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Abstract:

Research was initiated to demonstrate transgressive segregation in barley for resistance to net blotch,
caused by Pyvenophora teres Drechsl. F2 plants from crosses between susceptible cultivars were
selected under disease conditions in the field. Their F3 progenies were screened and selected for
seedling resistance to a single isolate of P. teres. The selected plants were grown to maturity in the
greenhouse and the F4 progenies were screened for seedling resistance to the same isolate. Additional
F2 progenies were screened for resistance in both the field and growth chamber.

The results showed that very little seedling resistance was expressed in the F3 progenies. However,
many of the F progenies expressed high levels of resistance. A method to quantify levels of resistance
was established and comparisons were made between the F4 lines and their parents. A total of 109 F4.
lines from nine crosses were tested; 84 had means significantly less than the midparent mean, and 69
had means significantly less than the midparent and low-parent means. This proved the occurrence of
transgressive segregation for net blotch resistance in barley. The increased resistance was apparently
due to the additive effects of minor genes. Some of the best F4 lines were tested to a combination of
isolates representing a wide range of virulence types. The reaction of the lines to the combination of
isolates was similar to their reactions to a single isolate, indicating that the resistance was nonspecific
in action. Screening for resistance in the field and growth chamber revealed that transgressive
segregation was easiest to detect under seedling conditions in the growth chamber. The possibility of
utilizing this type of resistance in commercial cultivars is discussed.
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ABSTRACT

Research was initiated to demonstrate transgressive segregation
in barley for resistancé to net blotch, caused by Pyrenophora teres
Drechsl. F,_ plants from crosses between susceptible cultivars were
selected under disease conditions in the field. Their F, progenies
were screened and selected for seedling resistance to a single iso-
late of P. teres. The selected plants were grown to maturlty in
the greenhouse and the ¥, progenies were screened for seedling
resistance to the same isolate. Additional F, progenies were
screened for resistance in both the field and growth chamber.

The results showed that very little seedling resistance was
expressed in the F, progenies. However, many of the F progenies-
expressed high levels of resistance. A method to quantify levels
of resistance was established and comparisons were made between the
F, lines and their parents. A total of 109 F, lines from nine
crosses were tested; 84 had means 31gn1f1cantiy less than the mid-
parent mean, and 69 had means significantly less than the mid- .
parent and low-parent means. This proved the occurrence of trars-—
gressive segregation for net blotch resistance in barley. The
increased resistance was apparently due to the additive effects of
minor genes. Some of the best F, lines were tested to a combination
of isolates representing a wide range of virulence types. The
reaction of the lines to the combination of isolates was similar to
their reactions to a single isolate, indicating that the resistance
was nonspecific in action. Screening for resistance in the.field and
growth chamber revealed that trénsgressive segregation was easiest to
detect under seedling conditions in the growth chamber. The possi~"
bility of ut111z1ng this type of re31stance in commercial cultlvars
is discussed.
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Chapter 1

INTRODUCT ION

Net blotch diséase‘of barley; caused by Pyrenophora-feres Drechsl. ,
"' 1is a common disease_that oééufs wherever the cr&p'is grown. It.is most

prevélentuin the:temperate, humid regions of.the worid and in areas
‘where barley is grown duriﬁg the cool‘sgésbn (Dicksoﬁ, 1956).

P. téres’is predominately.a leaf parasite, is_seéd—borne,:aqd/;é
a weak combetitive'sapfophyte. Disease persistence is dependent on’
survival in infesfed debris énd grain.' Cultural practices, such as;

_ destruction of inoculum and the usé of resistant culti@grs are'the
primary means of ;ontrol. |

Chéngeg:iﬁ agficultural practices in recent &egrsﬂhave favared'
the build up of inoculum; Minimum tillage, close rotations,vénd
iﬁtensive cropping favor the aggumulafion df'infgéted‘debriSvaﬁd
allow thé péthogen to-exist from year to'year,r These.new farming
practices are generally more beneficiél than harmfui, go the cont#oi
'of net blotch must rély onithe use of resisfant cultivars.

P. tereé'is a highi& variable organism that ogcufs'as numefous
virulence types. The sexual_stagg commonly occurs on the host. The
probability of‘ase%ual recombination through heterokaryosis and
paraseguality appears high;' Becaﬁse it is éuch’a ﬁighly‘yariable
organism; long iéstiné resisténcé may be difficuit to acﬁieve.

Single, major genes for resistance are not likely to remain




effective where the disease is common. Minor gene, nonspecific

resistance is being used to control several plant diseases, especi-

ally those‘caused by highly variable organisms;
The objectives of the research described in this thesis were:

(1) to demonstrate transgressive segregation for net blotch resis-

" tance in barley due to the additive effects of minor genes, (2) to

determine if adequate levels of resistance could be established in
lines with additive genes, and (3) to develop a sysfem of consistent

seedling inoculation and symptom quantification.




Chapter 2

LITERATURE REVIEW

Economic Importance

Changes in agricultural practiéeé-in recent yeafé have led to a
change in the status of many diseases, particularly leaf diseases of
cereals (Shipton{ et al., 1973). Despite its widespread-occ;rrence,
net blotch has been considered of minor importance in years past, |
but it is now being recogniéed as a destructive pathogen. Alone, or
in combination with other diseases, net blotch has caused serioué
yield losses in many areas of the world.

