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Abstract:
Research was initiated in February, 1977 to study the reactions of different barley lines to isolates of
Pyrenophora teres.

Studies revealed that maximum sporulation of P. teres in culture could be obtained using V8 juice as a
growth medium while incubating the cultures under an eight hour photoperiod of 17-18° C.

Twenty-six isolates of P. teres, fifteen from the Middle East and eleven from Montana, were separated
into different virulence types based on the differential reactions of different barley lines. Seven distinct
Middle East virulence types and five Montana virulence types could be distinguished.

Nine of these virulence types were used to screen 147 barley lines for resistance to P. teres. Nine lines
were found to contain resistance to all nine virulence types. These lines were C.I. 1615, C.1. 4207, C.I.
5298, C.1. 5401, C.I. 5845, C.I. 7208, C.I. 9768, C.I. 13262 and Unitan. An additional twenty-two lines

were found to contain resistance to eight of the nine virulence types of P. teres.

Crosses involving resistant and susceptible barley lines were made, and the resulting F2 populations
were tested with different isolates of P. teres. It was found that at least five major genes exist in barley
for resistance to P. teres. Four lines, C.I. 5791, C.I. 9819, Unitan and Steptoe each contain at least three
genes for resistance.

Evidence for additive resistance to P. teres was found. Crosses between susceptible parents produced
F2 seedlings which were more resistant than either parent to the isolate of P. teres used in the test.
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ABSTRACT

' Research was initiated in February, 1977 to study the reactions
of different barley lines to isolates of Pyrenophora teres.

Studies revealed that maximum sporulation of P, feres in cul-
ture could be obtained using V8 juice as a growth medium while incu-
bating the cultures under an eight hour photoneriod of 17-18¢ C..

Twenty—six isolates of P. teres, fifteen from the Middle Fast and
eleven from Montana, were separated into different virulence.tyves .
based on the differential reactlons of different barley lines. Seven -
distinct Middle East virulence types and five Montana virulence tynes
could be distingulshed.

‘Nine of these virulence types were used to screen 147 barley lines
for resistance to P. feres. Nine lines were found to contain resis-
tance to all nine virulence types. These lines were C.I. 1615, C.I.
4207, C.I, 5298, C.I. 5401, C.I. 5845, c.I. 7208, C.I. 9768, C.I. 13262
and Unitan. An additional twenty—two lines were found to contain re-
sistance to eight of the nine virulence types of P. teres.

Crosses involving resistant and susceptible barley. lines were
made, and the resulting F, populations were tested with different
isolates of P. feres. 1It"was found-that- at least five major genes
-exist in barley for resistance to P. Zeres. Four lines, C.I. 5791,
© C.I. 9819, Unitan and Steptoe ‘each contaln at least. three genes for
resistance. '

Evidence for additive resistance to P. tenes was found. Crosses
" between susceptible parents produced F, seedlings which were more re-
sistant than either parent to the isolate of P. fefes used in the test.




INTRODUCT ION

. Net blotch.of barley, caused by Pynenophonq Ié&éé, is & diseéée
'cdmmoq 6n ali commercial varieties. Tt is found wherever barley is
grown, and is especiallf severe under cool, humid conditions.

Changes in cultural'practices, such as the extensive use of irri-
gation, minimum tillage,-coﬁtinuods crobping and eafly séwing of bar-
ley, and restrictions on cheﬁical treatmen;, especially the mercury
seed treétments, have produced an énvigonment conducive té the growth
and spread qf this organism. . Tﬁe sowing of susceptible barley vari-
‘eties fhen pro&ides a potential for severe disease epidemic.

Nét:blotqh, along Qith'barley scald (Rhghtbéponium secalis), has
produced detriméntal effects on the yield and malting qualfty of barley
grown on the.fairfield Bench 1in Northcentral Montana, wheré yield |
iosses in 1973 Wgre estimated to be as high as 50% in some fielaé.
During the 1977-78 gro@ing season in Califérnia, infection by P. téhes
was so severe that fields weré burned rather than harvested.

This study was initiated.in order to find.and evaluate sources of
resistance té P. feres. Also, the relationship of different isolates
of P. ftenes té different. sources of resistance, and the éenetics of

resistance to P. fernes was studied.




LITERATURE. REVIEW

Py&enopho&a Lenes Drechs. is the causal organism of net blotch of
barley. The impérfeét étége of this fungus, Hefminthosporium téie5
Sacc., syn. Drechslenra teneé Ito., is placed in the claSs'Hyphomycétes;
based on thé.fact that the conidia are not borne in any fdrm of'pyénid—
ium or acervulus (Talbot,‘197l). . The' pigmentation of the mucelium and
conidia place it in the family Dematiaceae. The genus Helminthosporium
is recognized chiefly by the presence of brown, septate conidiophores
and large, brown, phragmoid conidia (Talbot, 1972).. The binomial_H@K—
minthosporium feres was first applied by Saccardo to a fungus collected .
én leéves_of barley in 1881 .(Drechsler, 1923). The fungus was described
aé hgving s—septate céndiophores,arising in a group of'fi?e from a
gfeen.sﬁbstratum and bearing at the tip a single conidium. The conidia
were described as dark green structures, thick ﬁalled, 4-5 seﬁtgté,
ellipsoidal or subcylindrical and taﬂering perceptibly-toward the.:
rounded ends.

The original genus HeﬁminthOAponZum was extremely heterogeneous.
Because of this, grouﬁs of species have been segregatedlfrdm it and
'placed into more discriminating genefa. Thé net bloféh.orgaﬁism was
. placed by Ito in the genus Dneah&ﬂe&d,-based primarily oﬁ.the oriéin,
development and~morphology of the condiophores and conidia (Scﬁoemaker,
'l962;lTa1bot;:l973)._ bngchbﬂena differs frpm‘Heﬁanthoéponium in that.

the conidia develop at the tips of successive lateral proliferations
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of the .conidiophores and are'pseudopleurogensus. They are phragmoid,
cylindrical and subhyaline to pale.brown. Conidial germrﬁbes are
lateral, usua;ly amphigenous, and may ardse from istercalary as well
~as terminal.éeils (Luttrell3 1977; Talbot, 1973; Schoemaker, 1962)L'

The conidiophores of Pyrenophora fternes occur singly or in groups
of two to three. They are strsighs to Flexous, often swollen at the
. base and are.pale to mid-brown or olivaceous in'coior. They ﬁeasure
120-200 x 7-11 ym. The conidia are straight, cylindrical, with rounded
apical cells and constricted septa. The basal cell is inflated,‘pro¥
ducing a subglobose appearahce. .The conidia ‘are i—ll septate,'30—175
# 15-23 ym and subhyaline to green fuligenous'in color. They are
sessile and germinste from any or all cells (Drechsler,11523;-Luttre11,
1951; Ellds, 1971). . Among the Pyrenophora.species,'tﬁe inflated basal
cell and constricted septa are unique to P. teres.

The perfect, or sexual, stage of this organism Droduces asci
and ascospores, placing it in the subdivision:Ascomycotina. The asci .
are bitunicate, placing it in the class-Lseulosscomycetes snd.the
presence of pseudoparaphyses places it in the order Pleosporales’(Ta1~
bot, 1971). Drechsler (1923) was the first to descrlbe the asci-
,gerous stage of Pyrenophora tehe&. .He'placed it in the genus Pgneho-
phbna based on the presence of setae on the perithecial surface. |

- The asci of P. teneA are club shaped or Subcylindrical rounded

at the apex and with a short stalk at the base. They are bitunicate,
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and 180-274 x 30-61 um. The ascospores are light brown, 18-28 x 43-61 im,
ellipsoidal, with three transverse septa and one er two longitudinal
septa in the median cells, but not in the_terminal Cells..'The snores
are much constricted at the septa, with germtubes forming from any or
all cells (Drechsler, 1923; Smedegard Petersen, 1972).

Pynenophona te&eA also produces pycnidia on host tissue and in

culture. They are globose to pear-shaped, 64—172 ym in diameter, with

a thin fragile wall. They are yellow to brown in color, depending on

age. The spores are hyeline, spherical or ellipsoidal, non-septate

‘and 1.0~1.9 x 1.4-3.2 um (Smedegard-Petersen, 1972). The function
" of these pycnidiospores 1s not known, although it is thought they may

act as spermatia (McDonald, 1963; Smedegard—Petersen, i972).

The heterothallic nature of P..teres has been shown (McDonald,

1963; Smedegard-Petersen, 1972). Monoconidial or monoascosporic .iso-

. lates did not produce fertile perithecia when paired with other than

their opposite mating types. Mature perithecia ef P. ie&eA-Were pro-
duced by growing mixed suspensions of . two compatible single—snore
isolates. A 1:1 ratio of the mating types was obtained. when asco-
spore.nrogeny from perithecia were backcrossed to parental isolates
(McDonald, 1963).

P. Zenes. produces three types of spores; ascospores, conidia and

‘pycnidiospores. The aseospbfes and conidid will readily infect sus-

ceptible host tissue. Suspensions-df pycnidiospores have never -
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produced symptoms (Smedegard-Petersen, 1972). All three spore types

.will germinate and grow on artificial media, although the growth of '

pycnidiosnores is initially very slow. Once'nycelium has been estab~-

lished, growth of cultures from pycnidiosporeS'is normal. jSuspensions

. of homogenized mycelium from cultures originating from any of the

three‘spore types will readily.infect bafley leaf tissuer Conidio-
phores and conidia are produced from the symptomatic tissue

The fungus overwinters as mycelium in infested plant debris and’

. 1nfected seed. It also overwinters as perithecia on infested straw.

~Although seedling infection resulting from seed is known to occur,
the extent to which this happens is unknown and appears to be affected

Very.mnch'by the environment. In Denmark, Smedegard-Petersen (1974)

found 18.5% and 13.8% of the seedlings of the susceptible barley

cultivars Wing and Lauda, respectively, showing s&mptoms due to
infected seed. Piening (1968), in Canada, found only 0.5% to 1;5%

of barley seedlings showing symptoms resulting from seed infection.
Seedling infection from infected seed occurs at 10-15° C, but not
above 20°-C (Drechsler, 1923) Lesions may develop on the coleoptile

as a result of infected seed, but more often it is the first, or

| plumular, leaf which is attacked.‘ Kenneth (in Shipton, et al., 1973)

has observed that infection of the hull 1s inconsequential. Fot
seedling infection to occur the caryopsis itself must’ be infected

Even with low percentages (0.5-1.5%) of the plants infected
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via seed—borne inoculum, Piening (1968) observed that where leaves
with primary infection were not removed twice as many plants were
infected twenty—eight days after emergence as on plots where 1nfected
-leaves_were removed as soon as they were noticed. It therefore aD—

. pears that the chiefhdanger of seed—borne.inoculum is in providing'
a potential for.diseaSe spread throughout:the growing season and the
ultimate production of contaminated plant debris which coold provide

abundant inocdlum the following year.

. Infected straw 1s of major importance as a source of orimary inoc-

ulum. Piening (1968) observed 42% of the plants infected with-P.:
teres in a field where the previous year the straw and stubble were
lightly disced whereas only 8/ of the plants were infected in a
field where the straw and stubble were ploughed under]during the
previous year.

.darly in the growing season, when environmental conditions'are

favorable, conidia are produced on infested plant debris. In additiom,

perithecia release ascil and ascospores. | The perithecia are also oFten

densely covered with conidia which form on the tips of setae and con1d—,

'iophores between the setae.. The relative importance of the spore
types as primary inoculum is unknown and appears to vary with geOr
graphic location and. environment (Shipton, 1966; Smedegard Petersen,
1972 Shipton, et al., 1973 Piening, 1968)

The conidia’ and ascospores will both germinate readily on. host
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tissue. The germtubes give rise to appressoria-like structures, and
infection may occuf after a moist period éf as few as five.hours, al-
thpugh-10—30 hours of molsture appears necessary for maximum infection
(Shipton, et al., 19735. Tﬁe penetration hyphae pass through the
epidermal cells and enlarge slightly upon passing fhrougﬁ the inner
cellAwall. Development of ;he hyphae is then intercellular, Wi£h
cell death occurring in advance of the fungus. The respiration rate
of susceptible barley leaves increases, significantly'excéeding that
of non-infected leaves after sixteen hours. The'respiratioﬁ rate
continues to increase, reaching a maximum rate coinciding with the
appea?ance of visible necrosis, after which.the rate sharply.dgcreases.
Externally, symptoms may be evident within two‘days‘of infection
(Shipton, et al., 1973; émedegard—Petersen, 1976, 1977b).
Conidiophores arise direétly from between epidermal cells or
stomata and produce conidia on-the Surféce éf primary lesions. These
éogidia then cause secondary infection of the develooing fo;iage.
This process 1s repeated throughout the growing -season, as long as
"conditions remaln favérable. Complete nécrosis of the leaves may
occur by flowering time (Schaller, 1955; Shipton,‘et al., 1973).
Symptoms induced by P. téneb occur on the blades and sheaﬁhs‘of
the legves and may extend to the fiowers and grains. The initiai
'1esions.appéar as minute spots or streaks which increése in size to

form narrow, dark brown, longitudinal and transverse streaks,
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producing a nef—like pattern. This netting apéearance is charac— 
"teristic of P. feres and it is from this appearance that the dis-
ease gets its common namé of net‘blétch (Drechsler, 1923; Dickson,
1956). |

Iéolates of P. tenes have been collected which do not,préduce
the characteristic netting symptoms on-host tissue, but insteadféro—
‘duce'spot lesions very similar to those prdduced‘by Pgnenophond‘
faponicum. These isolates wege considered to be P. teres rather than
P. japonicum bec;use the§ could be crossed with isolates of P. feres
that produce the netting symptoms (McDonald, 1967). Smedegard—.
Petersen (1971) sugéested-the designation Py&enophoia,teke& Drechs.
forma maculata forma nova for the spotlfype of P. teres, and Pyreno-
phora Ieneé‘brechs. forma feres for the net type.

