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FOREI,üORD

The format adopted for this thesis deviaËes from the convenËional

in that the materials, methods and results are presented in the form

of four publications, the style of which complies with the require-

menLs of either the Canadían JournaL of Plant Pathology or PhyËoPathology.

A general discussion follows and the thesis Eerminates with the biblio-

graphy and appendices. This format has been approved by the Councíl of

the Faculty of Graduate Studies of Ëhe University of Manitoba.
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GENERAL ASSTRACT

Conner, Robert Lorne. Ph.D., The University of Manitoba, February, 1981

Evaluation of Resistance to Rust (Uromyces viciae-fabae) in Faba Bean

Major Professor: C.C. Bernier.

Rust I U.o..r""" viciae-fabae (Pers.) Schroet] ísolates from species

of Vicia, Lathvrus and Pisum were used in cross-inoculation studies on a

total of 20 Liçte spp., 10 Lathyrus sPP., one Lens sp. and one Pisum sp.

The host ranges of these isolates were much larger than prevíous studies

of ísolates from Japan and Europe had indicated. Rust isolates with

distinct host ranges were found to share so nany hosEs in common that

it was not possible to separate them into discreet formae speciales.

Isolates from native species of Vicia and LaËhvrus were able to infect

one or more of the crop species Vicia faba L., Pisum sativum L. and

Lens cu1 inaris l"ledic., and thus could play an important role in the

epiderniology of this disease.

A number of rusË isolates were tested for differences in virulence

patterns on nine faba bean inbred lines and on 16 pea cultivars. Rust

isolates from V. faba could be dívided into tlvo races on the basis of

theír reactions on the inbred lines of V. faba and pea cultivars.

Isolates from Vicia americana MuhL. reacted the same on the inbred lines

as race I of Ëhe faba bean rust isolates. Pea rust isolates behaved

as a third race on the pea cultivars. Several races were detected

(Vicia faba) and Pat nic VariabiliËy in U ces viciae-fabae.
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amongst isolates of LaËhVrus venosus Muhl. and an isolaËe from LathYrus

ochroleucus Hook. was avirulent on all the faba bean inbred lines '

several faba bean cultivars were found to be almost uniformly

susceptible to xace 2 and quite heterogeneous ín their reactíon to

race 1. WiEh a few exceptions the pea cultivars reacted unÍformly

to most rust isolates.

F2 and backcross data from crosses between nine inbred faba bean

lines revealed the presence of three differenl dominant genes for resís-

tance. The gene Frl found in lines Ack-ll and 2N12-2 provided resis-

tance only to race 1 (isolate SS3). A second gene, Fr2, for resisËance

to race 1 was identified in lines Erf-1-4 and MB-l-2. An additional

homozygous gene, Fr3 ín line MB-1-2, cOnditioned resistance only to

race 2 (isolate SP51). Heterozygous resistance genes in Erf-1-4 and

I'.{B-1-2 had their segregaLion masked by the homozygous resistance genes.

Resistance genes controlling resistance to both isolates were still

he1erozygous in lines D-50-7 and I{F-13-4 after three generations of

ínbreeding and selectíon for resistance'

Twenty-five open pollinated faba bean lines were evaluated in the

field for differences in the ability to reËard rust development' The

incidence and severiÈy of rust were assessed at weekly intervals in

replícaEed plots with rust spreader rows at each end' In all three

years of the study, significant differences were found between lines

for values of area under the disease progress curve (AUDPC), even though

within-line variation was high. Three lines consistently had 1ow AIIDPC

values and another six línes had AUDPC values that shifted from 1ow to

intermediate. The oËher lines either behaved inconsistently or htere
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fast rusters.

Final rust severity was well correlated to AUDPC in each year of

this study. Measurements summarizing the incidence of infected plants

over time and Ëhe Percentage of infected plants did not aPPear to be

related to AUDPC.



GENERAL INTRODUCTION

The occurrence of Uromvces viciae-fabae (Pers,) Shroet. is known

to be world wide (Guyot L95tr). In cerËain areas this rust is considered

one of the most serious fungal diseases of faba beans (Vicia faba L.)

(81 Helaly L939). Williarns (1978) found Ëhat severe early rust

infestations could result in yield losses as high as 45%. Since the

introduction of faba beans Ëo l^Iestern Canada in 1968, rust has been

reported at several locations in Manitoba and Saskatchewan (Bernier

L975, McKenzie and MorraLL 1975).

This rust also infects crops such as peas (!.isu* sativum L.) and

lenËÍls (Lens culinaris Medic.) as well as certain wild and cultivated

species of Vícia and Lathvrus (Conners L967, Guyot 1957). Studies in

Europe and Japan indicaËe several formae speciales exist. within this

rust species (Gaumann L934, Hiratsuka 1933). Similar studies v¡ith

isolaËes from host.s naËive to North Ameríca have never been conducted.

A lack of uniformity within faba bean cultívars has hampered efforts

to idenËify races of Uromyces viciae-fabae and sources of resistance in

V. faba (Kispatic L944 ar'd L949).

This study was initiated to gain a better undersËanding of the

variability Ëhat exists for host range and race composition wiËhin this

rust in Manitoba. The genetic basis of rusË resisËance in selected

inbred l-ines of g. faba was examined and methods for the detection of

slow rusting resistance Ín faba bean lines were also evaluaËed.



LITERATI.]RE REVIEI.T

1-. Nature of the Host

L.1 Center of Origin and Historv iiri ltrestern Canada

Vicia faba L. is thoughË Èo have originated ín the Near East

(Cubero L974, Zohary and Hopf L973). From this center of origin it is

believed to have spread Èhroughout Europe, Northern Afríca and into Asia.

Areas such as Ethiopia and Afghanistan are considered by some Ëo be

secondary centers of diversity (Bond L976).

The ancestry of V. faba is unknor¡n; Vicia narbonensis L. was once

thought to be the ancesÈor of this crop but cyËogeneËic evidence has

shown these two species to be widely divergent (Zohary and Hopf 1973).

Vicia galilea Plitn. et Zoh. has aLso been proposed as an ancestor of

V. faba because of íts resemblance to V. faba. However, Ladizinsky

G975) found the albumin profiles of seed protein from !. ealilea,

V. narbonensis and Vicia hvaeniscyamus MouÈ. hâd liËtle in co¡rrnon wiËh

Ëhe profile of V. faba. This, along with the fact that these species

are cross incompatabl-e with V. faba all suggests ËhÂt these species

are not the ancestors of faba beans.

Cultivation of !. faba is thought to have sÈarÈed in the late

Neolithic era (Zohary and Hopf 1973). Its use has been largely confined

to Èemperate zones and Ëo the cool season in subtropical areas. This

crop is gror¡¡n extensively throughout the Þfiddle East and China, also



Ëo a Lesser extent in SouLhern Europe (Hawtin and StewarE L979).

V. faba has been divided into three subspecies on the basis of seed

size (Evans and Slinkard L975, Robinson 1968). The subspecies maior,

equina and minor include large, medium and small seed types resPectively.

Subspecies naior is used primarily for human consumption while the Ëwo

smaller seed types are grown chiefly as grain legumes for livestock

feed.

Faba beans \¡7ere first gro\dn cournercially in lrlestern Canada in 1970

with Ëhe aim of providing a regional source of protein for livestock

(Evans and Slinkard L975). More recently, it has been found to be an

excellenL silage crop and its abil-ity in combination with suitable

rhizobia to fix nitrogen also makes it a good green manure crop. The

subspecies equina and minor have been used exclusively because their

small seed size make them beLter suited for handling with conventional

farm machinery. Field trials have shorvn this crop to be well adapted

to the moisËer growing areas of the prairies (Evans eË al.1972). Current

research programs are aimed at improving traits such as shaËter resistance,

earlier maturiËy and disease resistance (Furgal and Evans L976).

L.2 Faba Bean Uniformitv

Studies on the breeding system of V. faba indicate that quite a

high degree of cross-fertiLization can occur. Estimates on Ëhe percen-

tage of cross'f.ertíLízation have ranged betv¡een 19-79% (Poulsen L975,

Toynbee-Clarke L974),

A number of explanations have been advanced to account for the

large disparity found in outcrossing values. Factors such as the

amount of bee acËivity, flower colour and flowering Êime have al-l been



found to influence the level of cross-fertiLization (de Vries L978,

Poulsen I975). Plant density may also have an effect on the degree

of cross-fertil Lzatíon, although the evidence is conflicting (Holden

and Bond 1960). Poulsen (1975) reported that earlier formed flowers

tend to outcross more than laËer ones, the latter ensuring seed production

if bee-activity is 1ow.

The plant may have several mechanisms which favor cross-pol1ination,

such as floral tripping requiremenË (Rowlands 1960, Toynbee-Clarke L974).

Rowlands (1960) also proposed that I. faba may have some tyPe of self-

incompatability system controlled by a number of deleterious recessive

genes. There is little evidence to support this Eheory although it ís

generally recognized that fertility declines after several generations

of inbreeding even when there is selection for self-fertility (Holden

and Bond 1960). Contrary to thís view, Poulsen (1975) suggests that

fertílity declines for the fírst few generations of selfing and later

levels off as the genes controlling auto-fertilify become fixed.

Most estimates on the level of cross-fertíILzation within V. faba

are based on the results of studies using inbred lines with recessive

markers. This tends to exaggerate the amount of outcrossing since

inbred lines would outcross more and inbred progeny may have a higher

mortality rate than outcrossed progeny (Holden and Bond f960). A

beËter approach to esËimate the level of outcrossing has been to study

changes in the frequency of some simply inherited trait within a

population surrounded by another population where the frequency of this

trait is vastly different.

In order to maintain faba bean selections, an understanding is

required of the isolaÈion distances needed to limit the amount of



cross- fertLLj.zation. Bond and Pope (1975) found Ehat conlamination

decreased rapidly over short distances. An isolation distance of

134 m reduced cross- f.ertLLi-zation to L-2"L but 10w levels of contamina-

tion could stil1 occur at distances of 1.1 I(m or more.

1 .3 Breeding Strategies

MosË faba bean breeding progr¿uns are based on variations of either

pure line selectíon, masS selection or recurrent selection.

The pure line and mass selection meËhods may be useful for the

improvement of simply inherited traiËs but have not been successful for

Ëhe improvemenË of quantitatíve traits such as yield (Nassib eË al '

L97B). This failure is likely due to a combination of inadequate

pollination control and inbreeding depression (llawtin 1978). Hawtin

(1978) suggests that active selection for auto-fertility might overcome

the problem of inbreeding depression, whereas Nassib et 3[. (1978) feel

that Ëhis is not likely to be effective. Bond (L979) found inbreds to

be influenced more by environnent than were syntheËics. This is in

agreemenË with Byth and Weber (1978) who found a greater host-environment

interaction for homogeneous populations of soybean Glvcine max (L.) Merr.

than for heterogeneous PoPulations. This greater sensiËivity to the

environment coul-d cause Èhe yields of pure lines to fluctuate much more

than that of synthetics (Bond L979). The pure line or nåss selecËion

breeding schemes could narrow the genetic base of faba beans (Nassib

g al.1978) and may result in greater vulnerability to disease (Horsfal1

et .al. Lg72). Demands for better uniformity for agronomic traíts such as

Ëannin free seeds and shaËtering resistance could also lead to íncreased

disease vulnerabilitY.



Recurrent selection has been very successful in developing several

faba bean cultivars in Ëhe United Kingdom (Bond L979). The advantage

of recurrent selection is that it permits the rearrangement of genes

within linkage groups, allowing better combinations to be accumulated.

Recurrent selecÈion appears to be a logical approach in an outcrossing

crop. However, use of such a program to improve disease resistance has

so far not been examined. Presently, attemPts are being made to comPare

the ability of these breeding systems to improve disease resistance and

cerËain agronomic traits in faba beans (Hawtin 1978).

2. Nature of the Pathogen

2.L Rust Taxonomv

There has been considerable disagreement on the naming of faba bean

rust; most early works refer to it as Uromvces fabae (Pers') de Bary based

on a description of Uredo fabae by Persoon ín 1794 (Laundon and Waterston

Le6s) .

Most recently the most widely accepted name of this rust has been

Uromyces viciae-fabae (Pers') Schroet. based on Uredo viciae-fabae Pers.

described in 1B0t (Personal communicatíon of G.B. Cummins to C.C. Bernier,

Cummins L97B).

Boerema and Verhoeven (1979) feel this is incorrect since Persoon

only described the uredia and not the Ëe1ia. They sugges.t the name

Uromyces fabae (Grev.) de Bary ex Fuckel based on @!gia fabae Grev.

1821 has priority. Cummins and Stevenson (1956) have also used this

name Ëo describe this rust.

Laundon (1968) Puts forth

viciae- fabae (Pers . ) Schroet.

argument in favor of the name Uromyces

agrees that Persoon never described the

an

He



Ëeliospores buË believed that he did in fact describe Ehe telia. He felt

that Persoonts reference to the dark colour of certaín sori must have

been describing sori containing teliospores. Jorstad (1958) found

uredia and telia in the same type specimen that Persoon had used in his

descríption of Uredo viciae-fabae (Boerema and Verhoever 1979) ' For

Ëhese reasons Laundon (1968) felt that the possibility could not be

excluded that Persoon had actually seen and described the telia (in

agreement wiEh article 59 of the International Code of Botanical

Nomenclature). Since Uromyces viciae-fabae is the oldest validly pub-

lished name based on telía afËer 1801, it takes precedence (Article 13

I.C.B.N.). This name has generally been accepted and is presently used

almost exclusively (Cummins L978, Currníns 1962, Laundon and üIaterston

T965, I,Iilson and Henderson 1961).

?.? Imoortance of Faba Bean Rust

Uromyces viciae-fabae is considered by I^Iilson and Henderson (1961)

to be one of the most geographically widespread members of the Uredinales.

It is known to infect a large number of members in the tribe Viciae

(GuyoË L957).

El Helaly (1939) reported that rust is the most destructive fungal

disease of faba beans in Egypt. It has also been found to be very

damaging on lenril (L. culinaris) (Gupta 1974, Nene g.¡! {. L975). RusË

attacks the leaves and stems and when severe engouh, can result in parËial

defoliation, stem distortion and even death (Gupta 1974). Rust occurs

in many areas on a regular basis, being most desËructive where fields

are irrigated or rainfall is high (El Helaly 1939, Gerard 1960' Kaiser

Lg67, Money L965, Williams 1978) -

Williams (1978) studied the influence of differenË leve1s of rust



severity on the yield of two broadbean cultivars. He found a linear

relalionship between yield loss and rust severity at the pod filling

sËage. I^Jhen rust r^las most severe, yields rtere reduced by as much as

45%. These yield losses aPPeared Eo be almost entirely due to a

reduction in weíght of seeds per pod, an observation which is similar

to Èhose made by El HelalY (1939).

The incidence of rust on faba beans in lJestern Canada has been

quite low. McKenzie and Morrall (L975) found rust in only one out of

28 fields surveyed. Several introduced faba bean lines which have only

been grown on an exPerimental basis hTere severely attacked by rust

(Bernier Ig75, l"lcKenzie and MorraLL L975). At present, rust is generally

regarded as a potential problem for faba bean production in I'Iestern

Canada (McKenzie and l4orraLL 197 5) .

2.3 Biologv and Life Cvc1e of Rust

Uromvces viciae-fabae is a eu-autoecious, macrocyclic rust.

DescríptÍons of the life cycle and various sPore types have been given

in numerous sources (Arthur L934, Butler and Jones 1961, Cummins 1978,

Laundon and l.Iaterston 1965, Wilson and Henderson 1966). The thick-walled,

single-ce1led teliospores al1ow the rust to survive periods of adverse

weather conditions such as extremely low or high temPeraLures (Gupta L974,

Kispatic Lg4g, Money L965, Prasada and Verma 1948). In some parts of

the world, such as the mediterranean area, this rust has been reported

to persist the year round in the uredial stage (KÍspatic L949). This

rust is also known Eo produce amphispores (McKenzie and MorraIL L975)

¡shich allow it Ëo survive periods of high EemPeratures. These dark-

coloured, thick-wal1ed uredosPores are similar in aPPearance to teliosPores



differing only for germ pore numbers (McAlpine 1906).

