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ABSTRÀCT

Zegeye, T. 1_994 . Crown rust
Inherit.ance and screening study.
Advisor - Dr. p. D. Brown-

In an effort to identify
resistance genes, one hundred and

resistance ín wild oaLs:

The University of Manit.oba.

nev¡ sources of crown rust
eighty four accessions of fB

rnheritance of crown rust resistance in three fberian
(rB) accessions of Avena steril_is (tB 2435 from portugal, rB
3071 and fB 3Oj6 form Spain) to two isolates of puccj_nia

coronata corda f. Ep- avenae (cn 13 and cR 5o) was

investigated. Genetic analysis on Fz, F¡, BCIFr and BCrF2

populat.ions from calibre/rB 2435, calibre/te 3071 and
calibre/rB 3076 crosses support.ed the hypothesis that each of
the three wild oat accessions possessed a singre dominant gene
conferring resistance to cR 13 and cR 50. The gene in rB
2435, gene 'A' , was differenL from the genes in rB 3071 (gene

'B' ) and IB 3076 (gene 'C, ) . It. was a]so dif f erent and
independent from eight known pc genes (pc 38, pc 39, pc 4g, pc

58, Pc 59, Pc 6L, pc 64 and pc 68). This gene may be new and
previously unidentified. Gene ,8, and gene ,c, were the same

or a]leIic or tightly linked to each ot.her and a]so to pc 6g -

l_ l- l_



col-lections were screened with seven crown rust isolates (cR

a3, cR 25, cR 36, cR 50, cR 5G, cR 7j and cR Lo7). six
accessions, three diptoids, rB 2aoo-108, rB 2LOO-11_5 and rB
21'00-1-28; one tetraploid, rB 3253 and two hexaploids, rB 2100-

r21- and rB 2472 were found to be resistant to al_l seven
isol-ates. Another nine accessions, seven tetraproids (rB 5gi_,

ïB 866, rB 922, rB 965, rB 9BO, rB 2394 and rB 3584) and two
hexaploids (IB 2061 and IB 2100-132) were resistant. to six of
the seven isol_ates - El-even other accessions which were
resist.ant to five of the seven crown rust isolates were a
diptoid (rB 2252) , five t.etraploids (rB 641-A, rB 85B, rB g47,

rB 979 and rB 3335) and five hexaproids (rB g45, rB 961_, rB
I1-L2, fB 1113 and fB 3jS6) . Of al_l the accessions screened,,
twel-ve were found t.o be susceptible to all_ seven cror^/n rust
isol-ates -

AV
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1.0 TNTRODUCTTON

oats are one of the major crops that have been cur_Livated
for over 2000 years- out. of severar species of oats, Avena
striqosa schreb' (diploid) , Avena abyssinica HochsL.
(tetraploid), Avena byzantina c. Koch. and Avena sativa L.
(hexaploids ) are t.he f our cult.ivat.ed species , with Avena
sativa L. being t.he major one. oats are mostly cultivated in
the temperate regions of the worId. The former ussR, usA and
canada are the rargest producers, conLributing 422, 1,4+ and
BZ, respectively, to world oat production (FAo, rg92) .

crown rust, puccinia coronata Corda f.sp. avenae Eriks.,
is a major disease of oats causing significant worrd wide
yierd and quality reductions. Diversion of plant metabolites
into spore production together with uncontro]Ied water l_oss
through rust pustures, reduction of photosynthetic area and
general decreased growth of oat pJ-ants due to cror¡Jn rust l-eads
Lo l_ow yield and poor quality of oats.

ïn NorLh America, contror of crown rust has been through
the use of resist.ant cultivars. This contror- measure is
ef f ective, ef f ici-ent, economical_ and al_so environment.ally
friendry. rn an effort to deverop resistant varieties to
crown rust, numerous accessions from severa] oat species have
been tested for their resistance. New resistance genes were
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then incorporated into desired cultivated oats to prowide
protect.ion against the pathogen. However, the eworution of
new and virul_ent race (s) necessitates the use of other
resistance genes against the new race (s) .

The search for ot.her resistance genes, in addition to
improving the yierd and quality of oats, has been one of the
maj or obj ectives of oat breeders . For this reason,
identifying new sources of resistance has gone beyond the
horizon of cultivated oats. severar- expedit.ions to the
Mediterranean region have taken place to coll_ect wild oat
species. Presently, Agriculture and Agri-Food canada has one
of the largest oat coJ-lections, maintaining over 6000

accessions of wíld oats in the l{innipeg Research centre and
al-so in Pl-ant Gene Resource centre in ott.awa. .About an equal
number of Awena spp. are ar-so maintained by usDA, ARS at
Bel-Lsvill_e, ¡4D (Briggle et âI., tg75) . Based on the studies
arready performed., these accessions are expected to possess a
large number of resistance genes. rdentifying t.hese gene(s)
and j-ncorporating them int.o atready established cul-tivars with
desirabre agronomic traits will definiLely contribute to the
endeavour of improving the quality and yierd of oats. rn r_ine
with the objectives of improving oat production in canada, a

research project was initiat.ed wit.h the foll0wing four major
obj ectives:
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1. To determine the number and nature of inheritance of
resistance genes to cror^¡n rust in three hexaploid wild
oat accessions.

2 - To determine t.he rel-ationships of the resistance
genes in t.he three wild oat accessions with sel_ected and

known Pc genes.

3 - To determi-ne the rerationships among, the resístance
genes in the t.hree wild oat accessions.
4. To identify new sources of resistance genes to crown
rust by screening wil-d oat col-l-ections with seven crown
rust isol_ates.



2.O LITERATTIRE REVIEW

2 .L. Oats

2 .1,.I. Origin of oats

oats are one of the oldest cerears grown by mankind.
They seem to have been man's companion for some 4ooo years.
Archeol-ogical evidence indicat.ed that oats have been known in
Europe since 2000 B.c. oats identified as Avena striqosa
schreb. , found in Egypt with belongings of the 12rh d.ynasty in
the years between 2oo0 B.c. and 17gg B.c. were probably t.he

oldest oat grains known. There was no evidence, however, to
suggest t.hat they were cultivated (Cof fman , 1,g6L) . The f irst
writ.ten evidence about oat.s dates back to the time of the
Greek philosophers and naturalists Aristot.le (384 B.C. _ 322
B.C. ) and Theophrastus (371 B.C. - 286 B.C. ) . The physician
and medical writ.er Diascorides (1"E century A.D. ) and Gl-an (130

A.D. - 200 A.D.) also wrote about oats.

The origin of cur-tivated oats has been a subj ect. of
debate for over a century. some early workers suggested that
Avena sativa L. originated from Avena fatua L. while others
said it. originat.ed f rom Avena sterilis L. still_ others
believed that A. sativa was derived from Avena bvzantina c.
Koch. (Cof fman, 1961) . ,Jones and Clif f ord (f ge: ) suggested
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the evolution of A. sativa through A. st.erilis because of its
wider distribution and aggressiveness. rt seems that
consensus favours this evol-ution.

rt is not known where and when the curture of cul_t.ivated
oats began. cultivated A. sativa is thought. to have spread
from the middl-e east northward as a weed admixture with emmer

wheat (Cof fman , 1-9GI) . Cof fman furt.her suggested that known

cult.ivat.ion of oats g'oes back to the early period of the
christian era to the north of Greece and rtaly as evidenced by
caligula (rr B.c.- 4r A.D.) who h/as "feed.ing his favourite
horses with oats out of his golden cup',. Coffman (1961_) ,

cíting the 1885 report by Haussknecht, indicaLed that oat
culture came earrier in northwest Europe than anywhere else.
This was supported by the evidence that oat, meal was being
used by Germanic people in t.he first century A.D. on the
other hand, citing Tuncer he also stated that oat. cul_t.ivation
was bel-ieved to have been started at. an early date i_n Anatolia
(Turkey) According to Baum (:-gll) , the Chinese were

cultivating oats between 3g6 and 534 A.D. or even earl_ier. rt
was not known when oats became an establ_ished. crop in the
different parts of the world but oats had become an import.ant
crop in the period between 500 and 1OOO A.D.

Oats were brought to North America in 1602 (Coffman,

196a; 'Jones and clifford, 1983) . Russenholt in 1606 indicated
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that oats together with wheat, rye, barley, hemp, peas, beans

and garden vegetables were doing extraordinarity we1r.
coffman (rg0r) citing an 1853 report by Mason, indicated that
oats \^/ere cultivated in Newf oundland in 1_622. The Dutch
settlers arso grew oats in New Netherl_ands (Manhatt.an rsl_and)

prior to 1626. oats were probably brought to the pacific
coast by spanish priests either from spain or Mexico since oat
kernels of A. byzantina type were found in the ruins of the
adobe missÍons erected in t_811 and 1834.

2.1-.2. Classification

Oats are diploid (2n=2x=1_4) , tetraploid (2n=4x=2g) or
hexaproid (2n=6x=42) several workers classified oat.s by
different met.hods and ended up with different classifications.
For example, t.he r-890 report by Hackel cited by Baillie (1986)

classified oats into 50 species. Baum (tgll) puts them into
28 species while Rajhathy and Thomas (l-glq) , based on ploidy,
genome and unit of dispersar, classified them into 19 species
(Table 2 -]-.2.1. ) . The genus Avena was designated by Linnaeus
around L753. However, the term Avena was first introduced by
Bauhin from plinius and subsequently by Tournefort during the
early 17Eh century (Baum, A977) .



Table 2.1.2.i- .A.vena species based on ploidy l_evel_, genome andunit of dispersal

Ðiploids
2n=2v=14

CpCp
CvCv
ApAp

A]-A1
AdAd

AcAc

AsAs

clauda Dur.

l)rostrata
Ladizinsky
lonqiqlumis Dur.
damascena
Rajhathy et Baum

wiestii Steud.
hirtuLa Lao-

pilosa M.Bieb
Ventricosa Bal

canariensis
Baum, Rajhathy
& Sampson

strigosa
Schreb.

.A.ABB

Tetraploids .AACC
2n=4x=28

barbata Pott
vaviLoviana
Mordv. abvssinica

Hochst.
magna
Murphy & Terrell
murphvi
Ladizinsky

Hexaploids .AACCDÐ
2n=6x=42

fatua L. steril-is L. byzantina C.
Koch
sativa L.

From RajhaËhy and Thomas (l-974)

2 .1- .3 . Adaptat ion

oats are one of the major grain crops of the worr_d g.rown

primarily in the northern hemisphere, north of 4oo ratitude in
Nort.h America and north of 5oo in Europe and Asia (Browni_ng,

r973) . They are widely adapted over a range of climatic
conditions due to varietal diversity thriving best in a rather
cool and humid crimate. Highest yields were obtained when the
growing season \,vas long and comparatively coor. But generalÌy
they are best suited to a cool- and moist cl_imate since they
are very sensitive t.o hot. and dry weather during heading and
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grain fil]-ing. oats require more water than barley or wheat
to produce a specific amount of dry matter (Schafer and

Gaines, 1-916) . v,Iith the exceptíon of ríce, oats required more

moist.ure than any other cereal t.o produce a given unit of dry
matter (Coffman, 1961) .

2.L.4. Production

Schaf er et aI. (L923 ) stated that j_n the USA 10? of the
land devoted to cereals was planted to oats. Levers of oat
production seemed to fl-uctuate depend.ing on the damage caused

by pests in a particular year and al-so depending on t.he area
sown to oats. world oat production has decrined by 1gå since
L979 mainly because oat cultivated area was shrinking. fn
canada, for example, production in 1992 was 6? rower than that
of L979 because the area under oats, which was 40"6 of the
totar oat area in North America (t,23g,000 Ha) , was 1-gz of
that of 1'979 (FAo, 1-992) . rn spite of declining oat areas,
improvements in agronomic practices and plant. breeding have

result.ed in yield per hectare increases. yiel_d in canada
(2 -28 tonnes/ha) was consistent.ly higher than the us since
1'919 except for 1992 when the summer was unusually cool_ and

wet (FAO, 1-992) . Wor]d oat production ín 1992 was almost 34

million tonnes, with 21? (-t,Ig9,000 tonnes) being produced in
North America. canada produced approximat.ely g? (2,g23,000

tonnes) of the totat world production (Anonymous, 1,gg2,. FAo,
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1992) . This made canada the t.hird largest producer of oats
next to the former ussR and the usA. canadian oat production
for 1992/93 was estimated by the Nationar- Grain Bureau (1993)

to be 2 ,821, 000 tonnes.

Major oat producíng countries seed over go? of total oat
acreage with varieties of A. sativa. Among the eight
important cereals, oats consistent.ly ranked fifth. wheat and

barley were always ranked as first and fourth, respectively,
whil-e maize and rice interchange the second. and the third
places, respectíve1y, (Cof fman, l_96 j_ ) . The relative area
under oat cultivat.ion varies from one country to another. rn
the usA for example, oats ranked t.hird in t.ot.al_ cultivated
area, next to corn and wheat. rL was, however, the fourth
important crop by product.ion preceded by corn, wheat and

sorghum (Browning, :-9't3) .

2.1.5. End use of oats

oats, despite being high in prot.ein, ]-6z - 1-gz for A.

sativa (Browning, L973,' ,Tones and clifford, 19g3), 22.1,2

31,.42 for A. st.eril_is (Briggle et, âf ., :-}TS) and :.6Z _ 27e.

for A. fatua (Rines, êt âI., 19BO) and high in fat _ 8?

(Browning, 19'13,' .Tones and cr-ifford, 19g3), and despite having
the best amino acid balance compared to any other grains
(Browning, 1'9'13) , have only 6z of the total- oat production
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going directry for human consumption. A primary reason for
this is that it has high hurr content (20 - 252) .

Nevertheless, the National Grain Bureau (1993), indicated that
in the years 1,990/9t, aggt/g2 and 1gg2/g3, 862, 103? and, 782,
respectivery, of total oat production was used. domestically.
oats have been also used as fodder or forage in the
Mediterranean area, Asia minor and western Asi-a and as a

forage and for human consumption in Ethiopia as early as the
first century A.D.

2 .1-.6 . Oat crossing

oat.s are sel-f pollinat.ed crops with littl_e natural out
crossing. Morey (agLg) found. that on the average 0.252
naturar out. crossing occurred in crinton oats. citing the
work of others, Morey reported that natura] out crossing
ranged from 0.072 to 9.B2Z.

rn comparison to wheat and barley, crossing oats is
relatively difficul-t. seed set failure in interspecific
crosses were due to lack of normal cell differentiation and

endosperm degeneration (Brown, ]. 964) . Brown and Shands (1956)

report.ed that by removing one anther and by jusL opening and

closing t.he f l-orets in a couple of d.ays to simur_ate

pollination but. wit.hout applying foreign polren, a 30? - 50?

reduction in seed set resurted on days where the temperature
was over 34.50c. The same operation on coor days, 2roc - 270c,
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resul-ted in a 5z - l-oå reduction. A negat.ive correlation
between seed set and maxi-mum t.emperature on days of
emascuration, pollinat.ion and also on number of days between

emasculation and pollination \,ùas al_so reported (Brown and

Shands, 1956) . Coffman (fgSO) showed that bagging possibly
reduced seed set by 1'2% because of increased temperature under
high light intensity. The duration between emasculation and

pollination has a significant. effect on seed set. There was

no seed set when pollination was done four days after
emasculation compared to go? seed set over a two day interval
between emascuration and porlination (Brown and shands, 1956) .

rn addition, more seed set result.ed in the top frorets after
short intervals compared to l-ower floret.s that. had more seed

set at long int.erval-s. Cof fman (Ag3j ) reported that af ternoon
pollination resul-t.ed in more than double seed set compared. t.o

morning pollination. Satisfactory resul-ts vüere also obtained
when emasculated in t.he mornj-ng and pollinated in the
afternoon.

The most. effective period for hand pollinatíon of A.

sativa was the time of nat.ural ant.hesis which under normal_

field conditions occurs between t\n/o and five pm. On hot days,
poIlen grains were shed late in the d"y, 5:00 pm to 7:00 pm.

when maximum t.emperature was above 340c, a 360? increase in
seed set was obtained when crossing was done bet.ween 4:oo pm

and 7:30 pm compared to between 2:OO pm and 5:00 pm (Coffman

and Stevens, 1951) .
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The success of oat pollination can be determined t.wo t.o
three days after pollinat.ion by not.ing a wirted st.igma and an

enlarged ovary (f'ehr , :-ggO) . In common oats, pollen
germinates and germ tube enters t.he st.yle within five minutes
after pollination. Temperature has a marked infl_uence on the
rate of tube growth, 3o.c resulting in the fastest t.ube growth
and cel-I division (Brown and Shands , |r|ST). Lower pollen
germination coul-d probably account for lower seed set after
hand pollination because more polren l_ands on the stigmas in
natural pollination from the three anthers in a fl_oret.

other factors like evaporation, time of the day and high
wind velocity are also important factors that woul_d possibly
resul-t. in seed set. failure. High evaporation days are days of
lowest. seed set. very high wind velocity may cause excessive
whipping about. and drying of the fl-owers (Cof fman , 1-g3.t) .