The symptomé inducéd.by the spot.form of P, feres also océur on
the blades and sheatﬁs of the leaves and coﬁsisf of dark brown, ellip-
tical or fusiform lesions measuring up to 3 x 6 mm in size and sur—
roundéd by a chlorotic‘zone of varying width (Smeaegard—Petersen, i97i),

The spot form of P. feies -has been found to be more prevalent
in Denmark than the net form (Smedegard-Petersen, 1972); Tekauz dnd
Buchannon (1977) have observed the spot form in the Winnipeé, Manni-
tobé reglon and believe that its distribution indicatés.this biotype

may have been introduced into the region on contaminated barley seed.

In crosses bEtﬁeen spot and net types of P, teres, it was found that
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'symptom expression is controlled by two independent allelic pairs of
genés'(Smedegard-Petersen, i976).‘

Pyrenaphohra ieme& has ‘been found to produce two toxins, both
low molecular weight peptides (Smedegard-Petersen, 1976, 1977a).
Except for the netting or spotting 1esions,‘both thins'inci;e‘mosf
of the symptoms incitéd by the pathogen ifself, i.e.; chlorosis,-
necrosis and increased respiration. The two toxins do not seem t&
determine pathogenicity, however, but rather they contribute to the
virulence of éhe organism (Smedegard-Petersen, 1976, 19%7a; 1977b)..

Under fiéld conditions, the netted 1esioﬁs.of P;,te&eA'will
coalesce with time, forminéllongitudinal stripes. These stripes éah'
extend the length of the ‘blade and into the leaf.shééth. The étrines
resemble ghose normally pfoduced by Py&enophona'gnaminea; tﬁe'causal
organism of barley stripe disease. Often the symptoms of the two
diseases. are virtually indi#tinguishable. The mbrphélogy.of bofh the
.éexual and asexual stages of these two species is also.very similar,.
' a;though there are some differences. The asc&sporesidf P. gnaménaa
are larger than those of:Pv ieneb, and onlf four are produced iﬁ‘each
aséus (Schoemaker, 1962). The conidia of P. fe@ebrare.coﬁStricted'at
" the septa and have an enlarged.basal cglli Thdqe of P. graminea do
not have an.épiarged basal cell and are not constricted at the seota. -
.'The conidia of P..gnaminea measure 31—111 x 11-24 ﬁm and are 1-7

septate, and are smaller than those of P. feres (Drechsler, 1923;
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Luttrell, 1951). P.. teres also sporulates_more readily:in culture-
.than P. graminea. . |

The’yariability in these morphologidal characteristics makes it
difficult to distinguish between the two specles using the morpholog—
. ical differences as-a key (Smedegard—Petersen, 1976 Metz, 1978) The
problem is further complicated by the fact that isolates of P.-reneA '
and P.'gdaminea can.be crossed in culture and perithecia containing
viable ascospores can be obtained (Smedegard-Petersen, 1976). The
most reliable method of distinguishing between the two .species is in
their node of infection. P.‘ienez will cause infection and sympton |
development when sprayed on-the foliage of susceptible barley,
while P. ghramdnea cannot infect barley in this manner. P. graminea
is a floral infecting pathogen and becomes systemic, while P. feres
does not systemically infect barleyr

Net blotch is found‘wherever'barley is'grown. It is of economic
. Importance in North and South America, Furope Australia, the Middle
East and Africa (Shipton, et al., 1973) The effect. on grain yield
and quality has frequently been studied. Stakman (1922) estimated'
losses of 5% and 3% statewide for Iowa and South Dakota, respectively;
Shipton (1966) observed a-l7.4% decrease in'yield in control.plotslas
compared to plots protected with the fungicide Maneb He also oba
served a significant reduction in_malting quality. Piening and Kauf—

mann (1969)'measured yield losses of 53.3% and a marked reduction in_.
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kernel nnmber per spike! indicating that the effect began in the early
stages of'plant growth, ‘Caddel and Wilcoxson (1975) reported yield
losses of 262'due to P. tenes. - Smedegard—fetersen (1974) reported
yield losses of 9.07% and 11.1% in the barley cultivars ﬁing-and Lauda,
respectively,'dde nainIy to reduction in_grain size and”Weight.
bultural chanées have led to a recent increase in the prevalence

of net blotch. Changes resulting in an increase in overwintering
inoculum, such as minimum tillage and ccntinuous cropping, and changes
vhich have helped produce an environment nore conducive to disease
-'spread i.e., irrigation, early sowing, and the planting of suscep-
tible varieties have all helped to produce a situation which lends
itself to potential disease epidemics (Smedegard—Petersen,‘1971: Shib—‘v
ton,’et al., 1973).

" These cuItural practices are more beneficial than harmful.‘ Ccn—
trol .of this disease mdst'therefore utiiize other nethcds. Foliar
. sprays are effective, but the cost 1s prohibitive. Seed treatment is
helpful, but will not completely control the disease. The use of ré-
sistant varieties is the most efficient and desirable means ot control- -
'liné net blotch. Resistant varieties, in addition to sutfering less
yield loss, also slow the soread.of diSease during the grcwing seasond
and provide less infected plant debris, ‘thus reducing the source of
primary inoculum for the following year.

Resistant varieties apnarently have no effect on ‘spore germination,
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the number of germtubes produqed, the 1engtﬁﬁand branching of‘germ— _
tubes'or the number of penetrations (Keeiing and Bahttari, 1955).
Inhibition of hyphél gfowth is pronounced after penetration and many:
infecpions do nof‘ﬁrééress beyond the peneﬁ:ateg cell. The.organisﬁ
fherefore causes fe&ef and smalier lesions on rFsistaht plants<than
on suéceptible.plants.. Sporulation of the fungﬁs on exc;sed leaves
of resistant plants was also found to be less than oﬁ leaves of sus-.
- ceptible piants (ngling.and Banttari; 1975). = Tekauz and Buchaﬁnon
(1977) fouﬁd that the time required for sporu}aéion‘of conidia on
excised leaves varied from less than fweﬁty—four hours With suscep- °
tible varieties to ninety-six hours for resistant-varieties.

The first extensive screeniﬁg of barley 1ines for.gources of
;esistance was done by Schaller and Wiebe (1952). A total of A,SéG
barley lines was tested to California isolates of P. Zferes. Twenty~
five highly resistant lines were found, with the greatest'pefcentage
of these ofiginating in'Maﬁchuria. Buchannon and MqDonald (1565)
-tested 6,174 barley linés for resistance to net Elotch. Of these
they found forty iines,‘éevgﬁteen originating in-Ethiopia, which'weré
resistant in the séedling stage. to isolates of ?, feres from Canada, .
Mexico and the United Statés. Khan and Bo&d (1969a§ uééd seVentéén-'
Australianxisolates to écreen 142 barley lines whicﬂ has Drpviéusly
been reported to be registan£ to‘net'blatéh. Twelve highiy résisﬁanf

‘and twenty-two resistant lines, from both Manchuria and Ethiopié,“
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. were found, with the Ethiopilan lines genérally exhibiting‘auhigher

degree of resistance than the Manchurian lines. Eighty barley lines,

out of 2,608 lines tested, were found by Caddei and Wilcoxson (1975)

~ to .be resistant to Moroccan isolates of P. ternes. Metcalfe, et al.

(1578), evaluated 226 Ethiopilan barley lines and found tﬁis'region to
be a good source .of fesistahce to isolatES';f P. tenes from Caﬁada.'

" Isolates from various.geographic aréas differ signifiéanﬁly in
pathogenicity. .The.physiolqgic specialization of P. te&eb.becéﬁe

apparent with fhe screening of different barley lines. ‘Theilines found

" by Schaller and Wiebe .(1952) to be resistant to California isolates

of P. teres were susceptible to Canadian isolates (Buchannon and Mc-

Dénald, 1965). Most barley lines resistant to P. teres elsewhere in-

the world proved to be'susceptible or moderately susceptible to Mor-
occan isolétéé (Caddel and Wiléoxsqn, 1975).  In general, thé ;pot..
form of P. te&éé found in Canadé is less virulent fhan the net types
when 1ésion characteristics and extent of chlorosis_grélcompared‘
(Tekauz and Mills, 19745. ,This‘is not the case in ﬁenmark, where the

spot form is more prevalept'than the net .form (Sﬁedegard—Petersen;l

1971, 1976). Khan and Bdid (1969a) separaféd isoiates_qf'P; teres

from Western Australia into threé different virulence types using
two differential varieties. -
The first study to determine the genetics of resistance to P. feres

was done by_Schaller'(1955); He found that Tifaﬁg'contains‘g single
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1ncompletely dominant - gene for resistance effective against a. California

isolate.' The symbol Pt was suggested for- this gene., Mode and Schaller

1

(1958) designated the resistance gene in Tifang Pt They- found cC. T.

1
4797, C.I. 739 and C.I. 4929 contain a single gene for resistance, de--
signated Pt2, and C. I 2750 and C.I. 4922 contain two genes for resis-
tance, designated Ptzland Pt3 It was found that Pt1 and Pt2 are closely
linked with a 2.577% recombination, Pt3 is independent of Ptl and Ptz.
Khan and Boyd (19690) foundAC I, 2330, C.I. 4797'and-Tifang to contain

‘a single gene for resistance to a Western Australian isolate of P. feres.
C.I. 9819 and C.I. 5791 contained two ' dominant genes for‘resistance to
this isolate. All five,varieties have a common gene for resistance to
this isolate of P. ;eneA,'

| 1 and Pté, respec—
tively, for resistance to a California isolate of P. teres. These two

Tifang and C.TI. 4797ucarry linked genes, Pt

lines also carry an allelic gene for resistance to isolates of P. tenea

from Western Australia. Since.neither Tifang nor C.I. 4797 carry the

_'gene ?tB, the common gene'effective against the Australian'isolate

‘ would need to be a fourth gene. This gene was‘designated Pta by Khan

and Boyd (1969¢). | |
" Bockleman, et al. (1977), utilizing trisomic analysis, found

- Tifang to contain a single dominant gene for resistance effective

against a Tunisian isolate of P. teres. The gene was located on

chromosome 3. C.I. 7584 also contains a single dominant gene for.
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resistance, located on chromosome 2,'effective against this_isdlate;
C.I. 9819 contains two dominant éenes,‘on chromdsomes 3 and 5, effectiue'
against this isolate of P. feres. | .
Environment appears to affect the expression of resistance.to P,
Lenes. High.inoculation and:post;inoeulationltemneratures hring'about
a breakdown in resistance (Khan and Boyd, 1969;‘Tekauz‘and.Buchannon,
1977). Light_intensity, high pre-inuculation temperatures and spore
concentration will also affect the expression of resistance in some
varieties (Khan and Boyd, l969b)
Consistency of expression of resistance 1is also a varietal char—
acteristic and is dependent on the genetic background of the host.-
This is especilally important when’lines are crossed. The penetrance
and éxnressivity-of the resistance genes are highly dependent ubon
the genetic background of the parents used in the cross, even the back-
ground ‘of a susceptible parent (Khan, 1969' Khan and Boyd, 1969h'

1969c). Khan (1969), using C.I. 5791 as' a resistant parent and Atlas

and Dampier as susceptible parents showed that Fl host reaction and

'F, segregation patterns are.considerably influenced by the choice of

2

susceptible parent, with less resistance being expressed in the Atlas x

C.I. 5791 cross than theVDampier x C.I. 5791 cross.