In the United States, net blotch occurs in all significant barley
growing areas. It was introduced with barley into North America
(Dickson, 1956). Although neﬁ blotch can cause considérablé loés, it
is considered of minor importance in many areas compared to other
diseases (Schaller and Wiebe, 1952). Schaller (1955) reported nét
blotch to be common in California, espeéially iﬁ early sown fields,
and it was occasionally severe egough to cause complete necrosis of
the leaves by flowering time. During the 1977-78 growing season, net
blotch was so severe in California that fiélds were burned réther-
than harvested (Bjarko, 1979). Net blotch is considered to be of
major importance in some barley areas, especially in Minnesota and
Wisconsin (Shipteon, et al., 1975). This disease has ﬁroduced
detrimental effects on yield and malting quality 6f barley grown in

northcentral Montana (Bjarko, 1979).
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Barley diseases have become more prevalent in Céﬁadausince the
1940's (Buchannon and Wallace, l§62).‘ Net blotch, tdgether with spot
blotch, caused by Cochliobolus sativus (Ito and‘Kuribay.) Dreéhsl.,
Béfley scald; causea by Rhynchosporium seéaiis (Oud.) J. J. Dévisi
and Septoria-speckled leaf blotch, caused by:Septbria paséerinii
Sacc. caused considerable damage in the prairie provincés in the
1950's (Shipton, et al., 1973). Creelman (1965) noted that net blotch
and scald were widespread and frequently sevefg in central.and
ﬁorthern Alberta. McDonald and Buchannon k1964) réported a severe
epidemic of net blotch in Manitoga in 1963, Besides North America,
net blotch is of economic importance in South America, Europé? the
Middle East, Africa, New Zeéland and Australia (Shipton, et al., 1973).

The effect(xfnet blotch on grain:yield and qqality has been re-
ported by various authors. Shipfon (1966 in Shipton, et al.,’l973)
noted that moderate infection on Beecher- barley led to a 17% yield réf
"duction in the field and a reduction in 1000 kernel weight and malt
extract yield. Piening and Kaufman (1969) found yield reductions of 53%
following destruction of two-thirds of the leaves, due mainly to a
marked reduction iﬁ number of kernels per spike. Smedegard-Petersen
(1976) reported yield losses of 9% and 11% in the barley cultivars Wing
and Lauda, respectively, due to a reduction in grain size and weight.
Caudel and Wilcoxson (1975) reported yield losses of 26% due to net

/.
blotch.




Causal Organism

Net blotch disease is caused by the angus Pyrenophora teres Drechsl.
The perfect stage is in the subdivision Ascqmycotina (Ascomycétes);
class Loculoascomycetes based on the fact that the asci-are bitunicgte,
and the ascocarp is an ascostroma. The ascostromata are perithecioid
pseudothecia with pseudoparaphyses, placing it in the order Pleosporales,
family Pleosporacege. This is a‘large group of agcomycetes which in-
.cludes some economically important plant pathogens such as Pyrenophora,
Cochliobolus, Pleospora, and Leptosphaeria (Alexopoulo's ana Mims, 1979;
Webster, 1980).

The imperfect-stagé, Dréchslera teres (Sacc.) Shogm;, syn. Hel-
minthosporium teres Saéc. is placed in the form~class Hypﬁomycetesj
form~family Demataceae because of tﬁe absence of pycnidia or acervuli
and the dark pigmentation of the hyphae and conidia (Alexopodios aqd
Mims, 1979; Webster, 1980). The .conidia are phragmospores, trans=-:
versely septate with 4-5 septa, iight yellowish brown, cyliﬁdric, with .
an inflated basal cell. They measure 95-120 x 19-21 um (Shoeﬁaker,
1962). The cénidia.develop at the tips of sﬁccessive lateral proliferf
ations of the conidiophores and are pseudopleurogenous. The conidial
germ tubes are lateral and may arise from intercalary as Qell as
terminal cells (Lu;trell, 1977). |
P. teres also produces pycnidial-like structures on host tissue and

in culture. They are globose to pear-shaped, and yellow to brown in
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color. Thgsporesaresmall (1.0-1.9 x 1.4-3.2 ym), hyaline, and spherica}
to ellipsoidal. Their function is not known, although it is thought that
they may act as spermatia (McDonald, 1963). The -heterothallic nature of
P. teres has been shown by Mcbonald (1963): Cultures of each of the two
mating types were obtained from each of severéi afeés.A Most isolates
produced pycnidia and protoperithecia on natural media indicating that
the species is bi-sexual, herﬁaphroditic, and self—stérile.
Etiology

Of the three types of spores; conidia, ascospores, and pycnidio-
spores, only the conidia and ascospores can infect host tissue. All
of the spore types will germinate and grow on artificial media and the
mycelium prodﬁced from each will infect host tissue (Smedegard-Petersen,
1972). Thé conidia and ascospores of P. teres germinate readily at room
temperature and fofm hyaline germ tubes within one-~half to two hours,
Each cell of the multiseptate spores is potentially germinable, but
germ tubes usually arise from the end cells of conidia and thé central
cells of ascospores. The germ tubes form appressoria-like structures
before penetration. The penetration hyﬁhae pass through the epidermal
cells gﬁd enlarge slightly after passing through the lower cell wall,
Hyphal growth pfoceeds intercellularly with cell death oécurriﬁg in
advance of the funguS.(Keeling and Banttari, 1975; Shipton, et al.,
1973). The réspiration rate of susceptible bafley leaves incréases

significantly over non-infected leaves.. The respiration rate reaches a
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maximﬁm level coinciding with the appearance of visible s&mptoms
(Smedegard-Petersen, 1976). Two éoxins, both low molecular weight
peptides, are produced by P. teres. Both toxins incite mosf'of.the
symptoms that the pathogen causes, but'the§ do not seem td determine
pathogenicity; rather they contibute to:the virulence qf‘the ofganism
(Smedegara—Petersen, 1976, 1977).

Symptomology

External symptoms on host tissue may be evident withiﬁ £wo Aays of
inoculation. They appear as minuté, dark brown spots or stréaks.