Floret position also affect success of pollination. The top
three to four florets show much more recepti-vit.y on the day of
pollination than t.he rower floret.s. under field cond.itions,
if crossing is to be compJ-eted on t.he same d"y, the top three
to five floret.s could be used (Brown and Shands, 1956) . A1so,

no more than five spikelets are in a condition to be

pollinated on the same day (Coffman, 1,g3j) .
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2.1,.7. A dif ferential set

Differentiar rust reacti-ons to races of p.coronata was

first observed by Hoerner (fgfg) on seven oat cult.ivars. A

set of cul-tivars or l-ines showing different reactions to crown
rust races that. herps to differentiate between races is
useful-. such a set initial-ly consisting of 11 cul_tivars and

later on increased to 13 (Simons, j_g7)) has been in use since
l-935. weetman (tg+z) reported the different.iar react.ion of
three oat variet.ies. By l-ate 1-940,s, due to the appearance of
new crown rust races and also due to increased virul_ence on

the standard differential set of i_935, asubsequent set. of ten
cul-tivars was int.roduced and has been in use since i_954. The

ten variet.ies of the differentiar set were: Anthony, victoria,
Appler, Bond, Landhafer, Santa Fe, Ukraine, Trispernia,
Bond.vic and Saia (Harder, Ag.tg) . On these new differentials,
772 of the isolates v\rere avirulent on all ten cultivars or
virul-ent on one only. About g? of the iso]ates were vi_rulent
on two or more cul-t.ivars. Most of these cul_t.ivars became

susceptible by L9i0. once again a new differential_ set.

containing single crown rust resistance g:ene pc 1ines, all
derived from A. steri]is were produced by backcrossing to an

A- sativa cult.ivar with pendek being the cultivar commonly

used. This set has been in use since Lg74 (Harder, 1975;
Harder, 1-9'79; Chong and Kol_mer , Lgg3) . The number of
differential lines was increased from 12 in tgig to 19 in 1_g7g

so as to help identify more virur-ence combinations (Harder,



1980) . Present.ly the differential set used

Research Centre consists of 20 single gene pc

38, Pc 39, Pc 40, pc 45, pc 46, pc 4g, pc 50,

56, Pc 58, Pc 59, pc 60, pc 61, pc 62, pc 63,

Pc 68, (Chong and Seaman, 1993).

L4

at. the Winnipeg

l-ines, Pc 35, pc

Pc 54, Pc 55, Pc

Pc 64, Pc 67 and

2.2. Crown rust

2.2.1-. History

Archeological findings in rsrael_ showed that the ol_dest

rust spores ever report.ed, 3ooo years ol_d, were from wheat.
The Romans berieved that a pair of Gods, Robigo and Robigus,
punished human beings with rust infected crops. Even though
rust was observed by farmers for over 20oo years, it was

Aristotl_e (:e¿ B.C. - 322 B.C.) and Theophrastus (Zl:- B.C.

286 B.c. ) who described rust di-seases on crops. Robert. Hooke

in 1665 published the first. illustrat.ions of rust on a rose
leaf (Schumann, l_991) .

simons (tglo) reported that rozzeLtí in 176-7, was t.he

first to publish observations on crown rust. rn 1,7gL, persoon

described the aecial stage and. establ_ished the genus puccinia

whil-e corda in 1837 described. the teliar stage and named it
Puccinia coronata. DeBary found the aecial stage of p.

coronata on Rhamnus in 1967. rn 1975, NieJ_son proved p.

coronata t.o be heteroecious by using aeciospores from Rhamnus
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cathartica to infect oat plants. rt was cornu in l8go who

conclusivery demonstrated the connection between p. coronata
on Rhamnus and on oats by infecting seedling oats with
aeciospores from buckt.horn. By 3_gg9 it was reported that p.

coronata was on 22 species of wild grasses and three species
of Rhamnus- rt. was at this t.ime that Rostrup, cited by simons
(l.glo) , observed differential susceptibility of varieties of
rye grass which i-ndicated that there was varietal- resistance.
Though it was not est.ablished whether it was due to stem rust
or crown rust, t.he first record of rust in North America was

in 1858. rn rB'72, peck specificalty listed p. coronata as a

new species for New york (Simon, 1_970) .

2.2.2. Cl-assificat.ion

crown rust. fungus belongs to the division Eumvcota,
subdivision Basidiomycotina, cÌass basidiomvcetes, subclass
Teliomvcetidae, order uredinal-es, family pucciniaceae and
genus Puccinia (Lit.tlefiel-d, 1991) . Rust is not a singre unit
pathologically. Rusts att.acking one crop or one varj_ety might
not necessarily att.ack other crops or variet.ies. yet the
morphoJ-ogical dif f erences are smal_l and insignif icant, thus
these pathogenic variants were regarded as formae speciales
(,fohnson, L961- citing .1. Eríksson , ]..gg4) . Therefore, crown
rust fungus was ídentified as puccinia coronata cda f . -Ê-p.

avenae Eriks.
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2.2.3. Life cycle

crown rust is an obligate parasite. rt. is also a

heteroecious fungus spending part of íts 1ife cycle (uredial
and teliaI stage) on oats and grasses and the other part
(aecial stage) on the ar-ternate host, common buckthorn,
Rhamnus cathartica L. (Figure 1). The ureCial stage is
dikaryotic (u + m) , with each ceIl containing two nucr-ei. As

the host matures the black t.eliospores (l¡ + N) , the
overwíntering stage, are formed. Nucl-ear fusion occurs in
maturing t.eliospores to form a temporary diploid (2N) celrs.
This will then be fol-lowed by meiosis resulting in four
haploid basidi-ospores belonging to two differenl mating t)æes,
(+) and (-) . After about two weeks, the basidiospores produce

mycelium which can infect. the alt.ernate host to produce
pycnia. The pycnia of opposit.e mating t.ypes fuse to f orm

dikaryotic (N + N) hlphae once again. These dikaryotic hyphae

infect oats and grasses and. can produce urediospores
indefinitely if weather conditions permit.. As t.he host
matures, teliospores are produced completing t.he life cycIe.
under favourabl-e temperature and moisture condit.ions, repeated
cycles of infection by urediospores can occur in as rittl_e as

seven days (,fohnson , 1-g61-; Frankton, Lg67; Littlefield, 1gg1) .

The fungus is adapted to a fairly wide temperature range
but the generation time becomes correspondingly longer as
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temperature decrease berow the optimum of about 25oc (,Jones

and Clifford., 1983) . It also persists from season to season

in the warmer climate by continuous production of urediospores
which could al-so overwinter and germinate on grasses. ,Johnson

and Green (tgsz) reported that 2eo-20? germination was recorded
on couch grass, Aqropyron L. rn areas where the
fungus does not overwinter due t.o harsh col_d winter, Lhe

disease is initiated by spores carried by wind currents from

warmer areas, or from aeciospores originated from the
alternat.e host..
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2 .2 .4 . Dist.ribution

crown rust, caused by the fungus puccinia coronata cd.a f.
gp. avenae Eriks., Ís the most serious disease of oats
occurring nearly world wide. The distribution includes
islands far from any major l-and mass (simons, !985b). ït is
important in temperate and humid regions of oat cul_ture. rn
North America crown rust j-s widespread in the sout.h, mid and

north cent.rar usA, up to canada making a broad band of
Puccinia path (Figure 2) . The aecial stage of this fungus has

been reported from all major oat prod.ucing areas of the
northern hemisphere where Rhamnaceous hosts occur in proximity
to oats (Harder, IgTB; Simons, 19g5b) Harder (-glA) further
reported that a single large buckthorn shrub was sufficient to
generate a moderately severe infections in an adjacent oat
field. From yearry crown rust surveys, crown rust infection
in the Prairies and eastern canada was reported to range from
trace amounts in some fields to near dest.ruction of the crop
in others (Harder, r97g) . Even though susceptible Rhamnus

species are rare or non-existent. in south America and

Australia, t.hus lacking the presence of the aecial stage
(simons, 1985b), the disease is stirr important in these
areas, particularly in the cool- and moist coastal_ regíons
(,Jones and Cl_ifford, 1993) .
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2.2.5. Effects of crown rust

crown rust has been recognized as a serious oat disease
for over two centuries. rt affects oat prants by decreasing
photosynthetic l-eaf area, increasing transpiration rat.e and
increasing diversion of plant metabolites from grain to spore
production. In addition to rust. pustules permitting
uncontrol-led water l-oss, they arso weaken the stem causing
breakage or l_odging. Murphy (1935a) reported t.hat water
requirements of prants inoculated at t.he seedling stage was

four times greater than their respective checks. when plants
were inoculated at ant.hesis, their water requirements were 422

higher than their checks. The longer t.he d.urat.ion and the
greater the degree of infection, the higher wil_r be the water
requirement.

Early infection (seedling to early boot stage) of a

susceptible variety resul-t.ed in failure to head white plants
i-noculated at earry anthesis matured four days later than rust
free plants. plants from a resistant variet.y inoculated at
different stages headed. but date of ripening was delayed.
rnfected prants produce fewer tillers and fewer seeds/tiller,
resulting in reduced grain yierd of poor quality. Earry
report on crop loss due to the abundance of crown rust was

reported by Carleton (1905) by comparing the yield. of two
varieties. He found that the yield of the variet.y swedish
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select, a variety that. normally outweigh the variet.y sixt.y
Day, was lower by r2s7 kilograms ha-r. Early and severe
infection \^¡as negatively correl-at.ed with yield, prumpness,

dat.e of heading and height of oat.s (Murphy, t_935a) Mung,

cít.ed by osl-er and Hays (1953 ) , however, did not f ind an

association between rust reactions and date of heading.
Harder and Clark (1981) reported mean reductions for yield and

kernel weight t.o be 4oz and 232, respectively, while the
relative increase of hull to groat was 31?.

Yield losses to crown rust have been wel-l documented over
t.he years. In t.he USA, over a 20 year period (fgf g _ t_939)

yield reduction due to crown rusL was more than twice of that
caused by stem rust. rn t.he years Lg34 and 193g, yield
reductions were 2ov" and 242, respectiveÌy (Murphy et âf. ,

l-940 ) . For early and rate seeding, 2Be" and 50? losses,
respectively, have been reported (Fl_eischmann and McKenzie,

L965). Yield losses of 2ov" (.fones and clifford, 19g3) and 30?

(Martens et aI., 1,972,. simons, 19g5a) have arso been reported.
The estimated average annual- loss from aIl- oat diseases in the
us during 1951- - 60 was 2rz (ZiÌlinsky and. Murphy, 1967).
Fven though crown rust has little effect on the crude chemical_

composition of either kernels or hulls (Murphy, 1936) , the end

result of severe infection is often grain of poor quality due

to lack of starch and abundance of cel_lulosic material
(Agrios, 1988 ) .
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2.2. 6 . Host-pathogen interaction

rn the study of host-pathogen interactions, postulating
the concept that a gene for virulence has a corresponding gene

for resist.ance in the host. was a significant step forward.
Flor (rgs0) was the fírst to show these rel_ationships in genes

for resistance in flax (Linum usitatissimum L. ) and genes for
pathogenicity in fl-ax rusL (Mel_ampsora l_ini Desm. ) . The host
plant was resistant if it had a given gene for resistance and

was only rusted by a rust race that had a corresponding gene

for virulence. rf the host had two genes for resist.ance, it
woul-d only be rusted by a race or races with two corresponding
genes for virul_ence (Johnson , L961,) . The host._parasite
interaction has a genetic basis in both the host and the
pathogen. Host variet.ies dif f er greatly in t.heir
physiological processes, which are cond.itioned by genes. some

of these gene-conditíoned processes were incompatibl-e with the
growth of a part.icular rust. on the host. Rust races al-so

differed in their physiological processes, which rikewise are
gene-conditioned. ,fohnson (rgOr) explaining the reasons for
suscept.ibility, said "compatibirity of the gene-conditioned
physiology of the host with the gene conditioned-physiology of
the rust leads to susceptibility hence the physiological
interlocking of the genes of host and parasj-Le".
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A single rust resistance gene might condition resist.ance
to a large group of rust races. There are two types of
resistance, seedling resistance and adult/fieId resistance.
These two tlpes of resistance are ind.ependent.ly inherited, as
prants which were susceptible to some races in the seedling
stage were found to be resistant t.o the same races in the
adult stage and vice versa. Major genes were found to be

inherited in accordance with the Mendelian 1aws (Johnson,

1961- ) . Adult resistance is usually controrl_ed by several_

genes making g'ene transfer difficurt. The mechanism of
infection both in seedling and adult resistance is the same

except there is a significant. difference with respect to
hyphal length, uredia cm-1 and l-aLent period (r,uke, et âf .,
1984) . There is another form in which resistance was al_so

expressed in cultivars with victoria parentage. These

cul-tivars were suscept.ible to l-eaf blight which was caused by
the fungus, Hermi-nthosporium victoriae. The dead or injured
cells in reaction to Puccinia coronata were readily available
food for the H. vict.oriae t.hereby becoming a physiological
barri-er f or P. coronata thus making it resistant t.o crown rust
(Litzenberger, 1-949; osr-er and Hayes, 1953; simons, 1956b) .

2.2.7 . Rust scoring scal-e

A disease is expressed when a disease causing pathogen is
present in its host under favourabl-e environmental- conditions.
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Temperature and relative humidity are important environmental
components for disease devel0pment. For example, pc 6-7 is
temperature sensitive (Chong and Ko1mer, L993) and its
resistance becomes ineffective above 2SoC (Chong personal
communication) . Martens et â1. , (1979) reported. t.hat
resistances of two stem rust resistance genes (pg 13 and pg

15) v/ere expressed within 2o-2soc whil_e resistance of pg j_6

was not fully expressed at a temperature above 220c.

Tabl-e 2.2.'7 .a. Inf ection t14pes of crown rusL (Murphy, 1935b)

0 Immune

t Nearly immune

2 Moderately
resistant.

Moderat.ely
suscept.ible

Complet.ely
suscept.ible

No macroscopic evidence of
infection
No uredia formed; necrotic
areas or chlorot.ic fl_ecks
present

Uredia f ew, smal1, always j-n
necrotic areas; also more l_ess
necrotic areas produced without
the development of uredia

Uredia fairly abundant, smal1
and mid sized, always in
necroti-c areas seldom without
uredia

Uredia abundant, mid sized and
surrounded by chl_orotic areasi
necrotic areas enLirely absent

Uredia abundant, largei no
necrosis or chlorosis
immediately surrounding

l- Highly resistant

rrraÄ'i -
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A rust rat.ing scaIe, t.aking the different reactions into
account, is quite useful. such a scale was developed by
Murphy (1935b) and is still- ín use with some changes. The

scal-e used. to eval-uate rust reactions in this study is shown

on tabre 2.2.1.r. Reaction types 0 - 2 were grouped as

resistant whíIe reaction types 3 and 4 were susceptible.
Reaction types i t 1 and 2 were always associated wÍth necrotic
tissues, which is absent in reaction types 3 and 4.

2 .2 .8 . Virulence

Different geographicar locations support different crown

rust isolates. Kolmer and Chong (fggg) report.ed two distinct
populations of crown rust fungus in canada. one of t.he

populat.ions is in ontario and euebec while t.he other one is in
t.he Prairie region of southern Manit.oba and eastern
Saskatchelvan. Previous reports also indicated that different
frequencies of virul-ences occurred. in the west (on pc 35, pc

40 and Pc 46) and in the east (on pc 35 and pc 56) (Harder,

L978; Chong 19BBb) . In western Canada, crown rust inoculum
originat.es, in addition to buckthorn, from over-wintering rust
in Mexico and the sout.hern usA and. arrives in canada as

showers of urediospores carried by air currents. rn ont.ario,
the source of inocurum was most.ly from buckthorn (Harder,

L978,' Harder, L979; chong, rggga; chong and. seaman, 19g9) .
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Apart from geographical locations, other fact.ors courd
al-so account for independent epidemiological units. North and

south isrands of New Zealand are separated by 1oo kil_ometres
onry and yeL the two isl-ands have different virulence
combinations. All year-round avail-abilit.y of host plants,
north to south crop maturity progression, few winds in the
same direction and dissimil-ar climatic condit.ions may account
for the difference (Martens, €t â1., 1977).

rn Lhe 1980's, reduced crown rust incidence was observed
in western canada. This cour-d have been due to l_ess air-borne
inocurum from the usA, reduced oat cult.ívation, hot and dry
weather (chong and seaman, 1999) and al-so due to wid.e use of
resistant cultivars (Chong, 19gga). fn the east, favourabl_e

weather conditions, the presence of buckthorn and the use of
susceptible cul-tivars resulted in a high level_ of infection
t.hat. led to higher yield loss (Harder , ]-9g2; Chong and. Seaman,

]-99L) .

crown rust virulence has changed over time. rn the
1940's susceptíbiJ-ity of variety Bond to races of crown rust
was on the increase (Osler and Hayes, 1953) . The variety
Garry which was rel-eased as a resistant cul_tivar in L947 was

wit.hdrawn in L952 because crown rust races virurent. to the
resistance genes in Garry became predominant. A new race
virul-ent on varj-et.ies Anthony and saia was identified in 1955
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(simons, L956a) - The resistant varieties Landhafer and santa
Fe, int.roduced in 1939 and L945, respect.ively, (Osler and
Hayes, 1953) no longer adequately provided resistance to North
American crown rust races by L96r (McKenzie, Lg6L; Dyck and
Zillinsky, 1963) . By L964, 50? of the races of the area were
capable of attacking the two varieties (McKenzie and
Fl-eischmann, :-964) .

rn Lhe lat.e 1960's pc 3g and pc 39 were highly resistant
to crown rust isolates of the prairies (Fleischmann , L972;
samborski and McKenzie , 1,9'12; Harder, 1-g76; Harder , 1,97g) .

