro parents are different (Table 5). The Ft plants from the cross 2N5

(IT 0 to SP3 and IT 0-3 to SP51) X 2N43 (IT 0-1 to SP3 and IT 0-3 to SP51)

were also resistant Èo SP3 and heterogeneous in their reaction to SP51,

confirming the heterozygous nature of resístance to SP51 in the Ëwo

parents (Table 2). However, four and Èhree families in the F2 PoPulations

from Ëhis_cross segregated into a ratio of L5 resistanË:1 susceptibLe

and 3 resístant:1 susceptible respecËively, to both rust isoLates indicating



ÎABLE 5. Segregation óf reactions to rust isolates SP3 and
selections.

SP5L in F, populations from crosses between faba bean field

Parents

2N5

2N5

X Erf-2

x 2N43

2N43 X Erf.-2

2N43-A X Ack-A

Parent
reaction

No. of
famil ies

Observed
R:S

Expected
R:S

Chi- Square
prob.

Parent
reaction

No. of
families

Isolate SP51

Observed
R:S

Expected
R:S

Isolate SP3

chi-s
pro

quare
b.

RXR

RXR

310:0

L93 :13

27 zI2

69 zL

L52zl3

1-4: 10

27L:O

1:0

15:1

3:1

63zL

15:1

3:1

1:0

RXR

RXR

RXR

ruß.

31-0:0

189:17

25:I4

69:l-

L52zI3

14:10

27L20

1:0

15: I
3:1

63 :1

15:1

3:L

1:0

RXR

4

3

1

3

2

4

3

1

3

2

.95

. 50- .30

.95-.90

. 50-.30

. 10- .05

. 30-.20

.20- . 10

.95- .90

. 50-.30

. 10-.05

Ð(R

o.
(.¡t
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that the gene(s) for resistance in these tvJo ParenLs are different

(Table 5).

The cross between selections 2N43-A (IT O; to SP3 and IT 0-3 to SP51)

and Ack-A (IT 0; to sP3 and IT 2-3 to SP51) produced on1-y resistant plants

in F, and F, generations to both ísolates (Tables 2 and 5), indicating

that the gene(s) for resistance in the two ParenLs are identical, allelic

or closely l-inked. However, the gene conferring resistance ín 2N5 and

Erf-2 is dífferenË from the gene conferring resistance ín 2N43, 2N43-A

and Ack-A.
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DISCUSSION

Crosses involving 10 faba bean inbred lines and four field sel-ections

revealed Èhe presence of eight genes condiËioning resisËance to the rust

isolates SP3 and SP51 (Table 6). The resulËs of this study cannot be fuIly

integrated wÍth the recent findíngs of Conner (1981) who identified three

genes for resistance to SP3 and SP51 in four faba bean inbred lines,

because the studies !f,ere conducted concurrently and the resistant inbred

lines vJere not in¡er-crossed. However, assuming Lhat the genes in Èhe

inbred lines Ack-A and Erf-2 identifíed in this sËudy are the same as

genes Frl in Ack-ll and Fr2 in Erf-1-4 identified by conner (1981) ' some

of the genes can be tentaËively identified (Tab]"e 6). The various selec-

t.ions origínating from Ack and Erf need to be inter-crossed in order to

establish Èhe relationship of Ëhe genes involved'

The resístance genes designated as: Fr1 in Ack-A, 2N43 and 2N43-A;

Fr2 in Erf-2 and 2N5; Fr5 in ILB93B-B; Fr8 Ín ILB159-1, ILBI-59-4 and

Díana-2 condition resÍstance to SP3. Furthermore, fu2 was shown to condi-

tion moderate resistance (IT 2) to SP51. The genes designated as Fr6 in

ILB938-8 and Fr9 in ILB159-4 condition resistance Ëo sP51. Two additional

resistance genes desígnated as Fr4 ín Erf-2 and Fr7 in ILB938-8, ILB479-7

and ILB159-1 condition resistance to boËh isolates SP3 and SP5L'

FurËher work is required in order to clarify the relationshiP beËvreen

the resistance genes ín the inbred Lines ILBI59-4, Diana-2, ILB335-6 and

TLB534-2 or between these Lines and ILB938-8, ItBL59-L, TLB479'7 arld Etf'2

because these Línes lvere not inter-crossed in this study.

Inbred línes character ízed by infection types 1 and 2 to isolate SP3
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TABLE 6. Proposed genotypes of inbred lines and field selections
of faba beans based on their reaction to rust ísolates SP3

and SP51.

Parental lines Proposed genotype

Inbred lines

ItBg38-I

\LB,479-7

rLBl 59 - 1

Erf-2

rLBl_ 59 - 4

Díana-2

Fíeld selectÍons

2N5

2N43

2N43-A

Ack-A

fr 2 fr 2 f.r 4f r4EtEf 5Fr 6Fr.6l r 7 F r 7

f.r 2fr 2 f.r 4fr 4 fr 5 fr 5 f.r 6 tu 6F r 7 F r 1

f.r 2 fr 2 tu 4 f.r 4f r 5 fr 5 fr 6 tu 6F r 7I r 7Fr I f r I

F r 2E r 2l r 4 f.r 4f.r 5 fr 5 Í.r 6 fr 6 f.r 7 f.r 7

f r 2 f r 2 fr 4 f.r 4 f r 5 f. r 5 f.r 6 f r 6 f r 7 f r 7 F r 8F r 8F-r 9 f r 9

tu 2 f.r 2 fr 4 fr 4 fr 5 f.r 5 f r 6 f.r 6 Í.r 7 f r 7 Fr 8F r 8 fr 9 f r 9

Fr2Êr2

FrlFr1

FrlFrL

Fr1Fr1

Rr

Rr

Rr

FrL,Fr5 and Fr8 provide resistance to isolate SP3.

Fr6 and Fr9 provide resistance to isolate SP51.

FrZ, I'r4 and Fr7 provide resístance to both isolaËes SP3 and SP51.
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such as ILB159-4, DLana-2 anð. TLB479-7 showed that resistance to SP3 is

dominant when crossed to the suscepÈible parent ÌIF-7 and recessive r'¡hen

crossed to the susceptible parenÈ 2N40-5. SirnÍlar resul-ts were reported

by Dyck and Samborskí (1968) on the expression of the resisËance genes

Lr22 andLr24 ín wheat toSgccínia recondita Rob. ex Desm. f', sp. tritici

and by McDanieL (1973) on the expression of resistance gene PC45 from

Avena sËerilis to crov,tn rust @llglg coronaËa avenae llriks ' The gene

Fr7 was shown to condition infection tyPes 0 in ILB938-8, I ín ILB479'7

and 2 ín ILB159-L, indicating thaÈ the expression of this gene is ínfluenced

by the genetic background of the inbred lines'

The high degree of heterogeniety ín the fieLd selecËions !üas reflected

in Èhe lack of uniformity in the F, Progenies and in the poor fíts of the

F2 segregatíng populations to the expected ratios in the crosses involving

field selectÍons (Tabl"es 2 and 5). Nevertheless, resistance genes in

heterozygous field selections could be identified by crossing them to

inbred lines with known resistance genes. The task of identífying addi-

tional resistance genes in heterogeneous faba bean cultivars should be

less difficult once a series of inbred lines wiÈh identified resistance

genes is established.
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3. Select for Slow-Rustin sistance in Faba BeenRe
(Vicie faba) to the Rust Uromyces viciae-fabge

ABSTRACT

Evaluation of 253 open-pollinated faba bean accessions of diverse

origin for their abil-íty to retard the development of rust Uromyses

viciae-fabae (Pers.) Schroet. ttas carried out ín small adjacent plots

during the perioð, Lg78 to 1981. A míxture of rust isolates from Manitoba

was used ín the first 2 years and single-pustule isolates SP3 and SP51

gere used in subsequent years. Significant differences at the 17" level

were found bebveen accessions for the area under the disease Progress

curve (AUDpC) and the final disease severity in the various trials. l"lass

(MS) and single plant (SP) selections !üere made wíthin accessions for the

slow-rusting character. Eight selecËions from six accessions: 2N6 (MS),

2N29 (SP), 2N43 (MS and SP), 2NL22 (SP), ILB938 (1"1S), ILB(332X133)A (MS)

and ILB(332X133)B (MS) had consistently 1-ow AIIDPC values and were consi-

dered slow-rusting. Four addÍtional selections: 2N29L (MS), 2N319 (SP)'