Chapter 1

THE EFFECT OF DIFFERENT GROWTH M_EDIA ON
THE SPORULATION OF Pyrenophora teres
For ail inoculations done in this study, condial suspensions were -
" used as inoculum. Since an adequate concentration of conidia in theé

suspension is needed to obtain a setisfactpfy'infection, and hence good

: symptom development;‘it is important that the cultures of P. fetes pro-

dude adeqﬁate amounts of conidia. 1In this experiment, different types
of’ growth media were tested to determine which type would: be most fav-

orable for sporulation of P iemeé.

Materials and Methods .

One 1solate of P, tenez, Pt S (Sidney, Mt.), was used in the exper-

iment. Eight different types of growth media were tested, V8 juice agar,

Potato dextrose egar (Difco), Modified Eckert's Medium, Czapeck's'agér
~ (Difco), Barley leaf extract agar, Mycophil agar (BBL), Lima bean agar

(Difco), and Rice cereal agar.l

Six_replications of the experiment were carried out. For the ini-

tial transfer of P. Zeres to the different agar fypes,'single spore.

‘transfers from leaf tissue were made. Transfers for subsequent .replica-

tions were done as mass spore transfers using a dissecting needle, and

lRecipes of these agaf‘types are included in the appendix.
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transfering spores to fout épofs on each petri plafe; Transfers to
fresh plates were.médé using spores only from plates of the same agar

type. Spo;es were transferred to four plates of each agar type, three

" of these to be used for counting and .the fourth as a source for the next

transfer.

Spores were counted seven days after transferring. Counts were

made by flooding the plates with distilled water, scraping the spores

loose with a microscope slide and straining the suspension through
three layers of cheésecloth. A total of 65 ml of distilled water
wés used pet three plates. The spofé concentration of the resulting

suspension was then measured using a Howard Mold Counting Chambef

'(Haussér Scientific). Three counts were made, with the average of

these used as the spore concentration for that agaf type.
The.cuitures were groﬁh in an incﬁbatiop chamber with'a 12 hour

pﬁotoperiod and a temperature of 17-18° C.

Results and Disaussion

Table 1 sﬁows.thé spore concentrations for each agar.type at each'
transfer and also thgléve;agélﬁﬁmbef'of épores per ml for the différ— .
ent agar types. An analjéis of variance was perférmed on thé data iﬁ

this table, .as shown below.




SOURCE ss | DF NS F Fos

Total 264.293 x 10° 47 —emm J— —

Agar Type 132.745 x 10°. . 7 18.964 x 10° 6.8 2.25
.8' M

" Error 111.548 x 10 40 2.789 x 10° S |

Tﬂe‘resélts indicate'tha£'therelis‘a significant‘difféfeﬁce,in the
) éporulation pf P. Ie&ebﬂwith respect té agar type. | |

To dgtermine'which gﬁérages were.significantly different, a Duncan's
Mﬁltiple Range tést'was utilized. The results of this test are indicafed
in'Téble 1. | | | |

Lima béén agar (LBA), V8 juice ggér (Vé), Mycophil agar (M§A5 aﬁ&
"‘Barley leaf eﬁtract agar (BLEA) all allowed abundant séorulation of
P. fteres. "Potato dexfrése agar-(PDA)! Modified Eckert's Medium éMEM)
and Rice cereal agar (RCA) were less fa&orable for sporulétion, while'
Czapeck's agar (CZA) was 1éast suitabie as a groﬁth medium;;

- The results indicate that the type of growth medium uéed has a
significant éffect.on tﬁe sporulation of P. feres. P. tenéé sporglatgs'
well enough on LBA, V8?-BLEA an& MyA that any of these shoulﬂ be adéquate )

as a growth medium for this organism.




Table 1-1. Differential sporulation (spores/ml) of P. fetres on eight typeé of growth media.

1st 2nd 3rd . 4th 5th 6th average

MEDIUM transfer transfer transfer transfer transfer transfer (spores/ml)
LAY 59,081.9  49,928.4  21,828.6 52,207.7  62,388.1  49,819.9  49,200.8 A
V8 66,100.9  47,649.1  33,285.6  48,951.5  54,161.5  42,330.6 48,746.5 A
MyA 57,634.7.  32,923.8 28,461.6  34,117.7  78,510.6  10,492.2  40,356.8 A
BLEA 41,245.2' 62;844.7' 8,321.4  27,750.1  73,807:2  26,664.7 40,105.6 A
PDA 47,395.8  23,046.7  12,060.0  19,899.0  75,145.9 27,967.1  34,253.9 AB
MEM 20,875.9 8,321.4 7,839:0  25,579.3 6,982.7  22,069.8 15,278.0 BC
RCA 18,922.1 13,922;1 7,839.0 10,962.5 33,647.4 | 3,256.2 14,687.1 BC
CzA 3,002.9 1,085.4 1,688.4 1,447.2 1,085.4 361.8  1,445.2 C
1) LBA: Lima bean égar, V8: V8 juice agar, MyA: Mycophil agar, BLEA: Barley leaf extract
agar, PDA: Potato dextrose agar, MEM: Modified Eckert's Medium, RCA: Rice cereal agar,
CzA: Czapeck's agar '

2) Averages followed by different letters differ significantly at P = .05 probability level.

...6 '[._




Chaptef 2

. EFFECT OF PHOTOPERIOD AND'IYPE OF GROWTH ﬁEDIUM
ON THE SPORULATION OF P. feres
In the previgus.experiment different types of growth ﬁedia were

tesfed for tﬁeir effectiveness in inducing the sporulation of P. fetes.
Based on the amount of sporulation, four agar types wefe'found-to-be'
particﬁlarly effective.

In fhis'experimen;, fhese four aga? types, Mycophil agar (BBL),
Lima bean agar (Difco),‘V8 jqide agaf and'Barley leaf extract agar,
were again used. These were tested over a range of photoperiods in an

~effort to determine an optimum photoperiod and agar type.

Materials and Methods

The same isolate used previously, Pt S (Sidney, MT), was used in
this experiment. The four fypes of growth media were prevared fiollowing
the procedures in Appendix A. Seven different photoperiods were: used;
no light, 8 hr., 12 hr., 16 hr., 20 hr., 22 hr., and 24 hr. of light.
Temperature in'the growthlchamber was maintained at 17-18° C, with a
photoperio& of 24 hr, 6f light. Cultures grown under shorter nhoto;
.periodé were placed in cardboard ﬁoxes and wrapped in_aluminum foil
during the dark period. All four agar‘types were-testedlat eacﬁ photo- '
'périod. Spqres were initially trgqsferred from leaf tissue to plates of
the four agar typeé. Thesezcultures were ghen grown at the differen£

photoperiods for seven days. The amount of sporulation was then




-21-

determined in the manner described previously. ~Four successive repli;

cations were run.

Results and‘Discuséion

Tabie 2-1 (a;gj shows the sporulation of P. feres on the diffe;eng'
agar types at eéch photoperiod. The values werg-used to determine the
average sporulation at each photoperiod ovér all agar types (Table‘2—2)
and for each agar type'0ver’a11 photoﬁeriods (Table 2-3).  An analysis
of va;iance test was then computed to determine which averages were sig-
nificahﬁly diffé;ent (Table 2-4). Bécause of thé extremely low sporula-
tion 6f P. feres under conditions of no'light, the date in Table 2-1 (a)
were not included. |

The results of the anélysis of variance test indicate that tﬁe
" differences within réplications; photoperiods, replications x ﬁhoto—
period intgraction and replication x agarAtype interaction Were.statié;i—
‘cally significant, while the differenqeé.within agar types and»agarjtyne
x photoperiod iqter;ction were not spatistically signifiéaht. fheée‘re—
sults indicate that the different agar typesldid.not significantiy ;f—
fect the sporulation of'P.'ienes, while the photbperidd under‘which the
.cultﬁres of P.. ieﬁeé were grown did have a'éignificant effect upon
sporulation.

A Duncan's Multiple Rénge.Testkwas utilizéd.to de£ermine which
_phogoperiods differed significantly (Table 2-2). The res@lts of this test

show that'thevséorulation'of P. teres under a'photoneriod-of'eight hours
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. | . r L ' . . ! ) .
was significantly higher than the spdrulation unider any other photo-

period. The results also indicate that sporulation increases signi—

ll

ficantly as the photoperiod decreases.l Because of the very.ldw spdru—
lation with no light, it is evident‘that some 1ight‘is'necessar§: 'The
results obtained in this test indicate that ofAthelseven different
photoperiods tested an eight hour photoperiod,is best for suorulation
of P. feres. These results also indicate that it would be worthwhile
to test the sporulation of P teneA grown under photoper'iods shorter
than eight hours. | |

,There is a paucity of studieshinvolving the effect or envircnment
on sporulation of P. tenes. Onesirosan,and Banttari (1969) studhed
the effect of 1ight and temperature on sporulation. 'Using photoperiods
of no light, 12 hr. light and 24 hr. light, the&lfound a'12-hr. photo~-
period most conducive to sporulation. They also studied the effect hf
light quality, and found that'ultraviolet light with wavélengths of
310-355 um was necessar& for conidiophore formationf Conidia production
was most favcred in the absence of light or in the absence.of_iight of
wavelengths 355-495 ym. It appears that stimulation of conidipphore
production is critical, and once this.is‘accomplished, prcguction
of conldia is not light dependent. dne\might be able tO'Ohtain maxi-
mum sporulation by érowing-the cultures in onlf ultraviolet light.

Although not significantly so, the sporulation of P. feres on

mycophil agar was higher than on the other agar types. For this
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reason the entire collection was transferred to plates of mycophil agar.

This resulted in a differeﬁpial'rangg of reactions’ of the isolates to

this agar type. It appeared that cErtaih'isoiates grew and- sporulated

"well on it,Whileiothers~sporu1atéd very poorly. Since"all.isolates E

sporulated reasonably well on VSljuice;aggr and.sincé-the'sporqlation -

of P. fenes on ‘the two agars-in this test ﬁas not\significantlytdifr"

ferent,'if was decided that thevculfures would be.maintéined on.V8 .
juice agar.

Using V8 juice agar as a gfdwth mediﬁm, and using a‘bhptopériod

" of 8 hr. produces highiy sporulating-cultureé-oﬁxp. Leres. Adeqﬁatgly”

high concentrations of conidia are obtained t0,D;oduce readable, dif-’

ferentiating sympﬁoms on barley'plants.




=2

Table 2-1. Sporulation (spores/ml) of P. teres on different agér types
at different photoperiods.

)

2-1(a); No light

2nd

. 1 1st 3rd 4th average
Aga; type traqsfer‘ transfer transfer = transfer (spores/ml) .
Cvs 0.0 108.5 1108.5 0.0 54.3

LBA 0.0 470.3 0.0 " 108.5 ° 144.7
MyA 0.0 253.3 1470.3 242.4 241.5
BLEA 0.0 - 108.5 1,193.9  1,085.4 597.0

1

Barley leaf extract agar’

2-1(b); 8 Hours of light

V8 = V8 juice agar, LBA = Lima bean agar, MyA =

Mycéphil agar, BLEA =

average

1st 2nd 3rd 4th
Agar type’ transfer t;ansfer transfer transfer  (spores/ml)
V8 361.8 . 52,591.4 45,104.4 . 79,133.6 - 46,792.8
LBA 5,427.0  55,234.8  58,129.2  79,234.2  49,506.3
MyA 2,062.3 99,615.5 78,402.1  70,792.2  62,718.1
BLEA‘ 6.150.6  47,395.8  41,607.0  91,656.0

46,702.4




2-1(c); 12 Hours of light

1st
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" 3rd

41:‘h> ‘

2nd ) ' . average
Agar type transfer transfer transfer ‘ transfer (spores/ml)
V8 46,057.1 - '17,366.4 5,897.3 | 64,641.6 33,490.6
LBA 40,159.8  17,619.7  0,298.3  61,867.8  32,236.4
MyA 16,642.8 11,577,6 361.8 -84,781.8 | 28,333r5:
" BLEA 68,870.7 * 8,936.5 723.6  42,330.6  30,215.4
2-1(d); 16 Hours of light
1st - 2nd 3rd 4th . averége.
Agar type transfer transfer transfer . transfer  (Spores/ml)
V8 34,732.8 5,427.0  14,363.7 36,059.4 22,645;2
LBA - ©39,327.7 16,492.2_ 7,344.5 34,853.4 23,054.5
MyA 19,537.2 13;133.3 3,509.5  86,349.6 36,632.4
BLEA 51,013.8 3,979.8 5,427.0 ' 31,476.6 22,974.3
.2-l(e); 20 Hours of light.
| 1st ' .,'an 3rd ) 4th average
Agar type. transfer  transfer transfer transfer (spores/ml)
V8 21,961.3  7,489.3 ' 4,956.7 20,140.2 13,636.9
LBA 15,448:9 12,771.5 19,298.3 | 41,848.2 19,841.7
MyA 832.1 30,282.7. . 3,364.7 © 60,420.6 23,725;0 .
BLEA - 54,378.5 ©3,364.7.  1,700.5  37,386.0  24,207.4




2-1(f); 22 Hours of light
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_ Ist 2nd © 3rd 4th average
Agar type transfer transfer transfer transfer (spores/ml)
V8 25,217.5  20,069.8 - 20,622.6  11,577.6  19,371.9
LBA 14,725.3 6,620.9 -10,854.0 10,612.8 - 10,703.53_
MyA 2,170.8 12,301.2 20,875.9  32,320.8 | 16,917.2
BLEA 61,614.5 6,512.4  16,642.8 11,577.6 24,086.8
2-1(g); 24 Hogrs'of light
1st . | 2nd 3rd 4th average
Agar type transfer transfer transfer transfer (spores/ml)
v8 15,810.7 . 17,113.1- 13,278.1  3,738.6 12,4851
. LBA §,982:7 -5,173.7 - 8,212.9 12,;80.6 | 8,137.5"
MyA - 1,193.9  10,492.2  17,728,2 ° 18,451.8 ' 11,966.5
BLEA 5,318.5 12,301.2 4,088.3 13,024.8 8,683.2.