However, isolates that were virulent. on pc 3g were on Lhe

increase by the mid I97O,s (Harder and McKenzie , Ig74) .

rncrease in virulence on pc 40 from 4.22 and r.2z in eastern
and western canada, respectively, in 1-9-13 to 4g.3? and :a4.52

in l-974 was observed (Harder, ]-.975) . fncreased virul-ence was

arso observed on pc 50 and pc 56 (Harder, 1976,. Harder, 1_g7g).

The variety TAM O-301 (pc 58) which was 100? resistant to
all isolates in Texas area in 1-974 became 19? susceptible , 64o-o

moderately resistant and only 17? resistant to t.he isolates of
the area by 1-9BO (simons and McDanier-, 19g3) . rn Manitoba,
virul-ence on pc 46 increased from L2.4? in J-gjg to 73.62 in
1985 (Chong and Kolmer, 1993). Hudson, the new and most
resistant commercial cultivar introduced in Manitoba in the
mid 1-970's was attacked. by r0å and 2BZ crown rust isol_ates in



29

western and eastern canada, respectively, (Harder , 1-976) .

virul-ence on this cultivar increased from 10? in t-9g0 t.o 3az
in l-981 (Harder, 7982) and in Lgg1- it was removed from the
recommended cultivars for Manitoba (Chong, 19g4) . In eastern
canada, virulence on pc 6'l was up Lo 24.2% ín i_9g5 compared to
LZ in a984 (Chong, 1986).

curtivars with pc 39 were resistant to crown rusL for a

long time. However, Fidler (pc 39) was first attacked in irgg2
(Harder and chong, r-983) and virulence on pc 39 became wide
spread by 1-987 (chong r-9gga) . rn eastern canada, the
resi-stant variety Woodstock (pc 39) that was released in 19g2

v/as first attacked by an isorat.e in 19g5. rn r-9g9, this
variety was withdrawn because g7z of the isolates of the area
in 1988 were virulent on pc 39 (Chong, aggBa; Chong and

seaman, 1989) . The build up and wider distribution of races
virul-ent to pc 39 represent a significant threat. to any
cul-tivar relying on this gene for prot.ection (Chong , Agggb) .

By 1990, virulence on pc 39 has remained high at 752 in
eastern canada while in the west it increased to 442 from o?

in 1-974 (Chong and. Seaman, 1991) .

No virulence was detected on l-ines containing both pc 3g

& Pc 39 (Harder and McKenzie, 1974¡ Harder, L9.16; Hard.er and
cIark, 1981-) until rggT when two virurent isolates were found
(Chong , a988a) . By t-9g9 , 21-.32 of crown rust isol_ates
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isol-ated in the prairi-es became capable of att.acking the t.wo

genes (Pc 38 and Pc 39), 28 of the isol_ates were virulent on

Dumont (chong, 1-990; chong and seaman, 1990) . Virul_ence to
this two gene combination went. up t.o 43?; and,472 in l-990 and

L99L, respect.ively (chong and seaman, 1993) . cul_tivars Fidl_er
(Pc 39) and Dumont (pc 38 and pc 39) which are very important
cultívars in western Canada because the two cul-tivars account
for 75"<, 81-2, 79'" and 70% of the total area under oat.s for the
years 1984, 1985, 1987 and 1990, respectivery (chong, i-985;
chong l-986; chong and Kolmer , 1-993) , were attacked by crown

rust isolates in L9B7 (Chong l_9BBa; Chong 19g8b) . Conside_

ring isolates with virurence to this gene combination were

first isolated in J-9Bj (Chong 1988a) and also considering
cul,tivars like Dumont, Robert and Rier that are wideJ_y grown

in western canada rely on pc 3g and pc 39 for their
protection, it is a very serious concerri and. even a threat for
oat production in western canada. The concern becomes even

more alarming when the dominant gene pc 6g, a gene which
conferred resist.ance t.o al-l isolates in canada for many years
(Harder, et â1., LgB4) was , for the first. time, found to be

at.tacked by some isol_ates in 1991 (Chong and. Seaman, 1993) .

Decrease of virulence for certain races, for example,

race 264 on varieties victoria, Trispernia and Bondvic was

observed (Fleischmann, L97z) . chong (i-9BBb) also reported. the
change in frequency of virul-ence from pc 35 and pc 56 to pc 39
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and Pc 55. This decrease of virul-ence and change of frequency
may be due to the lesser competitive abirit.y of the existi_ng
races compared to the newer and virul_ent ones t.hat were

results of selection pressure. selectj-on pressure favours the
most virul-ent races on the prevailing varieties (Fl_eischmann,

1963). For exampre, races 202,203 and 213 were 452,15? and

14? prevalent, respectively, in t_953 (Simons, l-.954) and 3O?,

2Lt and 82, respectively, in 1954 (Simons, 1955) . These races
predominate mainly because they were aggressive and more

competitive on the cultivars that. were grown compared to the
low preval-ence (0.2"6-6.22) of the other races. It. has been

observed that virulence increased with the introduction of
resistance genes eventually making t.he resistance genes

i-neffect.ive. For example, wide spread use of cultivars with
Pc 59 and Pc 60 resulted in increased virulence on pc 59 and

Pc 6o (chong and Kolmer, 1993). Virulence on other genes that
were not included in commercial- cultivars remained l_ow.

Therefore, since changes of virulence and frequency of
crown rust races was observed over the years, it was necessary
to monitor these changes. For this reason, crown rust surveys
were conduct.ed annually beginning in 1,92j ln t.he us and. L929

in Winnipeg, Canada (Chong and Kolmer, t_993) .
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2.2.9. New races

New crown rust races cont.inuarly appear either through
genetic recombination, mut.ation, somatic hybridization or
heterokaryosis (.fohnson, :-96:,) . fn this process, cultivars
with no crown rust resistance could favour simple races to
predominate while cul-tivars with resistance genes might favour
complex races (Brouwer and Oates, 19g6) . Buckthorn was of a

special concern not only because it accelerat.es epiphytotics
but al-so because of the possibility of sexual- recombination of
fungi occurring on ít.. There was a higher probability of a

new race capable of attacking resist,ant. cul_tivars appearing in
areas where buckt.horn was present (Harder and McKenzie, rg74) .

Even though the alternate host rargely contribut.es t,o greater
variabilit.y due to hybridization and genetic recombination
(Fleischmann, tg65) , genetic variability also occurred in the
absence of the alternate host (Brouwer and oates, l_9g6).

Fleischmann (1963,1_964) al_so attributed the evolution of a

race 'to mutation (race 332 from race 2l-6) as there was no

buckt.horn in nearby oaL f ie1ds.

The work of Fl_eischmann (tgø+) on genet.ic variability as

expressed by race to isolate ratio, showed. that eastern canada

has higher variability (r-:3.8) than the prairies (r:s.s).
This was due to hybridization and recombination of the crown

rust fungus occurring on the al_ternate host Higher
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variability as expressed by low race to isolate ratio with
aecial culture (1:1.9) was obtained from the al_t.ernate host as

opposed to the high ratio (f : ¡ ) f rom t.he uredial- cul_ture .

Contrary to the finding of Fleischmann (]'gø+) , Chong and

Kolmer (1993 ) reported that phenotlpic diversity in t.he

Prairie population to have been higher than eastern population
for the period bet.ween ag74 - 1990 except for L977. rt was

explained that. this higher phenotypic diversity might have

been due to p. coronata found, in grasses and wild oat species
and contributing through the sexual- cycIe. rn addition, it
could have been due to urediospores originating from the
aeciospores of buckthorn in the usA and carried by wínd
current, to the prairies (Chong and Kolmer, Igg3; Kolmer and

Chong, 1993) .

2.2.I0. Cont.rol

one of the control measures used against. crown rust was

the practice of cul-t.ural cont.rol, ie, early seeding and./or the
use of early maturing variet.ies. Erad.ication of t.he arternate
host was also another cultural control- measure ( ,fones and

cl-ifford, l-983). However, fields in remote isl_ands with no

arternate hosts were found i-nfected with crown rust (simons,

r970).
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The use of multirines was another cul_tural control_
measure that resul-ted in litt.re or no yierd loss (Browning and

Frey, 1981) . Mul-til-ines consist. of mechanicarly mixed

isolines each containing a single or few major genes

conferring resistance to crown rust. rt is a convenient way

of using diversity in commercial crops for which agronomic

uniformity is required. rn fact, it is the del_iberate
introduction of heterogeneity without compromising for yield
and quality by introducing resistance from a unique source
j-nto a common parent line by backcrossing. rn addition to
countering a known threat from one parasite, multiline
varieties have t.he potent.ial of counterinq unpredicted threats
(Day, l-9'74) .

There are advantag'es in using mul_til_ines as a control
measure. Firstly, if one isorine is susceptible to a specific
race, the initial inocurum and thus the disease wi]r be lower
than a field seeded to a single susceptible variety.
secondly, the rate of infection d.ecreases because of the
likelihood of a resistant isoline growing next t.o a

susceptibl-e one. Thirdly, if one of the isol_ines was f ound to
be susceptible and significant.ly affecting yierd, then t.hat
isoline courd be replaced. with anot.her isoline the following
year (Browning and Frey, 1991; Michel and simons, t-9g3,. chong,

l-988a) .
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chemical contror has arso been used to control_ crown

rust. Clark (fge8) reported that a rusted plot yielded 2OZ

less than plots t.reated with Daconil 27g.t (sprayed four times
at weekry íntervals at a rate of 9o0g 752 wp/380 l_itres of
wat.er) .

The use of crown rust resistant varieties is by far the
most widely used method of controlling the disease in North
America because it is economicar, effective, efficient. and

environmentally acceptable (sand.erson, 1960; Harder, L9g2¡

Michel and simons, l9B3¡ Martens et âf., 19gB; chong and

Seaman, L993) .

2.2.a1-. Source of resistance genes

The development. of a superior cul-tivar requires as long
as Lo-12 years. rt courd even be ronger when several
different Lypes of resistance to a number of d.iseases has to
be combined with all- the desirable agronomic t.raits (Martens

et â1., 1988). Desirable traits like high yie1d, disease
resistance, kernel qualit.y, etc., are not always avail_abl-e in
the worl-d collection of cultivated oaLs. Genet.ic variability
j-s required to overcome major chal-lenges j-n oat. improvement.

rmprovement in yield and other agronomic charact.ers of
cultivat.ed oat.s have been accomplished. primarily by util-izing
the genetic variations within A. sativa (Sharma and Forsberg,
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1'977) . However, there were also other sources of such
variations in diploid and tetraploid species (Dyck and

Zillinsky j-963; McKenzie and Fleischmann, 1_g64) . Several
crown rust resistant strains were found in A. striqosa
(diploid) , A. abyssinica (tetraploid.) and Avena barbata pott.
(tetraploid) (simons et â1., 1959,- McKenzie and Freischmann,

L964). The difficurty of transferring resistance genes, d.ue

to mitotic instability and/or incompatibility (Dyck and

Zillinsky, 
'963) and lack of pairing between chromosomes of

hexaploid and the donor species (Sharma and Forsberg, L977)

from lower ploidy revel into commercially acceptabre hexapl_oid

varieties have been report.ed. rnstability for resistance due

t.o monosomic al_ien substitution (MAS) l_ines, which may have

resurted from lack of chromosome transmission through the
poI]en, was also reported (Sharma and Forsberg, 1_g7j) .

Neverthel-ess, ZíI1insky & Derick (1960) and Dyck & Zillinsky
(1963) successfully transferred two genes for crown rust
resistance from diploid to hexaploid oats, while sharma and

Forsberg (tgll) transferred a crown rust resist.ance gene from
a tetraploid into A. sativa.

rn the 1960's it became increasingly difficult to obt.ain
a cultivated hexaploid germplasm possessing a satisfact.ory
leve] of crown rust resistance. Varieties known to possess
resistance g-enes that. were considered to be of marginal value
were even considered (Martens, êL âI., 196g). This did not
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herp in identifying new sources of crown rust resistance
genes. oat breeding has reached the stage where a1r
variations in oats including wild oats have to be taken into
account if further improvement is to be mad.e (najfratfry et â1.,
Le66) .

since populat.ions of wird species exist. in equilibrium
with pathogens, they must possess an effective protection
mechanism which enabl-es them to survive and reproduce
(ZíI}insky and Murphy, L967). Therefore, wild species have

been collect.ed in dif f erent exped.itions wit.h the primary
objective of looking for new sources of disease resistance
(Martens eL aI., l-9BO) . A1so, A. byzantina and A. steril_is ,

which are fully compatibre with A. sativa , became viable
components of progressive oat breeding programs because of
ease of genetic transfer (sharma and Forsberg, rg77) .

crown rusL resistance in wil-d oats has not been widely
exploited for breeding programs until L962 when suneson and

Mill-er released a variety, the improved sierra variety, from
a cross bet.ween A. sativa and A. fatua (McKenzie and

Fleischmann, L964) . Differential reactions to cultures of
several crown rust races among select.ions of A. steril_is
suggested the presence of several genes condit.ioning
resist.ance to cro\^/n rusL . The genet ic variability f or
react.ion to disease, displayed by natural populations from
diverse geographical areas, sugg:ested that these populat.ions
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have new genes usefur- in improvement of cur_t.ivated oat
varieties (zillinsky and Murphy, 1,967). A. steriris , which
is the second most common oat species next to A. barbata
(Rajhathy et a]. a966), represents a vast riving gene pool,
that is ext,remely variable, serf reprod.ucing and continualry
changing with pressure of environment. (Zillinsky and Murphy

,1967). wahl- (rgzo) al-so expressed the view t.hat. the
aggressíve A. sterilis const.ituted a rich and heterogeneous
reservoir of new and readily usable genes for resistance to
crown rust, both in seedling and adul_t stages. He reported
t.hat 1-62 of seeds of adult plants grown from seeds collected
in rsrael had field resistance to virulent races of puccinia
coronata.

Populations surviving generations of rust infestations,
frequently in t.he presence of t.he al_ternate hosts, are more

Iikely to be rich in genes for resistance and./or t.olerance to
races of rust (Kiehn, rg76) . Accessions of A. steril_is from
rran, North Africa, rsrael and the Mediterranean region
provided resistance to North American crown rust races
(simons, 1'965; Freischmann et a]., 1,971,a; Kiehn, et aI., r976;
Harder et â1., 1980). As a result several resistance genes

were transferred from A. sterilis into common oats (Martens,

et âf ., 1980) . Harder et â1., (i,gg2) reported that t.hus far
thinty five crown rust resist.ance genes have been isol_ated
from wild oats. A. sterir-is derived resistance g.enes were not
known to be present in A. fatua.
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2.2.12. Linkage of resistance genes

Linkage, association and aIr-erism of crown rust
resistance genes and also crown rust resistance genes to
certain agronomic traits is known to exist. For example,
sanderson (rgeo) reported the existence of two closely linked
g'enes with considerable variation of rust react.Íons due to
environment in two crosses invorving the varieties Fortune/
ukraine and Garry/ukraine. Allelism or close linkage for pc

46 and Pc 50 (r'leischmann, et. ar., a97ra) and pc 35 and pc 54

(Mart.ens et â1. , 1980) were also reported. Kiehn et al-.
(tgla) and Brouwer and oates (1986) reported pc 39 and pc 55

to be all-el-ic to each ot.her or cl_osely linked. All isolates
that were virul-ent on pc 39 were al_so found to be virul_ent. on

Pc 55 (Chong, 1988a; Chong and Kolmer, 1993) . Chong and

seaman (1993) and chong and Kolmer (rgg:) ar-so reported t.hat
all isorates virul-ent on pc 63 to be virurent on pc 38. ït
appeared that these two pairs of genes were associated which
may be due to close linkage in coupling phase (Chong and

Kolmer, l-993 ) .