TLB6I7 (MS) and ILBS66 (MS) had inrermediate AIIDPC values and were con-

sidered moderate-rusting. Other accessions tested were either fast rusËing

or showed ínconsistent AIJDPC values from one year to another. Rust sPread

and development r,üere also evaluated in isolated test ploÈs using one slow-

rusting, one moderate-rusting and one fast-rusting selection. The results

obËained confirrned Ëhe adequacy of using small- adjacent plots for slow-

rusting evaluation of a Large number of accessions'
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INTRODUCTION

In the last few decades race-specífic resistance has often been found

to be short-lived and this has led to a search for more durable resis-

tance (Johnson L979). Epideniological evidence suggests that slow-rusting

resistance could be very effectíve agaínst rust dÍseases of cereals

(Ca1-dwell 1968, CLif ford L972, I'lÍlcoxson et aI. I975).

Slow-rusËing is determíned by measuring Èhe apparent infection rate

(AIR) or comparing the area under the dÍsease Progress curve (AllDPC) in

various cultivars (!ùilcoxson 1981). The AIIDPC was found to be a more

sensítive and reliable criterion for evaLuating slow-rusting and slow-

mildewing than the apparent infection rate (Ílilcoxson et al' L975,

Shaner and Finney L977). The AIIDPC $las also highly correlated wíth

different components of slow-rusting such as latent period and number of

uredia per leaf area (ParLevllet and Van Ommeren L975t Johnson and

WÍlcoxson I978, Neervoort and Parlevliet 1978). It is beLieved that

rapid progress could be achÍeved by using AUDPC for slow-rusting selection

in the field (Johnson and tJilcoxson 1978). In spite of the fact that

movemenË of inoculum between snall adjacent plots is very high and slow-

rusting may be underestímated (Parlevliet and Van Ommeren 1975, Wilcoxson

et al-. L975, Shaner and Finney 1980), large differences \dere apparent

among cultivars, suggesting the usefulness of smalI adjacenÈ ploEs in

evaluating a large number of cultivars for slow-rusting (Gavinlertvatana

and t{ilcoxson l-978, Johnson and l{ilcoxson l-980, Parlevliet et al' 1980)'

Slow-rustíng in faba beans has been recently demonstrated by Conner
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(1981) ín sma1l adjacent plots: three accessions had consistently low

AIIDPC values while six other accessíons had AUDPC values that shifted from

low to íntermediaÈe over 3 ¡rears of Ëesting.

The purpose of this study was to develoP a system for evaluating

large number of open-pollinated faba bean accessions of diverse origin

for theír abilíty to retard rust development in smalL adjacent plots and

to assess the progress that can be made through mass selecËion and single

plant selection over several years. One slow-rusting, one moderate-rusting

and one fast-rusting selection were also evaluated ín isolated test plots.
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MATERIALS AND METHODS

Eval-uation for Slow-RusËi ø in Small Adiacent Plots

One hundred and tr{enty-seven faba bean accessions, L20 F4 populations,

the cultÍvars Ackerperle, Diana, Erfordía and Herz Freya and the rust

susceptible accession 2N4O (PT222L28) were evaluated in smal1 adjacenÈ

plots for Eheir ability to reËard rust development at the campus farm

of the University of Manitoba. In 1978, the entries vüere tested in two

separate trials of 82 and 51 entries Ëo faciliËate the assessment of rust

development. Entríes in each trial were planËed in single rows 2.5 rn in

length and .6 m apart (30-35 plants/row) in a randomized complete block

design with three replications. The I20 F4 populations from crosses made

at ICARDA in 1975 hTere evaluated in single rows in a non-rePlicated trial.

In each trial, t!,ro rows of the rust susceptible accession 2N40 were

planted at right angles along both sides of each plot to act as rust

spreader ro!üs. The spreader rows were inoculated 3-4 weeks after emergence

by spraying uredospores suspended in water conÈaining a few drops of

Tween-20 (Polyoxyethylene sorbitan nonolaurate) with a knapsack sprayer

equipped with a fíne nozzLe. Inoculation was always done after sunseÈ

on cool eveníngs wiËh a high relaEive humidity. f{hen judged necessary,

the spreader rows !ùere sPrayed with ÈaP rdater or the entire ploË was

sprinkler-irrigated before inoculation,to help maintain a high relative

humidity. In the few cases when poor infection occurred as a result of

inadequate leaf vJetness, the spreader rovts lsere inoculated again after

7-10 days.
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Tn L979r mâss selections for slo!"- and moderate-rusting from the

previous year !úere evaluated ín two-row plots using a randomized complete

block design with four replications. In 1980, 20 mass selections for

slow-rustíng were tested to single-pustule isolates SP3 and SP51 at two

locations 2.5 l<rn apart. A randomized complete block design with four

replications vlas used at each location.

Three hundred single plant selections ¡,¡ith low levels of rust leere

made in 1978 and evaluated Ín a non-replicated one-row plot in 1979 f.or

theír ability to retard rust development. Fifteen lines derived from

single planÈ selections vrere tested in 1980 in a randomized complete block

design with four replícations to the rust isolate SP51 and in a non-

replicated trial to SP3 due to limited seed supply.

Thirteen faba bean lines, derived from mass or-single-plant selections,

consistently showing slow- and moderate-rusting and one fast-rusting line

$rere tested in 1981 to the rust isolaÈe SP51 using a randomized complete

block desÍgn with four replications.

va1 t S1 ow-Rus tin I olated Test P

Two slow-rusting selections from the accessions 2N5 and 2N43 and one

fast-rusting selectíon from the accession 2N240 were tested in isolated

plots 6.25m2 and 3 m apart in 1980. A randomized complete block design

was used with three replications. Each plot consisted of eight rows 2.5 m

long and .3 m apart. Wheat was gror{n between the plots to reduce movemenË

of ínoculum. The two rusÈ isolates SP3 and SP51 were used in separate

fields 2.5 kn apart. Plants infected with rust in the greenhouse \4iere

transplanted into Èhe center of each plot 3 weeks after plot emergence and

Éhe spread of Ëhe rust in each plot vras assessed at weekly intervals for

5 weeks. For analysis of the data, each plot was divided into four squares
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measuring.3, .6r.9 and 1.2 n from the center of the plots. The values

of percentage leaf area infecÈed ¡sere averaged for each sguare and AUDPC

val-ues !ùere caLculated.

Rust_Isolates Used and Assessment of Dísease Reaction

A mixture of field isolates of Uromyces viciae-fabae (Pers.) Schroet.

was used in 1978 and L979. The single-pustule isolates SP3 and SP51

(Conner 1981) I'rere used Ín 1980 while in 1981 only the more virulenE

ísolate SP51 was used. The inoculum was increased in the greenhouse on

plants of the susceptible accession 2N40 (PI222128) as described previously

(Thesis Sectíon 1, Appendix 1).

The build-up of rust on the faba bean accessions T¡ras assessed 2-3

weeks after Ínoculation of the spreader rows and at weekly intervals for

4-5 weeks. Assessment keys of 1, 5 and L0% Leaf. area covered by sPoru-

lating pustules were used to visually estimate the leaf area ínfected.

The values of leaf area infected over time were summarized as AUDPC

values (Conner 1981) using the formula AUDPC = Í L/2 (Si + Si+l) where
i-1

Si = the rust severity aË week i and K is the number of successive obser-

vations (I{ilcoxson et aI. 1975). The percentage of non-infected plants and

of plants with various reactions were estimated where accessions !ìiere

heterogeneous ín their reactions. Analyses of varíance were carried out

for AUDPC values and the final rust severity (Cochran and Cox 1957) " The

means of each accession !üere compared using Duncanrs Multiple Range Test.