With time the lesions enlarge, producing longitudinal and transverse
streaks that form a reticulate, net-like pattern within an opherwise
light brown lesion from which the common name of the disease is derived
(Dickson, 1956). A zone of chlorosis typically forms around the lesions.
Its size is dependent on the susceptibility of the hdst'and'the viéu—
lence of the isolate.

The symptoms'may develop on le;ves, sheaths, or culms. As infec-
tion progresses the lesions coalesce longitudinally, forming dark brown
limited stripes with irregular marginé. The ﬂét—iike appearance is only
evident along the margins of older lesions. 1In advanced stages of de-
velopment a series of several stripasextend parallel along the blade;

At this stage the disease is almost indistinguishable from barley
stripe causéd by Pyrenophora graminea Ito and Kur'ibay..

Isolates of P. teres have been collected that do not produce the.

3
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characteristic net lesions on host plants, but instead produce spot
lesions very similar to the leaf symptoms produced by Cochliobolus
sativus. The spot form produces well Qéfined dark brown, elliptiéal

or circular lesions. In crosses between the met and spot forms of

P. teres, Smedegard-Petersen (1976) found that symptom éxpression is
controlled by two independent allelic pairs of genes.- He suggests the
designation of P. teres férma teres for the net form ana P. tereslfqrma
maculata for the spot form.

In addition to net and spot forms, certain highly wvirulent isolates
of P. tereé, due to.high capacity for toxin production, may produce
'inspecific' symptoms. These are characterized by chlorosis and a diffuse,
general water soaking followed by a rapid necrosis of infected'tissue,
but with little expression of the usual net and spot‘lesions. This can
greatly complicate diagnosis in the field (Sﬁedegard—fefersem, 1976).

Symptoms on resistant cultivars iﬁitially appear very'similar to
those on susceptible cultivars. However, the lesions elongate very
little or not at all on the fesistant vérieties. Keeling and Banttari
(1975) found no differences in spore germination, germ -tube gréwth, or
number of penetrations on leaves of resistant and susceptible barley.
Growth of the fungus after penetratioﬁ was, however, significantly less
"in resistant cultivars in which many infections did not-progreés be&ond
the penetrated cell, They proposed that a heat 1abiie aﬁtifungal sub-

stance(s) is produced inresistant barley as a result of infection by P. teres,




Epidemiology

Conidiophores and conidia develop on the leaves after‘lesions
appear, arising from between epidermal cells or stomata. This leads
to secondary spread of the diseaée. High humidity éppearé nécesséry
for their production (Shipton, et al., 1973). Sporulation may occur
from lesions on resistant cultivars as well .as suéceptible ones; how-
ever, more time is required for sporulation to occur and the amount of
sporulation is significantly less on resistant cultivars (Keeling‘and
Banttari, 1975).

The seed-borne nature of P. teres is well'known (Shipton, et al.,
1973). The extent to which seedling infection from seed-borne inoculum
occurs is dependent on several factors, including the environment. It
has been demonstrated that inféction of the primary leaf from seed-
borne inoculum occurs at relatively low temperatures, ie: 10-15°C and
to a lesser extent at higher temperatures (Shipton; et_al., 1973).
Kenneth (in Shipton, et al., 1973) found that the caryépsiélmust be-:
infected for seedling infection to develop. The significgnce of seed-
borne inoculum as a source of primary inoculum has Been studied..
Piening (1968) showed that infested seed produced 0.5 to 1.5% seedling
infection while heat or chemically treated seed produced 0.0 to 0.15%
infected seedlings. However, when infected primafy léaves were no%
removed from the plants, twice as many of the ﬁlants were infected 28

days after emergence than in plots where infected leaves were reﬁoved
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as soon as noticed.

P. teres has a low competitive sap?ophytic ability and no soil
_phase. Ammon (1963).found that Dreckislera spp. were able to survive
saprophytically on organic material’;hly-a.few'weeks wﬁile two séécies
of Bipolaris were capable of sufviviﬁg longer periods in:the soiIt
Nevertheless, contémihated stubble and straw appear to be the‘ﬁajbr
source of primary inoculum. Pieniné (1968) found that in field plots
where thg infes£ed s;réw from the past yeaf's crop was 1ightly &iscéd;-
42% of all the emerging plants were infected, aé comﬁared to only 8%
of the plants infected when the stubble was plowed under. This indi—
cates that exposed residué is a good source of inoculum. It was not
determined whether ascospores or conidia were responsible for the in-
fections, but other observations of lesions on volunteer barley indi-
cate that about half of the net blotch infections were initidted‘ﬁy

L.

ascospores. |

The pseudothecia of P. teres form on the culms, nodes‘of the
culms, and the sheath. 1In genefal, these ascocarps mature slowiy,
taking as long as two months in culture and up to six months in the
field (Shipton, et al., 1973). 1In many areas fertile ascocarps are not
abundant. It appears that the enviromment as well as the
occurrence of compétible mating types may limit their formation. The -
sterile ascocarps, however, are still potential sources.of inoculum

because conidiophores and conidia develop on the ascocarps under
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favorable conditions. Piening-(l96l) found both mature and'imhafure‘
ascocarps prevalent in parts of Canada fhat were capable of providiﬁg
inoculum two years after héfvest. Even'imma£ure ascocarps apﬁear ta
successfully resist weathering. It seems, however, that ascospores.
present a_gfgater hazayd as a potential source of newlvirulenge rather
than as a source of primary inoculum. |

Variability of the Pathogen

Isolates of P. tgres Haﬁé been found to differ shafplf in viru-
lence (Pqn, 1949). This is evident when comparing reportéd sources of
resistancé to P. teres. Schaller and Wiebe (1952) were first to screen
extensively for resist;nce. 'The§ tested 4,256 barléy lines to Calif
fornia isolates of P, teres. Twenty—-five of these 1iﬁes proved to-
be highly resistant, most of them ofiginating from Manchuria.
Buchannon and McDonald (1965) téstéd 6,174 lines for‘resistggce to
isolates from Canada,.Mexico, and the United States. They found 40
lines with resistance. 'The highest percentage originafed in Ethiopia.
They also found that some of the liﬁes reported by Schaller and ﬁiébe
(1952) to be resistant, were susceptible to Cénada isolates. Caddel
and Wilcoxson (1975) found thét lines resistant to P, tefes inlothér
parts of thé world were susceptiblé or'moderately susceptible in‘
Morocco. This iﬁdicates a difference in virulence among-tﬁe isolates.