Forsberg & Nishiyama (1969) and Sharma and Forsberg
(tgll) found associat.ion between dark kernel colour and crown
rust resistance. They suggested t.he two genes being locat.ed
on the same chromosome. rn other studies the genes for seed

col-our and awn charact.er did not appear to be linked t.o crown
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rust resistance genes whil-e genes, for grey colour and awn

type appear to be closely rinked (xiehn et âr., 1976). rn
addition, lack of linkages was reported between crown rust
resist.ance and characteristics of wild oats (rleischmann and.

McKenzie (1,964, ]-968) and also between cro\^/n rust resistance
and awn development, lemma pubescence and lemma colour (!.Iong

et. aI. , 1983) .
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3.r_

INHERITANCE OF CROWN RUST
steril-is L. ACCESSIONS.

Introductíon

4L

RESISTANCE GENES TN THREE Avena

crown rust is one of the major diseases of oats. using
crown rust resistant varieties has been the practical method

of controÌling this disease. Developing commercially
acceptable resistant varieties requires incorporating
resistance genes into cul-tivated varieties. several_ wild oat
coll-ecti-ng expeditíons have been made with t.he major objecti-ve
of obtaining new sources of crown rust resístance. Based on

a preriminary screenj-ng trial, three Awena steriris L.

accessions (rB 2435, rB 3071 and rB 3076) were reported (Fox,

1989) to be resistant t.o six crown rust isol-ates (cR 25, cR

36, CR 50, CR 56, CR 7j and CR 107). However, the number of
g'enes in each of the three accessions conferring resistance to
one or more of the six isolates, the genet.ic re]ationships
among these genes and also with known pc genes r,vas not
investigated.

To determine the useful-ness of the resist.ance in these
accessions, it was necessary to characterize the resistance
genes that were available in the t.hree A. steril_is accessions
with the major aim of using t.hem in the oat breeding programme

in the lalinnipeg Research centre. For this purpose, a study
was initiated with the foltowing three objectives:
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of1- To determine the number and nature of inherit.ance
resistance genes in rB 2435, rB 3071 and rB 3076.

2. To determine the relaLionships of the resistance
gene(s) in the three accessions with se]ected pc gfenes.

3. To determine the rel-ationships among the resistance
gene(s) in t.he three wil_d. oat accessions.

3.2 Material_s

3 .2.1- Oats - parental_ materials
The three hexaploid (2n=42) crown rust resist.anL Iberian

wild oat accessions used in this study, rB 2435 from portugal,
rB 3071 and rB 3oi6 from spain were used as ma]e parents in
crosses wit.h the canad.ian oat cultivar, calibre. calibre also
hexaploid, is susceptible to most crown rust isolates of the
Prairies- The species, chromosome number, country and

location of coJ-lection, and the reactions of parental
material-s to cR 13 and cR 50 is shown in Tabte 3.2.1.1.
Table 3-2.a-r-.__ Ave:na species, chromosome number, country &l-ocation of col-lection aid rust reactions to cR 13 and cR 50of three wild oat accessions (rB 2435, rB 307L and rB 3076)and the cul_tivated oat cul_tivar, Calibre.

Species
rB #/
cuI tiv. Country Location

Chr CR
#13

CR
50

A. steril-is 2435
A. steril*is 307L

A. steril_is 3076

A. sativa Cal_ibre

Port.ugal Figueira 42 O

Spain .Tereze de 42
1a Fontera

Spain rTereze de 42 0Ia Fontera

Canada Saskatoon 42 4

0

0

4
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Eight single gene pc tines (Table 3 .2 .1,.2) f rom the
currently used differential set in the winnipeg Research

centre (Appendix A), were selected to identify the resistance
genes in the three A. steriris accessions. The basis of
sel-ection of the pc Iines vras their present use in oat
cul-tivars grown ín the prairies (pc 3g and pc ag) , their
potential_ use (pc 6g) and al-so because of the similarity of
react.ion types to crown rust isolat.es wit.h the t.hree wild oat
accessions -

Tabl-e 3.2.1,-2. Reactions of selected single gene pc linesto seven crou/n rust isolates -

PC
ene

CR
13

1

^l+

4

0

CR
25

CR
56

CR
a07

CR
7'7

CR
50

CR
36

3B

39

4B

5B

59

6L

64

6B

T,

,t

^.-awrrJ-

.'lL
tL

ô.wtt

'I

00

3 .2 .2. Crown rust
Crown rust isolates

Ialinnipeg Research Centre

the inheritance study.

because:

CR 1-3 and CR 50, obtained from the
rusL laboratory, were used throughout

These two isolates were selected



44

l-) They were used in the initial screening of the wild
oat accessions used in this study.

2) cR l-3 is a virul-ent isol-ate which attacks eight pc

genes (Pc ag, Pc 40, pc 45, pc 46, pc 4g, pc 54, pc 55

and Pc 60) and is ar-so virulent on one of the genes (pc

39) that confers resístance to cultivars which are widely
cul-tivat.ed in the prairies such as Dumont, Robert and

Riel- - rt is, t.heref ore, important t.o understand the
inheritance of resistance genes in the three wild oat
accessíons in rel_ation to CR 13.

3) cR 50 is a less virul-ent isolate which at.tacks three
Pc genes (Pc a5, Pc 50 and pc 56) different from the ones

at.tacked by cR 13. The t.wo isorates have a combined.

virul-ence on el_even pc genes.

4) The use of two isolates with dif f erent. virul_ent
combinations offers t.he opportunity of identifying more

than one gfene in each accession.

5) A simil-ar inherit.ance study was conducted using these
two isolates (Fox, l_989) . Thus to maintain consist.ency
with similar studies in the oat breeding progranme in
hlinnipeg Research centre it vras decided to use the two

ísolates.
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3.3 Methods

3.3.1-. Oats

3.3.1.1_ Plant.ing

The three wild oat accessions and Calibre r^rere planted aL

the rat.e of four seeds/pot in 15-cm diamet.er fibre pots. The

seedrings v/ere t.hinned to two/pot. A 5 : 1 : t_ soil mix of soi1,
sand and turface, respectivery, was used. when seed.l_ings were

inoculated with rust and there vras no need to gror¡i them to
maturity, Len to twelve seeds/pot were pranted in a 13-cm

diameter fibre pot using soil only.

To obtain uniform germination and uniformly expanded

seedling leaves, the following steps were adhered Lo d.uring
planting:

a) seeds v/ere dehurl-ed and put into l-abel_l_ed enverops,
b) The envelopes were soaked in GA, with acetone (1 g of

GA3 in 4 l_itres of aceLone) for i-S_20 minutes,

c) Acetone was allowed to evaporate from the envelop,
d) seeds were then treated with Agrox N-M 50? Maneb and

e) Seeds were planted in their respective pots.

After planting, Maneb was applied on the soir_ surface to
supprement the soir with the micronutrient manganese in
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addition to ít.s fungicidal effect. To give germinating

seedl-ings a good start, the pots were fert.ilized. with L6-20-o
(NPK) at t.he rate of about f ive grams per pot.

Plants vlere g.rown in growth cabinets wíth a photoperiod
of l-6 hours and a temperature regime of 2O0C/1S0C (day/night) .

Insects were cont.rolled using different insecticides including
RÀrD (,Johnson & sons Ltd.), Malathion 50? EC (Later chemicals,
Ltd., Ríchmond, B.c.), Temik (R) (union carbide Agricultural
Product.s Co. Inc. ) , and Cygon (1.5mI/ lit.re) . ïn addition,
pots were wat.ered weekly with a f ert.il- izer sol-ution containing
5s/litre of 20-20-20 (NpK) (prant producLs co. Ltd., Bramalea,

Ontario)

3 .3 .L.2 Crossing

obtaining matching mal-e and f emale parents, t.hat is, a

male parent. shedding its pollen at the time when the stigma of
the female parent. is receptive h/as one of the diffícult tasks
faced in oat crossing. This is mainly because t.he two parents
head at different times and there is onry a rittl_e window to
pollinate at the right moment. rt is even more difficurt when

it is not possible Lo predict as to when the wird oat parent
will head. This problem was addressed by planting both
parents at different. planting dates separated by weekly
interval-s. Both parents were kept in the same cabinet until



heading t.ime when the male

separate growth cabinets in
cabinet was six hours ahead
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and femai-e parents v/ere kept in
which day/night cycte of Lhe male

of the femal_e cabinet.

For successful_ crossing, Coffman, s (Lg37 ) technique was

used on heal-thy and sturdy oat plants. poll-en was obtained by
opening the glume and the pilea of the mal-e parent and

remowing the bright creamy anthers with a pair of tweezers.
The anthers were placed on the palm and carefully the ftoret
of the female parent. opened. only the primary fJ_orets of the
femal-e parent v/ere used in hybridization to ensure viabÌe seed
production. Anthers, the secondary and the tert.iary fl_orets
of t.he femal-e parenL were discarded. The porlen from the mal_e

parent was shed on the feathery stigma and the pilea and the
glume were carefulfy pushed back to their original positions.
Fert.ilization u/as checked by examining the stigma two days

after pollination. rf Lhe st.igma remained feathery, a second.

round of pollination was made. pol-l_inated f l-orets were

covered wit.h a wet gJ-assine bag which helps to improve seed

set (Marshal1, 1,962) and al-so to protect the pollinated
fl-orets from porlen of other prants in a cabinet. rn
addition, Lo avoid unwanted crossi-ng by carrying porlen from
a different mal-e parent when more than one parent, was involved
in crossing, the tip of the pair of tweezers v/ere licked and
then dipped into a jar of 7oz ethanol. Al-so, the pal_m and the
f ingers were cl_eaned with alcohol_.



4B

3.3.2. Crown rust screening

3.3. 2.1-. Inocul_at.ion

For inoculat.ion to be successful, viabre crown rust
spores are required. Fresh spores col_l_ected from susceptibl_e
hosts or spores dried on a desiccat.or for two hours, stored at
-750c +/- 50c and heat shocked in a 4o0c water bath for five
minutes were used.

rn this study, three methods of ínoculation were used.
These differed in the spore carrier - oi], tarc or finger. rn
oil- J-nocuration, a very smal-l amount of ured.iosopres of each

crown rust was put in a smal_l disposable capsure ínto which
mineral oil was added. The leaves were inoculated with the
rusL and the oil- \^/as all-owed t.o ewaporate (20-30 minutes)
before the pJ-ants were incubated.. with the talc method, a

spore - tal-c mixture at t.he ratio of about 1:50, respectiwely,
was used. A mist of O.01? sol_ution of Tween 20 (five drops of
poJ-yoxyethylene 2o sorbitan monl-auraLe per litre of water) was

sprayed on the l-eaves. The seedlings were then inocu]ated
using a compressed air duster. I^Iith the finger inoculation
method, a smal-l- amount of crown rust isorate was put between
the thumb and the index finger and the leaves were gently
rubbed from t.he base towards the tip. rn tatc and finger
inocul-ation methods the inocul-ated prants were put in an

incubating chamber as soon as inocu]ation was compreted.
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rnocul-ated plants v/ere incubated at high relative
humidity for 20-24 hours. Most incubations were made in
growth cabinet.s af t.er which t.he plants were kept in the
greenhouse or grovrth cabinets for normal growth to resume.

Rust reactions v¡ere scored a2-14 days post inoculation. A rro'

to n4tt scoring scare described by Murphy (1935b) (Tabr_e

2-2-7 -r) was used where ";", '1' and, 't2u ratings represented
varying degrees of resist.ance and '3 , and ,4t, represent
suscept.ible ratings.

3.3.4. Populations developed for genetic anal_ysis

Four different popurations were developed for genetic
analysis - The purposes were to determine the number and

naLure of inheritance of resistance gienes, to det.ermine the
relationships of these genes between themselves and with
sel-ect.ed Pc g'enes. similar met.hods of rust testing and chi_
square analysis were used in all- the poputations.

1. a) The three wil-d oat accessions were crossed with
calibre- The parents and Fr seedrings from each of t.he

crosses were tested with cR 13 and cR 50 0n their first and.

second leaves, respectively. Resistant reactions of the three
accessions (Tabl-e 3 .3 .4 . 1. ) reported in a preJ_iminary

screening (Fox, r-989) were confirmed. Fr seedrings vùere

se]fed and v/ere gror^/n to maturity . Fz seeds were corl-ected
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from individual- Fr plants and then six F2 seeds/pot were

planted. The seedlings were tested for their reactions to cR

13 and CR 50. The number of resistant and susceptible
seedl-ings f or each of the isol-ates and crosses vras scored.
Chi-Square test r',ras used to test t.he goodness-of -fit of the
ratios of the segregating popul-ations to t.he proposed model_s.

Tabre 3 .3 .4 - 1. Three rberian wil-d oat accessions (tB 2435 ,fB 3071 and IB 3076) and their reactions to six crown rustisolates (CR 25, CR 36, CR 50, CR 56, CR 77, and CR IO7).

ïB Number cR 25 CR 36 CR 50 CR 56 CR 77 cR 1,07

tB 2435

IB 3071

rB 30'/ 6

0, 4

0

b) Randomly sel-ected F2 plant.s lvere grov/n to maturit.y. To

avoid bias, al-l- even numbered seedlings \,Jere removed by
numbering the seedrings from 1 - 6, the seed.ling nearest to
the pot fabel being plant number one. F, seeds of ind.ividual
F2 plants lvere corrected separately. A minimum of 20 F3

seedl-ings/v, plant was grown and tested for reactions to cR 13

and cR 50 on the first and second leaves, respectivery. chi-
square test was used to test whether the segregating F.)

populations f it. int.o proposed model_s.
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2 a) the F, prants of the three wi]d oat accessions crossed
with calibre were backcrossed to car_ibre and grown to
maturit.y- seeds from individual_ BCIF' plants were coll_ected
separately and then six BCrFI seeds/pot were plant.ed. The
reactions of the seedlings to t.he two test isolates r,\¡ere

scored- The seedlings were randomly thinned to three
seedl-íngs/pot and grown to maturity. chi-sguare test was done
on the segregating BC,F, population.
b) seeds from randomly ser-ected individuar_ BCrFr prants were
col-l_ected and 2O -25 BCrF2 seedl-ings, planted as 1O _ 13

seeds/pot, \dere grovrn and tested with cR 13 and cR 50 on
their first and second. reaves, respectivery. chi-square test
was used to determine the groodness-of-fit of the proposed
mode]. The resul-t will help to support the model proposed in
the Fz, Fr, and BC,Fr segregating populations.
3 ) Each of the t.hree rB accessions were crossed with ser_ected
singre gene pc rines. The purpose of these crosses was to
produce F2 populations for t.esting with cR 13 and CR 50 t.o
determine whether or not the resistance g-enes in the wird oat
accessions were already known g.enes. For these crosses eight
Pc lines (pc aB, pc ag, pc 48, pc 58, pc 59, pc 6I, pc 64 and
Pc 68) were serecLed based on t.heir resist.ant reactions (Tabte
3.2-r.2) and also based on their present and potentiar_ use as
crown rust resistant genes.

4) To determi-ne wheLher the resistance genes in each of t.he
Lhree rB accessions were the same or different, intercrosses
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between t.he Lhree unknown wir-d oat accessions were made. chi_
square test was used to test whether the segregating F2

population of each of the crosses would fit to a proposed
model-

In some cases rating rust, react.ions was difficult due to
seedling deaLhs - This rÄ/as presumably caused due to soit
toxicity. However, some F, and BCrFr prants survived and. were
carried to the next generation even without scoring their rust
reactions. As a resulL, Lhe BCrF2 population sizes v/ere more
than 50? of Lhe BC,F, populat.ion.

3.3. Results and discussion

3 .4. 1. IB 2435 srud,y

3 .4 . 1. 1 Inheritance of cror,vn rustCatibre/IB 243s
resistance in

Segregation of the
and of Calibre*2/fB 243s

with CR 13 and CR 50 are

CaIibre,/fe 2435 F, and F, populations
BCIF' and BC,F, populat.ions when tested
shown in Tab]e 3 .4 .1,. 1 . 1 .

The F, population of t.he CaIíbre/fB
int.o 245 resistant and 72 susceptible
wit.h CR 13. Chi-square test supported
ratio fit.red (p=0.30_0.50) the proposed

2435 cross segregated

seedlings when tested
that the segregatJ_on

3:1 (R:S) model for a



single dominant gene.

population segregated.

segregation rat.io al_so

for a single dominant

I¡Ihen tested

for 250R and

f itted (P=0 . l-0 - O

gene,3R:15.
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with CR 50, the same

675 seedl-ings. This

.20) the proposed model

Tabl-e 3 .4 .I. 1. 1. Segregation of the F2,F3, BCrFl and BC,F,populations from the caribre/TB 2435 cross to crown rust
isol-ates CR 13 and CR 50.