Twenty to 30% of the accessions with low and intermediate AUDPC

values in each trial were selected for furÈher tesLing (mass selections) "

Pl-ants with undesírable reactíon tyPes (highly resistant or híghly

suscepËible) were el-iminated from heterogeneous accessions before harvesting
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in an attempt to improve the uniformity of the accessions. To determine

the feasibility of selecting for slow-rusting on the basis of the perfor-

mance of single plants, plants with low rust severity were harvested,

individually in l-978 and their progenies further evaluated ín L979 and 1980.
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RESTILTS

Considerable variat.ion was observed between individual faba bean

accessÍons from ICARDA and the University of Manitoba and between Ëhe F4

populations evaluated in 1978 for their ability to retard rust developnent

(Figure l). The AUDPC values ranged from high to relatively low levels

of rust build up. Sixty-nine percenL of the accessions had AIIDPC values

l-ower than six. Analyses of variances for AUDPC and final- disease severity

vaLues showed signifícant differences between the various accessions at

the l-7" level (Appendlces 1 arrd 2). However, the coefficients of variability

for these values were high, ranging from 32 to 36 (Appendices 1 and 2).

llass selecËions from accessions with low to moderate AUDPC values

showed a narrolJer range of AUDPC values and a narked j-ncrease in the

percentage of infected plants ín 1979 than ín the previous year (Tables

1-3). The AIIDPC and final dísease severity values were hígher in 1979

than ín 197g due to more favor.able vJeather conditions for rust development

in L979 (Appendix 14). Dífferences between selections !üere significant at

the 1% Ievel for values of AI]DPC, final disease severity and percentage of

infected plants (Appendíces 3-5).

Mass selecÈions from accessions with Low AUDPC values reacted simi-

Lar1y to isolaËes SP3 and SP51 in 1980 with a trend to higher AUDPC values

for isolate SP51 (Tabl-e 4). In general, the capacity of the selections

tested in 1980 to retard rust development was consístent wíth their Per-

formance Ín previous years. However, some accessÍons such as ILB431,

ILB864 and the cultivar Diana shÍfted from 10w AUDPC values Ëo moderate

or high values. other cul-tívars such as Ackerperle, Erfordia and Herz
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Figure 1. Df strlbution of area under the disease progress curve (.Â-trDpc)fn 253 faba bean accessfons tested fn 197g.
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TABLE I. Average va1ue6 for area under the disease progress cune (AUDPC), flna1 dlseese severity and
percentÊge lnfected plantE of 26 faba bean accesslons frm ICARDA teÊted 1n Manitoba fn 1978 end

1979.

t9 78 L979

Acceesfons AUDPC

Ffnal
diBease
sever ftY

PercenÈage
Ínfected
plante AI'DPC

Flnal
d fsease
severl ty

Percentage
fnfe c ted
plant6

2N40

ILB9 38

1L896

I'LBL42

ILBl 59

TLB479

TLB?69

ILB64O

1r8578

ILB868

¡L8643

ILBI59

IJ,B55

IrB8l 5

ILB4OO

ILB92O

ILBI9O

rLB864

tLB697

ILB9 1 1

ILE431

ITB6l

Diane

II,B938

Ir-8882

u,8866

c.v.

15.83

2.66

L,7 5

3.42

3. 58

2.7 5

3. 50

2.50

r.67

7,67

2. 08

2.83

2,33

I .08

4.08

3. 08

0,75

1,33

2,25

|,67

1. 33

1. 58

1 ,33

2,42

0.75

9. 00

2. 00

1,50

2.50

2.50

1.50

2.00

2.25

t.7 5

L.25

L,25

t. 50

2 .00

2 .00

1 ,00

3. 50

2.50

0. 50

1.00

2.00

I .00

0.7 5

1.00

1.00

1,75

0. 50

100. 00

98.00

100. 00

95.00

100. 00

r00. 00

100.00

100.00

98. OO

98.00

100.00

95,00

95.00

100.00

85.00

95.00

95.00

98.00

95,00

r00. 00

85.00

98. 00

95.00

85. 00

90.00

75.00

20.00 a* 10. 00

2.62

3. l3

2.88

2.7 5

2.50

2, 50

2.3t

2. 13

2.38

2.06

2,38

2,36

2.25

2.75

r, 38

1.63

1.44

L.25

1.75

1.38

1.ó3

r. 38

1.00

1.00

0. 50

28.43

*
e

bcde

b

bc

bcd

bcde

bcde

bcde f
bcde f
bcde f
bcdef

bcdef

bcde f
bcdef

bcd

de fg

cdefg

cdefg

ef8

bcde f g

defg

cde fg

de fg
fg

fg

s

100.00

100. 00

100.00

100.00

100. 00

100. 00

100.00

100.00

100. 00

100. 00

100. 00

100. 00

100. 00

98.00

t00. 00

98.00

97.50

95.00

95.00

98.00

95.00

90.00

95.00

90. 00

90.00

90,00

5. 38

5. 3l

5 .06

4.94

4,69

4,69

4,44

4. 38

4. r3

4.06

4.04

3.88

3. 81

3.67

3 .06

2.63

b

b

bc

bc

bc

bc

bcd

bcd

bcde

bcdef

bcdef

bcdéf

bcdefg

bcde fg

cde fgh

def ght

def ghi

efghi

efghi

efghf

fghl

shl
h1

ht

i

a

a

a

g

a

a

a

a

a

a

a

a

a

âb

a

ab

b

bc

bc

ab

bc

c

bc

c

c

c

2,4þ

2.35

2,29

2.14

2.t0
1. 87

L.37

r.32

0,92

22.58

*Duram'" ¡fult1ple RanBe TeEt, values folloHed by the 8aæ letter sre not Eignfflcantly
dffferent fron each other at the I% 1evel'
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TÀBLE 2. Average velueg for area under the dfoeese progrese cuwe (AIDPC)' fful dlseaee Eeverfty and

pêrcentage fufected planÈs of 25 F4 faba bean populations from ICARDA tested fn Manfloba in 1978

snd 1979,

1978 L979

F4 Populatfm AITDPC

Ffnsl
di¡eaBe
severfty

Percent¡Be
lnfected
plants ÀT'DPC

Flnal
dlseeBe
severlty

Percents ge
infe c ted
plantg

2N40

rrB(112x12)

rr.3 (53Xr0)

rr.B (53xr0)

rrB (r99x133)

Giza2XILBl33

rrB(42 5X284)

rLB (26X1r6)

rLB(1r2x12)

rrB(62x12)

Glza2XII,810

rrB(332x133)

Glza2Xt Bl0

rLB (42 5X284)

rLB( 199X133)

rrB(ó2xl r6)

rLB (332xro)

rrB(199X133)

r¡.8(7r1x269)

Giza2XILB3l-B

clza2Xû8133

rr.B(332x31)

Giza2XIl831-A

rLB(332xr33) -B

rrB(332X133) -A

c. v.