1




Table 2.2 Average sporulation (spores/ml)
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of P. ternes at each

photoperiod.
- ' Duncan'c Hultiple
Photo lst 2nd 3xd - 4th Range Tact
period tranafer transfer transfoy tronofor averane P Q5% Pm= 010
8 hr 5,500.4 66,209.4 55,810.4° 80,199.0 51,429.8 A A
12 hr 42,932.6 13,875.1  4,070.3 - 63,405.5 31,070.9 B B
16 hr 36,152.9 8,258.1 7,661.2 47,184.8 24,814.3 BC BC
20 hr 23,155.2 13,477.1 4,830.1 39,948.8 20,352.8 CD BCD
22 hr 25,932.0 11,376.1 17,248.8 16,522.2 17,769.8 CDE cb
24 hr 7,326.5 11,270.1 10,826.0 11,849.0 10,318,1 E D
Table 2-3. Average sporulation (spores/ml) of P. feres on each agar type,
} Duncan’s Multiple
lst 2nd- 3rd 4th Range Test
Agar type transfer  transfer tranafer transfer average P, 05%
MyA - 7,073.2  29,567.1 20,717.0 58,852.8 29,052.5. A
LBA 20,345.2 17,985.5 17,189.5 40,099.5 23,904.9 A
v8 24,023.5 21,676.2 17,370.5 35,878.5 24,737.2 - A
BLEA 41,224.4 13,748.4 11,698.2 26,144.9 A

'37,908.6

% %% Those values. not followad by cimilar letters differ asignifi-
cantly at probability P=.05, or P=.0l, reaspectively. .

Table 4, Analysis of Variance Test.

. DE
Reps (R) 3
Photoperiod (P) 5
RxP 15
Agar (A) 3
Rx A 9
PxaA 15
RPA "(Error) 45

95

. S8
1,000,120.0
1,631,030.0
2,029,070.0

36,718.4

627,475.0
129,328.0
552,863.0

6,006,610,0

Ms
333,374.0
326,207.0
135,271.0
12,239.5
69,719.5

8,261.84

12,285.9°

F value
27,135+
26.551+
11.01
0.99
5.675
0.702+
-

.+ Significant at P=,01

I Non-significant at P=.05 or P=.01

i~




Chapter -3

DETERMINATION OF DIFFERENT VIRULENCE TYPES OF
Pyrenophora teres '
" In the spring of 1977, when testing of bariey<Varieties for their
reaction tb'net blotch was first initiated, seven different isolates
of Pynenophand feres were available. Four of these isolates were from
- Montana and three.had been collectéd in the Middle East. -By the summer
of 1977, ﬁwenty—si% isolates were availéble, fiftéen oriéiﬁating in the
Middle East and eleven from various parfs_of Montana.

It was possible to test a limited number of varleties to all
twenty-six isolates, but when a screening test was set ﬁp to screen
large ﬁuﬁbensof barley lines to P. tadeby'limité on space and time made
it necessary to use fewer isolates. To insure that the reduced number
of isolates would be representative of the entire céllection, the

collection was separated into different virulence types.

Materials and Methods

The twenty-six isolates“were sepérated into different virulence
groups based on the differential reactions of fifteen barley varieties
which had been tested to the isolates during the summer of 1977.

The varieties were grown in metal flats, 14"x10"x3", with twélve
varieties planted per flat. Ten seeds of each Qariety were planted in
six rows across the width of the flat,.with two varieties per row. The
plants were groWn_in a growth chamber with a 15°/24°C dark/light |

temperature, and a 12 hour photoperiod.
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The iéolates of P. teres were grown on Vé—jgice agar, in an inéu—
bation ché&%er with a température of 17-18°C and a lé hour éhotoperiod.
The isolates were subéultured utilizing the mass spore transfer method
mentioned préViously. Isolates to be used as inpcula were transferred
on the same day the bariey'to be inoculated was plantéa. The'béfley
was thgn inoculated seven dgys later with the seven day.old cultufes;
The inocuium consisted of.a suspension of conidia and some mycéliél
fragmgnfs; As a surfactant, a solution of 1% Tween 20 at approxi- f
»mately‘O.l ml. of surfactaﬁt.to.lOC ml of inoculum (0.1%)'waslu§ed._

The inoculum was applieQ'using an atomizer driven by compressed air.
Approximately 15-18 ml of inoqulum were used per flat. A miniﬁum.
of l04 spores/ml'sgemed necessary to'obtain adeqﬁate infection.

Spore concentrations of 20-30 x~103 spores/ml were not difficult to .
obtain: No sténdardization of the spore concenfration was attempted.
“with concentrations apﬁroaching 80-90 x 103 spores/ml used in the
inoculations.

Inoculated plants were incub;ted in a dew chamber at 1007 relgtive
£umidity in darkness for 24 hours. The temperature of the water bath
was 35°C and the wall temperature of 7°C. .The resultiné air pempéra—

ture %as 24—2700.

Readiﬁgs dn pléht’inféctiop were made seven days after inocul&fionu..
Réaction tjpeé were based on a scale of 0-~4:

" 0: no observable infection
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1: éin—poinf to very slightiy elongated .lesions - (1~2 mm) wiﬁh no
observable chlorosis

.23 slightly elongated lesions,-ﬁith no netting symptoms, limited
=amoﬁnts of chlorosis ‘ ‘ .

3: elongated iesions forming netting‘symptoms,'easily obsérvabie
chlorosis, no necrdsis ‘

' 4: well dévéléped, netted 1esiqns,lwifh éxtensive'chlorbsis and

necrosis of leaf tiséué

The isolates wege'tﬁen.grouped, Based on the similarities and
ﬂ.differences ofvthe reactions'of the barley varieties éndvé.I. numﬁers.”
Thé isolates and Eﬁeir origin are listed in Table 3-lf The barléy

varieties utilized as differentials are listéd in Table 3—2.

Results and Diséussion

The Middle Eéstern.isolates were sépara;ed from ﬁhe Méntana iso~
lates, since the two.groups as a whole produced different reactions on
several variegies. FofJexample, Shabet, Firlbecks IiI,-Betzes, and
Ingrid were suscéptible to all Montana isolates, yet contained resistance
to several Middle Eastern-isdlafgs. c.I. 7584, C.I. 9776 and Steptoé’
were resistant to all Montana isolates, yet were gusceptible to sémé '
Middle Eastern isolateé, Because of the nondiscriminatory reactions of.
these varieties'énd lines to the Montané isolates, thej were of little

- use as differentials. Hénée, it' was nécessary to utilize_other-varieties
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in order to determine yirulence types of‘the Monténa isolates.

Table 3-3 shows the Middle Eastern isolates grouped into their
. respective virulence types, based on the reactians of fourteen barley
lines. Virulence type A qontains five isolates, thé other.types contain
from oﬁe to three isolates. The reactions of those varieties and lines
which are most useful in separating the isolates into the differént
virulence types are circled. For example, C.I. 9776 is suéceptible
‘to type B, while Shabet, Betzes and Ingrid are all resistant. Type D
is the‘only virulence type to which Mona—ArivatAis résistant. Both
C.I. 7584 and Tifang are susceptible to type E, while type F is the
only virulence type to which C.I. 7584, C.I. 9776 and Steptoe ére all "
susceptible and both Shabet and Ingrid are resistant. Arimont is re-
‘'sistant only to virulencg type G.

Table 3-4 shows the virulence types of the Montana isolates of
P. teres, based on the reactions of eigﬁf barley varieties and liﬁes.
Here'again, those liﬁes and varieties mést‘useful in separating the
differént viruience types are circled. Tifang is suscep;ible only to
" type C. C.I. 9819 exhibits type 4 symptoms only to those isolétes in
type D. Both'iud aﬁd Piroline are inte?mediéte in reaction to t?pe E,
while Lud is resistant to intermediate in reaction to type B and Piroliﬁg_
is susceptible.

Using differential vafietiés a dichotomous key was set up with

which it was possible to distinguish the virulence'typeé of the Middle
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Eésgern isolates (Table 3-5). All seven virulence types could be separ-
ated using five differentiél barley lines; c.I. 9776,.C;i. 7584, Arimont,
Mona-Arivat and Betzes.

Another dichotomous key, utilizing a different set‘of differéntials,
was set up for determining the virulence types of thg Montana isolateé
of P. teres (Table 3-5). The five Montana virulence éypes could be
distinguished using four differeﬁtial barley lines; Lud, Piroline,'
‘Tifang and C.I. 9819. |

The separation of the isolates into virulence types was done pri-
marily to obfain isolates representative of the entire collection. I£
was'determinéd fhat nine isolates of P. feres could be éfficiently used
in a séreening test. Nine isolates were therefore chosen, each from a
.different virulence gybe. Because the isolétes had been erara;ed-into
" more than nine virulence types, the‘isolates-were choséﬁ froﬁ the nine
most virulent groups. These groups are indicated in Tablés 3-5 and 3-6
by asteriks. |

' This work is not viewed as a finél concluéion'in dealing with the
virulence types of_£heée isolates. It is'usefﬁi-as a method for éeléétf
ing representative isqlaées from a iarge collection for use in screening
tests. Knowledge of.the differen£ virulence types occurring.in an or-
ganism is-valuable‘in that it provides a tool by which broéd based

sources of resistance can be selected.
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Table 3-1. 1Isolates of P. feres included in the collection and the
place of origin of each. .

. isolate Origin |
ft é' :',A "funisia
'Pt_édrig S
Pt 10 Lebanon
Pt 100ri§ : : "o
PtT-1 ~ Tunisia
Tunisll.' - "
‘Tunis 75 oo
" Mor 1 ‘ Morocco
Mor 14 . "
 Mor 15 o
. Mor 18 "
' Pt 6 L Turkey
ELS 77-5: T Morocco
ELS 77-6 Jordan
. ELS 77-9 " Egypt
Me 77-1 - Fairfield, Me.'
Mt 77-2 - _ " '
Mt 77-3 . Fort Benton, Mt.
Mt 7744 ': 3 ' Cresfon, Mt;
Mt 77-51 Sidney, Mt.
Mt 77-6 _ " Moccassin, Mt.
Mt 77~7 ' Huntley,:Mt.v
Pt s . ' Sidney, Mt.
Pt s2 " _
PR .. Rudyard, Mt. .

Pt B ' Baker, Mt. -
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Table 3-2. Varieties andiC.i. lines used ‘in determining the different
virulence types of P. Zferes. - '

Unitan - T Tifang

Steptoe v C.I. 5791
sﬁabet_'7 7 Uc.T. 9819
DekaP. N o C.I. §776
Ingri& o . .C.I, 7584
' Betzes: A. , . ' Arimont
Fiflbecks'IiI - Mona-AriQét
Horsford . . . .Larker |
Lﬁd_ | . Piroline

Paliiser . L ..Hypana




Table 3-3. Virulence types

of the Middle East isolates of P. fenes.