Populations
CR

isolates R s
Proposed

model x2 PofX2
F, cR r_3

cR 50
245 : 72
250 : 67

3:1
3:1

0.884
2.52s

0.30 - 0.50
0.10 - 0.20

BCrFr CR
CR

13
50

4t
40

28
29

1
1

1
1

) AAq

1.754
0.10 - o .20
0.10 - o -20

BCIF,- cR 13
cR 50

38 : 4L
38 : 41-

1_

1
1
1

0.114
0.114

0.70 - 0.90
0.70 - 0.90

cR 13
cR 50

44 : 116 :42
44 :1,1,6 :42

1: 2: 1
1: 2: 1

4.495
4.495

0.10 - 0.20
0.10 - 0.20

trng tes
-Resistånt : Segregating : Susceptible families

fn the resistant cl_ass of reactions (described in Table
2.2.7.f) the majority of the segregating F, seedlings (except

for 7 plants for cR 13 and 14 plants for cR 50 out of 3r:-
plants) showed 'o' or ' ,; ' reaction types for both cR 13 and

cR 50. The ratio of the seedrings in Lhe d.ifferent reaction
types did not fit the 1-:2:r moder for a partiat dominant gene.

This support.ed the hypothesis that. the gene conferring
resistance to cR l-3 and also t.he gene conferring resistance to
cR 50 was a dominant gene. plants resistant/susceptibl_e to cR

l-3 when inoculated on their first l_eaves were al-so resistant/
susceptible, respectively, to cR 5o when inocurated on their



second l_eaves. This suggests that the same

conferring resist.ance to both isorates. For the
this study the g'ene conferring resistance to cR r_3

in IB 2435 was d.esígnated as gene ,A, 
.

54

gene was

purpose of

and CR 50

The F, families from the population of randomly serected
F2 plants resur-t.ed in 44 resistant , l-]-6 segregating and 42

susceptibre famities when tested with cR 1_3 and cR 5o on their
first and second reaves, respectiwery. This segregation ratio
fitted (P=o.l-0-o-20) the proposed one dominant gene modet, one
resistant : two segregating : one susceptibre families.
I¡iithin the segregating F, famiries, seedrings segregated with
a 3R:]-s ratio (Appendix B) . Alr í^e 202 famir-ies segregated
for cR t-3 and cR 50 in the same way. That is, homozygous

resist.ant, heterozygous and homozygous susceptibl_e families to
cR 13 were ar-so homozygous resistant, heterozygous and
homozygous susceptibr-e, respectivery, t.o cR 50. The resurts
from the F3 famiries, that is, segregation of the F3 famiries
with a one resistant : two segregating : one susceptibre and
al-so segregation within the segregating families with a 3R:1s
seedling ratio for a singre dominant gene, was in agreement
with Lhe resu]ts obtained in the F? segregating population,
suggesting that rB 2435 possesses a single dominant giene

conferring resistance to both cR 13 and cR 50.
In the backcross populations, the BCrFr population

segregated for 4t-R and 2BS seedlings when tested. with cR 13 0n
their first leaves. The same popuration segiregated into 40R
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and 29S seedrings when t.heir second l-eaves were t.ested with cR

50. rn both populations, the resi-stant : susceptibre ratio
fitted (P=0.10-0.20) the proposed t_:1 model_. The population
from randomly sel-ect.ed BCrFr plants that were carried Lo the
next generation, BCrF2, resulted in 3B segregating and 4L

susceptible famil-ies when tested with both cR 13 and cR 50 on

their first and second leaves, respectively. This segregatìon
ratio in BC,F, al-so fitt.ed (p=0.70-0.90) the proposed 1:1mod.el
f or segregating : susceptible families. The seed.J_ings within
the segregating BCrF2 families segregated with a 3R:1s seedJ_ing

rat.io for a single dominant gene (Appendix C) . These resutts
from the backcross meLhod were strong evidences support.ing the
resul-ts obtained from the F2 popurations and F3 famil_ies
suggesting rB 2435 possessed a singre dominant. gene.

3.4-1--2. Refationships of the resistance genes in rB 2435with select.ed pc genes.

segregation to cR 13 and cR 50 of F2 seedr_ings from
crosses between selected pc lines with single genes for crown
rust resist.ance and rB 2435 are shown in Tabl_e 3.4.r.2.r.

rn the F2 populat.ions from crosses of pc 61 and pc 68

with rB 2435, t.he resistant to susceptible segregation ratio
fitted the proposed model for two dominanL genes, 15R:1s, when

tested with cR 13. This was t.o be expected because the three
Pc l-ines, each possessing a singre gene, were resistant to cR

13.
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Table 3 .4 .I.
selected

2.I. Segregation
Pc lines/te 2435

isolates CR 13

of the F, populations from
crosses to crown rust
and CR 50 -

Crosses
CR

i solates R s
Proposed

Model x2 PofX2
Pc 38/rB 2435 cR 13

cR 50
L69 : 31
185:15

13:3
-15 : -L

1.387
0. s33

o .20 - 0.30
0.30 - 0.50

Pc 39 /IB 243s CR 13
cR 50

148 : 52
I87 : 13

3:1
15:1

0.107
o.o2r

0.70 - 0.90
o.70 - 0.90

Pc 48/IB 243s cR 13
cR 50

161 : 4!
193:.9

3:l-
15:1

2.383
1.110

0.10 - 0 .20
0.20 - 0.30

Pc 58/IB 2435 CR 13
cR 50

769 : 31
]-92:8

13:3
15:1

1.387
1.728

o .20 - 0.30
0.10 - 0 .20

Pc s9 /IB 2435 cR 13
cR 50

1,23:31
140 :, 7,4

13:3
15:1

0.1,92
î 1aa

0.50 - 0.70
0.10 - o .20

Pc 61,/IB 2435 CR
CR

t_3

50
]-78 : 11
188 : 1

15:1
63:1

0.0s9
1.313

0.70 - 0.90
0 .20 - 0.30

Pc 64/rB 243s CR ]-3
cR s0

165:33
163 : 35

13
13

3
3

0
0

564
151

0.30 - 0.50
0.50 - 0_70

Pc 68/IB 2435 ñD 12

cR 50
181 : !4
181 : A4

15:1
15:1

0.288
0.288

0. s0 - 0.70
0.50 - 0.70

For each of the two crosses, gene A from rB 2435 t.ogether

with t.he single gene from the pc lines segregated fol_lowing a

simp]-e Mendelian segregation ratio for two independent

dominant genes, 15R:1s. populations from pc 39 /tn z+25 and pc

4B/rB 2435 crosses resul-ted in a segregation ratio for one

dominant glene. since cR 13 is virul-enL to pc 39 and pc 48, F)

popul-ations derived from crosses inworving pc 39 and pc 4B

would show onry a single gene segregation, that is, the gene

derived from rB 2435. populat.ions of crosses from pc 38, pc

58, Pc 59 and pc 64 with rB 2435 a]so fitted the two glene

model- acting in a dominant-recessive epistatic manner when

tested with CR 13.
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hlhen t.ested wit.h cR 50, the popur_ations from ar_r- the
crosses, excepL for pc 6a/rB 2435 and pc 64/lB 2435 crosses,
segregated with a resistant to susceptible ratio that fitted
the two dominant gene model_,15R:15. The segregating
popuraLion from pc 64/rB 2435 cross fitt.ed a t.wo gene model-

acting in a dominant-recessive epistatic manner, 1_3R:3s, whire
the segregating population from pc 61,/rB 243s cross fitted a

three gene model_ , 63R: 15 .

rn alf the populations inwolving pc rines and rB 2435
crosses/ seg'regation for two genes was expected when tested
with cR 50 - This is because al-I the pc lines were resistant
to cR 50. Therefore, in addition to the singÌe genes in each
of the Pc lines, gene A from rB 243s was ar-so expected to
confer resistance to cR 5o in the segregating F, populations.
The popul-ation from pc 6a/rB 2435 cross, however, resul_ted in
the unexpected resistant to susceptible segregation ratio that
f itted a t.hree gene moder-. one possibility as to why the
unexpected segregation ratio resul_ted courd be due to the
expression of a resistance gene(s), in one or both parents,
which was not ab]e to express its resistance in the absence of
the second gene f rom t.he second parent.. This phenomenon was

observed by Nel_son (l_98l_) where a number of defeated genes
(susceptíbIe) for stem rust resistance resul_ted in improved
res j-stance when combined together. Even though NeIson, s

observat.ion does not furry expJ-ain the results obtained in
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this cross, it suggests the possibility of the presence of a

defeated/mi'nor/secondary gene (s) in either of the parents that
might. have expressed resistance when combined with the other.

Änother possibl-e explanation for the three gene ratio
involving Pc 61 and cR 50 is that the pc 61 rine may not be a
singre gene line. This is because resul-ts from atl the
populations, except for the population from pc 6r/rB 243s

cross, when t.ested with cR 50 suggest that rB 2435 to possess

a single dominant gene. Therefore, it fo]]ows from this that
it might be the pc 6L l-ine that. possesses the second gene.

The other possibility is that. scoring of rust reactj_ons might

have been inaccurat.e. Resistant reaction depends on the host-
pathogen interaction which means not all- hosts express simil_ar
reaction types when inocurated with the same isol_ate.
Therefore, if some seedl-ings were scored as resistant when

they vrere really susceptible, then the segregating popuration
could fit the moder for a three gene segregation ratio. still
an other possibilit.y, though very unrikely, is that some

seedlings could have been escapes during inoculation thereby
affecting the resul-t. whether they were escapes or not and

whether the results obtained were ind.eed correct could be

verified by growing the F2 population to F3 and testing the
segregating f amil-ies with CR 50.

rn al-l- the segregation ratios, with few exceptions, ,a]1

seedlings and famil-ies resistant Lo cR 13 were arso found to
be resistant to cR 50. Al-so, those that were susceptibte to
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cR 13 were susceptibr-e to cR 50. This is ind.icative that Lhe
same gene, gênê 'A' , was conferring resistance to both CR 13
and cR 50 further supporting the hypothesis made based on
resul-ts of previous popul_ations.

3.4.2 rB 3O7r study

3'4'2.r- rnheritance of crovùn rust resistance inCal_ibre/rB 3O7l_

segregat.ion of the car-ibre/re 3071 F, and F, seedlings and
al-so segregation of car-ibre*2/rB 3071 BCrFr and BC,F, seedrings
tested with cR r-3 and. cR 50 are shown in Table 3.4.2.1.1.

Table 3.4.2.1.1. Segregation of the F", F¡,populations from the cati¡re/re 3071 ãro==isolates CR 13 and CR 50 -

BCrFi and BC,F,
to cror/Ín rust

Resistsnt: Segregating :Susceptible families
Suscept

The Fr populations from the catibre/rB 3077 cross when
tested with cR 13 segregated for 10oR and 37s seedr_ings. The
chi-square test supported that this ratio fitLed (p=0.50_0.70)

Populations
CR

isolates R:S
Proposed

Model_ x2 PofX:
F, CR

CR
13
50

100 : 37
103 : 34

3:1
3:'l

0.295
0.002

0.50 - 0.70
0.95 - 1. OO

BCrFr CR
CR

13
50

43 : 31
36 : 38

1:1
t.l

1.946
0.054

0.10 - 0.20
0.70 - 0.90

BCrF"* CR 13
cR 50

6I : 91,
6l : 91

1:1
1:1

5.570
5 .570

0.01 - 0. 05
0.01 - 0. 05

El CR
CR

13
50

52:. 86 :57
52 : B6 :57

1: 2: 1
1. 1.z. f,

2.969
2.969

0.20 - 0.30
0.20 - 0.30le; 'Segregating , sur"eptEìã f"ãä;ã
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the single dominant giene moder, 3R:1s. The same population
when tested wit.h cR 50 resulted in 1o3R and 34s seedrings.
This rat.io f itted (P:0.95 - l_. 00) the single dominant gene

modeI, 3R:1s. rn addition, most of the resistant reaction
types for t.he L37 F2 seedlings were ,0, or , ;, except for 10

plants for cR 13 and 34 plants for cR 50. The ratio of the
populations in the different reaction types did not fit the
L:2:t modef for a partiar dominant gene indicating that the
gene in rB 3071- r^/as a dominant gene. Here again, like in the
popurations derived from rB 2435 crosses, most of the
seedlings resistant/suscept.ibre to cR 13 on the first leawes

were resistant/suscept.ible, respectively, to cR 50 on the
second. This suggests t.haL the same resistance gfene confers
resistance to both cR 13 and cR 50. For the purpose of this
study, the g'ene conferring'resistance to both cR l_3 and cR 50

in fB 3071 was designated as gene ,8,.

The F, famil-ies from randomly sel-ected F, plants resulted
j-n 52 resistant., B6 segregating and 57 susceptible famil_ies
when tested with cR 13 and cR 50 on their first and. second

leaves, respectively. The chi-square test supported that the
rat.io fitted (p=0.20-0.30) the proposed model for a single
dominant giene, one resi_stant : two segregaLing : one

susceptibl-e f amilies. Irlithin the segregating f amilies,
seedrings segregat.ed with a 3R:1s ratio (Appendix D) . rn
addition to the resul-t from F2 plants where 191 out of 195
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showed reaction types that were the same for cR 13 and cR 50,

the result. in F3 families, that is, segregation of the F3

famil-ies with a one resistant : two segregating : one

susceptibl-e ratío and also segregation within the segregating
families with a 3R:1s ratio supported the hypothesis that rB

307r carrj-es a dominant gene conferring resistance to both cR

13 and cR 50. Further, Lhe fact that 195 famiries out of 195

showed the same reaction for the two j_sorates is a supporting
evidence that a single dominant g'ene conferred resistance to
both CR 13 and CR 50.

rn the backcross popurations, t.he BCIF' poputation
segregated for 43R:315 when the first leaves r,üere inoculaLed
with cR l-3. The same popuration when tested with cR 50 on

the second l-eaves resulted in 36R and 3BS seedlings. rn both
cases, chi - square test support.ed the hypothesis that t.he

resistant : susceptíble ratio fitted (p=0.10-0.20 for cR 13

and P:0.70-0-90 for cR 50) the proposed singre gene moder.

RandomJ-y serected BCrFr plants t.hat were advanced to BC,F, were

arso tested with cR 13 and cR 50 on t.heir first and. second

leaves, respectively. The resul-t was 61 famil_ies segregating
and 91 famílies susceptible to both isol_ates. chi-square test
supported proposal that the ratio of the segregatíng to
susceptibl-e seedlings weakly fitted (0.01-0.05) t:1 model_.

The seedlings wit.hin the segregating BCrFz families segregated

ruith a 3R : 15 ratio for a singre dominant gene (Append.ix E) .
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The resul-t.s from the BC,F, and BCrF2 were ad,ditional ewidences

supporting the resul-t.s obtained in F2 populations and F3

famil-íes suggesting the presence of a singte dominant gene in
rB 3077 conf erri-ng resistance to both i-sorates.

3 .4.2 .2 Rel-ationships of the resistance g.ene in rB 3o7r with
sel-ected singte gene pc lines.

segregation of F, seedrings from crosses between selected
Pc ]ines vüith singre genes for crown rust resistance and rB
3071 when tested with cR 13 and cR 50 are shown in Tabre
4.4-2.2-1-. The segregaLing F, popurations in crosses between

Pc lines 38, Pc 58, Pc 59, pc 6L and pc 64 with rB 3oir when

tested with cR 13, resulted in a i-5R:1s ratio that fitted the
proposed model_ f or t.wo dominant genes.

Since the Pc 38, pc 58, pc 59 pc 61 and pc 64 rines were

al-l resistant to cR 13 and arso si-nce each one of them carries
a single gene, a two gene segregation ratio was to be expected
in Lhe segregating F2 populaLion. The segregating
populations from crosses bet.ween pc 39 and pc 48 r^/ith rB 3071

al-so f itted the proposed singre dominant gene model_ , 3R: 1s,
when tested with cR 13. since both pc 39 and pc 48 were

susceptibre to cR 13, test with this isolate could only detect
one gene segregation. All_ of the crosses involving single
gene Pc lines wiLh fB 307L and tested with cR 13 support t.he
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a single crown
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F?, Fg, BCIFr and

rust resistance

with the

307a had

Tabl-e 3 . 4.2 .2.1-. Segregation
selected pc lines/le 3O7t-

isol-ates CR 13

of the F, poputations from
crosses to crown rust
and CR 50.