Soon after teliospores are produced they can germinate and produce

basidiospores with no evidence of any dormancy (KapoorLa L97L, Kispatic

1949, Prasada and Verma 1948) .

The pycnial and aecial stages are found only infrequently on faba

beans and peas (Butler and Jones 1961, Gupta 7974). Studies on the

sexual behavior of this rust have shown it to be heterothallic (Brown

L940, Prasada and Singh I975). Aecia form only when pycniospores from

a pycnium of opposite mating type are applied to Ëhe pycnium or when

adjacent pycnia coalesce (Brown L940, Prasada and Singh L975). This

rust has a short-cycling tendency which allows uredia to form on aecial

mycelium without aecia ever being produced (Brown 1940).

Generally, aecia are produced only early in the season just prior

to the uredial stage (Gupta 1974, Kispatic L949) but repeating aecí¿ have

been reported. Prasada and Verma (1948) found that the product.ion of

secondary aecia continues ËhroughouË most of the season in India,

causing severe damage on lenÈils. It may be that Ëhe rust Prasada

and Verma (1948) described r,ras EegygË ervi I.Iest. v¡hich infects certain

species of Lens and Vicia and is known to produce secondary aecia

(Hiratsuka 1933, Laundon and lJaËersËon 1965).

The uredial stage is the most destructive phase, attacking the

leaves, sËems and also Ëhe pods of certain hosts. Kispatic (1949) found

thaË depending on the temperature, between six to nine uredosPore

generations could occur per season in Yugoslavia.

The temperature requirements of this rust has been studied in both

Japan and Yugoslavia. The reported result.s r¡¡ere not always in

agreement, possibly because of differences in local adaptation of
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rusr isolates (lliratsuka L934, Kispatic L949). The optimum temPerature

range for germination and infection of uredospores was reporËed by

Kisparic as l6-20oC and as !4-24oC by Hiratsuka. Kispatic found

germination of aeciospores had a lower optimum temPerature that ranged

from 11-167.. Temperatures above 28oC prevented both germination and

infection. Both workers found that a small amount of infection could

occur at OoC and rust mycelium ín infected leaves could withstand

temperatures of several degrees below OoC'

3. Host Species - Pathogen Interactions

3.1 Formae speciales Concept

The term formae speciales is defined as a subdivision of a species

of a parasiËic or symbiotic micro-organism dístinguished primarily by

their adaptation to different hosts (Talboys et al. L973). This concept

has been used primarily for obligate parasites since obligate bioyrophy

demands a high degree of host specificity (Brian 1975). Formae speciales

are thought to have resulted from a parallel evolution of host and

pathogen, r.rhich has resulted in rusts which are more specialized and

ecologically isolated (Brian L975, Green L9lL) '

Host range studies within centers of diversity for host-parasite

systems generally indicate a much wider scoPe of host specialization than

do similar studies outside these areas. Studies with Ervsiphe graminis

D.C. in Israel, an area r¡hich is part of its center of diversity, indícate

that these isolates have very large host ranges (wahl eE a1. 1978).

Certain isolates were able to infect as many as 30 genera representing

several tribes. The native grasses of Israel were found to be quite

importanË in Ëhe epidemiology of por^tdery mildew'
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A similar study ín North America showed thaL there was some over-

lap ín the host range of Puccinia helianthi Sch¡¡' isolates taken from

seven different Helianthus spp. (Ziumer and Rehder L976) ' All the P'

helianthi isolates shared one or more hosts in common with at least one

other isolate and this would permit an exchange of virulence genes between

the various isolaËes. IL was concluded Lhat the inability of host

specificity to restrict gene flow could al-low wild sunflower species to

serve as breeding sanctuaries for new virulent races'

The ability of certain formae speciales to intercross has been

demonstrated in several- systems. Hiura (1978) found that while not

all formae specÍales of Ervsiphe graminís inËercross, at least three

could. In less compatable combinations, hybrid cleistothecia formed

buttheyproducedfewascosPoresandoftenÈheseascosPoresfailedto

germinate.I^Iherecrossingdidtakeplace'crosscompatabilitywas

controlled by a single pair of genes which is typical of the hetero-

thallic mating systems of Erysiphe graminis. From crosses of f' sp'

tritici and f. sP. agropyri, hybrids were produced that rvere virulent on

rvheat or wheatgrass. Cu1 tures that could infect both hosts Tiüere often

1ow or intermediate in aggressiveness'

There is evidence of intercrossing between formae speciales of

Puccinía qraminis Pers. Watson and Luig (1959) found that somâLic

hybrids could form between f. sPP. secalís and tritici. .usually the

hybrids were intermediate in pathogenicity but some !üere more virulent

on rye than their secalis parent and a number were virulent on several

of the standard wheat differentials. They also found that by inbreeding

f.. sp. secalis, isolates were obtained Ëhat could infect wheat (watson

and Luig L962).
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Luig and !ùarson (L972) laËer concluded that the inability of

hybrids of Ëwo formae speciales Lo compeEe successfully \,rith the better

adapted formae speciales would effectively limit their importance on

cereals. However, on the native grasses of Australia, hybrids of the

formae speciales tritici and secalis were found to be very conimon.

Green (L97L) found a low rate of interfertility in crosses of

Puccinia graminis f. spp. triticí and secalis. All the hybrids were

low in virulence on both rye and wheat but could readily infect barley,

a host coÍtmon to both formae speciales. Based on these results he con-

cluded that virulence \¡tas controlled by such a large number of genes

that hybrids would likely be of no importance.

Hiura (1978) drew similar conclusiois from his studies on formae

speciales of Erysiphe sraminis. He suggested that virulence and

aggressiveness were conËrol1ed by more than five genes but unlike Green

(1971), he found hybrids which could attack either wheat or wheatgrass

as well as Ëhe parent cultures. The ability to infect boÈh hosts was

associated with low infection types and poor survival. Hiura speculates

that this is due to the breakup of linkage grouPs needed for aggressive-

ness on wheat or wheatgrass.

3.2 HosE Range of UrcEy.ces vlgiag:fabae

plowright (1889) was the first to examine the host specialization

of Uromyces viciae-fabae. His work, and the vrork of several others' was

laËer sumroarized by Gaumann (1934) (Appendix 1). Gaumann proposed six

formae speciales in Uromyces viciae-fabae and Ehree formae speciales in

Uromyces orobi (Pers.) Lev. UromYces orobi was considered to be a

different species from U. viciae-fabae based on differences in thickness
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of the uredospore wall. This was later judged to be a Poor taxonomic

trait so U. orobi is now considered to be synomous to U' viciae-fabae.

So, according to Gaumannts system, there are at least nine different

formae speciales in Uromvces viciae-fabae (Appendix 1) '

Later work by Kisparíc (L949) in Yugoslavia showed that what

Gaumann had designated f. sp. viciae-fabae had a much wider host range

than had been shown previously (Appendix 2). In India, rust isolates

were found which shared hosts of several formae speciales of both U.

viciae-fabae and U. ervi described by Gaumann (Kapooria and Sinha 1966,

Kapooria and Sinha 1971). Unfortunately, the original host(s) of these

isolates were not mentioned.

wirh the excepËion of the study conducted by Hiratsuka (1933),

all the reporÈs on host range have been based only on one or two

collections of rust. Even in the case of HÍratsuka (1933), most

collections were made in the Tottori area of Japan and often only one

collection r¡ras made from each host. Isolates were usually not tested in

a systematic fashion, so many of the hosts of one formae speciales were

never tested against isolates of supposedly different formae speciales.

The possibility of heterogeneity withín host species was not

considered in studies with this rust but recent studies on.Ervs-lPþg

graminis (Wahl et al. 1978) and Puccinia helianthi (Zimmer and Rehder

L976) have shown that host populations often do not react uniformly'

In North America, U. viciae-fabae has been reported on nine species

of Vicia, four species of Lathyrus and on peas (Anon. Index of Pl' Dis'

1960, Conners Lg67). The relaËionships of the rust isolates from various

hosts has never been examined in NorEh America'
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4. Host Cultivar - Pajlhogen Interactions

4.L Resistance in Outcrossing Crops

A considerable amount of work has been done on the study of rust

resisËance in several outcrossing crops, the most imporEant ones being

corn and rye.

Early v,iork on race identification for stem rust on rye lvas based

on differential behavior of rust isolates on oPen pollinated rye

cultivars. This approach allowed tr¡7o or three races to be identified

(Levine and Stakman 1923). However, this work was found to be difficult

to repeat because of the heterogeneity within open pollinated cultivars

(Tan et aL.L975). More recently' race identificalion has been based on

reaction of selected inbred lines of rye which caTry homo4ygous genes

for rust resistance (Tan et al. L975). once problems with self

incompatabiliËy were overcome, it was found this method allowed detection

of more races.

Rye inbred lines have been used in inheritance studies of resístance

Ëo rye stem rust (Tan et aI.L976). Crosses involving six inbred lÍnes

tested against Ëhree strains of rye stem rust, indicated the Presence

of aË least six different resistance genes. A similar study using the

same lines against two cultures of wheat stem rust allowed the identífica-

tion of eight different genes for resistance (Tan et aL.L977). In both

studies it was found that several lines r"rith two or more resisEance genes

sËill had heterozygous resistance genes ' even afLer 15 generatíons of

inbreeding.

The same procedure has been used in

sorghi Schw. and Puccinia polysora Underw

studies on corn rusts Puccinia

, (Futrel1 et aL'.I975,
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trüilkinson and Hooker 1968). The use of

has allowed Ídentification of at least

(Hooker L977) and has enabled Ehe study

(Saxena and Hookex 1974, tr'Iilkinson and

inbred lines

six different

of multiple

Hooker 1968).

in inheritance studies

resistance loci

allelic systems

4 .2 Res is tance to

At,tempts have been made to idenËify races of U. viciae-fabae using

faba beans, peas and lentils. Hiratsuka (1934) tested nine broad bean

cultívars against five sources of rust but found no resistance'

Kispatíc (Lg44) proposed a scheme for rating infection tyPes of rust

reactions on V. faba. He tested 14 cultivars againsË single sPore

isolates from three locaËions but found Ëhat the lack of uniformiËy

for rust reaction in Ehe cultivars made iË impossible Ëo distinguish

races.

Race identification has been more successful in self pollinated

crops such as peas and lentils. Kispatj-e (L949) differentiated nine

rust races based on Ëheir reaction on a number of pea cultivars' Sohi

eË al. (Ig74) tesËed 35 lines of peas to the natural inoculum in the area

near Banglore, India. Certain lines were less severely atËacked than

oËhers suggesting Ëhey had some type of resisËance'

Nene et al. (1975) tested between L29-157 lines of lentils to rust

over tr^ro seasons and a few lines were found Ëo be either immune or to

have low terminal rust severitY.

5. Breeding SËrategies for Disease Control

5.1 Monosenic Resistance

Since Ëhe turn of the century, man has attempted Ëo ímProve croP
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production, largely through the use of pure line cultivars. The

replacement of land races by pure Iíne cultivars has resulted in a

dramatic reduction in crop díversity (Marshall I977, Knott I972, Leakey

1970). Cultivars withín a species are ofEen closely related, each

carrying the same gene or genes for disease resistance. In many instances,

disease resistance over vast acreages is effectively controlled by

only a single resistance gene condiËioning an immune or hypersensitive

response.

Monogenic resistance has allowed long term control of many

diseases caused by slow spreading facultative ParasiEes (Knott 1972).

The effectiveness of such resistance has often been short lived for the

control of diseases caused by obligate parasites (Johnson 1961).

Single gene resistance disrupts the evolutionary balance between the

host and pathogen, placing strong selection Pressure on the paËhogen

population (Johnson 1961, I(nott L972). New races, produced by mutation

and either sexual or sour,atic hybridizatíon, are selected which overcome

the hostrs resistance. In many host-pathogen systems, Ehe repeated release

of resistance genes has resulted in a step-wise shift in the pathogen

population Ëo more virulent races (Marshal1 L977).

A lack of stable resistance, coupled with Ëhe monocultural system

of crop production, has left many of the worldts *ajor croPs very

vulnerable to new disease outbreaks (HorsfaLl et a1. L972).

5.2 Gene Pvramidins

The repeaËed failure of monogenic resistance to Provide long

lasting disease control has led to the use of more comPlex forms of

resistance. Multigene resisËance is thought to extend the useful life
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of the resistance genes, since it is more difficult f.or a single biotype

of a pathogen Ëo simultaneously acquire virulence agaínst several genes

(Coyne and Schuster L975, Green L975, M,arshalt L977). Resistance in

multigene lines might also be enhanced by the interaction of various

resistance genes (!larshalL L977) .

To be effective, the genes used in such complexes should not be

released singly in other cultivars; this prevents stepwise increases

in virulence which could destroy multigene resistance (Ihott I972) '

The success of this type of gene management is dependent on the

number of genes employed and the sources of variation in the pathogen

populaËion. Resistance would líkely be less stable if the pathogens

were able to recombine sexually or asexually, than íf change was entirely

due to mutation (Green 1975, Marshall L977).

5.3 Multilines

The multiline concePt has been

traditional monoculture system, in an

inËo crop cultivars (Browning et 41.

a number of host lines each carrying

proposed as an alternative to the

attempt to reinEroduce diversitY

L977). Multilines are comPosed of

different resístance genes or combina-

tions of resisËance genes.

There is some disagreement on the acËual number of effective

resistance genes that. should be included in any síngle component of a

multiline cultivar, The "Clean crop" approach uses several resistance

genes in each line to Prevent any of Ëhe components from being attacked'

If the pathogen population shifts, the susceptible components are

removed and new ones are added. Losses caused by changes in race

compositíon in any single year would not be great, since the remaining
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ïesísEant components would compensate for the diseased plants (M,arshall

Ig77). This approach has been criticized as being gene wasteful, since

iË may not extend the useful life of any of the resistance genes.

The t'Dirty croptt approach has been suggested as an alternative

which rnight overcome sone of the problems associated with the 'rClean

crop" approach (Knott 1972, Marshall 1977). In this case,only a single

gene is used in each component and some disease will always be Present.

This system works by keeping Ëhe predominanË races sirnple, since less

fit cornplex races would compete poorly vliËh simPler races. This could

result in an extension of the useful life of the resistance genes.

In order for these strategies to be effective, the 1eve1 of

stabilizing selection must be high, otherwise complex races able to

overcome all the resistant lines would eventually develop (Coyne and

Schuster 1975). It has been pointed out that little work has been done

to determine the actual level of stabilÍ-zing selection that exists ín

the field (Groth L976). IÈ has been proposed that the level of

stabilizing selection must be quiËe high to offset the reproductive

advanËage assocíated with the ability of complex races to attack an

increased number of components. I,Jolfe and Barrett (1980) disagree with

this view and suggest that the effectiveness of multilines will

gradually diminish only after beneficial modifying genes have been

selecËed for in the more complex races

There is also disagreement over how uniform the comPonents should

be. Wol-fe and Barrett (1980) feel the production of isogenic lines is

too tíme consuming and that only two or three generations of back-

crossing are necessary to produce suiËable cultivars. OÈhers feel iso-

genic lines should be used Ëo reduce Ëhe probLem of certain comPonents



L9

predominating over time (Browning et aL.L977, Viera and Wilkinson 1972).

In theory, multiline cultívars act in two ways to delay epiphytotics.

First, multilines reduce the initial amount of effective inoculum, since

much of the inoculum lands on resistant components (Browníng et al.

L977). Secondly, multilines reduce the rate of build up because most of the

inoculum produced on multí1ines lands on adjacent resistant hosts.

Tests wiËh wheaË multilines against Erysiphe graminis f. sp. tritici,

found that only the initial inoculum vras reduced (Fried et al. L979).

Multilines nay also reduce disease build up through the mechanism

of induced resisËance (Johnson and A1len 1975). Field tesËs have shown

that prior inoculation with avirulent races can cause a slight reduction

in subsequent infection by virulent races of stripe rust (p"gcinia

striiformis) on wheaË.

The use of rnul-tilines has been criticLzed as being conservative,

since it does not al1ow rapid improvemenË of agronomic traits and may

result in a lack of uniformity for characteristics such as quality

(Coyne and Schuster L975, I(nott 1972).