Isolate! 7584 9776 9819 5791

Variety or C.I. Number

Unitan Dekap

Betzes

Ari-
mont

Mona-
Arivat

Type A

Pt 8 b2 1 23 ? g
Pt 8orig* 1,2 b e 2.3 v S T |
Pt 10 152 1,2 2ok 253
Pt 10orig 2,3,1 2.1 o2 3,2,4
Pt T-1 1,2 1,0 2, X 1,2
Type B

Mor 15*% ;3 : 1 4 .2
Mor 18 E 4 3.2
Type C

ELS 77-6* 1,2 2.1 j 5 T A L
ELS 77-9 2,1 &3 213" 3.2
Type D

Tunis Z2.3:1 y 5 & 7 3% | 12

Type E
A TN T B Ty e W

Type F

Type G

Pté 3,4
ELS 77-5 2
Tunis 75 3,2

NN
Mt i
)
ww N
S
NN W
NN
o w »
-~

2.8

2;1

3,2

T
. v w
N W N

L Lw e
v v e e w

wepberw

3,2,4

3,2,4
3,2
¥ 45 &

NN
R

- W s
Ne WEsW

w
-

4,3

3,4,2
3,2

W W w
.- . o
~ e

1. Those isolates followed by an asterik were used in the screening of barley lines for resistance to P. feres (Chapter 4).
2. Those reactions circled were especially useful in determining the differemt virulence types of the Middle East isolates

of P. teres.

_gE_




Table 3-4. Virulence types of the Montana isolates of P. feres.

Variety or C.I. Number

Isolat:el C.I. 9819 C.I. 5791 Tifang Unitan Larker Lud Piroline Dekap

Type A

Pt R* 2,3 L 3,2 233 4,3 4 4,3 4
Mt 77-2 2153 ) 153 21 3,4 4,3 4 4
Type B

Pt-S 23,1 251 3,2 2:3 4,3 : (5 22 3,4 4
Pt S-2 152 2:153 ) [ v | 3,4 25153 4,3 4
Pt B* 2,1.3 253 : 322 2. 3:2,4 3,2 3,4 4
Type C

Mt 77-1 1,2 2.3 4 2.3 3,4 3,2,4 3,4 4,3
Mt 77-51% 2.1 2.3 4 7)) 8 4,3 38,2 4 4
Type D

Mt 77-3% 28,3 3,4 1 251 234 < YA 253 4
Mt 77-4 3,2,4 253 Seer 2,5 253 3,4 3.4 4,32
Type E

Mt 77-6 253 2,3 1.2 243 352 2.3 23 4
Mt 77-7 23 2:3°% 3 352 3 253 2,3 4,3

1. Those isolates followed by an asterik were used in the screening of barley lines for re-
sistance to P. feres (Chapter 4).

2. Those reactions circled were especially useful in determining the different virulence
types of the Montana isolates of P. f{eres.

9€-
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Table 3-5. Key for identifying the virulence types of the Middle
) Eastern isolates. . i

Host Reaction ' - ,' Virulence'type

c.I. 9776.susceptible:.

C.I. 7584 susceptiblé. e o st s s s s s se e e s o.ee...Type F.
C.I. 7584 resistint. . + o o « o0 v 0 0 o 0 o o «+. .Type B

C.I. 9776 resistant

C'oI- 7584susceptiblea * s ¥ a2 83 ® 3 2 ® & s 8 s s 3 v ® .Type E
C.I. 7584 resistant : .-

Arimont résistant. . . . . v « 4 o o o w4 o+ . . JType G
Arimont susceptible

Mona-Arivat resistant. . . . + « « « » « ... .Type D
Mona~Arivat susceptible '

Bétzes susceptible. . . . . . . . . ... .Type A
Betzes resistant. . . . . ¢« « s +s s oType C
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. Table 3-6. Key for identifying the viruleﬁce‘types,of the Montana iéblgteSa

1

Host Reaction . . o L " Virulence. type
Lud,resistaht

Piroline resistant. o« -4 « o v s « o o o o o 0 o o o . . .Type E
Piroline susceptible. . . .+ . « . . «:v o o« V. o v . . . .Type B

Lud susceptible

_Tifang susceptible. « v « v v v o v o u v v ot . aie . s JType C
' Tifang resistant ' : - . ;

C.I. 9819 susceptible. . : + + « « « + o « « + 4 . . .Iype D
"C.I. 9819 resistant. . . . « . & ¢ oo ¢ v o o o .o . . .Type A




Chapter &
SCREENING OF BARLEY LINES FOR RESISTANCE TO Pyrenophora teies

The virulénce typeslpreviously designated fqr isoiates of Pyreno-
phora feres were utilized in this experiment to screen barley lines-and
varieties for resistance to net blotch. It was anficipated £hét the
testing of lines,against'nine separate isolates, each representing a
different virulence type, wbuld result in the‘discoverykof iiﬁes which |

contain resistance to a wide range of virulence types.

Materials and Methods

One hundred aﬁd forty-seven lines of barley were screened in this
test. These lines consisted of three major groups. Ihe largest gréup
included 78 liﬁes previéusly found to be resistant to Moroccan isolates
of P. teres (Caddel andAWilpoxson, 1975). ‘Another group of forty lines

had previously been found to be resistant in Canada to North American

isolates of P. teres (Buchannon and McDonald, 1965). The third group

consisted of 23 varieties commércially groﬁn in the state of Montana én&
not previously scréened for resistance to P. feres. Seed of these lines
was obtained either from seed stocks on han& or from Dr. J. C. C;addoék,
Beltsville, Md. |

The 1ines were planted in metal flats and grown under conditions

- previously described. Eleven lines plus the susceptible check, Dekap,

were planted in each flat.

A representative isolate was chosen from each of the nine virulence .
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types indicated in the previous experiment. These isolates were:

Pt R (Rudyard, Mt.) Mor 1 (Moroccoj»
Pt B (Baker, Mt.) Mor 14 (Morocco)
Mt 77-3 (Fort Benton, Mt.) . Mor 18 (Morpcco)
‘Mt 77-5I (Sidney, Mt.) o : ‘ELS_77-6 (Jordan)

Pt 8orig (Tﬁﬁisia)

The isolates were cultured in the same manﬁer described previously,
except that a photoperiod of 8 hr., father than 12 hr., was used. In- o
oculation procedures and recording of the disease reactions were also
performed as previously described. |

The diseaselreactions of the barley lines were’sepératgd into three
groups: |

Resistapt: Lines exhibiting type 1 or type 2 reactions, or a

combination of type 1 and type 2 reactions.
Iﬁtermediate: Lines exhibiting a combinafion of tybe 2 and
type_3 reactions. .
Susceptible: Lines exhibiting type 3 or tyﬁe 4Ireactions, or

a combination of type 3 and type 4 reactions.

Results and Discussion

The results of the screening test are shown in Tables 4-1 and 4=2.
The barley lines are grouped in two different ways. 1In Table 4-1, the
lines are grouped according to the number of virulence types against

which they are resistant. In Table 4-2, they are grouped according to
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the number of virulence types against which they exhibit a resiséant or
an interﬁediaté type of ‘reaction.

0f the 147 lines tested, only three were résistant to all nine
virulence types (Table 4-1). Four more iines weré resistant to eight of
the nine wvirulence types; Thirty lines, 20.4% of the total, were re—;
sistgnt to six or more virulence fypes. Considering bofh resistant
and intermediate reactions in one class, nine lines were effective
against all nine virulence types (Table 4~2). An additiqnalztwenty
lines shoﬁed resistant or intermediate rgéctions to eighﬁ virulence
. types.

As stated earlier, the lines involved in this screening test
consist mainly of three major groups. Of those lineé found to be re-
sistant to North American isolates of P. feres, seventeen lines;.42.5%.
of the total, were resistant to six or more virulence types‘(Tablé 4-3).
Of those lines previously found resistant to Moroccan isolates of
P. teres, 10 lines, 12.8% of the totél, were resistant to at least six .
virulencevtypes. Only two of the 23 commercial varieties were resis- _
tant to six or more virulence types. Twenty of the twenty-three. vari-
eties were resistant to three or fewer of the virulence types.

The lines reported to be resistant in‘Canada had been tested in
the greenhouse to isolates ffom Canada, Mexico and the U.S. The re-
.sistancé found to be effective against those isolates appeared fo also

be relatively effective against the isolates used in this screening -test.
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Thirty-one lines;‘77.5% of the total, showed resistant or infermediaté
reactions to at least six of fhe virulence tyfes (Téble 4-4),

In Morocco, natural infection in the field was relied.upoﬁ to prbf
ducé readablg symptoms on the plénts. The resistance foﬁna effective in’
Morocco ﬁas less effective against the wider range of virulence types .1:2
ﬁsed'in this test. Twnety-nine lines, 37.2% of the total, were re-— ‘
sistant or intermediate in reaction to six or more viruléncé tyﬁeé.
Overall, these lines are.relatively less effective than those tesgéd

in Canada, but are considerably more resistant than the commercial

‘varieties which had not previously been screened for net blotch re—

sistance (Table 4-4). These results indicate the value,of'usiné a wide
rénge of'virulencé types. when screening for disease resistance.

The Barley'lines»exhibiting resistant or intermediate reactiqns.*
to eight or nine virulenpe-types wére éroéséd into a male sterilg

facilitated recurrent selection population. being developed for. net

‘blotch resistance. It is anticipated that these lines will -provide a .

source of broad-based resistance effective against a wide rangé‘of‘

virulence types of this organism.
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Table 4-1. Relative resistance of various barley lines to different
isolates of Pyrenophoha Zteres.

Isolates . '
Mt Mt Pt : ELS

Barley line Pt R Pt B 77-3 77-51 8orig Mor 1 Mor 14 Mor 18 77-6

‘Lines resistant to nine virulence types

C.I. 1615 (C) R R R R R R R R R
C.I. 5845 (C) R R - R " R R R R R R
C.I. 9768 (C) R R R R R R R R R
Lines resistant to eight virulence types

c.I. 5791 (C) R R S R R R R R R
C.1. 6388 (C) R R S R R R R R ‘R
C.I. 12821 (M) R R R S R R R R R
C.I. 14023 (C) S R R R R R R R R
Lines resistant to seven virulence types

C.I. 4207 () I R R R R R I R R
C.I. 5401 (C) I R R R R R R I R
C.I. 6475 (C) R R I R R R R R 'S
C.I. 7208 (C) I R I R R R R R R
C.1. 7447 (M) R R R R R R .S S R
C.I. 9669 (M) S R I R R R. R R R
c.I. 9751 () R s R S R R R R R
C.I. 9819 (C) R R S R I R R R R
Lines resistant to six virulence types

C.I. 2235 (C) R I R I R S R R 'R
C.I. 5276 (M) I R R R R R S S &R
C.I. 5298 (M) I R R R R. R I R ;I
C.I. 5404 (C) I R R R R I R R ;8

‘1) Those lines follwed by (C) were tested to North American isolates,

those followed by (M) were tested to Moroccan isolétes, those fol~
lowed by (Mt.) are the Montana grown varieties, those not followed
by any letter are not involved with any of the three major groups.
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Table 4-~1 (cont.)

Isolates

, Mt Mt Pt ' ELS
Barley line Pt R Pt B 77-3 77-51 8orig Mor 1 Mor 14 Mor 18 77-6

Lines resistant to six virulence types (cont.)

C.I. 5822 (C) I R R R R R R I I
C.I. 7504 (C) I R I R R R R R S
C.I. 7584 (C) R R R S R S S R R
C.I. 9776 (C) R R R I 'R R S S R
C.I. 9825 (C) I I R R R R R R )
C.I. 9827 (M) S S R R R I R R R
C.I. 10379 (M) S R R R R I S R R
C.I. 12860 (M) S R R R R I I R R
Steptoe (Mt.) R R R R R I S R I
Tifang I R R S R -8 R R R
Unitan (Mt.) R R R R R I I R I
Lines resistant to five virulence types

C.I. 7272 (C) R R R I I R I S - R
C.I. 7744 (M) S R S . R R R I R I
C.I. 8332 (C) I R R R R R ] S I
C.I. 8333 (C) R R R . R R S S I S
C.I. 9647 (C) S R S R R I R R I
C.I. 9648 (C) S R R R R I I R S
C.I. 10903 (M) S R R S R R S R I
C.I. 11631 (M) L R I R R R S "R -
Lines resistant to four virulence types

‘C.I. 1064 (M) S I I R R R R I I
C.I. 4373 (M) S S I S R - R I R R
C.I. 5810 (C) R R S I R I S " R S
C.I. 6496 (M) ] I I R R R I R - I
C.I. 9408 (M) S S R I R R I S R
C.I. 9440 (C) - R R R I I R "I S
Cc.I. 9505 (C) I ‘I R R R S S R I
C.I. 9758 (M) R S R S I R I R I
C.I. 10070 (M) S R S 8§ I S R . R R
C.I. 10778 (M) S R S S R S S R R
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Table 4-~1 (cont).