Crosses
CR

isolates R s
Proposed

Model PofX2
Pc 38/IB 3071 cR 13

CR 50
185 : 14
190 : 9

15:1
15:1

0
1

209
013

0.50 - 0.70
0.30 - 0.50

Pc 39 /IB 3071- CR
CR

r_3

50
'J,54 : 45
188:11

3:1
l-5:1

0.605
0.1,'77

0.30 - 0.50
0.50 - 0.70

Pc 48lrB 3071 CR
CR

13
50

156 : 39
189:-6

3:1
15:1

)
3

600
350

0.10 - 0.20
0.05 - 0.10

Pc 58/IB 3071 CR
CR

13
50

190 : 1-4
204:0

t_5 I 0.131 0.70 - 0.90

Pc 59 /IB 3O7L CR
CR

13
50

I79:13
1,77 : l-5

15:1
15:1

0.089
0.800

0.70 - 0.90
0.30 - 0.50

Pc 61118 3071 cR 13
cR 50

174 : 11
I82:3

15 : 1
63:1

U

0
029
007

0.70 - 0.90
0.95 - 0.99

Pc 64/IB 3O7a cR 13
cR s0

t79
189

18
ö

15 : 1
15 : 1

2 .802
1.611

0.05 - 0.10
0.20 - 0.30

Pc 6BIIB 3071 CR
CR

13
50

201, : 0
2OI:0

I¡Ihen tested with cR 50, the populations f rom crosses
between Pc aB, Pc ag, pc 48, pc 59 and pc 64 with rB 3071

resul-ted in a resistant to susceptibl_e segregation ratio
fitting the proposed moder for two dominanL genes, 15R:1s.
This was expected because the above five pc l_ines were all
resistant to cR 50. Therefore, Lhe F, populations must have

obt.ained their protection f rom ea_ch of the parents that
contributed one gene each.
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The populations from the pc 6L/rB 3071_ cross resu]ted in
a three gene segregation rat.io, 63R:]_s. This resul_t. was

consist.ent with the findings in the pc 6L/rB 2435 cross. A

two gene segregation ratio was expected because each parent
was expected to provide a single gene conferring resistance to
cR 50. The same reasoning explained for the cross between pc

6a/lB 2435 (expression of defeated gene (s) , presence of two

genes in Pc 6a, incorrect scoring of rust reactions or
escapes) might. be the reason for the result obtained in this
cross.

The popul-ation from the pc 6B/tB 3071_ cross when tested
with bot.h cR 13 and cR 50 did not segregate at al_l_. This
suggests the possibility thaL gene B from rB 3oj1_ to be the
same or all_elic or tightly 1inked. to pc 68.

The popul-ation from the pc 5g/rB 3071_ cross when tested
with cR 50 did not segregate. This suggests the possibility
that gene B to be the same or al-rel-ic or tightly rinked to pc

58 - since Pc 58 and pc 6g are two different and independent
genes/ g-ene B can not be the same as the two genes at the same

time. rt. is possibre to suggest. that gene B is r_ocated

between Pc 58 and pc 68 on t.he same chromosome Lhereby rinked
to Pc 58 on one side and to pc 68 on the other. However, this
is unÌikely because the same population, when tested with cR

13, segregated for two independ.ent genes. Therefore, because



3.4.3. IB 3076 study

3.4.3.1. fnheritance of crown rust resistance inCalibre/rB 3076

segregatj-on of the calibre/te 3076 F, and F, seedlings and

also segregation of cal-ibre*2/rB 3076 BCrFr and BC,F, seedlings
tested with cR l-3 and cR 50 are shown in Tabre 3 .4.3 .1.1.

Table 3 .4 .3 - 1. 1. Segregation. of the Fr, F:, BCrFr and. BC,F,populations from the caribre/re 3076 óross to crown rustisolat.es CR t_3 and CR 50.

this resul-t can not be

to grow out F3 famil-ies

them with CR 50.

65

expÌained properly it would be useful_

with a larger populat.ion size and t.est

cross resul_ted

13. The same

228F. and 675

the two cror^/n

The F, poputations of the Calibre/Ie 3076

in 229F. and 66S seedl_ings when tested with CR

population tested with CR 5O resulted in
seedl-ings. These segregation rat.ios f or each of

Populat.ions
CR

isolat.es R:S
Proposed

Model X? PofX2
El CR

CR
13
50

229 : 66
228 : 67

3:1
J:1

1.085
0.824

0 .20 - 0.30
0.30 - 0.50

BCrFr cR 13
cR 50

90
91

6B
67

1:1
1:1

3.064
3 .646

0.05 - 0.10
0.05 - 0.10

BCIF'- CR
CR

13
50

94:68
94 : 68

1:1
1:1

4.t-Ì3
4.t73

0.01 - 0.05
0.01 - 0.05

cR 13
cR 50

53 : 85 :44
53 : 85 :44

1: 2: 1
1. ). 1

1.681
1.681

0.30 - 0.50
0.30 - 0.50

m
x* Resistant : Segregating : Susceptible families
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rust isol-ates fitted (p=0.20-0.30 for cR l-3 and p:0.30-0.50

for cR 50) the proposedmoder for a single dominant gene, 3:1.
only seven plants for cR 13 and t-4 plant.s for cR 50, out of
a population of 295, showed a type 'L, or ,2, reaction. The

ratio of the seedlings in t.hese reaction types did not fit the

L:2:r mode] for a partial dominant gene. This indicated that
the resistance gene was a dominant gene. once again as in rB

2435 and rB 307L, the prants resistant/susceptible to cR 13 on

the first l-eaf were arso resistant/susceptibre, respectively,
to cR 50 on the second. There were only three out of 295 F2

plants where reactions for cR 13 and cR 50 were not the same.

This is indicative that the same gene provides protection to
the two isolates. For the purpose of t.his study the gene

conferring resistance t.o cR 13 and cR 50 in rB 3oj6 was

designated as gene ,C, .

The F, famil-ies from randomly selected F, prants resul_ted

in 53 resistant, 85 segregating and 44 susceptible families
when tested with cR l-3 and. cR 50 on their first and second

l-eaves / respectively. This segregation ratio al_so f itted
(P=0.30- 0.50) the single gene moder- for one homozygous

resistant :

families.
two segregating : one homozygous susceptible
Within the segregating famil-ies seedlings

segregated with a 3R:1S ratj_o (Appendix F) . OnIy in six of
the 183 F3 famil-ies were the reactions for cR t_3 and. cR 50

different. This is a further evidence supporting the
hypothesis that. a single gene conferred resistance to both CR
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13 and CR 50. The resul_ts from the F3 families, that is,
segregation of the F3 famiries with a one resistant : two
segregat.ing : one susceptible
within the segregating famij_ies

for a singte dominant gene, was

obtained in the F2 segregating

3076 possesses a single dominant

both CR 13 and CR 50.

rat.io and al_so segregat.ion

with a 3R : 15 raLio expected

in agreement with the results
population that suggests IB
gene conferring resisLance to

rn the backcross populations, the seedrings from BCrFr

segregated for goR and 685 seedlings when tested with cR 13 0n
theír first r-eaves. This same population when tested with cR

50 on their second r-eaves segregated with 91R:67s seedrings.
These segregation ratios fitted (p=0.05-0.10) the proposed
1R:1s ratio which is a model for a singre dominant gene for
backcrossed seedlings. popur-ations f rom rand.omJ_y serected
BCrFl prants that were g'roi,ün to BC,F, resulted in 94 segregating
families and 68 susceptible families when tested wit.h cR 13

and cR 5 0 on t.heir f irst and second reawes , respect.ivery.
These segregat j_on rat.ios weakly f itt.ed (p=0 . Ol_ _ 0 . O5 ) the
proposed single gene model 0f one segregat.ing to one
susceptÍbl-e- The seedlings from t.he segregating BCrF2 famir_íes
segregated with 3R : 15 ratio for a single dominant gene
(Appendix G) - The resur-ts from BcrFr and BC'F2 supported the
resul-ts obtained from F, populaLion and F, famiries suggesting
rB 3076 possessed a singre dominant gene against both cR 13
and CR 50 -
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3.4.3.2 Relationships of resistance genes in rB 3076 with
sel_ect.ed single gene pc l_ines

segregation of F, seedlings from crosses between serected
Pc lines with singre genes and rB 3076 when t.ested with cR 13

and CR 50 are shown in Tabl_e 3.4.3 -2-1_-

Tabl-e 3.4.3.2.r. segregation of Lhe F, popuÌations from
sel-ected Pc rines/le 3076 crosses to crown rust

isol-ates CR i-3 and CR 50.

The F, seedlings from crosses between pc 38, pc 58, pc 59

and Pc 61 with rB 3076 when tested with cR 13 segregated with
a 15R : 1s ratio fitting the proposed two dominant genes

model- - Also the popuJ-ation f rom the pc 64/rB 307 6 cross

Crosses
CR

i solates R S
Proposed

Model i\.- PofX:
Pc 3BlrB 3076 CR

CR
13
50

1"7 5
r76

I
7

15:1
15:1

r.to2
1.837

0.20 - 0.30
0.10 - 0.20

Pc 39/IB 3076 CR
CR

13
50

155 : 45
1-90 : 10

3:1
15:1

o .667
0.533

0.30 - 0.50
0.30 - 0.s0

Pc 48/IB 3076 cR 13
CR 50

156 :41
188:.9

3:1
15:1

1.843
0.950

0.10 - 0.20
0.30 - 0.50

Pc 58/rB 3076 CR 13
cR 50

1,76 : 11
I79:8

15:1
15:1

0.043
L.24L

0.70 - 0.90
0.20 - 0.30

Pc 59 /IB 3076 cR 13
cR 50

190 : 15
1,96 : 9

15
15

1
1

0.398
1.210

0.50 - 0.70
0.20 - 0.30

Pc 6t/IB 3076 cR r_3

cR 50
1-96 : 9
2Ol:4

15:1
63:1

I.2IO
0.201

0.20 - 0.30
0.50 - 0.70

Pc 64/IB 3076 CR 13
cR s0

164 : 43
163 : 44

13:3
13 : 3

0.556
0.8s3

0.30 - 0.s0
0.30 - 0.s0

Pc 68/rB 3076 cR 13
cR 50

1_77
'1,7I

0
0
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fitted a two gene model acting in a dominant-recessive

epistatic manner when tested with cR 13. since the parents
(tfre single Pc genes and IB 3076) each had single dominant

genes for protection against cR 13, the F2 populaLions

segregated as expected with a resístant to susceptible rat.io
that fitted a two gene model. The popurations from crosses of
Pc 39 and Pc 48 with rB 3076 resulted in a model that fit.ted
a one gene segregation ratio, 3R:1s. This was al_so expected

because both Pc 39 and Pc 48 were susceptibl-e to cR l_3 and the

Ft popuraLions would onry obtain theír protection against cR

13 from gene C in fB 3076.

The populations inwol_ving pc 38, pc 39, pc 49, pc 5g and

Pc 59 crossed with rB 30i6 al-l- segregated in the ratio that
fitted the proposed two dominant genes model when tested with
cR 50. This was expected since the five pc lines were all
resistant to cR 50 and the popurations from the pc lines/rB
3076 crosses woul-d obt.ain one gene for resistance from each of
the parents resul-ting in a two gene segregation.

The population from the pc 6a/rB 3oi6 cross segregated in
a ratio that. fitted a three gene model_ when tested with cR 50.

This \^/as not expected simpry because each of the parents were

expected to provide one gene each effective against cR 50.

once again the possible expranaLions for this unexpected

segregation ratio coul-d be t.he ones given for pc 6a/rB 2435
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cross (defeated gene(s), the presence of two genes in pc 6A,

j-ncorrect scoring of rust reactions or escapes). Growing the

F2 plants t.o maturity and testing F3 families with a larger
population woul-d verify whether Pc 6a indeed possess one or

two genes.

A two gene segregation rat.io act.ing in a dominant -

recessj-ve epistatic manner resul-ted when t.he popuration from

Pc 64/tz 2076 cross when tested with cR 50. The resurt showed.

that each of the two parents contributed, as expected, a

síngle gene of resistance.

The popul-ation from Pc 6B /rB 3076 cross did not. segregate

when tested with either one of the t.wo test isolat.es. Here

again, like the Pc 6B/tB 3071 cross, this resurt suggests that
the resistance gene in rB 3076 to be the same or al-]el-ic or

tíght.Iy linked to Pc 68.

3.4.4 Rel-at.ionships among the resistance genes in the threewild oat accessions

Segregation of t.he F, seedrings from intercrosses between

the three A. steril-is accessions (rB 2435, rB 3071 and rB
3076) when tested with cR t-3 and cR 50 are shown in Tabre

3 .4 .4 .I.
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Segregation of F, populations from the
t.hree wild oat accessions (IB 2435, TB
to cror{rn rust isol-ates CR l-3 and CR 50.

Crosses
CR

isolates R S
Proposed

Model -2r- PofX2
rB 243s/rB 3071 CR

CR
13
50

335:30
345 : 20

15:1
15:1

2 -416
0.370

0.10 - 0.20
0.50 - 0.70

rB 243s/rB 3076 cR 13
CR 50

535 : 26
536 : 25

15:1
15:1

2
3

498
081

0.10 - 0 .20
0 .05 - 0.10

IB 307)-/IB 3076 cR 13
cR s0

436:0
436:0

The popuration from the rB 2435/rB 3071 cross resulted in
335R and 30s seedlings when tested wiLh cR 13. The same

popul-atj-on when tested with cR 50 resulted in 345R and 2os

seedlings. The chi-square test for both populatíons supported

the hypothesis that the segregating populations fitted
(P:0.10-0.20 for cR 13 and p=0.50-0.70 for cR 50) rhe rario
f or two dominant genes, 15R: 15 . This resul_t r,ras t.o be

expected because Fr, Fr, BCIFr and BCrF, resurts in the crosses

inwolwing rB 2435 and rB 3o7r showed that each of the two witd
oat accessions possessed a single dominant gene conferring
resistance to cR 13 and cR 50. The result, 15R:15 ratio,
clearly showed t.hat each of the parents (tB 2435 and rB 3071)

contributed a single dominant gene each conferring, resistance
to cR 13 and cR 50 further supporting the resul-t.s in Fz, F¡,

BCrFr and BCtFr. Therefore, gene 'A' in rB 2435 and gene ,8, in
rB 3071 must be two different and independent genes. Had the
genes from the two wil-d oat accessions been the same, arlelic

Table 3.4.4.L.
crosses among the
3071 and IB 30i6)
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to or tightry linked to each other, there wour_d hawe been no
segregation j-n the popul-ation of the TB 2435/te 3071 cross.

The popul-ation from the rB 2435/TB 3076 cross resul_Led in
535R and 26s seedl-ings when tested with CR 13. The same
population when tested with cR 50 resulted in 536R and 25s
seedl-ings. Here again, chi-square supported the proposar that
the segregating population fitted (p=0.10_0.20 for CR 13 and
P=0.05-0.10 for CR 5O) the model_ for two dominant g.enes,
15R:1s. The resur-t supported the one dominant g.ene hypothesis
based on the resur-ts from the segregating popur_ations of Fz,

F¡, BCrFr and BCrF2- It was also a strong evidence that gene

'A' from rB 2435 and gene 'c, from rB 3076 were two different
and independent. genes.

The F2 population from rB 3071_/rB 3076 cross did not
segregat.e at all- with al_f 436 seedl_ings being resistant to
both cR 13 and cR 50. This resu]t suggested that the gene in
rB 3071 (gene B) conferring resi-st.ance to cR 13 and cR 50 was
the same âs, arr-elic to or tightly linked to t.he gene in rB
3076 (gene c) conferri-ng resistance to the two isol_ates. Had
the genes in the t.wo accessions conferring resistance to Lhe
two isor-ates been dif f erent or independent, a t.wo gene
segregatíon ratío would have resulted. since the population
size tested was large enough to detect the segregation of two
dominant genes (Hunson, rg5g) , the result obtained in this
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cross t'iourd lead to the conclusion that the two genes were

neit.her different nor independent. Therefore, gene B from rB

3071 which condition resistance to cR 13 and cR 50 may be the

same as, aIl-el-ic to or tightly linked to gene c from rB 3076

which was also resistant t.o the two isol_ates.

3 .6 Concl-usions

The susceptible cultivar Cal-ibre was crossed with each of
the three accessions. The resul-t.ing F, generation was either
permitted to sel-f and produce F2 and F3 or backcrossed .to

calibre to produce BC,F, and permitted to sel-f to produce BCrF2.