6. Slow RusËins

6.I Terminologv

A great deal of confusion and controversy has been associated with

the terminology used in Ëhe descriptíon of this disease retarding

resistance (Mortensen and Green L978, NeLson L978). As our under-

standing of the properties of thís Èype of resistance has evolved, the

use of certain terms has increased while oËher terms have fallen into

dísuse.
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Terms such as horizontal resistance, generaLízed resistance' non-

specific resistance and uniform resistance al-e now regarded as unsuiËable

since it is known Ëhat not all races are affecËed equally (Browning

eË aI. Lg77, Nelson 1978). Nonhypersensitive resistance, polygeníc resis-

tance and minor gene resistance are considered inappropriate since they

suggest certain atËributes of the mechanisms and genetics of this type

of resistance, which have not yet been clearly demonstrated (Nelson L978).

The terms stable resisLance and durable resistance infer that such

resistance is long lasting and effecËive under all conditions. Johnson

egTg) has pointed out that it is not possible to have absoluËe proof

that any type of resistance will be long lasÈing. Cases are also

known where the effectiveness of such resistance has been effectívely

diminished in diffeïenË environments or by Ëhe aPPearance of new races

(Johnson L979).

The most widely accepted terminology for this type of resisËance

is based on its effect on disease epidemiology' The term slow

rusting resisËance imply only that such resistance retards rust develoP-

ment which is a trait Ëhat can be seen and measured'

6,2 Measurements

Slow rusting resistance acts not by reducing the amount of initial

inoculum but rather by retarding epidemic development (Broi''zning et al'

(Lg77). DeËection of this type of resistance usually requíres that

changes in rusË severity be monitored over Ëime '

SeveriËy values over Ëime are often summarized as infection rate

(r) values (Vanderplank 1963) or as area under the disease Progress

curve (AUDPC) values (Wilcoxson et al-. L975) '
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Statler et a1. (1977) found that signifícant differences for infec-

tion qates could be detected between durum wheat varieties exposed to

Puccinia recondita Rob. ex. Desm. f. sp. tritici Eriks. and Henn'

Infection rate has also been found Ëo be correlated to yield losses

(Burleigh eË al. L972, Statler eË al' 1977) '

ApparenË infection rate is not considered to be the most reliable

measure for comparing disease development on different host lines'

I{ilcoxson et al. (Lg75) found infection rate to be less consistent than

AIIDpC values, when comparing the ability of wheat cultivars to slow down

the buíldup of Puccinia graminis f. sp. tritici. Shaner and Finney

(Lg77) found that infection rate values r,/ere very strongly influenced

by minor differences in severity early in the season. Infection rate

has also been found to vary vJith stage of plant development; however,

high levels of variation make it unclear whether or not these dífferences

are significant (Verrna et al. L975).

AUDPC is presenËly one of the mosË widely used values for comparing

disease build up (Shaner and Finney L977, !'Iilcoxson 4 aI.L975,

Skor¡mand et g!. Lg78, Johnson and I'Jilcoxson 1979). AUDPC stuwprizes

rus! severity over time, allowing relative comParisons to be made

between varieties. Sueh values can distinguish betv¡een lines with

similar terminal rust severity values but which díffer in Eheir ability

to retard rust development (Main L977). Buchenau (1975) found that

AIIDPC correlaËed well- with yield losses.

The advanËages of AIIDPC over ínfecËion rate are that it is not

strongly ínfluenced by mínor differences in severiÈy early in the season

and Èhat it also reflecËs variation in Ëhe rate of dísease development
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shaner and Finney 1977). since AIIDPC and r are relative values, direct

comparison cannot be made for different locations or for epidemics

with different daEes of disease onset'

The ability of the hosË to slow down disease develoPment has also

been studied by comparing rust severity values at some critical stage

(Iutortensen and Green Lg78, Luke et al. L975, Hooker 1967, Kím and

Brewbaker Lg76). Such measurements often do not correlate well with

yield losses (Burleigh et al' L972, Ylal-n L977)'

A modification of this approach has been to compare Ehe time

needed to reach a specific severity vaLue (Shaner and Finney L977) '

They feel such a value is superior to infection Ïate since it embodies

both position and slope of Lhe disease Progress curve'

6.3 Components of Slow Rusting

A number of possible mechanisms have been suggested whÍch either

singly or in combination, might account for the slow rusting phenomenon'

A list of these mechanisms includes decreased infection frequency,

longer latent period, smaller pustules, lower sporulation raLe and

shorter infectious period (Johnson and l'Iilcoxson 1978, Kuhn et al' 1978'

Milus and Line 1980, Neervort and Parlevliet I978, Parlevliet 1978,

Sztejnberg and Wahl 1978). It seems likely that some of these mechanisms

are manifestations of Ehe same phenomefla. certain of Ëhese traits

aPPeartobeassociaËedbutthismaybeonlyaPartia].association

since they can act índependently (Johnson and l^iilcoxson 1978, Neervort

and Parlevliet 1-978).

LatenË period has been studied extensively because it can be

measured most reliably (Neervort and Parlevliet L978). Latent period
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was found to correlate well with performance in the field (?arlevliet

Lgl5). Generally a better correlation with field performance !Ùas found

v¡hen latent period was tested on adult plants rather than seedlings '

while latent period was not found to be influenced by factors such as

lightintensityorinoculumdose,itwasinfluencedbytemPeratureand

Leaf age (Parlevliet L975, Shaner et al' 1978)' Latent period was

found to decrease with leaf age, although it was not clear if these

differences rdere significant (Parlevliet L975)' Other studies have

noË been able to detect significant differences in latent period

between lines (Shaner et al' Lg7B, Sztejnberg and I'lahl 1976) '

InfecEion frequency, measured as pustule number Per unit area' is

a less reliable measure which is often associated with high coefficients

of variation (Johnson and wilcoxson Lg79, l"Iortensen and Green l97B'

Parlevlíe t lg76). This variability is due to difficulties in obtaining

even inoculum deposition and uniform dew formation. Also, it would seem

that tissue age should also be considered in such studies' These diffi-

culties make it impracticaL for use in a breeding Program (Kuhn et al-'

LglB, Mortensen and Green 1978) '

TraiËssuchaspustulesizeandamountofsporeproductiontendto

be related (Cliffotd 1972, Shaner et al' 1978)' Krupinsky (1978) feels

pustule size is under the control of a number of minor, additive genes'

Both spore production and pustule size are influenced by infection density

(NeervortandParlevliet:rg78,Shaneretal,.1978).Martinetal.(L979)

disagreesincetheyfoundthatpustuledensityproducedbydifferent

sporeloadsdidnotaffectinfecËiontyPe.Therelationshipofthese

factors to the lor.r infection types associated with specific resistance

is unclear.

LitËIe work h¿s been done on examiníng Ëhe importance of length
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of infectious period (Neervort and Parlevliet L978) ' They found that where

the infectious period was shorEened, it was due to an increased latent

periodandearlierterminationofsporeproduction.Highpustule

densities were also found to result in a reduced infectious períod'

coyne and schuster (L975) suggest Ëhat earlier teliosPore formation

could be an important means of Ëerminating sPore production'

6.4 Iñf1uêñcê o1c EnvíronEìent On slow Rusting Resistance

Ballantyne (1973) proposed that semitroPical or tropical- conditions

may so favor the pathogen Ëhat the effect of slow rusting resisËance

may be nulLified. Kim and Brewbaker (1976) found that corn línes con-

sidered to have adequate 1evels of slow rusting resistance when tested

in Ëhe corn belË area of Ëhe u.s., had no effective resistance when

Ëested in the severe epiphytoËics of corn rusL (Puccinia sorÊhi schw' )

that occur ín tlawaii. However, cerEain other corn lines were stil1 able

to effectively reduce rust severity'

souÈhern (1978) found that wheat cultivars rusted much more

rapidly under condiËions of high rainfall and high levels of inoculum'

yet under these conditions, certain lines sËill significantly reduced

rust severitY.

6.5 Influence of Race ComPosition

The importance of the choice of rust isolates is often ignored in

many slow rusting studies (Gavinlertvatana and I'Iilcoxson 1978, Luke

etg!.Lg75,StaËleretal.Lg77,Vermaetal.]-975).Frequently,

naturaLly occurring inoculum or races of historical importance are

used in such sËudies (Johnson and Wilcoxson 1979, Mortensen and Green
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1978). This type of an approach fails to consider whether such rust

sources can effectively overcome all the known resistance genes in the

culEivars tested (Southern I978).

Southern (1978) found thaË certain wheat culËivars carrying the

resistance gene Sr 6 bebaved as slov¿ rusËers in the Presence of certain

races,and as fast rusters when exposed to other races. This race

specific response was due to Ëhe Èemperature sensitive nature of the

Sr 6 gene, which allowed infection of avirulent races at high

temperatures. The heat inactivation of the Sr 6 gene made lines

carrying it appear to behave as slow rusters when exposed to races

that normally are unable to aËtack Ëhem and as fast rusters when

exposed to races which could readily overcome Sr 6.

In order to avoid complications caused by the Presence of specific

resistance genes in potenËial's1ovc rusters, only races able to overcome

all the known resistance genes should be used (ltilcoxson et g!. L975).

Little work has been done in comparing slow rusting resPonses Ëo

race mixtures as opposed to single isolaEes. I^Iilcoxson et aL. (L975)

found ranking of AUDPC values for culÈivars to be more consistent v¡hen

isolates were used singly rather than as mixtures.

6.6 Inheritance of Slow Rusting Resistance

It has conmonly been suggesÈed that slow rusting resistance is

under polygenic control (Marshall L977). It is also often sËated that

the mínor genes conËrolling Ëhis trait have no relationship to genes

conferring specific resistance. Others disagree, stating that the

slow rusting phenomenon can be attribuËed to the same genes controlling

specific resistance (Nelson 1978).
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Inheritance studies have shown that the slow rusting trait has

ahighrrarrowsenseheritabilitywhichrangesfrom55togL%,depending

onthedegreeofdissimilaritybetweenEheparents(Skovmondetal.

1978b,Lukeetal'::g75,Ikupinsþandsharpl'978'KimandBrewbaker

irgl7, Johnson and Wilcoxson 1979) '

Estimates of the number of genes controlling slovr rusting in

various host-parasite systems have varied greatly' Gavinlertvatarla

and l^trilcoxson (1978) estimated that between three to 2! genes controlled

slowrustingtoisolaEesofPuccÍniarecondiEaf.sp.triticíinthe

spring wheat (T. aestivum L') cultivars tested' Luke eE a1' (L975)

concludedthatslowrustinginRedrustproofoatstoPucciniacoronata

wascontrolledby2.16genes;however'itisnotclearifhe!'7astru1y

studying slow rusting resistance. Ki¡n and Brewbaker (1977) reported

thâtslowrustingresisÈanceinlinesofcorn(Zeamavs)toPuccinia

sorghiSchw.appearedtobeconËrolledbytwogenes.skorrmandetal.

(1978b) estimated that slow rusting in spring wheat cultivars to stem

rust isolates (puccinia graminis f. sp. tritici) was controlled by

Lhree genes in some crosses and by as many as LZ gene pairs in other

crosses.

The standard s€thods of gene number estimation give a very rough

measureofgenenumber,whichisconsideredbySometobeonlyslightly

betterthannoestimateatall(FalconerL976).Theseestimates

are regarded as very imprecise because it is unrealistically assumed that

the effects of all 10ci are equal and no 1-inkage is present.

Krupinskyandsharp(1978)studiedthegeneticcontrolofpustule

sízeofisolatesofPucciníastriiformisinwheat.Thelevelofgeneral

combining ability was found to be guite high' so it rTas concluded that



27

the genetic conËrol of this resistance $/as 1-argely additive in nature'

unlike the previously described studies, the inheritance of this resis-

fance was not studied in the field. It is not clear how this resistance

differs from that of specific resistance which is known to produce

low infection type. Other facÈors known to ínfluence pustuLe síze,

such as inoculum dose, do not aPPear to have been considered in this

s tudy.

Nelson (1978) has suggested that specific resisfafice and slow rusting

resistance are different expressions of the same resistance genes'

$Ihen these genes are present alone or in small numbers, they confer

resisËance typical of specific resistance. I{hen large numbers of these

same types of genes are present, they produce a slow ruSting resPonse to

races with vírulence against all the accumulated resistance genes'

Martin and Ellingboe (1976) found that even when the powdery

mildew resistance gene PYI-4, in wheat, rdas overcome it stiLl prevented

the expression of a completely compatable relaËionship' The resPonse

was simiLar to mechanisms ProPosed for slow milde!'Iing, thus causing

reduced infectíon efficiency and a sloroer rate of development' This test

included only a small number of isolates and it is not clear if these

isolates are representative of all isolates that can overcome the PM-4

gene.

skovmand et al. (1978a) was unable Eo find any clear relationship

beËween slow rusting resistance in wheat and specific genes for

resistance to stem rust. certain genes such as sr 6 and srTtl appeared

Ëo be linked to slow rusting genes but this relationship was not always

consistenË, suggesËing the slow rusting character r'7as not conËrolled

byËhesegenes.othergenessEudiedappearedÈonoÈbeclearly
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associated with slow rusting resistance, however, it was acknowledged

that not all the genes for specifíc resistance Present in the lines had

been studied. only genes exPressed in the seedling stage were studied;

Èhe possíble involvemenL of adult plant resisËance T/üas not considered'

More recently SunderwÍrth and Roelfs (1980) have proposed that

the slow rustíng resístance reporÈed in many of these wheat cultivars

to stem rust, rnight be due Ëo the adult plant resistance gene sr 2.

This gene is noL expressed until around anthesis, and has been found

to be effective against all known races. Cultivars carrying the Sr 2

gene acted like slow rusters by consistently producing Iewer and smaller

pustules. The relatíonship of Ëhese resPonses to performance in the

f ield !\tas never demonsËrated.

6.7 Isolate AÊgressiveness

Interest in slow rusting resistance is largely due to the assumP-

tion that such resistance is long lasting because it is race non-

specif ic (Marshall Lg77). Hor.lever, in at least one case the ef fectiveness

of: a s1or,¡ rusting cultivar was short lived (Johnson 1979). This and

other studies, have led to the proposal that Ëhe Pathogen might have the

ability Ëo sl-owly erode such resisËance (clifford and clothíer I974,

Parlevliet Lg7B, PriesEley and Doling 1974) '

Cultivar-race interactions have been found in several studies for

traits such as latenË period and spore production (clifford and

clothier Lg74, Milus and Line 1980, I'fortensen and Green L978,

ParlevlieE Lg76, Parlevliet 1978). This has led to the suggestion that

slow rusting resisËance might be governed by a gene-for-gene sysEem

(ParlevlieË l-978) .
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TheexistenceofsuchaSyStemcouldultimatelyleadtoselection

formoreaggressiveisolates,ifslor,lrustingculËivarsv¡ereusedon

a Large scale.
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RESULTS OF RESEARCH

1. Host Range of Uromyces viciae-fabae

ABSTRACT

RrrsL Iuromvces viciae-fabae (?ers.) schroet.] isolates collected

from species of l!eiÊ, Lathvrus and Pisum were used in cross-

inoculation studies on a total of.20 Vicia sPP., 10 Lathyrus sPP"

oneLenssp.andonePisumsp.Theísolateswerefoundtohavemuch

larger host ranges than had previously been indicated for this rust'

Rust isolates share so many hosts in conuron, that it was not

possible to group them into discreet biological forms. Isolates found

on native species of vicia and Lathvrus could infect one or more of the

culÈivaËedcropspecies,ViciafabaL.,Bis}msaËivumL'andLensculinaris

Medic. and so could play an ímPortant role in the epídemiology of this

disease in Manitoba.
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INTRODUCTION

Faba bean rusË [Uromvces viciae-fabae (Pers') Schroet'] attacks

several important crops including faba beans (Vicia faba L.), peas

(lig"* sativum L.) and lentíls (Lens culinaris Medic.). Several species

of Vicia and Lathyrus grown aS ornamentals or aS f.otage croPs, as well

as many wild species, are also infected by this rust.