Bjarko (1979) tésted 26 isolates of P, teres, 15 from the Middlei

East and 11 from Montana. He was able to éeparate the Middle Eést
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isolates into seven virulence types using fiveAdifferential barley
lines and the Montana isolates into five virﬁienge types using four
differential barley lines. Khan and Boyd (i969a) separated isolafés
from western Australia into three virulence types using two differen-
tial varieties. 'McDonald and Buchannon (1962) identified two viru—'
lence types among isolates from Canada, Mexico, North Dakota, and
California. Three virulence types have been reported in Canadaj; the
normal net-type, a new virulent net-type, aﬁd a spot-type (Tekauz and
Mills, 1974; Tekauz and Buchannon, 1977). It is believed that the
spot form was introduced into the area near Winnepeg, Manitoba

on contaminated barley seed from Europe (Tekauz and Buchannon, 1977).
Smedegard-Petersen (1976) found that the spot form occurs abundantly
in Demmark and is more prevalent than the net form. The spot form
isolates are generally less virulent than the net form isolates.

P, teres has also been shown to be highly variable in character-
istics other than virulence. Kenneth, et al. t1967) as in Shipton, et
al. (1973) found that progeny of monoconidial and hyphal tip isolates
continue to display considerablé variability in cultural dharac;er—‘
istics and specific pathogenicity after single épore subculturing'fpr
at least six generations. McDonald (1967) as in Shipton, et al. (1973)
believed that particular clones were adapted to different énvironments.
This was confirmed by the findings of Khan, et al. (1967) that the

oﬁtimum temperatures for spore production and leaf infection were
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higher for isolates collected on summer grown crops than for isolates
collected on crops grown over mild wiﬁter ﬁériods. They haye suggésted
the existgnce of temperature ecotypéslamoﬂg paéhbgenic fungi.

The high variabiiity_in'the speciés P, teres ié likely due to
the occurrence of the sexual stage in nature and the posé%bility 5f
genetic recombinatiqn through heterokaryosis and parasexuality. Para-
sexuality has been demonstrated in somé genera of thé family flegspor—
aceae, e.g., Leptosphaeria and Coehl%obalﬁs, although it has not yet
been shown in Pyrenophora (Tinline, 1962; Tinline and MacNeil, 1969).
Studies by Shands and Dickson (1934) did suggest heterokaryosis in
Pyrenophora gramiﬁea, although the evidencé was not conclusive (ParF
meter, et al., 1963). Although £he.sexual stage Bf-f. teres has nof,
been found abuﬁdantly in some areés, considerable variability exists
.among isolates gollected in these areasl The asexual stage (Dreehslera
teres) is quite similar to that of Cochliobolus sativus (Bipoldris
sofokiniana) in which heterokaryosis and parasgxﬁélity have been
shown (Tinline, 1962), so it is likely that the same mechénisms.could
be operating in P. teres. The role of parésexuality and heterokaryosis
in changing the virulence and host range of'péthogeﬁs has been reéorted
(Tinline and MapNeil, 1969). - |

Thé high variability of P, teres complicates_génetic gtudies on
resistance and hgs important implications in bréeding programs.. Tekauz

and Mills (1974) found new virulence types in Canada that were pathogenic
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on two previously resistant commercial cultivars. C.I. 5791, a cbﬁ—
monly used source of resistance, was less resistant to the new viru-
lence types. Consequently, breeding programs must ﬁtilize brogd based
resistance to attain effectiveness against all virulence types.

Another factor which complicates the identificatién of reSiStaﬁce
is the variability of symptom exbressionT Several factors have been
shown'to influence the symptom expression by P. teres. Thesé iﬁclude'
light inténsity, pre- and post-inoculation temperature, pre- and'post—
inoculation weﬁting of the foliage, nutfitional status of the hbst and
pathogen, age of the host and pathogen, and concentration of inoculum.
The effect of most of these factors is specific to certain cultivars.

The expression of resistance was more sensiﬁive to environmental in-
fluence in cultivars of Manchurian‘origiﬁ than in Ethiopian cultivars
(Khan and Boyd, 1969b). ITn addition, the penetrance and expressiﬁiéy of
genes conditioning host resistance can be influencgd Ey the genetic
background of the host (Khan and'ﬁoya,'1969p;-Khan, 1969; Shipton, et
al., 1973), The variability of symptom expression has important impli—-
cétions in breeding programs such as the choice of recurrent (susceﬁ—

tible) parents and the role of the environment in selection.




Chapter 3 :

SELECTING TRANSGRESSIVE SEGREGATEG FOR
DISEASE RESISTANCE

One of the main ijectives of the research reported in this thesis
was to demonstrete transgressive segregatlon for re51stance to net
blotch in berley. In order to do this, plants needed to be selected
in the first year so that advanced generations could be obteined.
Therefdre,.pian;s were'seleceed from‘exiéting lepepulatibnsl These_
were chosen because of'their availabiliey, and because the pafente of
the populetions were ensceptible or.intermediete in;the seedling-stage
to all five ef tne Monténe virulence typeslof P. teres described by .