15.83

4,00

0.75

0. 75

?. 50

2.50

3. 00

2. 50

1.00

2.50

t.25
4.00

0.75

2. 50

1,00

r .00

1.50

1.50

3. 00

1.00

2.50

L.75

2. 50

t .00

1. 00

9 .00

2.50

0.50

0.50

1. 50

1. 50

2 .00

2 .00

0.50

1. 50

0.75

2. 50

0. 50

2.00

Q.50

0. 50

0. 75

1. 00

2 .00

0.50

1. 50

I .00

1, 50

0.50

0.50

100.00

100. 00

90. 00

90. 00

95.00

90. 00

100. 00

95,00

90. 00

95.00

90.00

95. 00

95,00

95.00

90.00

80. 00

95,00

90.00

90.00

90. 00

90. 00

90 .00

90.00

90.00

85. 00

10. 00

3. 00

2.3t

2.50

2.00

2, 00

2 .00

2.50

2.38

2.L3

1,88

2.13

1.88

2.00

1,75

L.25

I .25

1. 50

t. ó9

t.25

1.00

0. ó3

1.00

0.50

0.63

26.3L

*
å

b

bcd

bc

bcde

bcde

bcde

bc

bcd

bcde

bcdè

bcde

bcde

bcde

cdef

defg

de fg

cdefg

cdef

defg

efg

fg
efg

I
fs

100.00

100. 00

100. 00

100. 00

98.00

98. 00

100.00

98. 00

100. 00

98. 00

100. 00

98.00

98.00

98.00

100.00

98,00

98.00

98. 00

95.00

98.00

95.00

95.00

90. 00

95.00

90,00

20.00 a*

5.50 b

4.81 bc

4.63 bcd

4.25 bcde

4.00 bcde

4.00 bcde

4.00 bcde

3.75 cdef

3. 63 cdefg

3. 5u ctlefgh

3,44 cdefgh

3.38 cdefgh

3.00 defghi
2.88 defghf

2.75 efghij

Z.5O efshij
Z.5O efghfj
2.L9 fghlj
2.06 fshfj
l.88 shlj
1.75 hlj
1.s0 u
L.25 rJ

r.06 J

2L.40

a

a

a

a

b

b

a

b

a

a

å

b

b

b

a

b

b

b

bc

b

bc

bc

c

bc

c

*
Duncan'a Multiple Range Test, values folloHed by th€ sæ letter lre not eignlftcantly
dlfferent from each other at the 1Z level.



TABLE 3. Average values for area under the disease progress curve (AUDPC), final disease severity and

rcentage infected plants of 10 faba bean accessions from the universiÈy of Manitoba tested in
78 and 1979.

I978 L979

pe
19

Accessions A1IDPC

Final
dÍeease
severity

9.00

2.25

2.25

3.00

1.50

2. 00

L,25

2.00

L.25
2.00

Percentage
infected
plants

100.00

100.00

9 5.00

100.00

90.00

95.00

85.00

90. 00

90.00
90. 00

Final
disease
severiÈy

Percentage
infected
plantsATJDPC

20.00 a*

6.44 b

5.88 bc

5.66 bc

5.19 bc

4.7 5 cd

3.56 d

3.50 d

L.94 e

0.56 e

13. 04

100.00

100.00

100.00

100. 00

100. 00

100. 00

100.00

100. 00

95.00
90.00

2N40

2N240

2N134

2N32

2N41

2N29 1

2N6

2N29

2N43

2N5

c.v.

15.83

3.33

3.67

4.00

2.42

3. 58

2.L7

3.42

2.L7
3.92

10. 00

3.7 5

3. 50

3.00

3. 13

3. 00

2,25

2 .00

L.25
0. 63

15. 41

b

b

bcd

bc

bcd

cde

de

ef
f

e

a

a

4

a

a

a

a

b

c

*e

*D.rr,."r,'s lfultiple Range Test, values foLlowed by the same letter are not signlficantly
different from each other at the 1% leveL.
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TABLE 4. Average values of area under the dlsease progress curve (AUDPC), flnal dlsease severiÈy and percentage infected PlanÈs of 20 faba bean u¡ass
selections tesÈed tn Manitoba to rust lsolaÈes SP5l and SP3 in 1980 wlÈh values for 1978 and 1979 for comparfson.

r978 L979 1980

sP51 sP3

Mass
Be lec t lon AIJDPC AT'DPC

Flnal
dlgease
severlty

*

PercenÈage
1nfÈcted
nlanta

Flnal
d laeaae
severlty

PercenÈage
lnfected
plaûts.AUDPC

13.81 a*
8.38

7.25

6.19

7.81

5. 19

6.94

4.00

6.25

4.69

6. t9

5.7 5

7.13

3. 13

3 .81

4. 06

3.25

3.69

5.25

3.81

L9.94

Ffnal PercenÈage
dlsease lnfected

severiÈy plants

Flnal PercenÈage
disease Lnfected

BeveriÈy plantB

2N40

2N29 1

Dlana

Glza2XILB3l-A

rLB(7r1X269)

ILBl9O

2N29

2N5

ILB431

ILB864

ILB882

Giza2XILB3l-B

Glza2XILB133

ILBg38

2N43

rLB(332x133)-A

2N6

ILB697

ILB866

rLB(332x133) -B

c.v.

15.83

3. s8

1.58

2.50

3.O0

3.08

3.42

3.92

L.67

0.75

2.42

1.00

2.50

1.33

2.I7
1.00

2.L7

l. 33

0.75

1 .00

9 .00

2 .00

1.00

1.50

2.00

2.50

2. 00

2. 00

I .00

0. 50

1. 75

0. 50

1. 50

1.00

L.25

0. 50

L.25

1 .00

0. 50

0.50

100.00

9 5.00

9 5.00

90.00

90. 00

9 5.00

90.00

90.00

85.00

9 5.00

90.00

9 5.00

95.00

85. 00

90.00

90.00

85.00

90.00

75.00

90.00

ÀI'DPC

20. 00

4.7 5

1.87

1. 50

2.L9

2.63

3. 50

0.56

2.L4

2.84

L.32

2.06

1.88

1.37

1.94

1.06

3. 56

2.35

o.92

L.25

10. 00

3.00

1.38

I .00

1. 69

1.63

2.00

0. 63

1.38

L.44

1.00

L.25

1.00

1 .00

L.25

0. 63

2.25

r.25
0.50

o.50

100.00

100.00

9 5.00

90.00

95.00

97 .50

100. 00

85.00

95.00

95. 00

90.00

100. 00

9 5.00

90. 00

9 5.00

90.00

100. 00

9 5.00

90. 00

95.00

20.50

11.19

10. 94

10. 3l
10.25

9.75

9.63

8. 63

8.25

8. l9

8.00

7.88

7 .69

7 .25

7 .I3
6.88

6.63

6.56

6.56

5.56

16.47

*
a

b

bc

bcd

bcd

bcde

bcde

bcdef

bcdef

bcdef

cdef

cdef

def
def

def

ef
ef
ef
ef
f

10.00 a

6.7 5

6.25

6.63

5. s0

5.50

6 .00

5.25

4.7.5

4. 38

5.13

5.00

4.88

4.25

4.50

4.00

4.63

4. 00

3.88

4.38

L6 -49

b

bcd

bc

bcdef

bcdef

bcde

bcdef

cdef

def

bcdef

bcdef

bcdef

ef
def

f.

def

f
f

def

100.00

100.00

100.00

100.00

100. 00

100.00

100.00

100.00

100.00

97 .50

97.50

100. 00

97 .50

96.00

100. 00

95. 00

100.00

97.50

97. 50

95. 00

b

bcd

bcde

bc

defght

bcde

fght
bcdef

efghl
bcdefg

cdefgh

bcde

I
fght
fghl

hl

thl
defghi

fghl

8.63

5.25

5.00

5.13

5. 50

3.63

4. 38

3.25

4.00

3. 63

4.7 5

3.88

4.75

2.13

2.50

2.75

2.25

3. 00

4.25

2.7 5

21.o7

*
a

b

bc

bc

b

bcdef

bcde

cdef

bcdef

bcdef

bcd

bcdef

bcd

r.

ef
e1

f
def

bcde

ef

100.00

100.00

1o0.00

100.00

100.00

97.50

95.00

97. 50

100.00

97.50

100.00

100.00

100.00

85.00

95.00

95.00

85.00

97.50

100. 00

85. 00

@
l\)

*Dorr.".r'B lfultlPle Range Test, values follø¡ed by che same letter are not stgniflcantly different from each other at the 1? level.
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Freya !ùere very heterogeneous in their reactions in 1978, with a range of

AITDPC values. These cultívars were not mass selected and only single

pJ-ants were selected for further evaluation.

Faba bean lines derived from single plant selections showed a range

and disrribution of AIIDPC val-ues in L979 (Figure 2) similar to that of the

original- accessions tested in 1978 (Fieure 1). Eighty percent of the

single plant selections had AUDPC values lower than six. Fifteen lines

derived from single plant selections in 1979 had relatively lower values

of ASDPC and fínal disease severity in 1980 to the rust isolate SP51 and

even much lor,¡er values to the isolate SP3, Èhan lines derived from ståss

selections (Tables 4 and 5). Analyses of variances for values of AUDPC,

fínal disease severíty and percenËages of infected plants showed significant

differences between the various unss selections and single plant selections

at Ëhe 17. level (Appendices 6-8).