This rust has been reported to infect a total oÍ. 52 species of Vicia

a.¡d 22 species of Lathyrus (Guyot L957). In Canada and the United States

it has been identified on six species of Vicia (V. americana P1uhl.,

v. angustifolia Reichard, V. caroliniana Wa1t., V. cracca L., V. faba

and V. sativa L.) and on síx species of Lathyrus (L. 'iaponicus i'Iilld.,

L. quËgllii I'IaËs., L. ochroleucus Hook., L. ornatus Nutt', L'

palustris L. and L. venosus Muhl.0 (Anon. 1960, Conners L967).

The host specialization of ísolates of Uromvces viciae-fabae has

been studied in Europe and Japan (Gaumann L934, Hiratsuka 1933,

plowright 1889). Gaumann (1934) summarized most of the work done prior

to his time and divided the rust into nine different formae speciales,

each l¡ith a host range limi¡ed to two or three species (Appendix 1).

The host range of f. sp. viciae-fabae was found to bò much larger

when additional species of VÍcia and LathYrus were tested (Kispatic

Lg4g) (Appendix 2). More recenLly, Kapooria and Sinha (1966 , L97L)

described isolaËes which were capable of infecting hosts included in the
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host range of several formae speciales '

This study \,,4S undertaken to comPare the relationship of rust

isolat.es from native and cultivated hosts in order to determine the

importance of native vicia and Lathvrus sPP. in the epidemiology of

Ëhis disease in canada. The results v¡ere relaEed Ëo previous works

and to the formae speciales coricept'
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MATERIALS AND METHODS

Rust collections r.rere mAde from P. sativum and several species of

Vicia and Lathvrus at 10 widely separated locations in Manitoba and from

infecËed peas received from Normandin, Quebec (AppendÍx 3). Thirteen

single pustule isolates of rust from V. faba and four single pustule

isolates of rust from P. sativum were used. All 0ther isolates were

handled as field collections. Isolates were increased on Eheir original

host, following standard procedures to Prevent contamination (Appendix 4)

Inoculum was collected with a cyclone spore collector (Browder I97L)

and was then stored at 5oC for no longer than one month before use '

A total of.20 Vicia sPP., 10 Lathyrus sPP', one Pisum sp' and

one leM sP. were included in the host range tests' Two different

selections for each species were used when seed was available. The

sources of these selections are lisËed in Appendix 5.

seed from these selections was scarified and placed in moist

perlite.oneweekafteremergence'seedlingsweretransferredinto

T.5cmpaPerjiffypotscontaininga2:!:lmixtureofclayloam:

sand:peat. The jiffy pots \,üere arranged in flats of.20 PotS' each pot

containing a differenË selection. Two weeks later, plants were sprayed

wiEhuredosPoresofaspecificisolatesusPendedinalightoil

(soltrol l-70 , Philips Petroleum Co., special Products Div.) using a

spore-oil suspension atomizer (Browder L97r). After drying, the plants

were placed in a chamber at LOO% relative hurnidity fot 24 h' Plants
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\,rere then transferred to a growth room wíth a 16 h phoLoperiod and

a L6-20oC díurnal temperaËure cyc1e. Tr¿o weeks after inoculation

plantswerescoredforthepresenceorabsenceofsporulaËion.A11

isolates lvere tested at least twice'
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RESULTS

The faba bean single pustule isolates that shared the same host

range are grouped together in Table 1. Faba bean isolates could be

cate1ori-zed into two major grouPs based on their ability to infect

V. americana (Table 1). Group 1 included single pustule isolates 3, 11,

15, 17, 34, 36, 48 and BO which were all able to infecË V. amêricana,

V. calcarata Desf ., V. disperma DC., V. faba, !. 'iaponicus and Lens

culinaris. Isolates 34,48 and 15 had the least extensive host Tange of

this group. Isolates 3, 11, 36 and 80 differ from isolate SP17 in their

abilíty to infecË Y. ervilia (L.) Wi1ld., V. monantha Retz. and V.

pisiformis L. and by their inability to infect L. ochroleucus, L. odoratus

L. and L. tuberosus L.

Groups 2 of the faba bean rust isolates includes isolates 50, 51, 54,

56 and 61, none of which infect V. americana. These isolates are all able

Ëo infect V. calcaraËa, V. faba, V. monantha, Lens cu1ínaris, P. sativum,

L. .i aponicus, L.. latifolius L. and L. sativus L. Differences were Present

between isolaËes in group 2 fot the ability to infect V. ervilia, V.

villosa Roth., L. ochroleucus and L. odoratus.

Rust isolates collected from V. americana had a host range that

was very similar to that of V. faba isolates in group 1.

The pea isolates frorn Quebec have a considerably less extensive

host range Ëhan isolates collected from peas in I'tanitoba. The Manitoba

isolates infect all of the hosts infected by the Quebec isolaËes and

aLso several others. Cultivated species such as V. faba and lens
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culinaris were not infected by the Quebec isolates buL were infected by

the Manitoba isolates. Hor.¡ever, Ëhe Manitoba pea isolates produced

smaller than susceptible pustules on y. faba. L4thvrus species native

to Manítoba and L. sativus were also infected by the Manitoban pea

isolates.

The host ranges of rust collected from L. ochroleucus and L.

venosus leere very different from t.haÈ of other isolates in this study.

The host range of the L. venosus rust isolates includes all the hosts

infected by the L. ochroleucus rust isolates and additional hosts such

as V. pisiformis, L. odoratus, L. tuberosus and L. venosus. Rust from

both L. ochroleucus and L. venosus infected P. satígum, .LeN. culinaris

and produced smaller than suscePtible pustules on V. faba.

Consistent differences in response to certain rust isolates I¡rere

found between lines within the same species. This differential effect

was observed between lines of V. calcarata, L. sativum and Lens

culinqris. In addition, the reactions wiËhin selecËions of other host

species were often noË uniform.
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DISCUSSION

The results of this study cLearly demonstrate the existence of

host specificity within isolates of Uromvces, viciae-fabae' The host

ranges of rust isolates were found to be more extensive than previous

work had índicated. Frequently, an isolate could infect hosts

included in the host ranges of several formae speciales, as described

by Gaumann (1934). This can be seen in both groups 1 and 2 of the v.

faba isolates, which infect hosts included in the host ranges of f' sp'

viciae-fabae, f.. sp. viciae-sepium and f. sP. lathvri-maritimi' 0n Ëhe

other hand, these isolates behave siurilarly to isol-ates of the f' sP'

viciae-fabae described by Kispatic (1949), excePt that they infect v.

monantha and are unable to infecË !. bithvnica and V. narbonensis.

The P. sativum rust isolates from Quebec correspond to Gaumannrs f'

sP.craccae,sinceËheyinfectP.Sativumand!.c1laccaandareunableto

infect I. faba. However, these isolates also infect V' ervilia and V'

gonantha, which f. sP. craccae could not ínfect'

The Manitoba P. saLivum isolaËes infecË hosts of f. sp' viciae-fabae,

f.sP.craccaeandf.sP.lathvri-maritimi.TheydifferfromtheV.faba

isolates mainly in their ability to infecE v. cracca and L. venosus'

Isolates collected on !. ochroleucus and L. venosus differ in host

range from any isolate described in this study or any previous studies '

Although isolates from L. venosus infect all the hosts infected by the

L. ochroleucus isolates, the ability of the former to infect additional
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hosts serves to distinguish the two grouPs'

The consistent differences in rust susceptibility observed between

as well as within lines of a given specÍes, make it difficult to recog-

nize major groupings on the basis of host specíficity. The heterogeneity

found withÍn certain species might be expected, since many of these

species were collected in the wild. This lack of uniformity within

certain hosts makes it unclear whether or not small deviations in host

rangeareentirelyduetodifferen'cesinhostspecificity.

Recent studies using peas and faba bean lines have shown that

distinct races of this rust do exisË (Thesis section 2). It is possibLe

that race effects could also be confounding host range studies '

The results also demonstrate the imporËance of wild species of

vicia and LaËhyrus in the epidemiology of this disease. The close

símilarities between the host ranges of v. americana rust isolates and

group 1 of the faba bean isolates, suggests that all these isolaËes may

have originally ccrne from V. americana. This host and others such as

L. ochroleucus and L. venosus could Serve as a Source of rust for croPs

such as peas and/or 1entils.

TheoriginalsourceofinoculumforgrouP2ofthefababean

isolates remains unknown. The inability of isolates from this group

Ëo consistently infecE native species of eíther Vicia or Lathyrus on

which this rust is conmonly found suggests that it did not come from

Ëhese sources. The numerous differences in host range between Ëhe pea

rust isolates and grouP 2 isolates, would Seem Ëo rule out PeaS aS the

original source. It could be that this group of isolates \^tas introduced;

in fact, there is evidence to suggest faba bean rust isolates may have been

introduced inLo other Parts of canada (llcKenzie and llorrall 1975) '
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The formae speciales described by Gar-rnann show little relation-

ship to the isolates of Uromvces viciae-fabae found in Manitoba'

The formae speciales concePt seems inapplicable where so many hosts

are shared in common by isolates from different hosl sources'

Hybridization betv¡een rust isolates could occur on native and cultivated

hostssharedbyisolates.Thistypeofgeneflowmightaccountfor

the broad spectrum of host specificity found in this study'
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Pathogenic Variability in Uromvces viciae-fabae

ABSTRACT

Tv¡o races of Uromyces vrlciae-fabae (Pers.) Schroet. were identified

on faba bean (Vicia faba L.) inbred lines, from amongst four isolates

tested. Faba bean cultivars were variable in their reaction to

isolate SS3 (race 1) but were almost uniformly susceptible to a second

Ísolate, SP51 (race 2).

Rust isolates obtained from Vicia americana Muhl. behaved the same

as the less virulent race 1 on the faba bean inbred lines. Additional

races were detected among rust isolates from Lathvrus venosus Muh1.

An isolaËe from Lathyrus ochroleucus Hook. was avirulent on all inbred

faba bean lines.

Reactíons of 16 pea (Pisr¡ru sativum L.) cultivars identified at

least three races, tv¡o of which corresPond to races l and 2. l^Iith a

few exceptions the pea culEivars reacted uniformly to individual

races. Field pea cultivars and their parental lines reacted similarly

to rust isolates, indicating rust resistance had not been lost in the

new cultivars.

/ ;--.. -,r:q.'-rL,i, t\\'-"
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INTRODUCTION

Faba bean (Vicia faba L.) and peas (Pisum sativum L.)

known to be hosts of Uromyces viciae-fabae (Pers.) Schroet

L967, Guyot L957 , Laundon L964). Host range studies have

isolates exist which can infect one or both of these hosts

1934, Kispatic 1949).

are both

. (Conners

shown that

(Gaunnnn

Previous efforts to identify sources of rust resistance and

differentiate rust races using faba bean cultivars have noE succeeded.

This failure was caused by either an absence of resistance (Hiratsuka

1934) or a lack of cultivar uniformity (Kispatic L944, KispatLc 7949).

Cultivar variability is largely due to the outcrossing nature of this

crop, which has been found to range from 17-79% (Toynbee-Clark 1974).

The self-pollinating nature of peas tends Ëo make cultivars quiÈe

uniform (Evans and Slinkard I975), allowing sources of resistance to

be idenÈified readily. Differences in rust resistance between a number

of pea lines have been reported in preliminary field trials using

natural sources of rust inoculum (Sotri et al. L974). Kispatic (L949)

tested five pea cultivars to a number of single spore rust isolates and

claimed to have identified nine different races. CIoser examination

of his results indicates only four races can be identified; Èhe oËher

five are biotypes of one of these four races differing only slightly

for resistant infection type induced on one or more hosEs.

This sËudy was conducted to examine the extent of varíability
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for rust resistance in faba bean cultivars presently grown in Manitoba'

Inbred faba bean lines selected for their uniform reactions to tv¡o

specific rust isolates as v¡e11 as several field and garden Pea cultivars

!,rere used in an aEtemPt to identify races of rust from r¿i1d and culti-

vaËed hosts of Uromvces viciae-fabae in Manitoba'
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MATERIALS AND METHODS

plants \^rere gror/,7n in a 2zLzL mixture of soil (c1ay loam), sand

andpeatinlOor15cmclaypotsinarustfreeareaofthegreen-

house aL L6-2OoC under a 16 h PhotoPeriod '

Most rust isoLates used in this study were íncreased from single

pustules on their original host. The single Pustule ísolates sP55, 62

and 63 were collected from peas in the winnipeg area while a fourth

isolate SP24 came from peas in Quebec. Faba bean single pustule rust

isolates íncluded ss3, SP17, 51 and 80. All other isolates used in this

sËudy were increased as field collections from specific localities'

StandardprocedurestoPreventcontaminationofisolateswereused

(Appendix 4) and inoculum was stored at 5oC for no longer than a month

before use.

Infection types were classifíed on the basis of pustule size, 11

days after inoculation (Table 2). This effectively limited the spread of

rust and allowed the sequential testing of isolates on the same plants'

He t er o sene !!Y- el--çuL! ivar s

Four licensed culrivars presently grol{n in Manitoba and the rust

susceptible line PT222L28 were arranged in a randomized complete block

design with 10 replications, each contaíning tfro PoËs of each line or

cullivar, with five p1-ants Per Pot. Three weeks after emergence, planEs

in one poE of each cultivar or line were inoculated with rust ísolate

ss3 and plants in the second Pot were inoculated with isolate S?51'
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TABLE 2. Infection types of Uromvces viciae-fabae
on Vicia faba and Pisum sativum.

Infect,ion
tYPe

Cultivar Reaction Reaction
clas s

0

I

No sign of infection Immune

Uredia minute, barely Very resístant
sporulating

Uredia sma1l Resistant
(abouË .5 m'n in diameter)

Uredia large Susceptible
(about 1.0 nmr in diameter)

Uredia very large Very susceptible
( )1.0 mr in diameLer)
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Uredospores susPended in a light oil (Soltrol 170 , Philips Petroleum

co., special Producrs Div., Borger TX 79007) were applied to the two

youngest sets of fu1ly expanded leaves using a fíne nylon brush.

After drying, the plants were placed in a chamber at 100% relative

humidity for 24 h. After 11 days, plants were scored for infection

type and infected leaves were removed. Plants were then inoculated with

the second isolate (SS3 or SP51 depending on which isolate had been used

prevíousIy) and treated as before.

Race IdentificaEion

Selections from licensed cuLtivars and introduced lines of V. faba

wíth small to medium seed size,were chosen on the basis of their reaction

to rus¡ isolate SS3. After two to four generations of inbreeding and

selection, eight of L7 lines, reacted uniformly to rust isolate SS3.

Seven of these eight Lines and an additional line Ehat did not react

uniformly to SS3, were found to react uniformly to a second rust isolate,

SP51. These nine inbred lines v¡ere used as differentials in race

identification.

SixËeen pea línes and culËivars were tested as potential differen-

tials. These included the four field pea cultivars Century, Tara,

Trapper and Triumph, presenËly grown ín Manitoba. certain parental

1ínes of these field pea cultivars including Chancellor, Stírling,

qI2O6B52 and PI162567 r¡ere also used (Appendix 7 ) . Garden pea cultivars

Ëested in this study included the powdery rnildew resistant cultivars

Aurora and lIelody, the semileafless cultivar Eaton, the leafless culËi-

var Filby and also the cultivars Thomas Laxton, Little Marvel, Edible

?od and Green Arror.v.
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Faba bean lines were inoculated as outlined in the heterogeneíty

study. Pea cultivars rvere spray inoculated with uredospores suspended

in Soltrol 170 and were then treated as described in Thesis Section l.

Isolates r,sere tested on all lines and cu1 tivars at least twice excePt

for the three Lathyrus venosus isolaËes which were each tested once on

the faba bean lines '
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RESULTS

The results of the heterogeneity study indicaEe that, with the

exceptíon of PI222128 which is uniformly susceptíble to boEh rust

isolaLes, there is a definite race effect for all cultivars wiEh a

significantly g]!eate:- percentage of plants beíng susceptible to sP51

(Table 3). The heterogeneity within the cultivars is clearly demon-

strated in their response to SS3. This is not the case for SP51, where

only a few plants within any cultivar show resistance and where none of

the cultivars !üere found to be signifÍcantly different ín frequency of

susceptible plant,s from Ëhe rust susceptible Lj-r':e PT222L28 (Table 3,

Appendix 6).