Isolates )
Mt ~ Mt Pt : ELS
Barley line Pt R Pt B 77-3 77-51 8orig Mor 1 Mor 14 Mor 18 77- 6

Lines resistant to four virulence types (cont.)

I. 10781 (M)
I. 13244 (M)
I. 13727 (M)
I.
I.

= H®X

14127 (M)
14265 (M)
reja (Mt.)

Nk H®
MUK uvonoon
N~ RN

C.
C.
C.
C.
C.
F

n w
W W

nNneHMHWWMm
!
1
i
W o WP
wWHOMm -
)W H R

Lines resistant to three virulence types -

JI. 1261 (M)
.I. 3430 (C)
.I. 4428 (C)
I. 4544

.I. 5196 (M)
I. 5199 (M)
.I. 6868 (1)
I, 7296 (1)
.I. 7297 (C)
I 7324

.I. 7339 (M)
.I. 8868 . (M)
.I. 9214 (C)
I, 9215 ()
.I.
I

. L.
.1
I.
I.
.I.
L.
.L.

A

. L.
.I.

b

9263 (C)
. 9567 (M)
9698 (M)
9741 (M)
10075 (M)
11977 (M)
11978 (M)
12875 (M)
13262 (M)
13749 (M)
14103 (M)
14295 (M)
rbet (Mt.)

e nHOwWwnHNnHIHAHHHHOWDHWMWMnHEW

HEnmnmidnodDWwHHEHWBW®NOHXNWWmNn R I

HOOOOOOOOANN00ANNaNNR0aannn
NnEEHNH®BNHOHHHONOHRNNONNHDYNRK®N®N WX H
numnEHnWnnEHHKRKROE"®NHNHSYHR TN N
NHHHHHRNNN P HTHHW PN DRI DD -
NnHNMHS HHHYR I HNI "I wnEPWHOIHB®nnHRX
HOHEEOR I WA HOHN P AR D IHNO 0D H®®

ot

(20
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Table 4-1 (cont.)

Isolates ,
Mt Mt Pt : ELS
Barley line Pt R Pt B 77-3 77-5T 8orig Mor 1 Mor 14 ‘Mor 18 77 6

Lines resistant to three virulence types (cont.)

Ingrid (Mt-.) S s

S s - 8 S R . R R
Klages (Mt.) s . 8§ 8 S I S R R R
Manker (Mt.) S I S S S R R R S
Lines resistant to-two virulence types
C.I. 4638 (C) S il R S R I I I S
C.I. 5108 (C) S I S R S S R S I
C.I. 8270 (C) S R R I S S S S I
C.I. 9584 (C) S R S R I 3 I I S
C.I..9592 (C) S S S I R I R S S
C.I. 9693 (C) S S S R 1 R S I S
C.I. 9702 (M) S I S I I R R I I
C.I. 9831 (C) 1 I I I R S I R I
c.I. 9881 ¢9) I S I S R R s - .1 I
C.I. 10786 (M) ] S I S R S S R S
C.I. 11056 (M) S R S S R S S S S
C.I. 11121 (M) S S S I R S S R S
C.I. 11546 (M) I R S S R I S I S
C.I. 11578 (M) 1 S S S R I I R. S
C.T. 12949 (M) S: R S ] I S S S R
C.I. 13797 (M) S —— R S S - S R S I
C.I. 14033 (M) R —— R S I S I .8 I
Georgie (Mt.) S S S S "~ 8 S R R I
Lud (Mt.) s I s s S E R R I
Piroline (Mt.) S S I S S I R R S
Lines resistant to one virulence type
C.I. 1197 I I I I R s — oI T
C.I. 2216 (M) S S I S S R S I S
C.I. 2330 S S S S I S R S S
C.I. 5057 (C) S S S R S I S I S
C.I. 5172 (M) S S S I I I S I R
C.I. 5376 (M) S S S S I T S 'S R
. C.I. 5809 (C) 8 R S I T I I 1 S
C.I. 8952 () S I I S I I S. S R
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Table 4-1 (cont.)

Isolates ‘ .
: Mt Mt Pt - ELS
Barley line Pt R Pt B 77-3 77-5I 8orig Mor 1 Mor 14 Mor 18 77-6

Lines resistant to one virulence type (cont.)

. 9327 M)
9569 (M)
9669 (C)
. 10615 (M)
. 10624 (M)
.~10905 (M)
. 12034 (M)
. 12674 (M)
. 12894 (M)
. 14218 (M)
C.I. 14273 (M)
Betzes (Mt.)

Hector (Mt.)

Horsford (Mt.)
Hypana (Mt.) .
Palliser (Mt.)
Shabet (Mt.)

aacocncacocacacaan
b b

NunommmomumomH®NONNM NN
0 n H‘m nunnunxunnRH®R"n®
nUuHNOURE RO HR®OOB® wonon
M EH NN NVNNNNNNn é - @lm
NHOMHOOMHMHMONWM®HR®VH m-w
mHnH NN nUH®NONONHH®
RN R R R @ v HW® Q,m UK m
H‘m n m.H " w é n A H}ﬂ Q nonxHwn
® w Q KN mon Q'w »n m'ﬁ1w H W

Lines with no resistance to any of the virulence types

4179 M)
. 5187 (M)
7725 (M)
9345 (M)
9350 (M)
. 10132 (M)
10364 (M)
. 10367 (M)
. 14093 (M)
I, 14354 (M)
Arimont (Mt.)
' Compana (Mt.)
Dekap (Mt.)
Firlbecks III
Karl (Mt.)

HEHEHHHHHHSH
HNnnwmmmomwm

‘m v ©n élm MEHMOH NN Mo -
) m_m murnn m»m;% — m‘m H ®m
MU ®NWN m.m H®® o
N ovonkHIMHH®®HH® H M
NNODD DN HH®HHH®BH
TthiM:% wwnwm m>¢ " wvwmnn m-¢
MMM NONUNNNNNNN®N
MK nnnn m.Hld BwmoH®
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Table 4-1 (cont.)

, Isolates , . ‘ T
. Mt Mt Pt . ' - ..ELS
Barley line Pt R Pt B 77-3 77-5I 8orig Mor 1 Mor 14 Mor 18 77-6

Lines with no resistance to any of the virulence types (cont.)

Larker (Mt.) s s s s S I 8 I i
Mona—-Arivat S S ) S S S S S S
Vanguard (Mt.) S S S S S S I I I




Table 4-2.

-4 9

Relative resistance of barley lines to various isolates of
Pyrenophora feres (resistant and intermediate reactions combined).

Resistant or intermediate to nine virulence types

c.I. 1615

, (9] C.I. 5401 (C)
C.I. 4207 (M) C.I. 5845 (C)
C.I. 5298 (M); Cc.I. 7208 (C)
Resistant or intermediate to.eigpt virulence types
C.I. 1064 (M) C.I. 7272 (C)
C.I. 2235 (C) C.I. 7296 (M)
C.I. 5404 (C) C.I. 7297 (C)
C.I. 5791 °(C) C.I. 7504 (C)
C.I. 5822 (C) C.I. 9440 (C)
C.I. 6388 (C) » C.I. 9698 (M)
C.I. 6475 (C) C.I. 9699 (M)
C.I. 6496 (M) C.I. 9819 (C)
Resistant or iﬁtérmediate to seven viruléﬁce'types
C.I. 1197. C.I. 9647 (C)
C.I. 5276 (M) C.I. 9648 (C)
C.I. 7447 (M) C.I. 9702 (M)
C.I. 7744 (M) C.I. 9751 (M)
C.I. 8332 (C) C.I. 9758 (M)
C.I. 9505 (C) C.I. 9776 (C)
Resistant or interme&iate to six virulence types
C.I. 3430 (C) C.I. 8333 (C)
C.I. 4373 (M) C.I. 9215 (M)
C.I. 4638 (C) ~C.I. 9263 (C)
C.I. 5809 (C) C.I. 9408 (M)
Cc.I. 5810 (C) C.I. 9881 (M)
C.I. 7584 (C) C.I. 10075 (M)
Resistant or intermediate to five virulence types
C.I. 1261 (M) C.I. 8952 (M)
C.I. 4428 (C) C.I. 9567 (M)
C.I. 5172 (M) C.I. 9584 (C)

C.I. 9768 (C)
C.I. 13262 (M)
Unitan (Mtl)

C.
C.
C.
C.
C.
S

HHI—IHI—I

9825’kc)
19831 (C)

12821 (M) .-

12860 (M) -
14023 (C)

teptoe (Mt )

C.I. 9827 (M)

«C.I. 10379 (M)

C.I. 11631 (M)
C.I. 13727 (M)
Tifang

[eNeNeKe!
T HHH

(@]
—

—

10781, ()
10903 (M)

. 13244 (M)

14265 (M)

. 11978 (M)
. 12875 (i)
. 14033 (M)
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Table 4-2 (cont.)

Resistant or intermediate to five virulence types (cont.)
C.I. 5196 (M) C.I. 9741 (1)

C.I. 5199 (M) C.I. 10070 (M)

C.I. 6868 (M) C.I. 11546 (M)

C.I. 7339 (M) C.I. 11578 (M)
Resistant or intermediate to four virulence types
C.I. 5108 (C) C.I. 9693 (C)

C.I. 7324 C.I. 10778 (M)

C.I. 8270 (C) C.I. 11977 (M)

C.I. 8868 (M) C.I. 12674 (M)

C.I. 9214 (C) C.I. 13749 (M)

C.I. 9592 (C) C.I. 14103 (M)

C.I. 9669 (C) Freja (Mt. )
Resistant or intermediate to three virulence types
C.I. 2216 (M) C.I. 9569 (M)

C.I. 4544 C.I. 10367 (M)

C.I. 5057 (C) C.I. 10624 (M)

C.I. 5187 (M) c.I. 10786 (M)

C.I. 5376 (M) C.I. 10905 (M)

C.I. 9345 (M) C.I. 11121 (M)

C.I. 9350 (M) C.I. 12034 (M)
Resistant or intermediatg to two virulence types

. 2330
. 9327

(M)

. 10615 (M)
. 11056 (M)

C.I
C.I
C.I. 10364 (M)
C.T
C.T

Resistant or intermediate to

C.I. 12894 (M)
C.I. 14093 (M)
C.I. 14218 (M)
Hector (Mt.)

‘Horsford (Mt.)

one virulence type

. 4179
. 7725

(M)

(M)

. 14354 (M)
zes (Mt.)'

C.I
C.T
C.I. 10132 (M)
C.T
Bet

C.T. 14127 (M)

. . C.I. 14295 (M)

Hypana (Mt.)
Klages (Mt.)
Lud (Mt.).

Manker (Mt.)

. Piroline (Mt.) -

C.I. 12949 (M) -
C.I. 13797 (M)
C.I. 14273 (M)
Erbet (Mt.)
Georgie (Mt.)
Ingrid (Mt.)
Vanguard (Mt.)

Karl (Mt.)
Larker (Mt.)
Palliser (Mt.)
Shabet (Mt.)
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Table 4~2 (cont.)

Susceptible to'all nine virulence types

Arimont (Mt.)
Compana (Mt.)

Erbet (Mt.)
Firlbecks III (Mt.)
Mona~Arivat
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Caddel and Wilcoxson, 1975.

Buchannon and McDonald, 1965.

"Table 4-3. -Relatlve resistance of barley lines to net blotcﬁ, in rela-
- ' tion to previous screening tests.

Lines Lines

Previously Previously

Tested to Tested to. Montana
Resistant Moroccan N. American Grown - .

to Isolates Isolates Varieties Others Total

Nine types 0 3 (7.5%) 0 0 3 (2.0%)
Eight types 1 (1.3%) 3 (7.5%2) 0 0 4 (2.7%)
Seven types 4 (5.1%) 4 (10.0%) O 0 8 (5.4%)
Six types 5 (6.4%) 7 (17.5%) 2 (8.7%)° 1 15 (10.2%)
Five types 3 (3.8%) 5 (12.5%) 0 0 8 (5.4%)
Four types 12 (15.4%) 3 (7.5%) 1 (4.3%) 0 16 (10.9%2)
Three types 19 (24.4%) 5 (12.5%) 4 (17.47) 2 30 (20.4%)
Two types 10 (12.8%) 7 (17.5%) 3 (13.0%) 0 20 (13.6%)
One type 14 (17.9%) 3 (7.5%) 6 (26.1%) 2 25 (17.0%)
None 10 (12.8%) O 7 (30.4%) 1 18 (12.2%)

78 (100%) 40 (100%) 23 (100%) 6 147 (100%)
1
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Table 4-4. Relative resistance of barley lines to net blotch, in rela-
tion to previous screening tests (resistant and intermediate reactions

combined).