Mass selecËíons (MS) and singl-e pLant selections (SP) evaluated in

1981 could be placed into three groups on the basis of AIJDPC values: a

slov¡-rusting group including the selections 2N6 (MS)' 2N29 (SP)' 2N43

(sp and MS), 2NL22 (SP), ILB938 (MS), ILB(332X133)A (MS) and ILB(332X133)B

(MS); a moderate-rusting group including the selections 2N291 (l"ts), 2N319

(sP), ]:LB6g7 (¡{S) and ILB866 (MS); and a third grouP represented by the

fasr rusrer 2N40 (MS) (TabLe 6). These selections are characterized by

susceptible infection types (IT 3 and 4) except for Ëhe selections

2N29 (SP), 2N43 (SP), 2NI22 (SP) and ILB(332X133)B (MS) which showed low

infection types (IT 2). The slow-rusting selections behaved consistenÈly

from 1978 Ëhrough 1981, whereas some of the moderate rusters such as

TLB6}7 and ILB866 shifred from sl0w-rusters in 1978-1980 to moderate rusÈers

in 19g1 (Tables 4-6). Differences between the various selections for
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ÎA3LE 5. Average values for area under Èhe dlaease progress curve (AlrDPC), flnal dlsease aeverfty and
percentage infected plants of 15 faba bean llne6 fron single plant selecÈfona tested 1n ltanltoba
to ruat isolates SP5l and SP3 1n t980.

sP51
ã

sP3'

Slngle
plant

¡electfonsl

Fiml
d{ seaêe
severity

Percentage
fnfec ted

p lante

Fiml
d isea 6e
eever I ty

Pe r cen ta ge
infe c red
plantsAI'DPC AI'DPC

2N40

2N5

2N240

IÞrz Freya-A

Herz Freya-B

llerz Freya-C

2Nl 19

Ackerperlé

2N22

Ackerperle-B

2N319

2N43

zNT22

2N6

2N29

c. v.

18. 00

9,69

9, 50

8.44

8.19

7.3L

7.06

7.00

7 .00

6,94

5. 38

5.25

4 .56

4.50

2.69

16, 20

*a

b

bc

bc

bc

bcd

cde

cde

cde

cde

de

de

ef
ef

f

10.00

6, 38

6.25

6.L3

6.00

4,7 5

4.63

4.83

5,?5

5. 38

3.50

3. 50

3. 88

3,25

2.88

t6.37

*
a

b

b

b

b

bcde

bcdef

bcde

bc

bc

def

dèf

cdef

ef

f

100.00 a

100.00 I
100.00 a

100,00 a

100.00 a

100.00 a

100.00 a

100.00 e

100.00 s

100.00 a

98,00 b

98.00 b

100.00 a

95.00 c

98.00 b

10. 50

2.25

6.75

3.25

3. 00

2.25

2.50

3. 50

I .00

2 .00

1. 50

0. 75

t. 75

r.25

0.25

100. 00

90.00

100. 00

100, 00

100.00

95. 00

95.00

90.00

I00,00

100.00

100. 00

95.0ú

95.00

90. 00

80. 00

6 .00

1.50

6. 00

2.00

2.00

2 .00

1.50

2. 50

1,00

2. 00

2 .00

0. 50

1,50

1.50

0. 50

Itt" 15 6fng1e plant Eelectlons were nade fn 1978 and tested 1n 1979. Results fn Flgure 2

'Duncan's I'lultlple Range Test, values folloved by the sâae letter are not slgnlffcantly
dffferent fron eacb oÈher at the 1Z level'

(àL'Testlng these selectlons to SP3 was carrfed out in a non-rePlícated trial due to llnfted
eeed supply.
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TABLE 6. Average vaLues for area under the disease Progress curve
(AllDPC) final disease severiÈy and percentage infected plants
for 13 faba bean slow-rusting selections tested to rust isolate
SP51 in 1981.

.aSeIecËrons AI]DPC

Final
disease

severity

PercenËage
infected
plants

2N40 (MS)

2N291.(MS)

TLB697 (MS)

rLB866 (MS)

2N319 (SP)

2N43 (MS)

2N6 (Ms)

2Nr22 (sP)

rLB938 (MS)

2N29 (sP)

rLB(332X133)A (MS)

rLB(332X133)B (I',ls)

2N43 (SP)

c. v.

25,25

L2.L3

L0.25

9 .00

7.00

6. 50

5.88

5.56

s.44

4.94

4.63

3. 81

3.38

18.98

*
a

b

bc

cd

de

def

dcf

ef
ef

ef

ef

ef

f.

10. 00

5,7 5

4. 00

4. 00

3. 50

3.7 5

3.00

2.25

2,38

2.50

2,L3

I,7 5

L.7 5

19 .38

*
a

b

c

c

cde

cd

cdef

ef

def

ef

ef

f.

f.

100. 00

100. 00

100.00

100. 00

100. 00

100.00

98.00

100. 00

100. 00

98.00

100. 00

98. 00

98. 00

oD.rrr".r,'s Multíple Range Test, values followed by the same letËer
are not significantly different from each other at the 1% level.

âMS = I4ass SeLectíons; SP = Lines frour Single Plant Selections.
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AIJDPC and fínal disease severity values were signíficant at the 1% level

(Appendix 9).

In the Ísol-ated test ploÈs, deveLopment of rust isolates SP3 and SP51

was slower in the slow-rusting selection 2N43 than in the moderate-rusting

selection 2N5. However, rust development in both select,ions was much

slower than in the fast-rusting selection 2N240 (Tabl-e 7). Furthermore,

AIIDpC and final- disease severity values for selections 2N43 and 2N5 were

lower ín the isolated test plots than in the small adjacent plots (Table

9). In contras!, the fast-rusting selectíon 2N240 showed a more rapid

disease development as índicated by higher AIIDPC and final disease severity

values in the isolaLed Ëest plots than in the small adjacent plots (Table

9). The AIIDPC and final disease severit,y values were aË Èheir highesl

at the center and least in the outer square of each ísolated test plot

(Table 7). Higher values of AIIDPC and final disease severity were obtained

for ísolate SP51 than for isolate SP3. However, Ëhe trend in disease

development wiÈhin the p1-ots was almost similar for both isolates. Analyses

of variances for AIIDPC and final disease severity values showed significant

differences between Ëhe three selections as well as between the four loca-

tions (equares within each plot) at the 1% level (Appendíces 10 and 11) '

The AUDpC values were highly correlated wíth the final disease severity

values in all the rrials conducted for this study from 1978 to 1981 (Table

8).
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IABLE 7. Average values for area under the disease progress curve
(AIJDPC) and final disease severity for 3 faba bean selections
tested 1n isolated test plots to rust isolates SP3 and SP51

at two locations in 1980

Selections
and

LocaÈions

ATJDPC

Final
Disease
Sever i ty

sP3 sP51 sP3 sP51

2N5

square lG

Square 2

Square 3

Square 4

x

2N43

Square I
Square 2

Square 3

Square 4

x

2N240

Sguare I
Sguare 2

Square 3

Square 4

ï

c. v.

*
4.05 a

2.45 b

1.58 c

1.30 c

2.35

3.58 a

2,38 b

1.35 c

L.32 c

2.L6

9.92 a

8.85 b

7.77 c

6,75 c

8.42

9.89

10.67 a*

8.95 b

6.80 bc

5.37 c

7 .95

8.L7 a

5.37 b

4.88 bc

4.35 c

5.69

15.88 a

L4.70 b

L4.55 b

12.38 c

14. 38

LL.27

¿
1.66 a^

1.41 a

0.95 b

O.BB b

L.23

1.83 a

1.48 a

0.85 b

0.83 b

L,25

4.L7 a
4.50 a

3.83 b

3.50 b

4.00

8. 05

4.50 a*

3.83 ab

3.42 ab

3.L7 b

3.73

2.83 a

2.33 ab

2.66 ab

2.50 b

2,58

8.17 a

8.17 a

8.25 a

7.83 b

8. 10

10. 86

%acn micro plot was divided Ínto 4 squares of '30,
and 1.20 rn from the center of the plot' Square 1

end 4 the farthest from the source of inoculum at
of each plot.