Faba bean rust isolates could be divíded inÈo two races based on

Ëheir reactions to the inbred faba bean lines (Table 4). The less viru-

lent race 1, which corresPonds to isolates SS3 and SP80, is characLetized

by its ability to produce suscePtible infection tyPes on only lines 2N447-7,

2N4O-3-5 and 2N62-6. The more virulenË tace 2, to which isolates SP17 and

SP51 belong, can successfully infect all the lines susceptible to race

1 and also lines 2N12-2, Ack-ll and Erf-1-4'

In addition, rust isolate SP51 differed from isolatò SS3 in its

abilíty to consistently produce concentic rings of uredia around the initial

pustule about 14 days after inoculation (l'ig, 1). Addirional rings

continued to aPPear until the leaf dies '

Isolates eollected on Vicia americana behaved the same as race 1 iso-

lates from V. faba. The single rust isolate from Lathvrus ochroleucus
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TABLE 3. Percentage of
culLivars infected

susceptible plants within faba bean
by rust isolates SS3 and SP51.

HosE Percent plants ínfected

S53 SP 51 SS3 and SP51

Diana

Ackerperle

Herz Freya

Er fordia

Pr222L28

7.0 aI

24.0 ab

24.0 ab

40.0 b

98.0 c

96.0 c

84.0 c

94.0 c

96.0 c

100.0 c

&
7.0 a^

23.3 ab

23.0 ab

31.0 b

98.0 c

1'Tukeyts w procedure at 5"/" level of
followed by the same letËer are not
di fferent.

&
Tukey values calculated separately
individual isolates.

sígnificance. Values
s igni ficantly

from those of
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r^ras avirulent on all the faba bean lines, producing a type 2 infection

on only some plants of Líte 2N447-7. Rust isolates from the Ëhree

sources of Lathyrus venosus differed from each other for virulence on

the inbred faba bean lines. These isolates were also able to produce

1ow ínfecEion types on IIF-13-4 a¡rd MB-1-2 which were immune to all the

oLher isolates in this studY.

The faba bean isolates SP17 and

faba bean lines, behaved the same on

These isolates were virulent on all

study but were onlY able to infect a

pea cultivars or their Parents.

SP51, which represent race 2 on

all pea cultivars (Table 5).

garden pea cultivars used in this

very smal1 percentage of the fieLd

Isolates SS3 and SP80 which correspond to race t had an even more

limiËed range of virulence, differing from race 2 by their inability

to infecE Thomas Laxton.

Rust isolates SP24 and SP62 were different than either of the

previous tvJo races since Ehey were virulent on all the pea'1 ines and

cultivars. A1Ëhough isolates SP55 and SP63 infected fewer plants of

some cultivars, these two isolates could still belong to this third

race. The single Lathvrus venonus rust isolate tested behaved the same

as SP55 and SP63 on all Ëhe pea lines 'and cultivars '
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DISCUSSION

The faba bean cultivars were found to be variable in their resis-

tance to rust isolate SS3 whereas they were almost totally susceptible

to isolate SP51 (Table 3). It would seem Ehat if Ísolates similar to

SP51 ever became predominant, they could be very damaging to the

presently gro\¡rn cultivars .

This study demonstrates that there is a considerable degree of

pathogenic variability within populations of Uromyces viciae-fabae in

ManiËoba. The reactions of both cultivars and inbred lines clearly

show that the faba bean isolates in this study can be separated into

two different races (Tables 3 and 4). These results suPPort the

suggestion of Tan et a1. (1975) that inbred lines would be superior to

open po11ínated cultivars for race identification.

The ability of rust ísolates from V. americana to behave consistently

like race 1 (SS3 and SPBO) suPPorts the results of a concurrent sLudy,

whereby rust isolates from V. americana had a host range that was

similar Ëo that of certain V. faba isolates, thus indicating V.

americana could have an ímportant role in the epidemiology of this disease

(Thesis Section 1). In contrast, !. ochroleucus does not aPPear to

be an important source of rust inoculum on faba beans, aLthough

additional isolates should be tested to confírm this.

Several races differing. in their abiliCy to infect cerËain inbred

lines of V. faba may exist among isolates of L. venosus although
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additional tests are needed to confirm this. The ability of L' venosus

isolates to produce type 2 infections on IiF-13-4 and MB-1-2, distin-

guishes them from all the other isolates which were only able to

induce an immune response on these 1ines. This suggests that a dífferent

resistance mechanism is operating againsE these isolates '

Reactions of pea lines and cultivars indicate at least three and

possibl¡ more races exist amongst Èhe isolates tested (Table 5) ' The

virulence patrerns of races I (SS3 and SP80) and 2 (sPL7 and SP51)

differ on the pea cultivars but the results do not allou isolates belonging

Ëo either race to be further partitioned. A third race to which isolates

SP24 and SP62 belong could attack all the cultivars in this test '

Isolates SP55, SP63 and the L. venosus isolate from the Brokenhead Rv'

may belong Eo this race, although certain cultivars are not uniformly

suscepËible to Ëhem.

In general, the pea lines and cultivars used in this study aPpear

Ëo be uniform enough to allow race differentiation' Although certain

cultivars, most notably Trapper, Thomas Laxton and Edible Pod are not

completely homogeneous. This 1ack, of uniformity within cultivars of a

self pollinated species is not unexPected since there has never been

active selection for rust resístance ín these cultivars.

The reactions of Ehe field pea cultivars were identical to that

of their parents índicating that the resistance of the pa-renËs has

not been lost in the development of the new cultivars.

The garden pea cultivars lack the resistance to race 2 (SP17 and 51)

that is present in the field pea cultivars. The performance of Thomas

LaxËon against race 1 (SS3 and SP80) demonsËraËes that it differs from

the other garden Pea cultivars.
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Faba bean inbred lines and pea cultivars performed equally well

in Ëhe differentiatíon of rust races. The choice of systems would depend

largely on whether interest lies with a single croP or in an appreciation

of the rvider scoPe of race development. The use of faba bean lines

has the advantage that at least some of the resistance genes in these

lines have been identified (Thesis Section 3). The best system for

race idenËification might be one that suPPlements the faba bean ínbred

lines with certain pea cultivars. This is similar to the use of barley

cultivars to supplement rqheat differentials in the early work on

Puccinia graminis f. sp. tritÍci (Staknan and Christensen 1953)



58

3. Inheritance of RusE Resistance in Inbred Línes of vicia faba

ABSTRACT

crosses between nine inbred faba bean (vicia faba L.) lines

selected for uniform reaction against rust [UromYces viciae-fabae (Pers')

Schroet.l isolates SS3 and SP51, revealed the presence of Lhree

different dominanË genes for resistance. The gene Frl found in lines

Ack-ll and 2NL2-2 provides resistance only to SS3. A second gene,

Fr2, which also conferred resistance to rust isolate SS3 was detected in

lines Erf.-L-4 and MB-1-2. An additional homozygous gene Fr3 in MB-1-2

conditioned resistance only to isolaEe SP51. Heterozygous resístance

genes found in Erf-1-4 and'MB-1-2 had their segregation masked by other

homozygous resistance genes. Resistance in D-50-7 arld HF-13-4 was

still not homozygous afLer three generations of inbreeding and selection

for resistance'
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INTRODUCTION

Faba bean rust caused by Uromyces viciae-fabae (Pers.) Schroet.

is present in almost every area of the world where faba beans

(Vt"ta faba L.) are grown (Guyot L957). Since the recent inËroduction

of thís crop to l,Iestern Canada, rust on faba beans has been reported

in Manitoba and Saskatchewan (Bernier I975, llcKenzie and Morrall L975).

I.Iilliarns (1978) has shown thêt this disease can seriously reduce yield

if infection occurs early and is severe.

Studies h¿ve shown thaË faba bean lines and cultivars do not

respond uniformly when Ëested againsË specific rust isolates (Thesis

Section 2, Kispatic L944,.1949).

The inheritance of rust resistance in faba beans has never been

studied previously. However, similar studies have been conducted with

outqrossing crops such as rye (Secale cereale L.) againsË Puccinia

Êraminís f. sp. Ëritici Eriks. and E. Henn. and f. sP. secalis Eriks.

and E. Henn. (Tan et aI.L975, L976, L977) and in corn (Zea navs L.)

to Puccinia sorghi Schw. (I,'lilkinson and Hooker 1968). In these studies

inbreds with uniform rust reactions were developed by repeatedly

selfing and testing lines against specific rust isolates.

This sËudy !üas undertaken to estirnate the number of resisËance

genes in níne inbred faba bean lines Ëhat are known to react

uniformly to at least one of tv,7o rust isolates (Thesis Section 2).

The relationshíp of the resistance gene(s) in each line was also deter-

mined
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MATERIÄLS AND METHODS

Theníneinbredlinesusedinthisstudy,aswellasthetwo

rustisolatesusedtoestablishtheirreactions,havebeendescribed

previously (Thesis sectiorL 2), Three inbred lines were susceptible

to both rust isolates, four were resistant only to isolate ss3, orìe was

uniformly resistant only to isolate SP51 and the remaining line was

resistant to both ísolates.

The rusË isolates were increased on the rust susceptible line

PI222!28, using sËandard procedure to Prevent contamination

(Appendix4)Rustinoculumwascollectedandstoredasdescribed

previously (Thesis Section L) '

Plants \¡lere grown in a rust-free area of the greenhouse aÈ 16-20oc

undera16hphotoperiod.Reciprocalcrossesweremadeforall

combinations of these lines,with the exception of Ack-11 and 2N447-7

which were not included in all crosses because of poor seed production'

A1l-Fl,Frandbackcrosspopulationsweretestedsequentially

against both rust isolates as outlined previously (Thesis section 2),

with the exception thaË the less virulent rust isolate SS3 was always

used in Ëhe initial inoculation. ParenËal lines were inòluded in all

tests Ëo ensure that rust isolates were free of rust contaminants'

plants,ere scored as resistant or susceptible based on infection type

(Thesis Section 2) 11 days after inoculation'

TheprogeniesofallcrosseswereadvancedtotheF2generation
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by single seed descent. Results from F2 families of the same croases

were pooled only after chi square tests for homogeneity had shown them

to behave the same. Chi square tests for goodness of fit v¡ere used

to anaLyze all F, and backcross daLa.
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R-ESIILTS

No significant differences Ttere detected between reciprocal

crosses so F, data from reciprocal crosses were pooled' The Ft and

E, data indicated that in all cases resistance was a dominant trait

(Appendix 9) (Tables 6 and 8).

Segregation for resistance to isolate SS3 in the F2 Senerations

for both Ack-ll and 2N12-2 crossed to suscePtible línes best fits a

3:1 ratio. This, along with the results of backcrosses, suggests that

Ack-11 and 2N12-2 each carry a single resistance gene against rust

isolate SS3 (Tables 6 and 8). Crosses of Ack-ll to 2NL2-2 produced

only resistant F2 plants indicating that the genes controlling resis-

tance to SS3 in Ëhese two lines appear to be either idenEical, allelic

or tightly linked. Certain F, and F, Progenies of several crosses

have resistance to SP51 that was not detected in t.he parental lines

(Table 6).

The F, data from crosses of Erf-1-4 to susceptible lines consis-

tently fit a 27 z5 ratío for resistance to isolate SS3, indicaËing

resistance is conErolled by two dominant genes only one of v'rhich is

homozygous (Table 6). This was confirmed by the fairly good fÍt of a

5:3 ratio in the backcross populations (Table 8). Crosses between

resistant lines indicate that the homozygous resistance gene found in
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Erf-L-4 is different from that found in 2N12-2. The homozygous genes

for resistance to SS3 in Erf-L-4 and l'ß-1-2 aPPear to be the same sínce

when these t\¡ro lines are crossed, aLL F2 Progeny are resistanE

(Table 6).

Líne MB-L-2 carríes a second gene for resistance to SS3 that

appears to be heterozygous (Tables 6 and B). Resistance in MB-1-2 to

rust isolate SP51 also seems to be controlled by two gerles' one homo-

zygous and one heterozygous. The homozygous genes controlling resis-

tance to eíther SS3 or SP51 appear Ëo be different since many F,

plants are susceptible to only one rust isolate (Table 9). A good fit

of a L93 227 227:9 ratío for the combined results from crosses of MB-1-2

to susceptible lines against both isolaËes, strengthens these con-

clusions (Table 9). Such a ratio would be expected if one homozygous

gene provides resistance only to SS3, a second homozygous gene confers

resistance to SP51 and a third heterozygous gene confers resistance

to both. The susceptibility of inbred lines in this study to SP51 rvas

always found to be recessive to the resistance of MB-1-2 (Table 6).

Chi square tests for homogeneity revealed that F, families withÍn

cerËain crosses involving D.50-7 and IIF-13-4 were significantly

different. To facilitate interpretation of. E2 data, results from F2

families found to behave differently are presented separaËely (Table 7).

Segregation in backcrosses D-50-7 X (D-50-7 X Suscept.) indicates

the gene(s) for resistance to isolates SS3 and SP51 are not homozygous

(Table 8). The segregation of resistance to SS3 was not anticiPaËed

since both parental- lines and F1 ProBenY were uniformly resistant

(Appendices 7 and 8). However, based on lack of uniformiÈy in D-50-7

Ëo SP51 iË was expected that the gene(s) conferring resistance to this
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isolate would stil1 be heterozygous and F1, F, and backcross results

confirm this (Tab1es 7 and 8). Resistance in D-50-7 to isolates SS3

and SP51 appears to be controlled by different genes since f.ew F,

plants are infected by both isolates (Table 9). The relationship of

these genes to resistance genes in other lines cannot be determined

until they are fixed.

The results for IIF-L3-4 are Ëhe same as that of D-50-7; segregaËion

in F1 populations and backcrosses to IIF-13-4 as well as the lack of

similarity between F2 fanilies from the same crosses, all indicate that

the resistance gene(s) in IIF-13-4 are not homozygous. The fact thaË

only a smal1 number of F, plants were ínfected by both isolaËes suggests

the gene(s) controlling resistance to each of these isolates are

different.
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DISCUSSION

Three different genes for resistance were identifíed based on the

results of crosses between different resistant lines (Table 10). The

lines 2NI2-2 and Ack-ll carry the same single dominant gene for resis-

Èance to SS3 which has been designated Frl. A second gene for resis-

tance Lo SS3, found in Erf-1-4 and MB-1-2 has been designated Fr2.

MB-1-2 carries an additional homozygous dominant gene Fr3, which

provides resistance onlY to SP51.

In addition to Ëhese homozygous genes, Erf-1-4 and MB-1-2 both

carry heterozygous resistance genes. The presence of these heterozygous

genes is masked in both lines by the homozygous resistance genes.

The low number of resistant F, plants found ín crosses between

parents susceptible to SP5l, is somewhat difficult to explain (Tab1e 6).

Certain of these plants might have escaped infectÍon and in other cases

it may be that one of Ëhe parents carried heterozygous gene(s) for resis-

tance which were not detected in earlier tests.

Genes controlling resistance to both rust isolates in D-50-7 and

I{F-13-4 were not homozygous after three generations of inbreeding and

selection for resistance. Further r¡tork is needed to complete the

identification of their respective genes.
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TABi,E 10. Proposed genotypes of inbred
faba bean lines based on their res-
ponse to isolates SS3 and SP51 '

llos t Proposed genotypea

2N447-7 Íllfrl , fr2Ít2, fr3fr3

2N40-3-5 frlfrt , f.tZft2, fr3fr3

2N62-6 frlfrl, fr2fr2, fr3fr3

2NL2-2 FrlFrl , f.r2fr2, fr3fr3

Ack-ll FrlFrl, fr2fr2, fr3ft3

Erf-l-4 frlfrl, Fr2îr2, fr3fr3, Rr

I'IB-1-2 frlfrl , Ft2Er2, Fr3Fr3, Rr

D-50-7 Rr, Rr

I{F-13-4 Rr, Rr

"FtL Fr2 - provide resistance againsË
ísolate SS3.
Fr3 - provides resistance against isolate
SP51 only.
R represents unidentified resistance genes'
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4. Slow Rusting Resistance in Vicia f.aba

ABSTRACT

The relative rate of rust buildup on lines of Vicia faba L.

susceptíble to Uromyces viciae-fabae (Pers.) Schroet. \,las examined

in field studies over three years. Significant differences were found

between lines for area under the disease progress curve (AUDPC) values,

although variation within lines was high. Three lines consistently

had loro AUDPC values and another six lines had AUDPC values that shifted

from low to intermediate. The other 19 lines included in this study

were either fast rusters or behaved inconsistently.