The results from al-1 the four genetic populations showed t.hat

each of the t.hree accessions possessed a single dominant gene

conferring resistance to both CR 13 and CR 50 -

The cross between eight selected single gene pc l_ines

with each of the three accessions showed, with few exceptions,
that. they segregated f or tvüo genes. The popul_ations f rom the
cross between Pc 61- and each of the three accessions

segregated for the unexpect.ed t.hree gene segregation ratio
when tested with cR 50. Based on this study and the
l-iterature this unexpected result can not readiry be

explained. rt appears that the pc 61 rine possessed a second

gene of resist.ance against cR 50. The population from the pc

5B/rB 3071 cross al-so did not segregate when tested. with cR
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50. This al-so was an unexpected result that can not. readily
be explained. The single gene pc lines/ïB 2435 cross showed

that the resistance gene in rB 243s r^ras dif f erent and

independent from the eight. pc genes (pc ag, pc 39, pc 48, pc

58, Pc 59, Pc 6A, pc 64 and pc 6g) . The pc l_ines/IB 3O7t- and

Pc J-ines/te 3076 crosses suggesLed that the g:enes in rB 3071-

and rB 3076 to be the same or arlel_ic or Lightly linked to pc

68 -

The results from the F, populations of the intercrosses
among the three rberian accessions, when tested with cR 13 and

cR 50, showed t.hat the resistance gene in rB 2435, g,ene ,A, 
,

to be different and independent from giene ,8, in rB 3071 and

gene 'c' in rB 30i6. Gene B and gene c were found to be the
same as or alleric or tightry lÍnked to each other. Resurts
of this study indicated that gene B, gene c and pc 68 were

either the same or aIl-el-ic or tightly linked. Gene A may be

new and useful- gene. Therefore, further study with the known

crown rust races is required to substantiate this conclusion.
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4.O SCREENING FOR CROWN RUST RESISTANCE

4.I fntroduction

A few cul-t.ivars domínate oat production because of their
high agronomic performance. fn developing and improving

commercj-a1 cultivars, oat lines that were not as good as the
selected few, wit.h respect t.o yield and qualíty, were often
taken out of production even though they might posses some

desirable traits such as disease resistance. rmproving

disease resistance, however, requires sources of parental
materials possessing resistance genes other than those in the
few cul-tivars in use which are of limited genetic background.

conseguently, additional sources of resistance to crown rust
are needed.

severaf thousand wild oat accessions of all ploidy revel_s

(diploids, teraploids and hexaploids) have been col_l_ected from

the Mediterranean region (spain, portugal, Morocco and the
Canary fsl-ands) in the late sixt.ies and earl-y sevent.ies. One

of t.he expected uses of these accessions was Lo obtain
additionar resist,ance genes. Most of the accessions in t.he

col-lections have been screened for reactions to several crown

rust. races. several accessions, especially of Avena sterilis
L., were found to be sources of resistance genes for crown

rust. some of these resistance genes were incorporated into
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cul-tivated oats . with t.he obj ective of identifying new

sources of crown rust resistance gfenes wil-d oat accessions
that were not previously screened for crown rust resistance,
were screened with seven crown rust races (Cn 13, CR 25, CR

36, CR 50, CR 56, CR 77 and CR 107). These races attack a

wide range of resistance genes some of which are the genes

that are present. in the currently grown cult.ivars in the
Prairies.

4.2 Materials

4-2-a Oats

A total of one hundred and eighty four accessions of
wild oats of al-l- ploidy l-evel-s were grown. There were thirty
nine diploids (2n=1,4) , forty four tetraploids (2n:28) , ninety
six hexaploids (2n=42) and al-so another five accessions whose

ploidy levels were not det.ermined (chromosome counting was not
done). chromosome number counting and rating for rust
reactions to some isorates of crown rust were previously made

by several peopre. Along with the wild oats, the susceptible
hexaploid cultivar cal-ibre was al_so grown as a susceptibJ_e

check. Two flats of d.ifferential sets, each containing twenty
single gene Pc lines (Appendix A), were also planted with each

bat.ch of wild oats.

For Lhe purpose of increasing rust, t.wenty i-5 cm fibre
pots with fiwe pl-ants/pot. for each of the single gene pc host
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lines (Pc 35, Pc aB, pc 39, pc 40, pc 46 and variety Bond)

were gror^/n in separate green houses. lrlhen crown rust was to
be increased on seedl-ings, eight to ten seed.s were planted in
a hil-t at the centre of a 13 cm f ibre pot.

4.2 .2. Crown rust

Seven crown rusL isol-ates vrere used to screen one hundred
and eighty four witd oat accessions. The isorates and the
ineffective single gene pc lines against these iso]ates is
shown in Table 4.2.2.1,. These isolates in combinat.ion att.ack
eighteen different pc genes, with a range of virul_ence from an

isolat.e attackj-ng one gene only (pc 56) to a highly wirul_ent
isolate attacking eight different pc genes (Cn 13). Using
t.his wide range of virurences wilr permit screening the
accessions for a range of effective crown rust resist.ance
genes.

Tabl-e 4.2.2-1- Inef fective pc genes against
seven crown rust. test i_solates

Isolates Ineffective pc genes
13

25

36

50

56

77

L07

39 , 40, 45, 46, 49, 54,
39 , 40, 45, 46, 48, 54,
38, 40, 63, 65, 67

35, 50, 56

56

35, 40, 46, 47 , 59

40, 46, 62

55, 60

55, 60

ong unpublis
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4.3 Methods

4.3.a Oats

To obtain healthy and vigorously growing seedJ_ings, seed.s

from each of the wir-d oat accessions and caribre were
dehul]ed, soaked in GA3, treated r^rith Maneb and planted as

explained in chapter 3 (3.3.1.1_). Seeds of the differential
set and also the singre gene pc l_ines used for increasing rust
were neither dehulled nor soaked in G& because they
germinated uniformly. For each wild oat accessions six
seeds/pot were prant.ed and seedr-ings were grown in
greenhouses ' At.tempts were made Lo mai-ntain the day/night
temperature at 2o'c during the day and t50c during the night.
The l-ight/dark cycle was 16 hours right and eight hours dark.
oat plants t.hat were grown to maturity were staked for support
and the panicres were bagged to col_l_ect the seed.s that
disarticulate which is typical of some wild oat species.

4.3 .2. Crown rust

+.3.¿-I f nocul_at.ion

The method used to inocur-ate both seedr_ings and adur_t.

plants was tal-c inoculation described in chapt.er 3 (3.3 .2.L.2) .

crown rust races cR 13, cR s6 and cR 1-07 were inoculated on



the first l-eaf (Zadoks scal_e

second l-eaf (Zadoks scal_e a2)

l-eaf (Zadoks scal_e 39) .

79

l-1), CR 36 and CR 50 on t.he

and CR 25 and CR .t7 on the flag

4.3.2.2. Increasing rust

crown rust inocurum was increased in the greenhouse.
rncreasing a particular crown rust race on a specific host, a
host which served as a biologicar screen, was necessary to
maintai-n the purit.y of each particurar race. Rust. increases
were not made on universar- suscepts such as Makuru, which
woul-d equally favour t.he growth of ar_r_ races. The seven crown
rust isol-ates used in this st.udy and their respective hosts on
which rusts were increased is shown in Tabr-e 4.3 .2 .2.r.

Tabl_e 4.3.2.2.I. Crown rust isolates and the host.son which they were j_ncreased.

13
25
36
50
56
77

Pc 39
Do 2Õ

Pc 38
Pc 35
Bond
Pc 46
P

To increase the seven isolates that were obtained from
the rust laboratory of Agriculture and Agri-food canada,
ltlinnipeg Research centre, t.wenty pots with f ive host
planLs/pot for each of the seven races were groi,vn in 15 cm
f ibre pots in separate greenhouses. I,fhen t.he f Iag r_eaves were
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fulJ-y deweloped (Zadoks scale 39), the prants were inocurated

with the appropriate race using t.al-c as a spore carrier and

incubated in high humid.ity chamber. rnfected prants were

allowed to grow by remowing their panicles so that seed

setting and grain filling woul-d not compete wíth rust
production. rn addit.ion, the amount and. frequency of watering

was also increased since rusted plants requJ_red a

substantially more water compared to heal_thy plants.

when a sufficient number of rust spores was produced,

(about two t.o three weeks post inoculation) , a rel-atively d.ry

pot wit.h the host plants was carefully l-ifted, til-ted and the

plants were gently tapped with a bamboo stick so that rust
spores wourd land on a dry wax paper. spores were then

col-l-ected and siewed with a 250¡tm sieve, canadian stand.ard

Sieve # 60, meant for this purpose. A desired. amount of
spores were then put into label_l_ed smal_l_ tubes. The tubes

were then put into a desiccator for at feast three hours so

that the spores woul-d dry. Finally the tubes were seal_ed and

stored in a deep freezer at a t.emperature of -750c */-soc until_

required.

crown rust was al-so increased on seedrings. By this
meLhod, eight t.o ten seeds were plant.ed in a clump at the

centre of a l-3-cm f ibre pot. when t.he seedlings just emergied,

40ml- Ma1eic Hydrazide solution (1.5 litres concentrated Mal-eic



Hydrazide into 18 litres of water) v/as

pots to arrest devel_opment of the second

leaf was fuIly expanded, seedlings were

desíred race using talc as a carrier.
l-ater, spores were coll_ected and stored

B1

added to each of the

leaf . I¡Ihen the f irst
inoculated with the

Two to three weeks

as described above.

4.4 Resul_ts and discussion

Rust reactions to the seven isol-at.es were scored
(Appendix H). Repeating some of the tests was necessary to
score rust reactions for all of the accessions and arr of the
isolates. However, when an accession was found to be

susceptible to more than three races, repeats with other races
was not done since the obj ective of t.he screening was to
identify those accessions possessing resistance gene (s) to a

wide range of crov/n rust races that might be useful ín future
oat breeding programs.

Table 4-4-1'- rB accessions resistant to al-l- the seven crownrust isolates (Cn 13, CR 25, CR 36, CR 50,
CR 56, CR 7i and CR 107) .

Oriqin
rB Chromosome

Number Number Country I_.rocation

2100 - 108
2a00 - 115
2A00 - 1_2L

2100 -r2B
2472
3253

1-4
T4
^-+¿
L4
az
2B

Portugal
il

n

ll

lt

Spain

Reguengos Mo De
ilnn

il il tl

Elvora
Sao Maktinho
La CarIat.a
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out of the 184 accessions, only six accessions were found

to be resistant to al-l- the seven test races (Table 4.4.r) .

Three accessions (rB 2Loo-i_08, rB 2100_115, and rB 2100_L2B)

were diploids, one accession (rB 3253) vüas tetraploid and the
other two (fe 2IOO-I2! and TB 2472) were hexaploid. The two

hexapJ-oid accessions are potentially usefur in that Lhe

resisLance g-enes could easily be transferred. into cul-tiwated
oats unl-ike the difficulty of transferring resistance genes

f rom lower ploidy l-evel-s. Diploid and tetrapJ_oid accessions
possessíng crown rust resj-stance genes coul_d be useful despite
the difficulLy of interspecifíc transfer. Therefore, since
they are sources of resistance for the seven races, they
shoul-d be maintained in the germplasm col-l_ection to be used in
oat improwement when the need arises.

rf the resistance observed in each of t.hese six
accessions is due to just one gene (instead of an accession
carrying several crown rust resistance grenes), t.he genes in
these six accessions cou]d be previously unidentified genes.

However, just as pc 58, pc 6!, pc 64 and pc 68 are resistant
to the seven tester races used, the resistance genes in these
six accessions courd be one of these pc genes. Ad.dit.ional_

studies woui-d be required to det.ermine whether t.he resistance
in these accessions is mono- or murti-genic and whether the
genes have been previously described.
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üIhen the accessions were screened. with the seven races,

seven t.etraploid and t.wo hexaploid accessions vüere found to be

resistant to six of the seven test races (Table 4.4.2) .

Table 4.4.2 IB accessions resistant to six crown rust isolates

rB chromosome 
oriqin 

susceptibreNumber Number country Location to iËotate
581
866
922
96s
980
206A

2394
3584

28
2B

28
2B
2B
2B
2B
42

Canary Islands La palma Is.I' Tenerif e
" Gran Canaria
ll ll il

t_3
.7.7

13
50
36
36
36

L07
25

2L00-r32 42

illl

Portugal
lt

ll

Spain

iln

AlandroaI
Elvora
Sines
Alcaudet

By a process of el-iminat.ion, the genes in the accessions

shown in Tabre 4.2 .2 coul-d be id.entif ied as known pc genes or
might be unidentified genes. one assumpt.ion of these
identifications is that there is onry one gene for resj_stance

in each of these accessions. More isolates and genetic
testing is required Lo provid.e further guidance as to the
proper identity.

Tetraploid accessions, rB 581 and rB 922 were resistant
to al-I the test races except cR 13. cR 13 is virul-ent on

eight Pc genes (pc ag, pc 40, pc 45, pc 46, pc 48, pc 54, pc

55 and Pc 60) . rf each of these accessions is carrying onry
one crown rust resistance gene, it is possible Lhat the
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resistance gene (s) in the abowe accessions might be one of the
eight Pc genes. However, since both cR 13 and cR 2s are
virurent on these same eight pc genes and also because the two
tetraploíd accessions were noL susceptibre to race 25 (the
race Lhat att.acks the same eight pc genes as cR l_3 ) , it is
unlikely that the two t.etraploid accessions possess one of the
above eight pc genes. Therefore, the resistance gene(s) in
accessions rB 581 and rB 922 must be a gene other than pc ag,
Pc 40, Pc 45, pc 46, pc 48, pc 54, pc 55 and pc 60. It coul-d

al-so be anot.her unidentif ied gene (s) .

Tetraploid rB 3584 lvas resistant to al_l_ isolates except
cR 25. The same reasoning given for accessions rB 5Br_ and rB
922 when tested with cR 13 cou]d be appficable for rB 3584.
Therefore, if there is a single crown rust resistance gene in
this accession it must be a g,ene other than the eight pc genes

t.hat both CR l_3 and CR 25 attack.

Tetraploid rB 9B0 and two hexaploids, rB 2061- and rB
2lo0-1-32, were resistant to alt the test races except for cR

36. Thís suggests that the gene(s) giving protection against
the other races cour-d possibly be either pc aB, pc 63, pc 67

or another known crown rust resistance g,ene not used in the
winnipeg Research centre differential set or another
unidentified gene(s) - cR 36 is virur-ent on the above three pc

genes as wel-r- as including pc 40. However, the gene(s) in
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these accessions can not be pc 4o because the above accessions
were resistant to cR 13, cR 25, cR 7j and cR L07 which are
al-so virur-ent on pc 40. Thus, rB gB0, rB 2061 and rB 2100_1_32

coul-d possibty be another source of pc ag, pc 63 or pc 67 or
could be a new , prevj-ousIy unidentif ied gene.

rB 965, a tetraproid, was found to be resistant to ar_l
the test races except for cR 50. cR 50 is virul_ent on pc 35,
Pc 50 and pc 56 but the resistance gene (s) in this accession
can not be pc 35 since rB 965 was not susceptibr_e t.o cR 77
which also attacks pc 35. It is possible that the gene(s) in
rB 965 might be pc 50, pc 56 or another unidentified gene(s).

Another tetrapl0id, rB 866, was susceptible t.o cR 77
only. Even though cR 77 is virur-ent on pc 35, pc 40 and pc 46
in addition to pc 59, the resistance gene(s) in this accession
coul-d possibly be pc 59 or unidentified resist.ance gene(s) .

using the same process of elimination as with previousry
discussed accessions, fB 866 was resistant to cR 50 which is
virul-ent. on pc 35, resistant to cR 13 and cR 25 that are
virulent on Pc 40 and Pc 46, and al-so resistant to cR 36 t.hat
is al-so virufent on pc 40- Thus, rB 866 could possibly be
another source of pc 59 or it could be a new, previously
unidentified resistance gene.
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rB 2394, a tetraploid, was found to be resistant to arl
the test races except for cR ro7. Based on the differentiar
set reactions, Pc 40, pc 46 and pc 62 are susceptibte to cR

a07. The gene(s) in rB 2394 coul-d neither be pc 40 nor pc 46

because this accession was resistant to cR 13 and cR 25 that
are viru]ent on Pc 40 and pc 46. rn addition, the accession
was also resÍstant to cR 36 which is arso wirulent on pc 40.

Therefore, the resistance gene (s) in rB 2394 coul_d possibty be

Pc 62 or another unidentified gene (s) .

Tab1e 4.4.3. IB accessions resistant to five
crown rust isol_ates.

Oriqin
IB Chromosome

Number Number Countrv f,ocation
Susceptible
to i-solates

64A-A
8sB
945
947
96r
979
1"L12
111_ 3
2252
3335
37 56

2B
2B
42
2B
42
2B
42
42
L4
2B
A'

Canary Isl-ands
nn
ilil

nn
ilil

llll

Morocco
lt

Portugal
Spain

n

La Pa]ma Is.
Teneri-f e
Gran Canaria

iln

nlt

llil

Tal-mest
il

Ponte De Sor
Venta Nueva
Orihuela

13, 25
36, 77
56, 1,07
36, 50
13, 50
50, 77
50, 56
50, 56
36, r07
13, 25
56, r0'7

out of the one hundred and eighty four accessions, eleven
accessions (a diploid, five tet.raploids and five hexaploids)
were resistant to fiwe of the seven test races (Tabl-e 4.3.3).
Two t.etraploids, rB 641-A and rB 3335 vrere susceptible to cR

l-3 and cR 25. cR t-3 and cR 25 are virulent on the same eight
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Pc genes (Pc 39, Pc 40, Pc 45, Pc 46, Pc 48, Pc 54, Pc 55 and

Pc 60). The resistance gene(s) in the above accessions can

not be Pc 40 because the accessions were resistant to CR races

that are virul-ent on Pc 40 (Cn 36, CR 7i and CR 107) .