*Drrrr".o's lful.tipLe Range Test, values

.60,.90
ís the closest
the center

Letter in each line under each rust
followed by the same

Ísolate are not
significanÈly different at the 1% LeveL'
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TABLE 8. Correlation values between the area under the disease progress
curve and final disease severity in the years 1978 to 1981 to faba
bean rust in ManíËoba.

I978 L97 9 19 80
ExperimenEal

trial

19 81

Mixture* Mixture SP3 SP51 SP51

ICARDA accessions

ICARDA F4

University of Manitoba
access ions

Mass selections (MS)**

Single plant selections (SP)+

Mass and single plant
selections#

Isolated Èest plots

0.92

0.96

0.97

0.98

0.98

0.99

0.91

0.94

0.92

o.94

0.97

0. 98 0.9 5

oA *i*t.rre of rust isolates was used in 1978 and L979 field trials.
Single-pustule isolaËes SP3 and SP51 were used in l-980 in isolated
locations while SP51 was the only isolate used Ín 1981"

**Thi" trial- consisted of mass selections made in L979 f.rom the ICARDA

accessíons, ICARDA F4 populations and University of Manitoba accessíons.
*Thi" trial consisted of lines derived from single plant selections

made in 1978 from the ICARDA accessions, F4 populations and Universíty
of Manitoba accessions and evaluated in I979.

#Thi" trLa1 consisted of selections made in 1980 from mass and single
plant selections.



TABLE 9. Average values for area under the disease progress curve (AUDPC) and final disease
for three faba bean selections evaluaËed in small adjacent plots and isolated Èest plots
Uromyces viciae-fabae in 1980.

Adjacent Plots* Isolated Test Plots*

SP51 SP3

severity
to

SP3 SP51

Accession AIIDPC

2N5

2N43

2N240

4.00

3.81

6.7 s

Final
disease
severity

3.25

2.50

6.00

AUDPC

8. 63

7 .I3

9. 50

FinaI
disease
severity

5.25

4. 50

6.25

AI]DPC

2.35

2.16

8.42

Final
d isease
severity

r.23

I.25

4.00

AUDPC

7 .95

5.69

14. 38

Final
disease
severity

3.73

2.58

8.10

*Ad3acent plots consisted of tv¡o roï¡ls of.2.5 m long and .6 m apart.
*Isolated test plots consisted of eight rows of 2.5 m long and .3 m apart (6.25 n2).
Plots were separated by 5 m striPs of wheat.

\oo
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DISCUSSION

Sma1l adjacent plots were satisfactory for evaluaLing a large number

of open-poLlínated faba bean accessíons and cultivars for their ability

to retard rust development. Mass selections from accessions 2N6, 2N43,

ILB938 and ILBS(332X133) and single plant selections from accessions 2N29,

2N43 and 2NL22 had low AIIDPC values over 3 to 4 years of testing, whereas

other mass selections includíng 2N291, TLB697, ILBB66 and Diana had low,

intermediate or high AIIDPC values (Tables 4 and 6). The variable res-

ponse of some accèssions migh[ 1.re due to varying levels of ínter plot

interference and/or environmental differences from one year to another.

It would appear that accessions or their selectíons need Ëo be evaluated

over a minimum of 2 yeaxs to ensure that they are indeed slow-rusters.

The results from this sËudy confirm a recenË report by Conner (1981)

on the abilíty of faba bean accessions to retard rust development. The

dístribution of the AIIDPC values for the 253 accessions first tested in

1-978 is skev¡ed towards low AIIDPC values (Figure 1) suggesting that many df

the accessions had been naturally exposed to rust and that indirect selec-

tion for low levels of rust infection may have been practised.

Small adjacent plots underevaluate the differences in slow-rusting

between cultivars due to interplot interference (ParlevlíeË and Van Ommeren

fg75). In thís study, rust development Ín the slov¡- and moderate-rusting

selections 2N43 and 2N5 was aLso slower ín isolated test plots than in

snpll adjacent plots. However, in the isolated plots, the AUDPC values

for 2N43 were again lower than for 2N5" The fast-rusting selection 2N240
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had a more rapid rust development in isolated test plots than in small

adjacent plots indicating that the less suscePtíble accessions have a

buffering effect ín small adjacent pLots and reduce the amount of inoculum

t.hat reaches the highly susceptible accessions.

The coefficients of variation (CV) for the values of AIIDPC and final

disease severiËy were very high in L978, ranging f'tom 32 to 38 (Appendices

3 and 4). The reduction in the coefficient of variation values during the

following years of testing to a range of 13 to 2L can be atËributed to

several factors including the increase in plot size, the reduced hetero-

geniety of the accessions as a result of mass selection for the slow-

rusting characËer and to the use of a single rust isolate per test site

rather than a mixl-ure of isolateg. Ilowever, plot sizc nay be the most

importanË factor since ín 1980, the lowest coefficients of variatÍon (8 to

11) were obtained from the large isolated Ëest plots (Table 7).

Mass and single plant selectíon were both effective in reducing the

number of plants with specific resistance. This is shown by Èhe constant

improvement in the percenËage infected plants which reached 98 to 100% in

all selections tested in 1981 (Table 6) '

Low AilDpC values of some accessíons may not be entirely due to the slow-

rustíng character. Mixtures of lines or cultivars in varíous proportions of

susceptible and resistant components have been reporËed to be effective in

reducing rust development (Browning and !'¡sy L969, Browning L974) ' Wahl

(1970) found that a frequency of. 30% resÍstant genotypes in a diverse popula-

tion of v¡ild oat was adequate for protection against the most virulent strains

of crown rust. In Èhis study, the presence of 15 to 25% plants with

specific resistance in the accessions 2N6' ILB431, ILB866 and ILB938

Ëesred in 1978 and in the selections 2N6, ILB938 and ILB(332X133)B tested
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to isolate SP3 in 1980 nay have contríbuted to their rusL retarding ability.

On Ëhe other hand, the rust retarding ability of the selections evaluated

ín 1980 and 1981 would appear to be due entirely to the slow-rusting

character and not to a mixture of resistant and susceptible genotypes

since 98 to 1007. of the plants in each seLection were infecEed (Table 6).

Components responsible for slow-rusting in cereals like low.recepti-

vity, longer latent period, reduced sporulation and sural1 pustules

(ParlevlieE L975, Johnson and I^Iilcoxson 1978, Neervoort and Parlevliet

1978) ur,ay be responsible for the slow-rusting in faba beans. In some

selections such as 2N29, 2N43, 2NL22 and ILB(332X133)B, snall pustule size

(infecÈion type 2) may be involved in retarding rusË development. However,

the idenÈifícation of the component(s) responsible for slow-rusting in

each selection requires further research.

The correlation beËween the AUDPC values and final rust severity

vaLues qras noË unexpected since final rust severity contributes in part to

ATDPC values. Conner (1981) also found an association between these two

values and suggested that final rust severiËy could be used as a criteríon

for selecting potenÈial slow-rusters in preliminary tests. Final rust

severity ís less labor intense than recording rust development over time

as required in order to obtain AIIDPC values.

Eighty percent of the 360 lines derived from single plants selected

for Low rust severity values in this study had low to moderate AUDPC values

in 1979 (Figure 2). Several Lines from single plant selections \À,ere among

the best slow rusters in subsequent years of testing (Tables 5 and 6).

These findings suggest that it may be possible to select single plants

withín F2 populations on the basis of final rust severíty values. The rust

retarding capacity of the F3 and F4 progenies could then be evaluaÈed in
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small adjacent PLots and once sufficient seed is available, in large

isolated plots.