Final rust severity was rvell correlated to AIJDPC ín each year

of this study. luleasurements summarizing the incidence of infected

plants over time and the percentage of infected plants at the end of

the season r{ere poorly correlated to AUDPC.
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INTRODUCTION

Theoftentransitorynatureofspecificresistancetoadisease

led to an increased interest in slow rusting resistance' Thís

ofresistancehasbeenstudiedínseveralhostparasiteSystems

mayprovideamoresrableformofdiseasecontrol(IbottL972),

SlowrustÍngresistanceretardsrustdevelopmentinthefield

resulting in a general delay of a severe epiphytotic (l"lilu and Line

1980, Shaner et al. Lg78, Wilcoxson et al' L975)' The significance of

thistypeofresistancecanonlybeSeenovertime.Severalmeasure-

ments such as area under Ëhe disease progress curve, infecËion raLe and

time needed to reach a cerLain 1evel of disease severity have been used

to study this or simílar phenomena (shaner and Finney L977, wilcoxson

e! -d. Lg75). The relative merits of such measurements have been

reviewed and the area under the disease Progress curve is generally

considered to be the most reliable value (shaner and Finney L977,

i{ilcoxson er aI. Lgl5). studies with wheat stem and leaf rust have

shovrn this value to be correlated to yíe1d (Buchenau 1975) '

SLorv rusting studies have generaLly been limited to self-pollinating

crops or to inbred Lines of outcrossing croPs (Hooker L969, Kim and

Brev¡baker Lg77). Kuhn and smiLh (1977) proposed a host index system to

measuredifferencesinÈheincidenceofmaizedwarfmosaicvirusín

various lines of corn (Zea rnavs L')' This system could have application

in other hosË sysËems where selections may not be completely uniform'
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The purpose of Ëhís study was to develop

the detection of differences in levels of the

in open-pollinated lines of Vicia faba L'

a system that would allow

slow rusting resistance



74

MATERIALS AND METIIODS

A total of 25 faba bean accessÍons were used in this study

(Appendix 10). These lines were known to differ for final rust severity

when exposed to natural sources of rust ínoculum in field trials at

the university of Manitoba (c. Bernier, unpublished data).

In a preliminary sËudy to assess the slow rusting phenomenon in

selected 1ines, the coefficients of variation were found to be very high

for measurements of disease buildup (Appendix 12) when plot size was

small (12-L5 plants) and replications were few (three replications in

a randomized complete block design). Thus, in 1978 Ëhese lines were

arranged in a balanced incomplete block design. Each line was replicated

nÍne times in single row plots one meter in length, containing between

L2-L5 plants.

Tn 1979, with more seed available, the línes were planted in three

row plots , 2 me:ers in length, containing 40-50 plants per plot. Plots

çere set ouË in a partially balanced incomplete block design with five

replications. Two sites were used, one at the University of Manitoba and

the second at Ëhe Glenlea research farm 15 km souËh of lJínnipeg. The

trial at the University of Manitoba was so severely darnaged by root rot

ËhaË it could not be used in the slo¡¡ rusting study'

In 1980, five faba bean lÍnes were removed from the study reducing

the number of lines to 20. Lines were planted in three row plots' two

and a half meËers in length, containing 60-70 plants. Plots were

arranged in a randomized compleÈe block design with five replications,
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The experiment was conducted aE Ëwo locations 0.8 km apart on the

Gl-enlea research farm.

Each year, Ëwo rovrs of Ehe rust susceptible line PL222L28 were

planted at Ehe ends of each plot to act as rust spreader rorvs. In 1978

the spreader rows were inoculated wlth uredospores from a mixture of

rust isolates suspended ín water to which several drops of Tween 20

(Polyoxyethylene sorbitan monolaurate) were added. In 1979 and 1980

two rusL isolates SS3 and SP51, with distinct virulence patterns

(Thesis Sectíon 2) were used, one at each location. In all Ëhree years,

rust spreader rows were inoculated 4-5 weeks afEet emergence and all

locations were inoculated the same evening.

Starting two weeks after ínoculation, the number of plants infected

and average percenËage of leaf area infected for each infected plant

within a plot \¡tere recorded at weekl-y intervals f.or 4 or 5 weeks lvhen

they began to senesce.

Assessment keys of 1, 5 and L0% leaf. area covered by sporulating

pusËules l{ere developed and used to visually estimate the leaf area

infected. VaLues of leaf area infected over Ëime were surmnarized as

area under the disease progress curve (AIIDPC) values using Ehe formula

described by lJilcoxson et al (1975):

AIIDPC =

where Si equals rust severitY

of successive evaluations.

Data on the number of Plants

host index (H.I.) (Kuhn and Smith

H.I.) vaLues using the formulas:

f à(si+si+l)
i=l-

at the end of week

infected over time

L977) and modified

i and K is the number

r^7ere sununarized as

host index (Mod.
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H.I. = K'trI + K-1'X + K-z'Y + ... L'Z

Mod. H.r. = K'wl + K-1,x1 + K-2'YL + ... L'zI

where K equals the number of successive evaluations, and W, X, Y a¡.ð Z

represent. the percentage of infected plants out of Ëhe total plants

Ëested by the first, second, third and last week respectively. The

symbols wl, Xl, Yl and ZI equaL the percentage of suscepËible plants

infected out of all susceptible plants in a season in the first, second,

third and last weeks respectively.

Analysis of variance vJere carried out on these values, the percent

plants infected and the final rusË severity. The means of each line

were compared using Tukeyts w-procedure.
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RESIILTS

Significant differences between lines were found in all three

years for AUDPC values (Appendices 13-16). In each year Ëhere $,as a

continuum of AIIDPC values ranging from high to relatively low leve1s of

rust build up (Tables 11, 13, 15 and 17). However, it was still possible

to identify lines such as 2N34, 2N52 and 2N430 which consistenrly

behaved as slow rusters. Other lines includíng 2N35, 2N45, 2N58,

2N293, 2N4L4 and 2N451 had AIIDPC values that varied from year to year

from low to inLermediate. Line 2N62 appeared to carry specific resis-

tance to the rust isolates used in this study since only low infection

types were observed and a low percentage of plants was infected. Fast

rusting lines included 2N3, 2N4, 2N40, 2N42 and 2N59, all rernaining

lines had AUDPC values that shifted between intermediaËe and high from

year to year.

High precipitation early in Ëhe developmenË of the epidemic appeared

to be responsible for the relatively higher AIIDPC values in 1978

(Appendix 11) than in other years. However, differences in the number

of weeks over which disease was assessed ruakes direcË comparisons of

results from different years difficult.

Final rust severiEy was found to be fairly well correlated Ëo

AIIDPC (Table 19). HosË index lvas always better correlated to AUDPC

than either modified host index or percent plants infected, however,

these differences {¡iere not always statistically significant. In both



78

1978 and 1980 at site 2 the correlatíon of host index to AUDPC and the

correlation of rnodified host index Ëo AIJD?C were noË significantly

different. The correlation of host index to AUDPC Ln 1979 and 1980 at

siËe 1 vrere not çignificantly differenr from the correlation of percent

plants infected to AIIDPC.

High coefficients of variation indicated there was a greaÈ deal of

variation within lines associated with each of these measurements

(Tables 11-18).

The analysis of varíance for the L978 data showed a significant

block effect !üas present even after adjusting for 1íne effects (AppendÍx

13). An adjacent rusË experiment appeared to cause Ëhe blocks closest

Ëo it to rust more rapidly. In most cases equal numbers of plots from

each line were influenced by this block effect. This, together with the

adjustment of line uæans for block effects, should likely minimize Ëhe

importance of the block effect.

Subsequently rust experiments !'rere isolated to avoid this problem.

However, ín L979 and 1980 at site 1, replications were significantly

different (Appendices 14 and 15). Certain replications had much Poorer

overall rust development but because rust build up within replications

was fairly uniform, line values were not biased by Èhis effect.
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TABLE 11. Average values
disease progress curve
severity for faba bean

of. area under the
and final rust
lÍnes in L97 B.

Access ion
no.

AUDPC a,b " .a¡ tnal rust
severity

R
A
N

K

R
A
N
K

2N42

2N3

2N12

2N59

2N4

2Nl4

2N116

2N40

2N3 13

2N413

2N447

2N45

2N58

2N44

2Nl25

2N83

2N35

2N4L4

2N293

2N52

2NL24

2N451

2N430

2N34

2N62

C.V.

1

2

J

4

5

6

7

B

9

10

r1

L2

13

L4

15

16

L7

18

L9

20

2L

22

23

24

25

13.07 a*

T2,4L A

L0.32 ab

9.59 abc

9.13 abcd

8.90 abcd

8.79 abcde

8.27 abcde

7 .29 bcde

7 .05 bcde

6.96 bcdef

6.77 bcdef

6.46 bcdef

6.37 bcdef

6.36 bcdef

6.11 bcdef

5.66 bcdef

5.58 bcdef

5.57 bcdef

5.50 bcdef

5.26 cdef
5.01 cdef
4.49 def

3.82 ef
1.98 f

43.67%

1

2

5

7

4

6

3

9

L6

B

27

13

L2

L7

20

15

11

T9

23

L4

10

24

18

22

25

5.96

5.72

5.03

4.42

5.L4
4.93

5.64

4.37

3.48

4.4L

2.89

3. 80

3.82

3.42

3. 03

3 .48

3.98

3. 0B

2.80

3.77

4.29

2.44

3.23

2.86

r.22

*
a

ab

abc

abcd

abc

abc

ab

abcd

bcde

abcd

cde

abcd

abcd

bcde

cde

bcde

abcd

cde

cde

abcd

abcd

.de

cde

cde

e

37 .22%

ú
Tukeyts w procedure of 10% level of significance,
values followed by the same letter are not
sígnÍfÍcanËly dif ferent.

avalues adjusted for block effects as described in
Cochrane and Cox L966.

bResults based on five weeks data.
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TABLE 12. Average vaLues of host index,
and percent plants infected for faba

modífied host index
bean lines in 1978.

Acces s ion
no'

Host Index â,b Mod.
tlost Inde* t'o

a

Percent plants
Ínfected

R

A
N

K

R
A
N

K

R
A
N

K

2N42

2N3

2N12

2N59

2N4

2Nl4

2N1 16

2N40

2N313

2N413

2N447

2N45

2N58

2N44

2Nl25

2NB3

2N35

2N4L4

2N293

2N52

2NL24

2N451

2N430

2N34

2N62

c. v.

4

2

2

15

2

10

12

6

5

13

B

22

T4

9

2L

L6

L7

T9

23

11

7

24

L6

20

25

2

1

3

4

B

15

9

5

10

7

6

L7

24

23

13

2L

L9

11

L4

L6

1B

L2

20

22

25

2

1

3

4

7

11

9

5

B

10

6

2l
23

L6

L7

22

20

13

18

L2

15

T4

L9

24

25

Ll79.sL
L399.93

Lt64.4L
1085. 89

L017.86

7 6L.8L

936 .54

LO67 .89

97 5 .72

9L8.99

105s.34

490.69

4U.4e
59L.9L

587 .04

487.64

523 .55
694.63

585.67

704.74

644.26

655.47

528.70

422.t7
324.07

ab*

a

ab

abc

bcd

cdefg

bcdef

abc

bcde

bcdef
abcd

gh

ohÞ"
rgh

rgh
gh

gh

defg

feh
defg

efgh

efgh

gh

gh

h

LL96 .86

1353.56

rL76.46
LL41.35
1017. 86

772.92

1013 .43

1100.95

987 .TT

L029.69

1070 .35

691. 10

560.90

605.52

807.78

636.73

655.89

952.88

7 87.73

705.9L

673.6L

902.L9

644.70

6l_8. s5

322.80

ab

a

ab

abc

abcde

cdefg

abcde

abc

abcdef
abcde

abcd

defgh
ohb"

feh
bcdefg

efgh
efgh

bcdefg

cdefg

defgh

efgh

bcdefg

efgh

fgh
h

98.84 ab^

100.00 a

100.00 a

92.20 abc

100.00 a

94.08 abc

93.51 abc

97 .78 abc

98.40 ab

93.44 abc

96.69 abc

77 .44 ab

93. 16 abc

96.22 abc

77 .L6 abc

83.31 abc

83.30 abc

79.77 abc

7L.99 bc

93.80 abc

97 .52 abc

70.88 c

83.31 abc

79.52 abc

37 .20 d

L9.32%28,3L%

Tukeyts w procedure of 10% level of significance,values followed by Ehe
same letter are noË significantLy different.

"V"l,r"" adjusted for bl-ock effects as described in Cochrane and Cox L966.

bResults based on five weeks da1a.

29.84%
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TABLE 13. Average values
disease progress curve
severity for faba bean
with rust isolate SS3

f.or atea under the
and final rust
lines inoculated

Ln L979.

Acces s ion
no.

AIIDPC A'b -a.F'rnaI rust
severiËy

R
A
N
K

R
A
N

K

2N40

2N447

2N59

2N3

2N42

2N4

2Nl16

2NB3

2Nl4

2N44

2N313

2N413

2N451

2N58

2N4L4

2N45

2N293

2N35

2N52

2Nl2

2N34

2NL24

2N125

2N430

2N62

c. v.

1

2

J

4

5

6

7

B

9

10

11

L2

13

L4

15

t6
L7

18

L9

20

2L

22

¿J

24

25

5.49

4.49

4.09

4. 00

3.69

3 .60

3.22

3. 06

3.02

2.98

2.72

2 .47

2.40

2.33

2.25

2.L7

1 .98

1 .93

L.7 5

L.7 5

r.59

1 .48

r.47

1. 11

0 .09

¿
a

ab

abc

abcd

abcde

bcde

bcdef

bcdef

bcdef

bcdef

bcdefg

cdefg

cdefg

cdefg

defg

efg
efg

efg

f.g

fo

fo

fg
fg

oõ

g

1

2

3

5

4

9

6

7

I
10

12

11

15

13

L6

L4

18

L7

19

22

2L

20

23

24

25

&
2.87 a

2.38 ab

2.36 ab

2.00 abc

2.06 abc

1. 79 abcde

1.95 abcd

1.81 abcde

1.80 abcde

L.49 bcde

L.43 bcde

1.48 bcde

L.27 bcde

L.32 bcde

l.2L bcdef

L,27 bcdef

1.13 bcdef

1. L5 bcdef

1.06 cdef

0.82 cdef

0.87 cdef

0.89 cdef

O.7L def

0.68 ef
0.05 f

38.7%30.9%

'Tukeyrs \¡r procedure at 10% Level of significance,
values followed by the same letter are not
signif icanËly dif ferent.

svalues adjusted for block effects as described in
Cochrane and Cox 1966.

bResults based on four weeks data.
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TABLE 14. Average values for host index,
percent infected plants for faba bean
rust isolate SS3 in L979,

modified host index and
lines inoculated with

Access ion
flo.

Host Index â'b l"Iod.
Host. Inde" t'o

PercenË plantsa
infected

R
A
N

K

R

A
N
K

R
A
N

K

2N40

2N447

2N59

2N3

2N42

2N4

2N1 16

2NB3

2N14

2N44

2N313

2N413

2N451

2N58

2N4L4

2N45

2N293

2N35

2N52

2Nl2

2N34

2NL24

2N125

2N430

2N62

c.v.