'Bjarkd (1979). This meant that they did not have ﬁajor genes.effectiVe
. against the isolateS‘used to écreen ehe populations.A.Thefefore,_eny,‘
minor genes nould not be masked and wonld be detectebleh Ihe seiec—

tion was done under field conditions.

Materials and Metnods

Twenty-three F, populations of barley were screened for resis-

2.
tance in’thedl979 net blotch disease,nursery. The populetions con-
tained-berlef developed in a Montane(Staee University—Agene§Afof
International Development project utilizing mele eﬁerile.facilitated
recurrenf selection, and barley selected by Bjarke (1979). Fifteen

of the_popuiations were from crosses used to establish some of the base

recurrent selection populations of barley. They had a common female
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parent, Manchuria (CI 2330), which .had male sterile gene‘(msg lO).
The male parents were various tﬁo—rowAand six-row commercial cultivars
chosen for their agronomic qualities; The seed for these populations
came.from a bulk of several F1 plants}vvihe ;emaining eight-pdpulations
&ere material from Bjarko's research projéct. This 1attér'gropﬁ origi-
nated from crossesibetwéen the commercial cultivars Bétzes, Ceorgie,
Tifang, Hypana, and Firlbeck's III. Each popuiation wés the progeny
of one or two Fi ﬁlants.‘ Approximately 400 séeds of each population
were planted in four 20—ftlrows. -

| The plots were ipoculated 32 days éftef planting; fhe inoculum
consisted of 9;lO aay old cultures of P. terés grown on V-8 juice
agar, blended in distilled water. Cultures from 10 plates were blended
for 20-30 seconds in one liter of distilled water, then st?ained through
two layers of cheesecloth. The inoculum contained approximately.B X 104
'spores,per ml plus some mycelial fragments.. Six isolates,.represenping
all five Montaha’?irulence_types (Bjarko, 1975), were mixed'iniequal't
quantities to make up thé final inoculum. The isolafes wergé' Pt R
(type A),.Pt B (type B), Mt 77-5I (type C), Mt 77-3 (t?pe D), Mt 77-6
(type E), and Ftb 78-1 (type B). | ' '

The plots were inoculated by spraying the prepared inoculum onto

the plants with a 'Solo' backpack sprayer at a rate of apprd%imately one
liter per 20 ft.of row., The plots were inoculated in.the late evening,

then covered with plastic sheets overnight to provide approximately 12 hrs
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of high humidity for spore germination and penetfation{ .Ihe sheets
were removed the followirig morning before the air temperature under
thé plastic reached 80°F. General observations of the disease reac-
tion of egch population were made starting 17 days after inocuiation.
The reaction types, on a scale of 0-4 (described in Chapter 4), and the
extent of spread of the symptoms up the piants were recorded for eéch
population so that a basis for single plant selection could be estab;
lished. Several plants were selected as resistant or susceptible,
relative to the other plants in the pdpulation, and tagged for harvest.
Care was taken to avoid selecting‘?scapes by choosing only: plants that
had obvious net blotch symptoms.

Results and Discussion

Table 3-1 lists each population, a éﬁmmary of the genera; observa-
tions, and the bésis for selection in that ﬁépulation. Weather:éondi* |
tions following inoéulation were not favorable for spread of the disease
so very little secondary infection occurred. The plants were in the' |
tillering stage when inoculated and the fungus did not spread as the ‘
plants elongated, so the symptoms remained confined to the lowest
leaves of the plants in most plots. This complicated évalﬁation be-
capée the infected leaves began to séﬂesce early in the growing season,
leaving only a few easily readable lesions on the'plénts; Geﬁeral obf.

servations showed that 11 of the 23 populations were resiétant, two

were intermediate, six were susceptible, and four contained Both
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resistant and susceptible plants. There appeared to have been some
environmental variation within and among the plots and disease.escapes
were present in many populations. The ploté were.ﬁot replicated, so
quantitative comparisons among the populations wasnot'possiblé} Also,
the low level of disgase that resulted from the inoculation madeA
direct measurement of resistance difficult.

The principle goal of thiS'experiment was to select plants with
minor gene, addit;ve resistance from F2 populations of crogséS'between
cultivars that apparently did nét have maﬁor-genés for yesisténée to
net blotch. The F2 populations were used as material to select ffbm,
rather than material to be quantitatively evaluated. Soﬁé,vbut not all, -~
of the parent cultivars were planted in‘the field,'SO-some sfeculation |
can be made about transgressive segregation in the popula?iqns;' Table
3-2 lists the crossés, the field reéctiqng of the parenté, and the |

general field reaction of the F, populations. The field reactions of

2
the parents were from data froﬁ 1977, 1978, l979,rand 1980, Although
all of the parent cultivars were susceptible or intermediate ta'the

five Montana virulencé types in the seedling étage, some had mature
plant resistance. For example: Firlbeckfs‘III, Larker, and Hypana were
resistant or intermediate—to—resistant-in the field, whereas they were
susceptible or intermediape—tq—susceptible as seedlings. Apparently,

these cultivars have contributed their mature plant resistance to the

F2 populations of which they were parents. Two exceptions are BB Fz's
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#20 and #22 in which Betzes-derived lines were the female parents.
Apparenfly, Betzes'susceptibility is domingnt or epistatic to the -
resistance of Firlbeck's III and Hypana.