Slow-rusting resistance is considered to be effective against all

races of a pathogen and more stable than specific resistance (Van Der

pLank 1968, Par[evliet and Van Ommeren 1975). Although the slow-rusting

accessions and sel-ections of faba bean identified in the present study

were effective against two pathotyPes of the rust from Manitoba, they

should be evaluated ín other areas to determine theír effectíveness

against a greater range of pathotyPes.
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GENERAL DISCUSSION

The evaluation of a Large number of faba bean accessions for their

resistance to the two rust isolates SP3 and SP51 shorved that resistance

to SP3 is more corrtrrron than resistance to SP51, thus confirming Connerts

(1981) findings that sP51 is more virulent than sP3' The different levels

ofresistancewithinfectiontyPes0to2inaccessionsfromvarious

regions of the world indicates that these accessions have been exposed in

thePasEtosimilarbiotypesofrustinEheircenter(s)oforigin.

Theuseoffababeaninbredllnesselfed3to4timesprovedtobe

adequate to study the inheritance of rust resistance' The assumption that

thetwogenesforresistanceidentifiedinthisstudyinAck-AandErf-2

arethesameasÈhegenesFrlandFr2ÍdentifiedbyConnerandBernier

(1g82b) ín the same accessions needs to be confirmed by inter-crossing

Ëhe various selections. Of the six genes identÍfíed and designaËed Fr4

toFrg,genesFr4,Fr5,Fr6andFrTrvereidentífiedasdistinctgenes.

However, inbred lÍnes with genes FrB and Fr9 should be inter-crossed with

Ínbreds carrying the identified distinct genes to establish whether Fr8

and Fr9 can be truly different or alleles'

The use of open-pollinated field selectíons 2N43' 2N43-A and Ack-A

in crosses with ínbred lines resistant to specific isolates showed that

the field selections possessed addítional genes for resistance' The

establíshment of a pool of inbred 1ínes vrith Ídentified resistance genes

will facÍlítate the identification of additional resístance genes ín open-

pollinaËed field selections. However, further selection and sel-fing will

be needed to a1low the identifícatíon of the resisËance genes ínvolved'
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The use of small adjacent field plots was shown to be adequate for

evaluating large numbers of accessions for slow-rusting resístance'

However, the high l-evel of inoculum from fast-rusting accessíons and,spreader

rows leads to underevaluation of moderate- and slow-rusting accessions.

Rust development is more uniform and the rate limiting capability of the

accessions is better exPressed in isolated test plots than in small adja-

cent plots. Thus, after preliminary evaluation in small adjacent p1ots,

sLow- and moderate-rusÈíng selectÍons should be further tested in isolated

plots in order to obtain a more realistic assessment of their ability to

retard rust develoPment.

Inbred lines and other homozygous selections identified in this

study wíth specÍfic resistance should be tested in other regions where

rust is a problem to determine whether theír resistance would remain

effective. This would also serve to identify any more virulent pathotypes

of the rust. Slow-rusting selectíons also should be tested in other regions

to evaluate their effectíveness against a wider range of pathotyPes'

Intravarietal diversity of cross-bred populations of corn have long

been recognized to offer some ProËectíon against diseases (Hooker L969 '

Lg73, Browning and Frey 1969). In the present studies, intravarietal

diversíty was clearly shown in several faba bean accessions' Several

single plants homozygous for one of the infectÍon types ; to 2 to rust iso-

lates SP3 and sP51, were selected from accessions such as 2N319, ILB335 and

ILB431 (Manuscrípt 1). Accession 2N319 and the selections ILB159-1 and

:ILBLil}-4 which originated from 2N319, titere found to Possess Èhree resistance

genes Fr7, Fr8 and Fr9 to specific rust ísolates (ManuscripL 2)' It seems

possíble thaË genes Fr7, Fr8 and Fr9 providÍng resistance !ùith 1ow infection

tyPesland2in2N3]-gurayberesponsíbleformoderate.rustingofthis
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accession or EÉry have contributed to l-imiting rust development. Effective-

ness of such genetically diverse accessions in resËricting rust development

in the field is expected to be much greater than that of cultivars with

single specifíc genes for resÍstance and may be comparable to a multiline

compos íÈe.

In considering breeding strategies for faba bean, it would appear

desirable to maintain and ímprove the genetic diversity presently found in

some of the germpLasm. Reliance on specific resistance to rust would

result in greater cultivar uniformíty but reduce the genetic diversity'

Durability could be improved by pyrarnÍding 3 to 4 síngle genes ínto a given

cultivar. A more logicaL approach to maintain genetic diversíty ín an open-

pollinated crop such as faba bean is populatÍon improvement through recurrent

selection. Improved populations could be generated by allowing several

inbred lines with one or trùo resistance genes and agronomÍcally adapted cul-

tivars to inter-cross under screen cages using bees'

InfababeanrwherequaLítyrequirementsarenotverysÈringent'

multiline cultivars could also be produced within a few generations of

back-crossing specific resÍstance genes into agronomically suitable lines'

l"fultiline composítes could be formed by rníxing línes with specifíc resis-

tance alone or in combination with slow-rusting lines.

Further research is required to identify Ëhe varíous comPonents res-

ponsible for slow-rusting in faba bean. This infornation would facílitate

selecting for slow-rusting resistance and simplify the task of the plant

breeder.
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APPENDIX 1. Procedures for increasing rust isolates.

RusÈuredosPoreswereincreasedunderstrictsanitarymeasuresto

avoÍd any possibility of contamination with foreign spores' Plants of

the susceptible faba bean pf222L28 were inoculated in a pläxiglass ehamber

equÍpped t,ith a set of fine spray nozzLes (Green 1981). The chamber was

mÍsÈed with waËer to remove sPores from the air and wash the sides of the

chamber between isoLates. The inoculated plants were covered with poly-

vinyL tubes and Íncubated under 100% relative hurnidity for 24 hr ' They

were then moved into Ëhe greenhouse and the tubes connected to a source

of filtered air to prevent cross-contamÍnatíon and excessive build-up

of moisture under the covers. Uredospore.s lttere collected using a cyclone

spore collector (Browder 1971) and were stored at 50 C for further use'
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APPENDIX 3. Analysis of variance for slow-rusting from 51 faba
bean 1Ínes from University of Manitoba collection tested in
ManÍtoba L978.

Source D.F
Sum of
Sguares

l"lean
square

F
vaLues

AI]DPC

Replicat ions

Lines

Error

Total

Repli c¿tions

Lines

Error

Total

2

50

100

L52

100

L52

11.03s1

39L .7 067

238. 831-s

64L. 57 34

5.5L7 6

7.834L

2.3883

2.3L

3.28^^

2.45
&-L

3.66^^

C.V. = 3L,76%

FinaL Disease Severi tv

2

50

4.4739

L67.3366

9L.3595

263.L699

2.2369

3.3467

0. 9 136

C.V. = 32.1L%

Significance at 1% level.
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A?PENDIX 4. Analysis of varíance for slow-rusting from 82 faba
bean lines from ICARDA tesÈed in Manitoba L978.

Source D.F.
Sr¡m of
squares

Mean
square

F
values

ReplicaËions

Líne s

Error

ToLal

Repli cations

Lines

Error

Total

2

AUDPC

56.0249 28.Or25

2380.7564 29.3920

583.5s84 3,6022

3020.3397

c.v.

Final Disease Severitv

= 38,25%

7.78^^

8. L6^^

¿
3. 30^

6,52**

81

r62

245

81

L62

245

2 9.70L2

77 5.89L3

237,8654

L023.4579

4.8506

9.57L5

L.4689

C.V. = 36,47%

^Significance af 5% level.
^^Significance at L% level.
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APPENDIX 5. Analysis of variance for slow-rusËing from 26
selected faba bean lines from ICARDA collection tested
in Manit oba L979.