2

9

4

I
3

5

7

L2

B

L9

L1

10

L7

13

L6

20

L4

22

18

6

24

15

2L

23

25

1

5

6

3

4

7

20

L6

11

10

9

T4

2

B

t7

19

22

L2

2L

15

13

23

18

24

25

1

6

4

2

J

5

11

L4

7

15

9

12

10

13

L6

23

L9

L7

18

B

22

2L

20

24

25

*
752.4 a

3L4.2 cd

516.3 b

736.8 a

604. B ab

459 .L bc

2L4.9 def

L67.5 defg

288.8 cde

150.3 defg

247 .L def

2L4.4 def

222.4 def

L94.8 defg

L36.2 defg

102.0 efg
107.5 efs
118.9 defg
LLB.2 defg

247 .4 defg

l-04.3 ef g

L04.9 ef g

105.9 efg

58.2 fg

6.2 I

35.2%

874.6 a*

70L.4 abcd

675.8 abcd

822.2 ab

708.4 abcd

661.9 abcde

446.6 defgh

477.4 defgh

570.3 bcdefg

589.0 abcdefg

607 .7 abcdef

528.0 cdefgh

846.2 ab

652.L abcdefg

467 .6 defgh

463.0 defgh

375.2 efgh

559. B bcdefg
426.7 defgh

507 .8 defgh

551.8 bcdefg

358.7 fgh

463.6 defgh

294.0 gh

24L.2 h

23.6%

&
a

def
ab

a

a

abc

cde

defgh

cde

efghi
defgh

defg

efgh

defgh

efgh

efghi
defgh

fghi
efgh

bcd

hi
efgh

efghi

chi
i

26.9%

88. 5

43.7

72.9

89 .8

82.2

68.3

46.7

34.9

46.7

24.7

37 .2

39.4

26.6

29.4

27 .6

24.0

28.8

2L.6
26.O

52.3

15. 1

27 .7

23.4

L6.9

1.6

^T,rk.yts w procedure aX IO% level of significance,values followed by

the same letËer are noË significantly different.

fuaLues adjusted for block effecËs as described in Cochrane and Cox 1966.
h-Results based on four weeks daËa.
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TABLE 15. Average values for area under the
disease Progress curve and final rust
severity for faba bean 1ínes inoculated
with rust isolate SS3 at site 1 in 1980'

Acces s ion
no.

AI]DPC A Final rust
severity

R
A
N

K

R
A
N

K

2N40

2N3

2N12

2N42

2N44

2N59

2N124

2N83

2N35

2N313

2N45

2N5B

2N451

2N4L4

2N14

2Nl16

2N293

2N430

2N52

2N34

C.V .

1

2

J

4

5

6

7

I
9

10

11

T2

13

L4.5

L4.5

L6

t7

L8

t9

20

1.5

J

1.5

4

5

7.5
6

9.5

11

7.5

9.5

L4

L7

13

L2

18

15

19

20

16

3.24 a^

2.86 ab

2.8L ab

2.66 abc

2.37 abc

2.24 abc

2.22 abc

2.I5 abc

2.09 abc

2.04 bc

1.99 bc

L.94 bc

1.89 bc

1. B0 bc

1.80 bc

L.75 bc

L.65 bc

L.62 c

1.58 c

1.51 c

25.78%

2.08

1.93

2.08

L.72

1.50

L.45
t.46
1.16

1.15

L.45

1.16

I .07

0.92

L. 09

L.L2

0.89

0 .96

0.87

0.77
0.95

a

a

a

ab

abc

abcd

abcd

bcd

bcd

abcd

bcd

bcd

cd

bcd

bcd

cd

cd

cd

d

cd

25.29%

Tukeyts w procedure at the 10% level of signi-
ficance, values followed by the same leËter are
not significantly different.

-Results based on four weeks daËa.
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TABLE 16. Average values for host index,
percent planEs infected for faba bean
rust isolate SS3 at site l- in 1980.

modified host index and
lines inoculated with

Acces s ion
nO.

Host Index a Mod.
Host Indexa

Percent plants
infecËed

R
A
N

K

R
A
N

K

R

A
N
K

2N40

2N3

2N12

2N42

2N44

2N59

2NL24

2N83

2N35

2N313

2N45

2N58

2N451

2N4L4

2Nl4

2N1 16

2N293

2N430

2N52

2N34

c.v.

1

4

2

J

11

5

6

T4

L6

7

10

L2

15

13

1B

I
L9

L7

9

20

1

2

3

4

11

5

7

9

15

6

13

T2

L4

10

L7

8

L9

L8

t6

20

432.02 a*

370.L7 ab

366.44 ab

336 .7 6 abc

L64.44 de

277 .98 abcd

235.83 bcdef
167 .40 def

I4L.69 def

252.10 bcde

LsL.94 def

L52.98 def

I44.22 def

164.88 def

L32.92 def

193.31 cdef

81.89 f
LL7.O9 ef
L34.46 def

79 .26 f.

35.747"

47 4 .o3 a"*

477 .37 a
443.64 a

468.59 a

445.94 a

47L.69 a

436.36 a

457 .63 a

44L.3L a

45L.09 a

438.18 a

440.32 a

450. BB a

484.73 a

489.59 a

449.30 a

430.64 a

336.L2 a

327.82 a

4LO.L9 a

L9.64%

93.49 a*

72.L0 a

9L.46 a

73.37 ab

34.4L cd

56,16 bc

54.42 bc

32.88 cd

31.06 cd

53.79 bcd

35.L2 cde

34.L5 cde

32.80 cde

33.15 cde

27 .07 de

4L.71 cde

L8.32 e

30.87 cde

35.28 cde

18.05 e

29.L47"

4

3

I2

6

11

5

T6

7

13

B

15

L4

9

2

I
10

L7

L9

20

18

¿^T.tk"yts w procedure at the l-07" 1evel of significance, values fol-lorved
by the same letter are not significantly different.

aResuLËs based on four weeks data,
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TABLE 17. Average values for area under Ëhe disease
progress curve and fínal rust severity for faba
bean lines inoculated r.¡ith rust isola te SP5I at
site 2 in 1980.

Acces s ion
rro.

AUDPC Final rust
severity

R
A

N

K

R

A
N

K

2N12

2N40

2N3 13

2N3

2N42

2N59

2Nl16

2N44

2Nt24

2N35

2Nl4

2N293

2N430

2N4T4

2NB3

2N45

2N34

2N5B

2N451

2N52

c. v.

I
2

J

4

5

6

7

8

9

10

11

L2

13.5

13 .5

15

L6

L7

18.5

18. 5

20

7.20 a*

7 .LL ab

6.53 abc

6.L7 abcd

5.46 bcde

5.31 cde

4.69 def

4.68 def

4.62 def

4.54 def
1+.32 ef
4.26 e f
4.L7 ef
4.I7 ef
4.LL ef
4.O4 ef
3.96 ef
3.84 ef
3.84 ef
3.6L f.

L6.04%

J

2

1

4

6

5

B

o

7

L2

L7

10

I6
11

1B

13

15

L4

19

20

5.41 abc*

5.44 ab

5.68 a

5.L2 abcd

4.73 abcde

4 .7 9 abcde

4.20 abcdef

3.94 abcdef

4.44 abcdef

3.54 def

3.25 ef
3.77 bcdef

3.28 ef
3.67 cdef

3.L2 ef
3.52 def
3.31 ef
3.44 def

3.08 ef
2.77 f

20.06%

&
Tukey's w procedure at the 10% level of significance,
values followed by the same letter are noË signi-
ficantly different.

fo.esults based on five weeks data.



86

TABLE 18. Average values for host
and percent plants infected for
with rust isolate SP51 at site

index, modified host index
faba bean lines inoculat.ed

2 in 1980.

Acces s ion
fto,

Host Index a llod.
HosË Index a

Percent plants
infected

R
A
N
K

R
A
N

K

R

A
N

K

2N12

2N40

2N313

2N3

2N42

2N59

2N1 16

2N44

zNT24

2N35

2N14

2N293

2N430

2N4L4

2N83

2N45

2N34

2N58

2N451

2N52

c. v.

3 932.24 ab*

L 964.51 a

5 762.51 abcd

2 944.60 ab

4 797 .98 abc

7 715.40 cde

6 754.86 bcd

8 665.30 cdef

10 592.40 cdefg

11 567.35 defgh

20 385.85 h

9 593.27 cdefg

15 511.78 efgh

18 487.95 fet:
14 51-9.52 efgh

12 532.55 efgh

L6 5O9.75 efgh

L7 503.94 efgh

13 487.95 fgh

19 454.72 gh

L4.92%

2

1

4

3

6

7

5

8

I4
11

9

L2

13

20

15

10

L7

L6

1_8

19

956.07

966 .7 3

813.36

951.89

792.92

7 8L .49

809.89

726.02

6L8,29

645.L5

720.00
628.95

6L8.32

520.86

6L7.60

656 . 82

585 .47

587 .25

564.60

s41.22

a

abc

abc

ab

bcd

bcd

bcd

bcd

bcd

bcd

d

bed

bcd

cd

cd

d

d

3

1

6.5
2

5

T2

11

10

4

L4

20

8

18

6.5

T7

L9

13

L6

9

15

d

ab

*
97.08 abc

99.75 a

93.87 abcde

99.33 ab

96.29 abcd

9L .7 5 abcde

92.72 abcdef

92.86 abcdef

96.69 abcd

87.03 abcdef

54.77 c
93 .7 3 abcdef

82.47 ef

93.87 abcdef

84.58 def

80.72 f
87 .I3 bcdef

85.57 def

93.39 abcdef

87 .02 bcdef

6.387"L3.99%

Tukeyts w procedure at the 107. leve1 of significance values' followed
by the same letter are not significantly different.

"R""trlt" based on five weeks data.
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TABLE 19. R2 values for correlations of area under the
disease progress curve with other measurements of
disease in Ëhe years L978, L979 ar.d 1980'

1978 t979 1980 (SS3) 19Bo (sPsl)

AUDpc vs Hr o.45** 0.60** 0.64** 0.65**

AUDpc vs IIod Hr 0.34** o .42*t' o .24* o. 61**

AUDPC vs Percent 0.20 O. 53** 0. 52** o .L7

AuDpc vs Final sev. 0.62*x 0.86** 0.70** 0.76**

..) Correlation significant at the 5% atd I"L LeveL respectívely.
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DISCUSSION

Final rust severity values vrere well correlated to AUDPC (Table 19).

This was to be expected since final rust severity contributes in part

to AIIDPC. Since these two values are closely associated, it would

apPear that final rusË severíty could be used as a criterion for selecting

potential slow rusting lines ín preliminary tests. Final rust severity

has Ëhe advantage of being much less labor inËensive than recording rust

development over time as required in order to obËain AUDPC values.

The poor correlations of host index, modified hosË index and percent

infected planEs (Table 19) to AIIDPC indicates that Ëhese measurements

do not account for differences betsween lines in ability to reduce rust

development. Additíonal factor(s) in these lines must be contributing

to their ability Ëo retard rust development. It may be that Ëhese

factors influence measurements such as host index or modified host index.

The outcrossing nature of V. faba accounLs for some of the

variability found wíËhin 1ines. In addition, a certain amounË of varia-

bility is associated with any trait that is visually estimated. Not-

withstanding Ëhe variability found within lines for AIJDPC values, it

is possible to identify slow rusting 1ínes in small field p1ots. Lines

such as 2N34, 2N52 and 2N430 consistently had low AIIDPC values and other

Lines including 2N35, 2N45, 2N58, 2N293, 2N4I4 and 2N451 had low to

intermediate values. These lines may carry some level of slow rusting

resistance. The poor performance of other lines in Ëhis study would
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not seem to r^tarranË their further evaluation.

Although this experiment v;as not designed to examine the influence

of plot size on the evaluation of slow rusting in V. faba, it was found

that the coefficient of variation was reduced as plot size increased.

In view of Ëhe heterogeneity that exists within lines for their

ability to retard rust, it would seem that the smaller plots are less

represenËative of the population from which they were taken' Larger

plots tend to reduce the effects of a few fast rustÍng plants within

a plot allowing more reproducible resulËs.

The reduction of within-1ine variation observed after 1978 could

also be due in parË to the use of a single isolate per test site rather

than a mixLure of isolates. The use of single isolates would avoid

problems associated with race specificity Ëhat make certain lines aPpear

Ëo be slow rusters only because of a low frequency of virulent races

in the mixture.
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GENERAL DISCUSSION

ResulËs of the host range study demonstrate that ísolates of

Uromyces víciae-fabae have a much r^¡ider host range than previous studies

had indícated. The wide host range of Ëhe rusË isolates from Canada,

together with the previously reported host range studíes from other

parts of Ëhe world (Gaurnann \934, KapoorÍa and Sinha L969, L97L,

Kispatíc L949) demonsËraËes that a great. deal of variability exists

wiËhin Uromyces viciae-fabae. Rust isolaËes from various hosts and

geographic regions differ in both pattern and scope of host range on

members of the tribe Vicieae. I^Iahl (1978) suggesËs Èhat variability

in host range is usually greatest in areas of host diversity. Thus,

areas of North America where native species of Vícia and Lathyrus occur

may be primary or secondary centers of diversity.

The use of inbred faba bean lines selected for their reacËion Ëo

specific rust isolates e1íminates the problem of cultivar heterogeneity

that has prevented race Ídentification in earlier studies (Kispatic

L944, L949). Based on knowledge of Èhe homozygous genes for resistance

in these inbred faba bean lines, a maximum of six races could theoretically

be identified. If Ehe resistance gene Fr3 was separated from the gene

Er2, then an additional two races could also be identified.

This is the first time thaÈ the geneËics of rust resistance has

been successfulLy studied ir I. faba. AlËhough three genes for rusË

resistance were identified, additional genes are known to be present in
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the inbred Línes used in this study. The heterozygous resistance gene

in line MB-l-2 differs from the other resistance genes described Ín

this study since it confers resistance to boch rust isolates SS3 and

SP51. The resisËance gene(s) in D-50-7 and ltr'-13-4 still remain to be

identified.

Experience with rust diseases in other croPs suggests that using

single resistance genes in cultivars would not result in long term rust

control. Gene pyramiding might be more successful, provided the resis-

tance genes involved are not released singly. Complex races would have

to be developed under greenhouse condiLions to ensure that all resis-

tance genes were homozygous before a culEivar is released. Safeguards

would also be needed during cultivar development and seed increase

phases to prevent outcrossing. This would ensure that virulent races

do not develop by a stepwise pattern of changes in virulence on out-

crossed progeny that possess a reduced number of resistance genes.

Multilines could be even beËter suited for use in a partially out-

crossing crop such as faba beans. Since quality requirements are not

very stringent, multiline cultivars could likely be released following

a few generations of backcrossing the resistance genes into several

agronomically suitable 1ines.

Faba bean lines were found to differ in their ability to retard

the development of a rusË epiphytotic. The use of larger isolated

plots and inoculations from a point source might more realistically

símulate field conditions and allow the rate limiting capability of slow

rusting lines to be better expressed. The nature of this resistance and

its stability against additional races requires further study. IdenLifi-
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cation of the mechanism(s) responsible for this resistance could aid

plant breeders in visually selecting slow rusting resistance and

facilitate its incorporation into suitable cultivars.
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APPENDIX 2. Results of host range sËudies on UromYces

viciae-fabae conducted after L934.

Ilos t Kispatic
(Le4e)

Kapooria and Sinha
( le 6e)

Kapooria and Sinha
(Le7 t)

Vicia faba

V. disperma

V. bithvnica

V. calcarata

V. biennis

V. pisiforgis

V. narbonensis

V. monantha

V. articulaÈa

Pisum sativum

Lens cul- inaris

V. tetrasperrna

V. ervilia
V. sracilis
V. sativa
V. hirsuta
Lathyrus sphaenicus

L. aphaca

abys s inicus
elatus
i omardi

cicera
ochrus

odoratus

sativus

+

+

f

+

+

+

+

f

+

++

+

1-

+

+

+

+

+

+

+

P.

t.
P.

L.

L.

L.

L.
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APPENDIX 3. Source of
in the host range

rust isolates used
s tudy.

Host plant Collection site No. of
isol ates

Vicia faba L.

Pisum sativum

Vicia americana

Lathyrus ochroleucus

Lathyrus venosus

I,{innipeg

Quebec

i{innipeg

i.Iinnípeg

Falcon Lake

Steinbach

!linnipeg

Arborg

Oak Point

Kil larney

Brandon

Iladdashvil le

P opl ar field

Brokenhead Rv

13

4

I
L

I

1

I

1

1

1

1

1

1
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APPENDIX 4. Procedures for increasing rust isolates.