Similarly it can not be Pc 46 since the accessions were

resistant to CR 17 and CR L0'7. Therefore, the resistance
gene (s) in the above accessions could be any one of the

remaining six Pc genes (Pc 39, Pc 45, Pc 48, Pc 54, Pc 55, pc

60) or an other unidentified gene (s) .

IB 961, a hexaploid, \^/as susceptible t.o CR 13 and CR 50.

CR l-3 and CR 50 in combínation are wirulent on eleven pc genes

(Pc a9, Pc 40, Pc 45, Pc 46, Pc 48, Pc 54, Pc 55, pc 60, pc

35, Pc 50 and Pc 56). The resistance gene(s) in IB 96I can

not be one of the first eight Pc genes listed above since IB

96I was resistant to CR 25 which is vi-rul_ent on the first

eight Pc genes. similarly since the above accession vras

resistant t.o CR J7, t.he resistance gene(s) in IB 96I can not

be Pc 35 but coul-d possibJ-y be pc 50, pc 56 or another

unidentified gene (s) .

A t.etraploid, IB 94'7 , was resistant. to al_l_ of the test
races except for CR 36 and CR 50. CR 36 and CR 50 in
combination are virul-ent on a totat of sewen pc genes (pc 35,

Pc 38, Pc 40, Pc 50, Pc 56, pc 63, and pc 67). Since IB g47

was susceptible to the two races and since the two races do
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not attack any one of the known pc genes in common, then the
resistance gene (s) in this accession can not be one of the
above seven Pc genes. Therefore, the genes giving protection
to these two accessions must be an unidentified. gene.

ïB 858, a t.etrapl-oid, was susceptible to cR 36 and cR 77.

These two races together are virulent on seven pc genes

attacking Pc 40 in common. The resistance gene (s) in this
accession can not be pc 40 because cR 13, cR 25 and cR rol
which are virul-ent on pc 40, did not attack rB 85B.

Therefore, the gene (s) in this accession must al-so be

unidentified gene (s) .

The diploid, rB 22s2, was susceptible to cR 36 and cR

1'07- cR 36 is virulent on pc 38, pc 40, pc 63 and pc 67 while
cR r07 is virulent on pc 40, pc 46 and pc 62, both races
attacking Pc 40 in coÍÌmon . However, s ínce rB 2252 was

resistant to cR 13 and CR 25 which are virul_ent on pc 40, the
resj-stance gene(s) in fB 2252 can not be pc 40. This mean.s

t.hat the resistance gene (s) in IB 22s2 is other than the
identified pc gene (s) .

cR 50 and cR 56 were virulent on the two hexaproid
accessions, rB 1aL2 and rB 1l-13. The t.wo crown rust races in
combination are virul-ent on three pc genes onIy, pc 35, pc 50

and Pc 56, attacking pc 56 in common. The resistance gene (s)
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in the two accessions could possibly be pc 56 or another
unidentif ied gene (s) because t.he two races were virur-ent on rB
lrr2 and rB 1113 and also t.he two accessions were resistant to
the other five test races -

cR 50 and cR 77 were virur-ent on t.he t.etraproid rB 979.
The tv/o races in combination are virul_ent on six races in
tot.al (Pc a5, Pc 40, pc 46, pc 50, pc 56 and pc 59) aLtacking
Pc 35 in common- Based on the process of elimination, t.he
resistance giene in rB g7g could possibl-y be pc 35 0r an other
unidentified gene (s) .

rB 94s and rB 3756, both hexaploids, were susceptibre to
cR 56 and cR 107- The two t.est races are virurent on four pc

genes (Pc 40, Pc 46, Pc 56 and pc 62). The resistance gene(s)
in the two hexaploids can not be any one of the above pc genes
simpry because cR 56 and cR 107 do not att.ack any of the known
Pc genes in common. Thus the gene(s) conferring resj_stance in
the two accessions must be unidentified gene (s) .

Eighteen accessions were found to be susceptible to six
of the seven test races- seven hexapr-oids (rB 939, rB 995, ïB
146A, fB 2001_, IB 2010, IB 21,00_ l_03 and fB 3336) and an
accessi-on whose chromosome number has not been determined (rB
2331-) were resistant to cR 13 but susceptibre to all_ the rest.
Accessions resistant to cR 36 but. susceptibre to the other six
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races were the four hexaploids (IB 990, IB 21OO_116, ÍB 21OO_

l-20 and rB 3568). IB 218 and. IB 10OO-112 (diptoid.s), IB 1_242

(a tetraploid) and rB 665 and IB 22OO (hexaploids) were

susceptibl-e t.o all- the test races except for cR 77. Arso, rB
1a67, a tetraploid, was resistant to CR l-O7.

All of the above eighteen accessions that were resistant
to only one of the sewen t.est races did not posses any of the
resistance gene (s) presentry being in use in the differential
set.. This is simpry because when one of the eighteen
accessions was resistant to one of Lhe test races, the same

accession rÁras susceptibre to the other six races. There is no

single gene from the known pc l-ines in the differenLial- set
that behaves in the manner observed when the eighteen
accessions were screened with the seven t.est races. This
suggests that the resistance gene (s) carried in any one of the
eighteen accessions for t.heir protection against the
particular race to which they were resistant, to be ot.her than
the t.wenty genes used in the currenL Ialinnipeg Research centre
differential- set. There are many additional_ known crown rust
resistance gienes and the genes in these accessions may be
prewiously described crown rust resist.ance genes.

Twel-we accessions, out. of which four diproids (rB 336, rB
1275, fB 1309 and rB 2320) and eight hexaptoids (IB g9L, fB
201-3, rB 2028, rB 2r-00-118, rB 2429-3_03, rB 2429-1_r.7, rB 3530
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and rB 3745) were susceptibte ¿o all- the seven test races.
These accessions did not have any protection against the seven
test races used to screen the wil_d oats with. Even though
these accessions did not posses resistance genes against the
seven crown rust races, Lhey could have other i_mportant and
unidentif ied genes conf erring resist.ance to ot.her races. They
courd also posses other desi-rabre quarities that were not
presentry recognized. Thus, it is important. to make sure that
the germprasm is maintained. For this purpose, therefore,
seeds from these and other accessions were cor_r_ected and the
seed source was replenished.

4 .5 Concl_usion

out of one hundred and eighty four wird oat accessions
screened with seven crown rust isor-ates (cR 13, cR 25, cR 36,
cR 50' cR 56, cR 7'7 and cR Lo7), six of them , three diploids
(IB 2100-108, 2rOO_115 and 2j_OO_ L28), a tetraploid (fe 3253)
and two hexapl0ids (rB 2100-r-21 and rB 2472) were found t.o be
resistant to atr- t.he seven races. Another nine accessions,
seven tetrapJ-oids (rB 581, rB 866, rB g22, rB 965, rB 980, rB
2394 and IB 3584) and rwo hexapJ_oid.s (IB 2061 and rB 2100_132)
were resi-stant to six of the seven races. rn addition, eleven
accessions, a dipl0id (rB 2252), five tetrapl0ids (re 64L-A,
fB B5B, fB 947, IB 97g and fB 3335) and five hexaploids (ïe
945, fB 967-, IB 1IA2, fB 1113 and fB 3756) were resistant to
five of the seven races -
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There were twerve accessions that were susceptible to all
seven races while eighteen accessions r¡rere susceptíbl-e t.o six
of the seven races. The rest of the accessions, one hundred

and twenty eight of them, were suscepLible to three or four of
the seven races.

The resistant accessíons identified coul_d possess new

sources of resistance gene (s) that might be useful_ in oat
breeding programs. The two resistant hexaploids, rB 21oo-121

and rB 2472, are of a particurar importance to breeding
programs due to the expected ease of transferring their
resistance gene(s) into cul_tivated hexapl_oid oats.
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5. O GENER¿,L CONCLUSTON

The project had two parts. The first one was the study
of the inheritance of crown rust resist.ance in three Iberian
wil-d oat accessions. rn this study it was found that each of
the three accessions possess a single dominant gene conferring
resistance t.o the two crown rust isolates used, cR 13 and cR

50. The resistance genes in the three accessions were simply
inherited. The relat.ionships of the gene in rB 2435, g€fi€

'A' , with the known pc genes and arso with the gene in the
other two accessj-ons was studied. rt was found that gene ,A,

was independent of the eight pc genes (pc 38, pc 39, pc 48, pc

58, Pc 59, Pc 6I Pc 64, and pc 68). Gene ,A, was al_so

independent of the resistance g'ene in rB 3or1 and t.he gene in
rB 3076. A further study with other known pc genes is
required to establish whether or not t.his gene is new. Gene

'A' may be new and previously unidentified and it courd
poLentially be useful- in oat breeding prog,rams . Gene ,8, and

Gene 'c' were t.he same as or al_lel_ic or tightly l_inked to each

other and also to pc 68.

Understanding the number and. the nature of inheritance of
crown rust resist.ance genes is useful. This helps in deciding
how to utifize resisLance genes in improving crown rust
resist.ance in oats. Gene ,A, coul_d be incorporated into t.he

currentl-y cul-tivated cul-tivars with known genes. This
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process, pyramiding of genes (Fleischmann and. McKenzie, L968;

chong, l-988b) will help to overcome the rapid breakdown of
resistance which is likery to happen if resistance genes were

singly incorporated into a cultivar.

crown rust fungus, rike al_l_ disease causing organisms has

no nationar boundaries. No one country could permanentJ_y

contror the disease aIone. This is true if two or more

countries are l-ocated in the path of the fungus such as the
Puccinia pat.h in North America. Therefore, a joínt effort of
contror strategy by the countries invorved in the puccinia

path is needed. rn North America, for example, since the
disease progresses nort.hwards from warmer to col_der climate,
regional rel-ease of varieties with d.if f erent genetic
backgrounds (Fl_eischmann and McKenzie, t96B; Kiehn et âf .,
a976; Chong, 1988b) coul-d be used to contain the disease in a

certain area along the puccinia path. This is where gene ,A,

could be utilized in addition to it.s usefu]ness in a mu]tiline
program.

The second part of the project was screening for crov/n

rust resistance in one hundred and eighty four rB accessions.
There were thirty nine diploids, forty four tetraploids,
ninety six hexaploids and also five accessions whose

chromosome number were not d.etermined. rt was found that six
accessions were resistant t.o seven crown rust. isol_ates (cR 13,
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CR 25, CR 36, CR 50, CR 56, CR 77 and CR 107). Another nine

accessions were resistant to six of the isol_at.es.

The process of screening is the initiar step in the rong

process of improwing cro\A/n rust resisLance in oat.s. The six
rB accessions, the two hexaploids in particular, are quite
useful since potentially they could be a new source of crown

rust resistance gene (s) that could easily be transferred into
cultiwated oat.s. The next step is to conduct inheritance
studies to determine the number and nature of inheritance of
the res j-stance genes.

The search for and correct.ion of new sources of
resistance genes should contínue. The pot.ential source is
only from the diversity of oat species from the centre of
origin of the crop-the Medj-t.erranean region and the Ethiopian
highlands. The benefit of germplasm colrect.ion and screening
for resistance shoul-d noL be underestimated.. rt is only
because of the effort. of severar researchers in the past. t.hat.

wil-d oat accessions were colrected, screened and new sources

of crown rust resistance were found that coul-d be used to
deverop crown rust resist.ant cultivars that are presentl_y

cult.ivat.ed. Simil_ar effort must be continued.
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Appendix A. The dífferenti-al- set used in t.his study and itsreaction t.o the seven crown rust. races (Cn 13, Cn jS, CR 36,
CR 50, CR 56, CR 77 and CR L07).
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Appendix B' segregating seedlings from F, families of

Family Isolate Resis. Sus. Model x2 pofx2
1 cR13

cR 50

2 cR13
cR s0

3 cR13
cR 50

4 cR13
cR 50

5 cR13
cR 50

6 cR13
cR 50

7 cR13
CR 50

B cR13
cR 50

9 cR 13
cR 50

10 cR 13
cR 50

11 cR 13
CR 50

1,2 cR 13
cR s0

13 cR 13
cR 50

t4 cR 13
cR 50

15 cR 13
CR 50

t6 cR 13
cR 50

r7 cR 13
cR 50

t_8 cR 13
CR 50

t9 cR 13
cR 50

20 cR 13
cR 50

21_ cR 13
CR 50

15
15

I2
L2

18
18

1,7
t7
L7
L7

T9
t9
18
18
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T6
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1,6
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1,6
1,6

1,6
13

t4
t4
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t7
l4
t4
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I6
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L7
19
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1,2
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Appendix C. Segregating seedlings from BC,F, families ofCalibrg /IB 2435 backcross
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Appendix D.

Family Isolate Resis - Sus. Model PofX2

Segregating seedlings from F, families of
Calibre/IB 3071 cross
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Appendix F. Segregating seedlings from F, families of
Catt¡reZIB 30?6 cr

Family Isolate Resis. Sus. Model X2 PofX2
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Family fsolate Resis. Sus. Model Ã- PofX2
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cR 13
cR 50

cR 13
cR 50

cR 13
cR 50

CR 13
cR 50

cR 13
cR 50

cR 13
cR 50

cR 13
cR 50

cR 13
cR s0

cR 13
cR 50

CR 13
CR 50

cR 13
cR s0

cR 13
cR 50

cR 13
cR 50

cR 13
cR 50

cR 13
cR 50

L6
T6

18
18

20
20

2l
2I
t7
t7
20
20

T7
1,7

)ñ
20

1,9
I9
11
11

2L
22

2I
aa

20
20

T6
L7

18
10

2I
2I
21_

22

20
2t
T6
I6
1B
18

l_5
t6

5
5

4
4

6
6

3
3

5
5

2
2

3
3

5
5

3

4
3

4

õ
7

6
6

4
4

4
3

5

I
ö

7
7

'7

6

3:1
3:1
3:1
3:1

3:1
3:1
3:1
3:1

3:1
3:1

3:l-
3:1

3:1
3:1

3:1
3:1
3:1
3:1
3:1
3:1
3:1
3:1

5:-L
3:1

3:1
3:1
3:1
3:1
3:1
3:1
3:1
3:1
3:1
3:1
3:1
t.1

3:1
3:1

3:1
3:1
3:1
J:J.

0.111
0.111

0.093
0.093

o .520
0.520

1.373
1.373

0.043
0.043

2.r32
2.1,32

0 .L82
o .a82

3 .455
3 .455

7.879
1, .879

0.250
0.250

1.373
2 .653

r.373
2 .653

1,.t67
1-.t67

0.722
o .167

0.0s6
0.056

1.373
1.373

1,.373
2.653

0.520
1.373

0 .722
0.722

0.093
0.093

o .424
0.061

0.70
0.70

0.70
.070

0.30
0.30

0.20
0.20

0.70
0.70

0.10
0.10

0.s0
0. s0

0.05
0.05

0.10
0.10

0.s0
0.s0

0.20
0.10

0.20
0.10

0.20
0.20

0.30
0.20

0.70
0.70

0.20
0.20

0.20
0.10

0.30
0.20

0.30
0.30

0.70
0.70

0.50
0.70

0.90
0.90

0.90
0.90

0.50
0 .50

0.30
0.30

0.90
0.90

o .20
0 .20

0.70
0.70

0 .10
0.10

0.20
o .20

0 - 70
0.70

0.30
0-20

0.30
0.20

0.30
0.30

0. s0
0.30

0.90
0.90

0.30
0.30

0.30
0.20

0.50
0.30

0.50
0.70

0.90
0.90

0.70
0.90

42



L26

Appendix F. cont, d

Famil Isolate Resis. Sus. ModeL
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Family Isol-ate Resis. Sus - Model å- PofX2
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cR 50
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0.50 - 0.70
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0.70 - 0.90
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Appendix G. Segregating seedlir¡gs from BC,Fr families of
Calibre/rB 3076 backcross

Family Isolate Resis. Sus. Model x2 PofX2
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o. 05 - o.10
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0.30 - 0. s0

0.70 - 0.90
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0.10 - o .20
0.10 - o .20

0.10 - 0.20
0.10 - 0.20

0.70 - 0.90
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0.30 - 0. s0
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0.70 - 0.90
0.70 - 0.90
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0.50 - 0.70
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0.20 - 0.30

0.70 - 0.90
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Family Isolate Resis. Sus. Model PofX2
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Family Isolate Resis - Sus. Model x2 PofX2
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Appendix H. Country and site of collection of selected accessions from
the Iberian wild oat collections, chromosome number and rust reactions

to seven crown rust races
(CR 13, CR 25, CR 36, CR 50, CR 56, CR 77 and CR t-07)
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Appendix H. cont'd
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