Source D.F
Sum of
squares

Mean
square

F
values

Replications

Lines

Error

Total

Repl icat ions

Lines

Error

TotaL

3

25

75

103

25

75

103

ATTDPC

r3.s496 4.5L65

L235.8874 49,4355

62.3482 0.8313

L3Lr.7 8s2

s.43^^
4ú

59.47^^

C.V. = 22,58%

Fínal Disea se Severitv

3 7.0787

293,3732

3L . 811-9

332.2638

&¿
s. s6^^

27 .67
ú

C.V. = 28,43%

2.3596

Lr.7349

0.424L

&
Signifícance at 1% leve1.
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APPENDD( 6. Analysis of variance for sLow-rusting from 25 f.aba
bean lines of F4 from ICARDA tested in Manítoba ín L979.

Source D.F.
Sum of
6guares

llean
square

F
values

RepL icat ions

Lines

Error

TotaL

Replicat ions

Lines

Error

TotaL

3

24

ATÐPC

2.L2L9 0.7079

L226.2350 51.0931

46.8000 0. 6500

L27 5.L569

1. 09

&ù
78.60^^

C.V. = 2L,40%

72

99

Final- Disease Severítv

3

24

72

99

0. 8075

303. 5L63

20.8488

32s.L725

o,2692

L2.6465

0.2896

0.93
.il-

43 .67 ^^

C.V. = 26.31%

&¿'-"SignÍficance at L% 1eve1.
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APPENDIX 7. Analysis of varíance for slow-rusting from 10 faba
bean lines from University of l4anitoba collection tested in
t979.

Source D. F.
Sum of
squares

Mean
square

F
values

AI]DPC

Repl-icati ons

Lines

Error

Total

Rep f. ica Èions

Lines

Error

Total

3

9

27

39

0 . 2188

L082.7250

15.3750

1098.3188

0 .07 29

r20,3028

o ,5694

0. 13

2rL,26**

0.46
JJ¿

10s.33^ "

C.V. = L3.04%

FÍnal Dísea se Severitv

3 0. 3 500

237.8750

6.7750

24s.0000

o.tt67

26 .4306

0.2509

9

21

39

c. v. L5.4r%

úJ""Significance at L% leve1.
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APPENDIX 8. Analysis
bean lines tested

of variance for slow-rusting from 20 faba
in Manitoba for the isolate SP51 in 1980.

S our ce D.F
Sum of

squares
Mean

square
F

values

AUDPC

Repl icaÈions

Lines

Error

Total

RepL icati ons

Lines

Error

Total

3

19

57

79

22.8438

7 62 .237 5

t22.L563

907 ,237 5

7 .6L46

40.Lr77

2.L43r

¿
3. s5^

J--L

L8.72^^

= 16.47%

J.L

6 .08" ^

.L¿

10.37^^

3

L9

57

79

c.v

Final Di,qease Severitv

L3.8344 4.6tLs

r49 .3594 7.8610

43.228L 0 .7 584

206 .42L9

C.V. = L6,49%

&J-
Significance at
Sígnificance at

5% leveL.
1% level.
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APPENDIX 9. Analysis
bean lines tested

of variance for slow-rusting for 20 f.aba
in l,fanitoba for isolate SP3 in 1980.

Source D. F.
Sum of

squares
Mean

square
F

values

AIIDPC

Repl icatí ons

Lines

Error

Total

Replica tions

Lines

Error

Total"

3

19

57

79

24.s898

458.87LL

76.9883

560.4492

r.4344

170.0594

41.8781

2r3 .37 L9

8.L966

24.L5TL

L,3507

0.478L

8.9s05

0.7347

C.V. = L9.94%

¿ú
6.07^^

17 . gg*å'

0. 65

Jù

12.18^^

I Dis se Sever

3

L9

57

79

C.V. = 2L.07%

**signifícance aE L"L leve1.
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APPENDIX 10. Analysís of variance for slow-rusting from 15 faba
bean selected lines tested to ísoLate SP51 in 1980'

Source D. F.
Sum of

squares
Mean

square
F

values

Replications

Línes

Error

Total

Repl icat ions

Lines

Error

Total

3

L4

42

59

I4

¿+2

59

AI]DPC

5. 0583 1. 6861

686.9208 49.0658

60.8792 L.4495

7 52.8583

l_. 16

33. 85
.*

C.V. = L6.20%

FinaL Disease S ritv

3 o.4458

L77.2333

29.3667

207 ,0458

0. 1486

L2.6595

0.6992

o.2L
&ú

18.11^^

C.V. = L6,37%

¿¿^^Signíficance at L% level.
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APPENDIK 1-1-. AnalysÍs of variance for sLow-rusting from 13 faba
bean línes tested to the isoLate SP51 in 1981.

Source D. F.
Sum of
squares

I'lean
square

F
vaLues

ATIDPC

Repl-ications

Lines

Error

Total

Repl icat ions

Lines

Error

TotaL

3

L2

36

51

3

L2

36

51

5. L731

1602 .4183

82.6394

L690.2307

L.7244

L33.5349

2.29 55

o.7 5

59.17**

18.98%

0.7 B

¿ú
41 .06^^

c.v.

FinpJ Disease Severítv

L.L346 0 .37 82

239.3942 L9.9495

L7.4904 .0;48s8

258,0L92

c.v. = L9.38%

**̂"significance at L% leve1.
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APPENDIK L2. Analysís of variance for slow-rusting from ísolated blocks
of three faba bean lines tested to the isolate SP3 Ín 1980.

Source D.F.
Sum of
squares

Mean
square

F
values

AI'DPC

RepLicaÈ íons

Lines

Lines X Reps

Locatíons

Lines X Locations

Error
TotaL

Repl icat ions

Lines

Lines X RBps

Locat ions

Lines X Locations

Error

TotaL

2

2

4

3

6

18

35

2

2

4

3

6

18

35

6. 1010

245.04L8

LL.5428

34.5097

L.3843

3.2L29

356.7924

3.0505

L47.5209

"2.8857
13.1699

0.2307

0.1785

1.06 NS

51. 12**
*

L6 .r7 ^^

73. 7g**

1 .29 NS

1.24 NS

&¿
71.90^^

t4,02**
&&

s0.36^^
¿

3.07^

C.V. = 9,89'/"

Final Disease Severity

1.048s

60.9618

L.6957

4,5674

0.5565

o.5442

69.374L

0.5243

30.4809

o ,4239

L.5225

o.0927

0. 0302

C.V. = 8.05%

*
Significance aE 5% level.

Significance at 17. level.
NS No significant differences.
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APPENDIX 13. Analysis of varíance for sLow-rustíng from isolated
blocks of three faba bean Lines tested t,o Ëhe isolate SP5l in
1980.

Source D. F.
Sum of
Squares

lfean
square

F
values

AIIDPC

Replícat ions

Lines

Lines X Reps

Locati ons

Lines X Locations

Error

Total

ReplÍcations

Lines

Línes X Reps

LocatÍ ons

Lines X Locations

Error

Total-

2

2

4

3

6

18

3s

2

2

4

3

6

18

35

L5.4268

484.7 47 6

10.6L07

83. 1039

9.5L57

20.0042

623.4089

7 .7L34

242.37 38

2.6527

27 .70L3

1. 5859

I . 1113

2.91 NS

¿$
9L.37^^

2.39 NS

¿&
24.93^^

1.43 NS

C.V. = LL.27%

Final Dis e Severitv

4.2LL8

203,7326

1.0069

2.O278

L.7 535

4.9063

2L7.6389

2.L059

101. 8663

0.25L7

0.67 59

0,2923

0.2726

&
8.37^

404.66**

0.92 NS

2.48 NS

1.07 NS

C.V. = 10.867.

*"significance at 5% leve1.
**'-"Significance aE L% level.

NS No significanË dífferences.
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APPENDIX 14. Precipitation for the years 1978, 1979, 1980 and

1981atËheUniversítyofManíÈobacampusfarm,I.Iínnipeg.

Total preciPítatíon ín nm

Period rgTB 1979 1980 1981

June 1-15

June 16-30

Jul-y 1-15

July 15-31

Aug. 1-15

Aug.15-31

Sept. 1-15

Total

I 10

20 53

44 7

39

61

53;. 10

219 183

7

35

00

39

4

18

44

50

24

L79

40

51

2I

t4

67

35

39

267

5

50