InoculaEion of host plants for rust increase was carried out

in a plexiglass inoculaLion cabinet equipped with a set of fine spray

nozzLes. Between inoculations, these nozzles sprayed a fine míst of

water from the Ëop of the cabinet washing the air within the cabinet

free of uredospores after four to five minutes. After spraying, the

wal1s of the cabineË were hosed dor,¡n. The inoculated plants were

covered with a tubular polyvinyl isolation cage. Filtered air was

circulaËed through the cage by a rubber hose attached at the base of

Ëhe chamber. This sLight flow of air through the isolarion cages

prevenËed contaminating spores from floating in and also prevented an

excessive build-up of moisture. Rust was Later collected with a cyclone

sPore collector or by the leaf-tap method (Browder I97L). Uninoculated

check plants were ah^7ays included Ëo ensure that any possible

contamination could be detected.
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P@[999
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@1
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@405

@-z

654
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o824

06108

zw
G9

æ28

01633

GSllr
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0694

06147
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G44

6257

os6l

q646

06382

06114

os19

6234

zBlT

&125
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@205

87
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g. plrfforEls ¡,.

g' !@ t.
Y. qcfvr L.

g. Åe.tf% L.

!' sc@ r.
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Y- Èâtr¡¡oêrB (L. ) 6:cbÊb€r
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g. g!!@ 8oÈh.
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Eøtwtdeo, ûrsgut
ger8llle!, Èæc€

Þssla, Mêq
/lfgbDl!te
Astñlfs vt8 !.6.4.
Pæfl.lee, Fraoce

fcmJ.llee , Fræec

þaala, Sucdeu

luhcy vla !.6.4.
Eaacl. &rftrerland

Llver?æI, BEgland

luÞy vtr !.8,Á.
Vemlller, lraæe
8offa, eagart
Bceæcæ, Præce

YcFlllcs, lrece
hbwg, Geæy

þoala, &eden

&ogat7 vla !.S.4.
tariaoa, Gæece

Fn¡æ vf¿ Il.5.A.

þoala, Eueden

&abGB, eerasy

Þæl¡, Præce
grñr p€g Eoacb, Garada

Gccçtø, Oot., C'*¿a
EcE, &rftælled
hotÈcg, Gcæuy

Ottæ. Couda

Bf@fpê8, CdBda

Ga!ôds

Eelrfa}l, PlDlaEd

Lfvarpæ!, Bagleod

lubat vfa û.6.4.
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APPENDIX 6. Analysis of variance for the
heterogeneity t,est of faba bean cultivars'

Source of
variation

D. F. S. S. M. S. F

Reps

Time

Race

Host lines

TXR

T X H.L.

R X H.L.

TXRXH.L.

Error

Total-

9 ,660.1250

t,725.L250

L42,278.r25O

66,L95.7450

r74.87 s

L,34L.7 55

42 ,oLg .7 05

I,086.92

43 ,112 . 500

307 ,593.875

L,07 3 .3472

r ,7 25. 1250

L42 ,27 8. 12 50

16,548 .9363

17 4 .87 50

335.4388

10,504.6760

27L.7300

252.L199

4.2573tr"*

6.8425**

564.3272x",<

65.6392**

0.6936

1 .3305

4L.6654x*

I.0778

9

1

1

4

1

4

4

4

L77

L99

**Significant at t]ne L% level.
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APPENDIX 7. Parentage of field pea cultivars used
to study pathogenic variability of UromYces

viciae- fabae.

Cultivar ParenLs

*-Century (Chancellor X Early Raymond) x Stirling
*"Tara 7585-58 X PI162567

7585-SB CenturY X Chancellor

Trapper
&
^Triumph

Chancellor X Weibulls 700

PT206852

*Described in Agriculture Canada (Production and
Marketing Branch, P1ant Products Div.) Description
of Varieties.

**Described in Ëhe Seed Scoop 1970, p. 5.
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APPENDIX 3. Reactions of inbred faba bean lines
to rust isolates SS3 and SP51.

Inbred
1íne

Isolate SS3 Isolate SP51

Infection
tYPe

R:S Infection
tYPe

R:S

2N447 -7

2N62-6

2N40-3-5

2Nr2-2

Ack-11

Erf-l-4

D-50- 7

ltr'-13-4

MB-1-2

3-4

3-4

3-4

0

0

0

0

0-3

0-1

0:18

0:23

Oz23

22zO

L7 :0

30 :0

11 :0

35:4

12zO

3-4

3-4

3-4

3-4

3

3

0-3

0

0

0:18

0:23

0:23

0222

0:L7

0 :30

10: L

39 :0

12zO
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APPENDU( 9. Reåctfoûa of F1 lluea Èo ruat Ísolatea
8S3 esd SP51.

ss3 sP51
Ctoes

Pareot
reectloD6

F1
R:S

F.
ets

Parent
reacCictos

2N62-6 A 2N447-7

2N62-6 E 2N40-3-5

Ack-11 X 2N62-6

Ack-ll A 2È447'7

Ack-ll X 2N12-2

Ack-ll X Sr-13-4

2NL2-2 r 2N62-6

2NL2-2 X 2N40-3-5

2NL2-2 X Erf-1-4

2NL2-2 x l{B-1-2

2NL2-2 X SF-13-4

2NL2-2 X D-50-7

Erf:L-4 X 2N62-6

Erf-1-4 X 2N40-3-5

Erf-1-4 X !fB-1-2

Brf-1-4 x EF-13-4

Bxf.-L-í x D-50-7

MB-1-2 A 2N62-6

r{B-1-2 X 2N40-3-5

HB-1-2 E Ur-13-4

HB-1-2 x D-50-7

EF-13'4 A 2N62-6

EF-13-4 g 2l{40-3-5

Er-13-4 X D-50-7 
.

D-50-7 g 2N62-6

D-50-7 I 2}{40-3-5

EAS

6A5

RtrS

EES

BXR

B¡R

Rrs

B¡S

RXR

BXR

BXR

BXR

RES

BXS

BXR

BXR

BXR

B¡S

BXS

8XR

BXR

B¡S

Bls

BXR

BXS

8XS

0:15

0:37

5E:0

33 :0

8Ì :0

34:0

63 :0

24tA

20:0

46 :0

79 ¡O

47 z9

65 :0

58:0

8220

33 :0

52:O

47:O

62zO

51 :0

48:0

38 :3

252L4

54:0

36:0

lE:8

sÉs

sxs

sßs

sÍ,s

sßs

sxR

sas

sxs

sxs

sxR

sxR

sxR

sxs

sxs

sxR

sxR

sxR

BXS

RXS

BTR

BXR

BXS

BXS

8XR

ers

BXS

0:15

0 :37

5:53

7 |26

10:71

33:1

5 :58

Oz24

0 :20

46zO

79:0

23:23

9256

3:55

82 :0

33 :0

31 :21.

47 zO

62zO

51 :0

48 :0

4I :0

24=L5

54:0

23:9

L5:10
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APPENDIX 10. Accession numbers and source of lines
used in the slow rusting studY.

Accession Cultivar name or
no. line no.

Source

2N3

2N4

2N12

2Nl4

2N34

2N35

2N40

2N42

2N44

2N45

2N52

2N5B

2N59

2N62

2N83

2Nl16

zNL24

2Nl25

2N293

2N313

2N413

2N414

2N430

2N447

2N451

PL22L5l7

PT22L5L7

Pf222129

PT254005

Baladi
BF /2L2
PT222L28

Pf2222L6

PA2n303

P1223304

P1254001

Dagestanskije Cernye Russia

Mínn., U.S.A.
lt ll

It tf

ll ll

Yassin, Sudan
tt rt

Afghanistan, via Pu1lman, VJash.

It rf tt

ll tt 11

tf lt 1l

Syria via Pu1 lman, !'Iash.

1l

t1

Upsala, Sweden

Denmark

Indía via U.S.A.

Wad Medani, Sudan

Egypt
ll

It

Hudaiba, Sudan

lt It

MÍnuta Pirhaner

Selection Inra-1049
illl

NEB111

NEB152

NEB343

NEB344

NEB362

NEB425

NEB429
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A?PENDIX 11.
L978, L979

Precipitation for the years
and 1980.

Period

Total precípitation in urn.

Winnipeg Glenlea

L97 8 L979 19 80

July 1-L5

July 16-31

Aug. 1- 15

Aug. 16-31

SepË. L-7

Total

44

39

5

50

2

140

11

25

30

55

20

L4L

6

L6

57

60

J¿

L7L
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APPENDIE 12. Aoalyeis of v@rfauce for elcñà rustlog reeults
tuoø L977.

Source D.F. Sr.o of È&ean F Value
sqr¡areE øquåre8

AT]DPC

Bepllcatfons 2 17 t4t+63 8'7232 1'5099

Lluee 24 382,4809 15'9367 2'7584#*

Error 48 277 -3204 5'7775

lota1 74 677.2476

c.v.-53.L47"

Final BusÈ Sev.

Replicatlone 2 0.22L9 0'1109 0'0451

Lfnes 24 99 .7048 4 'L544 1 ' 6882

Brror 48 118.1248 2'4609

Total 74 218.0515

c.v.-70.967"

Eost Index

Replicatioos 2 L65,2L4.4280 82,607 '2L4O 4'6730*

Lines 24 2,505,458.398 104,394'Oggg 5'9054**

Error 48 U8,529.8279 L7 ,677 '7047

Total 74 3,5L9,2O2.654O

c. v. *39 . 537.

blod E.I.

Beplfcations 2 50,452.5680 25,226'28/¡0 0'890L

Lfoes 24 L,4g7,L22.725 62,380'1135 2'2011**

Brror 48 L,360,357.421 28,%0.7796

lotal 74 2,907 ,932.7L4

C.V. -31.76%

Percent Infected

Beplicatioas 2 L,809.7814 904.8907 2'3419

Lf.oes 24 Y'5L7.g3gL L,438.2475 3'7223**

Error 48 L8,Y6 -6628 386.3888

ÎoÈaI 74 *,874.3833

C.V. -34.53?

*Slptff.roË et the 5Ë level.
*Sfgofff""ot &t the 11' leveI,
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APPENDIS 13. Aoalyels of vartauce for ø1ø¿ ruÊting
resulta fræ 1978.

Source D.F. 8-*c of Hean F Value
gqu¿re8 aquareE

AI'DPC

Lfues 24 1,398.0288 58-25L2 6.1097**

227 .8938 9.4956 0.9960

9.5342

Blocks (edj.) 24

Brrcvr L76 1'678.0149

lotal 224 3'303.9375

Lines

Final Severitv

Lines 24 285.6524 LL.}OII 5'6804**

Blocke (ad5.¡ 24 106.00/+8 4.4169 2.]O8O**

Brror L76 368.77L6 2-0953

lotal 224 760'4288

Eoat Index

24 !8,2L4,406.46 758,g33.6024 L4.5827#

Blocks (adj.) 24 4,274,gOO.5506 178,120.8562 3.4225**

Error

lotal

L76 9,159,621.9r11 52,043.3063

224 30,239,628.05

!l,odified H. I.
Lines 24 L3'274,g67.27 553,123,6360 9.4003**

Blocks (adj.) 24 1,620,508.089 67 ,52L.L7M L-L475

Erro¡ L76 LO,356,O42.ú1 58'841 '1525

lotal 224 25,250,5L8.20

Percent Infected

Lfnes 24 42,6L2.4877 L,775.52O3 6.2075**

Blocks (adj.) 24 11,?50.090 489.5871 1.7117*

Brror L76 50'340.96 286.0282

îotal 224 104,003.5344

*-'sipifleant et Èhe 5ñ leve1.
- Sigatffcaut st Èbe 1ã level.
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APPENDIÍ 14. Analysis of variance for elcn ruaÈfng
reeulEe from 1979.

Sor¡rce D.F. Sr.os of
aguare6

l{ean
aquale6

F Value

Bepl fcatfons

Lines

Blocks (adj.)

Brror

Total

Repl icat lons

Lfnes

Blocks (adj . )

Brror

Total

Beplfcations

Lines

Blocks (adj.)

Error

Total

Beplfcatloas

Llnes

Blocks (adj.)

Brror

Total

Beplfcations

Lfnee

Blocks (adj.)

Error

lotal

AI'DPC

40.76L3

1169.85r8

L4.8235

49.406L

274.ú27

Final Rust Sev.

10 .6201

48.2724

7.5103

23.4209

89.8237

Eost Index

815,723.5200

5,034 ,938 . 8800

1 17 ,290 . 5600

599 , 014 .4000

6 , 566 ,968. 32oo

Þlodf f ied E.I.

1,191,825.9200

3,2L7 ,579 .5200

351 , 827 .6800

I,303,902.7200

6 ,065, 136 .6400

Percent Iufected

9,674.2400

66 ,826 . 5600

L,977.2500

8,723.2300

E7 ,201 . 2800

10.1903

7 .0772

o,74L2

0.6501

2.6550

2.0LL4

0.3755

0.3082

203,930.8800

209,789.1200

5,864.527 5

7 ,881 .7681

297,956.4800

r34 , 065. 8100

17 ,591 .3800

17 , 156. 6100

L5,67 50

10. 8863*^

1.1401

g.6145**

6.5263*^

L.zLU

25.8737#
,i*

26.6L70

o.744L

r7.3669t.k

7.8L42

1.02s3

4

24

20

76

L24

4

z4

20

76

t24

4

24

20

76

L24

4

24

20

76

t24

4

24

20

76

L24

2,418.5600 2L.O7L4

2,7U.1A00 24.259L

98. E625 0.8613

LL(.7793

drÈ

dr*

Slgatflcant at the 1? ler¡e1.
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APPENDIS 15. Á'nalyele of varlasce 6er elem nr8tlEg
reeults eË 81te I (SS3) f980.

Source D.F. grmq 6f Hean F Value
6qu8reE square6

AI]DPC

Replfcatlooe 4 t7.68g3 4.4223 14.9503d*

Lines 19 21.1750 1.1114 3.7573w

Error 76 22.4853 0.2958

lota1 99 6L.3496

Beplicatims 4

Lfnes

Erro¡

TotaI

Llnes

Brror

lotal

19

76

99

Final Rust Sev.

6.3375 1.5843 14.8900r-t

L5.4236 0.8118 7;6297*

8.0828 0.1064

29.8É.39

Host Index

Repllcations 4 486,342.gLL7 L2L,E85'727I 22-6698'd

Llnes 19 988,191.2350 52,010.0650 9.6973H

Brror 76 4O7,6L4.2381 5,363.3452

Total 99 1'882'148.3848

Hodified E.I.

BeplÍcetloo s 4 326,7I2.4011 81,678.1003 10.8697**

Lfnes 19 169,301.9482 8,910.6289 1.1858

Brror 76 57L,O83 .8É.57 7 ,5L4.26LL

lotal 99 l'067'098.9500

Percent lufected

ßeplicatfoos 4 LL,366.5883 2,&L.647I 18'3814È¡

19 tú,8L1.g252 2,463.7E55 L5.g372*

76 11,749.LL77 L54.5937

99 69,927 .63L2

áiÊ----slplffcaot @t the 17 level .
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A?PENDLE 16. Analyeie of vertance for elcn¡ rusÈlng
re8ults at 81Ëe 2 (SPsl) 1980.

Source D.F. Sr¡os of
gqr¡are6

Hean
sguares

F Value

Beplicatfous

Llues

Brror

lotaI

Repllcatfoas

Lines

Error

lotê1

Replicatims

Lfaes

Error

lotaI

Repllcations

Lines

Error

lota1

Repl icatloas

Linee

Error

Total

AI]DPC

L2.7872

116.3770

45.5930

L74.7572

Final Bust Sev.

L2.8677

76.7488

49 .4776

139 .0941

Host Index

140,2t0.6668

2,826, r87.6896

6U,253.8293

3,650,722.1857

l{odtffed H. I.
161,780.2208

1,877 ,399.48L5

737,2L0.L034

2,776,389 .8057

Percent ltrfected

L77 .6987

9,2L4.7404

2,49L.4739

u , E83 .9130

3.1968 5.3289**

6.1251 10.2102**

0.5999

3.2L6g 4.g4L5'*

4.0394 6.2049

0.6510

35,07o.L667 3. 8952{.k

L48,746.7205 16.5213**

9 ,003 . 3399

40,445.0552 4.1695#

98,8r0.4990 10.1865{'È

9, 700. 1329

t+4 .4247 1. 3551

484.9863 14.7940**

32.7 826

4

19

76

99

4

19

76

99

4

19

76

99

4

19

76

99

4

L9

76

99

&
Slgaiflcant êt the 1n level.