Transgréssive segregation was oObserved in the populations
#1; #8, #10, #11, #12, #14, #15, #18, and #19. The low level of
disease in the nursery and the fact that the parents' reactions were

taken from several years' data may have biased these results,
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Table 3-1. General observations of the reactions of F barley popu-
lations inoculated with a combination of isolates of
Pyrenophora teres under field conditionms.

Cross: BB F2

Observations:

Cross: BB F2

Observations:

Cross: BB F2

Observations:

Cross: BB FZ

Observations:

Cross: BB F2

Observations:

Cross: BB F2

Observations:

#1 Manchuria (CI 2330 msg 10) x Georgie

Mostly resistant (type 1-2) reactions with no spread
up the plants; many escapes. Selected the most sus-
ceptible plants and a random sample of resistant plants.

#2 Manchuria (CI 2330 msg 10) x Firlbeck's I1T

Approximately one-half of the plants susceptible (type
3-4 reactions) with good spread up the plants and one-
half of the plants resistant (type 1-2 reactions) with
little or no spread up the plants. Selected the most
resistant and most susceptible plants., , -

#3 Manchuria (CI 2330 msg 10) x Hector

Mostly susceptible (type 3-4 reactions) with good
spread up the plants. Selected the most resistant and -
most susceptible plants.

#6 Manchuria (CI 2330 msg 10) x Bruens Wisa

Mostly intermediate (type 2-4 reactions) with some
spread up the most susceptible plants. Selected the
most resistant and most susceptible. plants.

#7 Manchuria (CI 2330 msg 10) x Maris Mink’

Mostly intermediate (type 2-3 reactions) with a little
spread up some plants. Selected the most resistant and
most susceptible plants.

#8 Manchuria (CI 2330 msg 10) x Virio

Mostly resistant (type 1-2 reactions) with no spread up
the plants; many escapes. Selected random samples of

" resistant and susceptible plants.
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Table 3-1. -Cont.

Cross: BB F2
Observations:
Cross: BB F2

Observations:

BB F

Cross: 2

Observations:

BB F

Cross: 2

Observations:

BB F

Cross: 2

Observations:

#9 . Manchuria (CI 2330 msg 10) x Palliser

- Mostly susceptible (type 3-4 reactions) with good spread
up the plants. Selected the most resistant  and most
susceptible plants.

#10 Manchuria (CI 2330 msg 10) x Ingrid
Approximately one-half of the plants susceptible (type
3-4 reactions) with good spread up the plants and one-
half of the plants resistant (type 1-3 reactions) with
little or no spread up the plants. Selected the most
resistant and most susceptible plants, '

#11 Manchuria (CI' 2330 msg 10) x Vanguard

Mostly. resistant (type 1-2 reactions) with no spread

up the plant and a few susceptible plants (type 3-4

reactions) with .some spread up the plants. Selected

the most susceptible plants and a random sample of
resistant plants. '

#12° Manchuria (CI 2330 msg 10) x Klages

Approximately one-half of the plants resistant (type

1-2 reactions) with little or no spread up the plants
and one~half of the plants susceptible. (type 3-4
reactions) with good spread up the plants. Selected the
most resistant and most susceptible plants, .
#13 ° Manchuria (CI 2330 msg 10) x Compana

Mostly susceptible .(type 3-4 reactions) with extensive
spread up the plants; many escapes.. Selected the most

resistant plants and a random saﬁple of susceptible
plants.
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Table 3-1. Cont.

Cross:i BB F2

Observations:

Cross} BB F2

Observations:

Cross: BB Fé

Observations:

Cross: BB F2

Observations:

Cross: BB F2

Observations:

Cross: BB F2

Observations:

#14 Manchuria (CI 2330 msg 10) x Freja

Mdstly resisﬁant‘(type 1-2 reactions) with no good.
spread up the plants; many escapes. Selected random
samples of resistant and susceptible plants,

#15 . Manchuria (CI 2330 msg 10) x Beecher

Mostly resistant (type 1-2 reactions) with no spread up
the plants; many escapes. Selected random samples of
resistant and susceptible plants.

#16 Manchuria (CI 2330 msg 10) x Zephyr

Mostly susceptible. (type 2-4 reactions) with some spread
up the plants. Selected the most resistant plants and
a random sample of susceptible plants. :

#17 Manchuria (CI 2330 msg 10) x Larker

Mostly resistant (type 1-2 reactions) with no spread
up the plants; many escapes. Selected random samples of
resistant and susceptible plants, ~ :

#18 Betzes ert-—a msg 23 x Georgia

Approximately one-half the plants resistant (type 1~2
reactions) with little or no spread up the plants, and
one-half susceptible (type 3-4 reactions) with good
spread up the plants. Selected the mqstgresistaht and
‘most -susceptible plants. '

#19 Tifang x Georgie

Mostly resistant (type 1-2 reactions) with no spreaa up
the plants. Selected random samples of resistant and
susceptible plants. :
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Table 3-1. Cont.

Cross: BB F2 #20 Betzes ert-a msg 23 x Hypana

Observations: Mostly susceptible (type 3-4 reactions) with good'spread
up the plants. Selected the most resistant plants and
a random sample of susceptible plants. ’

Cross: BB F2 #21 Georgie x Hypana

Observations: Mostly resistant (type 1-2 reactionsj with little or no
spread up the plants, and a few susceptible {(type, 2-4
reactions) with some spread up the plant. Selected the
most susceptible plants and a random sample of resis~
tant plants.

Cross: BB F2 #22 Betzes msg w x Firlbeck's IIT

Observations: Mostly susceptible (typé 2-4 reactions) with good spread
up the plants. Selected the most resistant plants and a
random selection of susceptible plants. '

Cross: BB F, #23 Georgie x Firlbeck's IIT

Observations: Mostly resistant (type 1-2 reactions) with no spreéd up
the plants; many escapes. Selected random samples of
resistant and susceptible plants,

Cross: BB T, #24 Tifang x Firlbeck's III

Observations: Mostly resistant (type 1-2 reactions) with no spread up
.the plants; many escapes. Selected random samples of re-
sistant and susceptible plants.