Resistant Previously Previously
or Inter- . Tested to . Tested to Montana
mediate Moroccan N. American Grown
to Isolates Isolates Varieties Others Total
Nine types 3 (3.8%) 5 (12.5%) 1 (4.3%) 0 9 (6.1%)
Eight types 7 (9.0%) 14 (35.02) 1 (4.3%) 0 22 (15.0%)
Seven types 10 (12.8%) 5 (12.5%) O 2 17 (11.6%)
Six types 9 (11.5%) 7 (17.5%) 0 0 16 (10.9%)
Five types 17 (21.8%) 2 (5.0%) 0 0 19 (;2.9%)
Four types 6 (7.7%) 6 (15.0%) 6 (26.1%) 1 ©19 (12.97%)
Three types 15 (19.2%) i (2.5%) 4 (17.47) 1 21 (14.3%) -
Two types 7 (9.0%) 0 | 6 (26.1%) 1 14 (9.5%)
One type 4 (5.1%) 0 1 (4.32) 0 5 (3.42)
None 0 0 4 (17.4%) 1 5 (3.4%)

78 (100%) 23 (100%) —:; 147 (100%)

40 (100%)




Chapter 5

TESTING OF F2 POPULATION FOR RESISTANCE TO DIFFERENT ISOLATES
OF -Pyrenophora teres

‘Once sources of resistance are identified, it is useful'tOroﬁtain
information en the genetics of resistance involved in these Seurces
of resistance. Information.concerning the number of fesistance'genes
available, lines with common genes for resistanee'and the mode of
action of these genes is necessary to effieiently eﬁploit these
‘potential sources of feeietance.

Crossee'were maee between resistant lines, between resistaep
and sesceptible lines and beﬁween susceptible lines. F2 popula-
tions of these'crosses were tested eo'different isolates of;PyMeno;‘
‘phora teres in an effort to obtain informeeion regarding the genetics

of resistance involved in these crosses.

Materials and Methods

In the summef of 1977, the commercial varieties, Unitan, Steptoe,
Firlbecks III, Hypana and Georgie were crossed in all-possible com~
binations with each other. Each of these varieties was also crossed
with ﬁhé varieties Betzes and Tifang and ;he lines,.C.Ia 9819,

c.I. 9776, C.I. 7584 and C.I. 5791. The commercial varieties were
chosen on the basis of earlier tests which indicated these Qarieties

1

contained resistance to P. feres. Ten F seeds of each of these
crosses weré then sent to Arizona and grown during the winter of-
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1977-78. The four most vigoroﬁé Fl plants were chbsen,‘where poséible;

for harvesting F, seed.

2
F2 seed of crosses made by Dr. Harold Bockelman during the summer
of 1976.were also tested.

These crosses were:

Tifang X C.I. 4544 ¢.I. 5791 X Tifang C.I. 9819 X C.I. 1197
Tifang X C.I. 2330  C.I. 7584 X Tifamg - ° C.I. 9819 X C.I. 5791
Tifang X C.I. 5791 C.I. 9819 X Tifang "C.T. 7584 X C.I. 9819
Tifang X C.I. 7584 C.I. 7584 X C.I. 5791 G.I. 7584 x*c.i.'1;97.'
Tifang X C.I. 9819 C.I. 9819 X C.I. 2235 . C.I. 7584 X c.1.;97f%
Tifang X C.I. 9776 C.I. 2235 X C.I. 9819 ;
C.I. 2235 X Tifang C.T. 9819 X C.I. 9776

Testing of the F, seed was performed in the greenhouse. Twenty-

2

five F2 seeds were planted in each of six rows across the width of

metal flats 14" x 10" x 3", with half rows planted with ten seeds of
each parent, a susceptible check (bekap), and, when'available,-Fl
seed. Four flats of each cross were planfed for each isoiate to

which the cross was tested, with each flat containing‘Fz.seed from one

of the four F1 plants harvested in Arizona. The isolates of P. teres

* used in.the'tests were grown on V8 jﬁice agar in an incubation chamber-
at 17-18° ¢, with an eight hour photoperiod. Cultures were trans—
ferred on the same day the seed was planted. 'Inocﬁlation‘took place

when the plants were 7-8 days old. Conidial - suspensions were used
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as inoculum with 0.1 ml of 1% Tween 20 added per 100 ml of imoculum.
The inoculum was sprayed on the plants using an atomizer driven by
compressed air. Fifteen to eighteen ml of inoculum were used pef
flat. The spore concentration was not standardized, wiéh'concentréj
tions ranging from 10,000 - 90,000 spores per ml. Iﬁdéulated plants
were élacea in a dew chamber at 1007 rélative humidity and no light. -~
The wall temperature was kept at 7° C, and the water bath at 351 c,
with a. resulting air temperatufe of 24 =279 C. After 20;24 hours,

the plants were removed from the dew chamber and placed on beqches_

in an isolation greenhouse. Disease symptoms were reaa 7-8 days aftér

inoculation.

Results and Discussion

Table 5-1 lists the results of the tests of the crossés to dif-
ferent isolates. The tests are grouped on the basis of the isolate
used. Therefore, crosses are listed more than once, with the reactions

of the parents, F. generation (whenever available) and F2 generation

1

to the different isolates listed accordingly. The different reaction

generations are listed. The reaction

types of the parents and F1

types of the F, generations are separated into resistant and suscep-

2
tible types, with the reaction types 1, 2 and 3 considered resistant

and reaction type 4 considered susceptible.
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Barley lines with genes in common. The determination of common.
‘genes for resistance in different barley lines is relatively stréight—
forward. The thgeneration of a cross between two resistant barley
1ineé should contain no susceptible plants if the two parents share a
. common gene for resistance. Because of the possibilitynpf mixed seed,
the occurrence of a small amount of outcrossing, and the appearance
of offtypes, susceptible plants can occur in crosses between lines
sharing a common gene for resistance. However, the percentage of sus-

- ceptible plants in the F generation should be low enough that the

2
ratio of resistant to susceptible plants will not easily fit the ex—~
pected ratio of any probable gene models.

Of the crosses tested in this gtudy, four appeared to share a
common gene for resistance against every isolate of P. Zetes to which
they were tested. These crosses were: Unitan x Steptoe, C.I. 5791
x Unitan, C.I. 5791 x Steptoe and Tifang x C.I. 9819 (Table 5-2).

The results of these tests indicate that Unitan, Steptoe and
C.I. 5791 contain much the same genetic infofmation for resistance
to P. ternes. There is evidence that Steptoe and C.I. 5791 do not
contain identical genes for resistance, though. When the crosses
C.I. 9819 x C.T. 5791 and C.I. 9819 x Steptoe were tested to Mor-iS,
C.I. 9819 and C.I. 5791 appeared to share a common gene for resis-

tance, while the-F2 generation of the cross C.I. 9819 x Steptoe seg-

regated in a 15:1 ratio of resistant to susceptible plants (Table 5-1).
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This indicated that C.IL. 9819 and Steptoe each contain a single dif-
ferent dominant gene for resistance. This is also evidence that C.I.
5791 aﬁd Steftoe'do not contain the same genes for résistance. The
cross Unitan x Steptoe was tested to Mor 15 and there is evideﬁce
that these two varieties share a common gene effective against\this
isolate (Table 5-1). Since both Unitan and Steptoe éppear fo contain
only one domimant gene for resistance to Mor 15;'this suggests that
Unitan and C.I. 5791 also do not contain identical genes for resis-
tance. |

The cross Tifang x C.I,.9819 and its reciprocal, C.I. 9819 x
Tifang, also appeared to have common genes for resistance to thréé
isolates of P. fenes., Tifang is susceptible to several isolateé,

for example Mt 77-1 and Mt 77-51, while C.I. 9819 .is resistant, in-

dicating that C.I. 9819 contains additional genes for resistance other

than those it shares with Tifang. Other crosses showed evidence for
sharing genes for resistance to some, but not all, of the isolates

to which they were tested, indicating the lines involved iﬁ these

N

crosses-did nét contain identical genes for resistance.

In several crosses, such as Steptoe x C.I. 9776 and Unitan %

C.I. 9776, the number of susceptible plants that appeared in the F2

generation produced a ratio which fit a gene model consisting of three

dominant genes. Because the parents do.contain more than one. gene

‘for resistance, this type of gene model is very possible. The gene -
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ratio for three.démiﬁant genes and a situation in &hich a few sus~
ceptible plants appear'in the Fé generation of a crgss in whiéh the |
parents share a common gene for resistance cannot feadily be distin-
guished withéut testing F3 lines. Therefore,'crogses of this' type
.are listed as having possible genes in common (Tgble 5-2).

Number of genes for resistance to P. fetes. It was possible, from

the data, to determine a minimum number of genes for résistance in each
line, but due to the possibility, and ﬁrobable occurrence, of genes for
resisténce being efféctive against more than one isolate of P. témes;
a definiﬁe numbér of genes could nof be determined (Table 5-3).
Steptoe. Crosses with suscep;ible Qarieties indicated that Sténtqe

contains two dominant genes'for resistance to sevefai isolates, inplud%
ing Mt 77-3 and Mt 77-6. There is ;lso‘evidence that Stebtoe shares
a common gene for resiséance with Betzes effective against Mor 18.
Since Betzes is susceptible to Mt 77-6 and Mt 77-3, this common gene
must be different than the two genes effective against thesé‘isolates.
Therefore, Steptoe probably contains at least tﬁree dominant genes.
for resigtance to P. teres.

' Unitan. Unitan also contains two dominant.génes for resistance
effeﬁtive against éeveral isolates, including Pt 5-2 and Mt 7743,

based on crosses with susceptible varieties. Unitan also probably

shares with Betzes a common gene for resistance effective apainst Mor 18.

‘Since Betzes is susceptible to Pt S-2 and Mt 77-3, Unitan, like Stevtoe,’
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probably contains at least three dominant genes for resistance.

C.I. 9819. C.I. 9819 shares common genes for resistance té ft S-2
with Tifang aﬁd Unitan. It also shares a gene for resistance effective
against Mor 1 wigh Tifang, but not Unitan. This gene effective againsf
Mor 1 is therefore different than the one effective against Pt'S—Z;
C.I. 9819 is resistant to Mt 77-1, an isolate to which Tifang is sus-
ceptible, The gene in C.I. 9819 effective against Mt 77-1 ié there-
fore different.than either the gene for resistance to Mor 1 or-the
gene effective against Pt S-2. C,I. 9819 therefore contains at least
three dominant genes for resistance. |

C.I. 5791. C.I. 5791 shares a common gene for resistance with Co
C.I. 7584 effective against Mor 18. C.I. 5791 also contains two.domi¥ 
nant genes for resistance to Mor 1. C,I, 7584 is suscép;ible to Moril.
Therefore, the gene for resistance shared by C.I. 5791 and C.I. 7584 is
different from the two genes located in C.I. 5791 which are effective
against Mor 1. . C.I. 5791, then, contains at least three genes‘for re-
sistance to P. feres.

Tifang.. Tifang and C.I. 7584 have a gene in common efﬁective_
against Pt S-2. They each carry single different genes for resistance
to Pt 8. A third geﬁe cannot be positively separéted from these two
genes. Tifang contains at.-least two genes for resistanée.

C.I. 7584, C.I. 7584 contains a gene in common with Tifang for

resistance to Pt S-2, plus a single dominant gene effective against Pt 8
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different than that in fifang. C.I. 7584 contains at least two genes
for resistance.

"C.I. 1197. C.I. 1197 and C.i. 9819 share a common gene for‘re—
sistance to Mor 15, yet have different genes for resistance to Mt 77—1;
C.I. 1197 and C.I. 7584 have a gene in common for resistance to Aust 1,
but are dissimilar in resistance to Mor 15. From this it can be coﬁ— :
cluded that C.I. 1197 has at least two genes for resistance.