Cross: BB F, #25 ! Firlbeck's III x Hypana

Observations: Mostly resistant (type 1-2 reactions) with no spread up

the plants; many escapes.. Selected random
resistant and susceptible plants.

samples of
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Table 3-2. Reactions of F barley populations and their parents to
Pyrenophora teres under field conditions. -

BB F, #1 Manchuria (CI 2330 msg 10)

2 . X Georgie
I-8 Fy 1-§
BB FZ #2 CI 2330 X Firlbeck's IIT
I-S ,EZ I—R-
R&S
BB F2 #3 CI 2330 X Hector
1-S Ty s
S
BB F2 #6 CI 2330 X Bruens Wisa
I-S EZ_ I
I
BB F2 #7 CI 2330 X Maris Mink
I-S Eg' I-S
I .
BB F2 #8 CI 2330 X Virio
I-S EZ ) I-S
Rb
BE F, #9 CI 2330 X Palliser
I-S Eg I-S

wn
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Table 3-2 Cont.
BB F2 #10 CI 2330 X Ingtid
I-S ¥, I,
R&Sb
BB F2 #11 CI 2330 X Vanguard -
-8 Fy S
R&Sb
BB F2 #12 CI 2330 X Klages
I-S ) s
R&s?
BB F, #13 CI 2330 X Compana
I-S ¥y S
S
BB F2 #14 CIL 2330 X Freja
I-S Eg- I-8
Rb
BB F2 #15 CTI 2330 X Beecher
I-S Fy I
Rb
BB F, #16 CT 2330 X Zephyr
I-S FZ S

wn
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Table 3-2.
BB F, #17 CI 2330 - X . Larker
I-S 'Eg I-R
R .
BB F, #18 Betzes ert-a msg 23 X Georgie
S ¥ 1-8
R&S
BB F2.#19 Tifang X Georgie
I ¥, I-S
Rb
BB F, #20 Betzes ert-a msg 23 X Hypana
; 2 R
S
BB T, #21 Georgie X Hypana
1-S T I-R
S
BB F2 #22 Betzes msg w X. Firlbeckis ITI
8 ) I-R
-8
BB F, #23 Georgie Firlbeck's III
I-S I-R -

= ‘NF B
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.BB F2 #24

BB FZ #25

Tifang

Firlbeck's III~

I-R

';dl'ﬁ:xq;
N

Ple’T.i i

Firlbeck's III

I-R

‘ Hypané.'

I-R

3piéld reactions based on reaction type (0-4) and extent of symptom

spread on the plants.

Reaction of the F2 population indicates tfahsgréssiVe segregation

for resistance.




Chapfer 4

F3 PROGENY' TESTING

The E3

fodgeﬁiés qf sqme:Qf the ﬁreviéusly selected inplénts wére
écrgenéd forvséedling resisfadée.to\net Bloﬁch; Time and sﬁaée iimi4
“tations p?ohibited thé proggny’tésting pf allAselected plaﬁts; so‘a

few resiétant_and éuscebtiblg ﬁrogéniés‘Wére tested from each of 11

of the 23 pop;lationsi ‘Both resistant'aﬁd sdscépfibié progehies were

tested to compare selection for resistance in the F generation to no

2
selection, or negative selection as was the dase'of the susceptible
progenies. Transgressive segregation was expected in the progenies -

of plants with minor genes for resistance.

‘Materials and Methods

3

The F 2

progenies from previously selected F, plants were'grown

in a controlled environﬁent room (CER) at 15/240C on é 12 hr.phthr-
period (26,900 lux combihed incandescent and cébl—white fluoresceﬁf“
light). All Seéds from.a Singlé Fé plénf were planted'in.autoclévéd
field sqii in racks of 'cone-tainer supef—éells,'.foﬁf to séven séeds
per cone. Each rack was 24" x ;2" x 7" and held 98-coﬁes; The conés

arc slightly tapered, 1%”‘fop‘diameter and Sﬁ‘deep.l

" A1l progenies of each cross were inoculated when eight to 10 days
old with a single, highly virulent isolate of P. teres. Isblate Pt R.

“was. used to screén the progenies of the populations: ‘BB F,: #i, #2,

#3, #6, #7; #9..'Isélate'Mt 77;51 was used tO'scpeen'EHe pfogeniesqu

the popuiations: BB I,:

0 H18, #19, #22, #23, #24.  The fungus was
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cultured on V-8 juice agar in an incubation chamber at 17-18% énd‘t
eight hrs of 1light (20 watt cool-white fluorescené). Tbe isolatés
were initially established by single spore transfers from infested leaf
tissue on water agar to V-8 juice ;gar plates. Subseduent cul;uriﬁg was
done By transferring small masses of mycelia and spores to four spots

on fresh agar plates with a dissgcting needi;. Cultures to be used

as inocula, weré started:on the same day that the barley to be inocu-
lated was planted.

The inoculum was preparéd by flooding the piates of eiéht tol10

'day 0old cultures with distilled water and scraping the‘colonies with a
microscope slide. TheISpores were rinsed through four 1ay¢rs of cheesé—_
cloth, twice, to.remove mycelial fragments. The spore coﬁcentrafion5~'
were measured using a Howard Mold Counting Chamber (Haugser Scientific)-
and tﬁe inoculum standardizeé at 15,000 spores per ml., Approximately
0.2 ml of 1% Tween 20 was added to each 100 ml of inbculum;as a sur-
factant. The inocglum was appliéd using aDeVilbiss No. i5 atomizer
Hriven_by compressed air at 15-20 psi. Approximate;y 100 ml of

inoculum was apﬁliea to eacﬁ rack of cones. After inoculation the rgcks
were placed in an unlighted dew-simulation chamber at 24-27°C for 24 hrs,
then returned to the CER. Seven days after inoculation each plant was

rated for net blotch resistance using a scale of 0-4:




~30-

0: no observable infection.