C.I. 9776. C.I. 9776 and C.I. 7584 share a common gene for.ré—
sistancé to Pt S-2, C.I; 9776 ié resistant to Mor 1 and C.T. 7584 is:
-susceptible. C.I. 9776 must therefore contain another gene for re-
sistance othef than the one‘it shares with C.I. 7584. Hence, C.IL'9776
has at least two genes for resistance to P. teneA." N

C.T. 2235. Crosses with C.I, 9819 tested to Pt T-1 and Mt 77-1
indicate that C.I. 2235 has at least one dominant gene for'fesistance to
P.‘teneA. |

Betzes. Betzes shares a common gene for resistance to Mo? 18
with Steptoe and Unitan. Betzes also has a gene in common with -
Georgie effective against ELS 77-6. Tt cannot be determined whether
or not this is the same gene or different genes. Betzes contains at
least one gene for resistance to P. ‘teres.

Géorgie. Georgie has at least one gene for resistance in common
with Betzes, effective against ELS 77-6. |

Firlbecks I1I. Firlbecks III contains at least one dominant gene
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effective against Mor 18, different than that found in Betzes.

.'CfI. 2330 and C.T. 4544, C.T. 2330 and C.I. 4544 each share a
common gene for resistance with Tifang effective against Pt S-2. This

is the only isolate to which these lines were tested.

Total number of resistance genes. The.total number of d;fferent
resistance genes available in these barley lines cannot be degefmined,
from these data. A minimum number of resistance genes can be dis-
tinguished, however. Unitan, C.I. 9819 and C.I.-5791_a11 have at
least three genes for resistance. Indirect evidence suggests that while
C.I. 9819 and C.I. 5791 share a common gene for resistance to Mor 15,2
, C.;. 5791 and Unitan do not. C.I. 5791 and Unitan probably do share a
common gene for resistance to Mof,l, while C.I. 9819 and Unitan dq
not (Table 5-1). This suggests that the resistancé in ‘CrI. 9819
effec;ive agaiﬂst Mor 1 is .different than the resistancelin C.I;,5791_
effective‘against this isolate.

There exists, then, three barléy lines, each with at least thréeﬁ
different genes for resistance, yet none of the three are identical
in resistance. For example, Unitan may contain three genes, Pt a, -

Pt b and Pt é, with gene Pt a effective against Pt S-2, gene Pt b
effective against Mor 1 and gene Pt c effective against ﬁor iS.

Cnl. 5791 could then contain Pt a and Pt b since it'has genes iﬁ'cqmmoﬁ
with Unitan for resistance to Pt $-2 -and Mor 1, but it must havg é

different gene, gene Pt d, effective against Mor 15. C.I. 9819 confaiﬁs
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geﬁes Pt a and Pt d, since iflshares a common gene for resistance.to
Pt S-2 with Unitan aﬁd to Mor 15 with C.I. 5791, but it must have.
another different gene effective agaihst Mor 1, gene Pt e.

One may then conclude that at least five geneé for resisfance
exist, with Unitan containing genes Pt a, Pt b, and Pt ¢, C.T. 5791
containing éenes Pt a, Pt b; and Pt d, and C.I; 9819 containing the
genes Pt a, Pt 4 and Pt e. 'The designation of different'letters'tq;‘
each gene is for the sake of explénatiﬁn only. |

The evidence fof the occurrence of five genes 1s indirect, yet
this expianation is plausible, Further tests, especially tests in-
volving F3 lineé from these crosses, must be performed before more
conclusive information 1s obtained. It must be stressed‘that these
five genes are the ﬁinimum number that could be distinguished and it
is possible that with furthér testing more genes will be differen—
tiated. |

It wés not possible to.confiaently distinguish between a situa-
tion involving three dominant genes and one involving a common gene
for resistange whgn low percentages of susceptible plants apoeared.
The possibility of linkage also exists. Furthe; studies invo}yigg F3
families are‘necessary in order to make any conclusions involving
these possibilities.

Tifang was found to have a single, incompletely dominant.?eﬁe

for resistance to a California isolate of P. feres (Schaller, 1953).

N
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This gene was found to be linked to a resiétance gene in C.TI. 4797
anq C.I. 2750 ﬁith.a_recoﬁbination percentage of 2.57 (Mode and
Schaller{ 1958). Khan and Boyd (1969b) found Tifang and C.I. 4797 to
have a common gene for resistance to an Australian isoldfg of P,
'ieneé. From this the infereﬁce can be made that Tif;ng has two genes
for resistance to P. feres,. Khan and Boyd (1969b) also found that
Tifang, C.I. 2330, c.1. 4797, C.T. 9819 and C.T. 5791 all share a
common gene for resistance to this Australian isélate. The resqlts

of the present study indicate two genes for resistance in Tifang

with Tifang having genes in common with C.I. 2330, C.I. 9819 and pos-

sibly C.I. 5791.
Bockelman, et al. (1977), found Tifang to contain a single dom—

inant gene for resistance to Pt 8, located on chromosome 3, and C.TI.

7584 to contain a single gene for resistance to Pt 8 located on chom- -

osome 2. The data from. the present study indicate that Tifang and
C.I. 7584 contain single, different dominant genes for resistance
to Pt 8.

Expression of genetic resistance. In several instances, the

reaction of a barley line to a particular isolate varied from test to

test. This was especially evident with Tifang, but alsoc occurred with

C.I. 7584, Tifang varied from an intermediate (2,3) to a totally sus-.

.ceptible (4) reaction in response to the isolate Pt R. It also varied

from an intermediate (2,3) to a susceptible (4,3) reaction in response
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to Mor 1. The reaction of C.I. 7584 varied from a moderatéiy résis—
tant (2) ‘reactiop to a suSceptible 4,3) reaétién when tested with 
Mor 15 and from a resisﬁant (1) to a variable (2,4,?) type:of reactioﬁ
in response to Pt R. ‘

The cause of this variation could not be determiﬁed. Khan and
Boyd (1969c) .observed a breakdown in resistance of C.I. 2330 ﬁith |
increasing-spore concentration, but not with Tifang. There was no
correlation between épore,concentration and'resistance in fhe tests’
performed during the present study. Khan (1969),~and Khén and Boyd
(1969¢) also found fhe température during the pre-inoculation period,
the incubation period and the post inoculation perlod to have an’ef—‘
fect on the resistance of some varieties, but not othérs. These
temperatures were not.recorded for each tésf, so thelr effects can
be neither discounted nor confirmed. The possibility of changes in
the virulence of the isolates used must also be considered. |

The variability of the parents extended to the szgeneration.
For example, the cross C.I. 7584 x Tifang was tested twice to Pt R.
In one teét C.I; 7584 showed a resistant (1;2) reaction, Tifang WaS‘—
intermediate (2,3) and the. F; generation showed a total of 346 resis-
tant and 58 susceptible plants. IIn the other test C.I. 7584 was var-
iable (2,4,3) in reaction, Tifang was 5usceptiBle (4) agd the F2
generation had 72 resistant and 304 susceptiblé plants; .

That the two. parents reacted similarly in both tests indicates
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that the factors causing a breakdown in resistance are probably the
same for both lines. Because of the change of the F2 reaction,  there

is a possibility thap radically different conclusions concerning the

type of resistance involved could be drawnm.

Khan- (1969) found that variabilityibf host reaction in the pro-

geny of resistant varieties was influenced by the genétic backgroﬁnd

" of the susceptibie parent used: By using the resistant line C.I..

5791 and the susceptible lines Dampier and Atlas, he‘showed-that'Ehe
F2 genefation of Daﬁpier x C.I. 5791 expressed a'higher degfee-bf‘

resistance than the F2 generation of Atlas x C.I. 5791. The F gen—

1

eration of the cross with Dampier also showed a higher degfee of re-

1

In the present study, evidénce was found supporting the .differ-

sistance than the F, of the cross with Atlas.

ential effects of susce?tiblé varietieg on the expression of resis-
tance. The éusceptible variefies Hypana and Georgie were crossed :
with the resistant.varieties-Steptoe ahd'Unitan and the resistant
line C.I. 7584, The‘F1 and F2 generations were tested té the isolate
Pt R. The crosses involving Hypaﬁa.showed a higher degree of resis-
tance in both the F. -and Fz-géne;ations thaﬁ the crosseé invoiving

1
Georgie (Table 5-4). These results indicate that the genetic back-
ground of Hypana is more conducive to the expression of reSistanéé
than the genetic background of Georgie.

Possible additive resistance in barley to P. feres. Five crosses
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were tested, using isolates to ﬁhich both parents in each cross were
susceptible. It would be expected that a crosé involving two sus-
ceptible parents would result in a susceptible F2 populatioﬁt How-
éver, in the F2 populationélof tﬁese crosses there éppeared plaqts
ghdwing a higher degree of resist;nce than either parené (Table 5-5).

This observed‘transgressive segregation suggests the possibility/
of édditive resistance to P. feres. It is possible that the suscep-
tible lines contain genes which are not'effective by themselves, but
when combined producé an obsgrvable resistant reaction. It must be
péinted out ﬁhat each of the lines used as parents in these croéses
'contains at least one gene for resistaﬁce effective againét oghgf
isolates of P.iie&eb. These genes appear to have‘a ﬁajor effect
against the isolates to which they are effective. If thgse major‘
effect genes are different, then it is possible tﬁat when they are
combined they will have an additive effect against isolates to which
each alone is ineffective.

Nelson, et al..(1970); reéorted that genes for vertical resis:
tance in maize not only éqverﬁ qualitative resistance to some isolatgé
of Trichometasphaeria turcica (Helminthosporium turcicum) , the c;usal '
organism of leaf blight disease of maize, but also quaﬁ?itati&ely con~
dition the amount of disease. -

. It is also possible: that ;here are present in these 1ine§ minor

effect genes that, when combined, produce an observable increase in

1
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resistance. Parlevliet (1976) réportéd the occurrence in bérley.of
minor effect gene; with additive resistance to leaf rust (Puccinia |
hornded) .

Lewellen and Sharp (1968) investigated the inherit;nce of minor
effect genes in wheat for resistance to stripe rust (Puccinia Atni-
;5onmib). These genes are temperatufe sensitive with a group of
genes in the variety Regé effective at'a low temperature érofile and
éﬁother gréup in the liﬁe P.I. 178383 effective at a high tempérdtupe
profile. When these two groups of genes are combined there is an
additive interaction resulting in greater resistance at both temper-
ature profiiés.

Sharp, et al. (1976), shgwed that varieties of wheat susceptible
to strip rust could be crossed and, after several generations of sel-
eétion, produce progeny with high levels of resistance.

Since additive resistance hés Eeen shown to result from the com-"
bination of genes &ith bdth ﬁajor and minor effécts, and since it hés‘
been shown that suscéptible lines can Be coﬁbined'to produce resis-

tant progeny, it is desirable to investigate further the possibility

‘of additive resistance to P. feres in barley.




Table 5-1. Reactions of F2 populations tested to different isolates of P. fenres.
F2 reactionl Possible Chi
Square
Cross Fl reaction Res. Susc. Gene Model Value
Crosses tested to Pt T-1
Tifang (l)2 x IC.T. 9819 (1.2) no Fl 396 4 three dcminant genes .50 - .30
same gene ——
C.I. 9819 (1,2) x Tifang (1) no Fl 209 2 three dominant genes <30 = 230
same gene e
C.X. 9819 (1,1) x C:1.:2235.(1,2,3) no Fl 278 17 two dominant genes 13- = 470
two dominant, one recessive gene .50 - .30
C. 109819 (1) x £.1. 2235 (3142) no Fl 299 8 two dominant, one recessive gene 20250
Unitan (1,2) x C.I. 9776 (1) Fl; X 316 3 same gene —
three dominant genes .50 - .30
Steptoe (1,2) x C.I. 9776 (1) no Fl 93 3 same gene —_—
two dominant, one recessive gene .50 - .30
two or three dominant genes .25 - .20
C.I. 5791 (1,2) x Steptoe (1) Fl; 1 394 same gene ——
C.I. 7584 (1) x Unitan (1,2) Fl; 1 335 same gene —
C.X. 2235 (1) x Tifang (1) no Fl 96 same gene —
three dominant genes .70 - .50
Crosses tested to Pt 8
Tifang (1,2) x C.I. 7584 (1,2) no F 144 8 two dominant genes .70 - .50
1 .
two dominant, one recessive gene .70 - .50
Tifang (2,1) x C.I. 7584 (1,2) no F 295 13 two dominant genes .20 - .10
1
two dominant, one recessive gene +75 = 70
C.I. 7584 (2,1) x Tifang (2,1) no F 345 35 two dominant genes .025 - .01
C.I. 7584 (2,1) x Tifang (1,2) no F 369 18 two dominant genes <20 = 10
two dominant, one recessive gene .99 - .95

1Reaction types 1, 2 and 3 considered resistant, reaction type 4 considered susceptible.

2parental reaction types in parentheses.
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