1: pin-point to very siightly elongated lesions{ no chlorosis.

2: slightly elongated lesions, slight chlorosié.

3: elongated lesions, criss~crossed with nef—like venation,

moderate chlorosis.
4: well developed, netted lesions, extensive chlorosis and
necrosis,

Mesothetic reactions were often observed. Theywere indicated by list~
ing the different reaction types observed, separated by a comma, in
the prder of abundance in which they occurred. Each plant was clas~
sified as resistant, intefmediate,,or susceptible és follows:

Resistant: _Plénts with type 1 or type 2 reactions, or a combina-—

tion of type 1 and 2 reactions. |
Intermediate: @Plants with type 3 reactions, or a combination .
of type 2 and type 3 reactioné.
Susceptible: Plants with type 4 reactions, or a combination of
type-3 and 4 reactions.

The plants classified resistant or intermediate Wefe saved for seed. pro-
duction by transplanting into four-inch plastic.pots. These plants
were grown for one week in the CER. to establish good roots, then grown
in a CER at 40-45°F and 12 hrs light for three to four weeks to

strengthen the plants and promote tillering. The plants were then

transplanted into'eight inch plastic pots, four plants per pot, and
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grown to maturity in a greenhouse at 55/7OOF night]day femperatures
and natural daylight supplemented with 14 hrs of fluorescent and incan-
descent light.

]
Results and Discussion

The results of this experiment are.summarized in Table 4~1. The

progeny are listed accofding to the F2

population number, followed by

the letter R or S designating the classification of the F

2 plant,

resistant or susceptible, followed by a number arbitrarily assigned to
each progeny as they were tested to maintain autonomy amdng the F3

progeny of- a single

progenies. For example: 3R-4 designates the F3

F2 plant from the population BB F2 #3 (Manchuria x Hector) that was
selected as resistant in the field, and”ig the fourth resistant plant
progeny from the population to be tested.

The number of plants in each class, resistant, intermediate or
susceptible were counted and the percentage of the tota} number of
plants was computed. Many of the progenies were 100% susceptible.
None of the progenies contained any resistant plants, but some of the
progenies contained intermediate plants. These ranged from less than
1%, to over 10% intermediate. The mean of the '% Intermediate' class
is listed for the resistant and susceptible groups of proéenies éf
each cross. The mean of the resistant group of each cross is edual to

or greater than the mean of the susceptible group of the same cross.

This was expected since the F2 plants were selected for resistance and
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susceptibility. Of course, the plapts were selected under low levels
of disease and often at random, so- the effectiveness of the selection
is subject to queétidn. .It is possible that selection under severe
disease conditions wouid result in F3 progenies that would have higher
percentages of resistant and intermediate plants than those tested in
this study. The fact that some of the susceptible progenies contéined
intermediate plants might be due to the selection? or could indicate

that resistance is likely to show up in later generations even though

it .was not apparent in the FZ'
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Table 4-1, Disease classification of the F progenies of barley‘
inoculated with a single isolate of Pyrenophora teres.

F, Progeny Total # Plants’ % Resistant % Intermediate % Susceptible
3 : .

iR-1 306 0.0 0.0 100.0 .
1R-2 530 0.0 1.1 98.9
1R-3 282 0.0 1.4 98.6
1R-4 435 0.0 0.0 - . 100.0

| -

x=0.6a
181 271 0.0 0.0 100.0
18-2 530 0.0 0.6 . 99,4
15-3 236 0.0 1.3 - 98.7
1S-4 943 0.0 0.0 '100.0
18-5 362 0.0 0.3 99.7
15-6 175 0.0 0.0 100.0
x=0.4
2R-1 818 0.0 0.1 99.9
2R-2 - 300 0.0 0.0 "100.0
2R-3 T 1432 0.0 0.2 99.8
2R-4 193 0.0 0.0 100.0
2R-5 535 0.0 0.2 1 99.8
2R-6 209 0.0 0.0 100.0
2R-7 347 0.0 1.7 98.3
‘ x=0.3
25-1 : 247 0.0 0.0 100.0
25-2 268 0.0 0.4 99.6
25-3 473 0.0 0.0’ 100.0
254 885 0.0 0.2 99.8
25-5 522 0.0 0.0 100.0
x=0.1 '
3R-1 604 0.0 0.3 99,7
3R-2 752 0.0 0.1 99.9
3R-3 : 241 0.0 0.0 100.0"
IR-4 312 0.0 3.5 96.5
3R-5 -100 0.0 0.0 100.0
3R-6 112 0.0 0.0 100.0
x=0.7 '
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Table 4-1. Cont.

| F, Progeny Total # Plants 7 Resistant % Intermediate % Susceptible
=

. 35-1 545 0.0 0.0 .100.0
| 35-2 324 0.0 0.0 100.0
35-3 498 0.0 0.0 100.0
35-4 246 0.0 0.0 100.0
35-5 326 0.0 0.0 100.0
38-6 . 163 0.0 0.0- 100.0
357 232 0.0 0.0 100.0
] — .
x=0.0
6R~1 589 0.0 0.0 100.0
6R-2 329 0.0 0.0 100.0
6R-3 389 : 0.0 0.0 £ 100.0
x=0.0
65-1 672 0.0 0.0 100.0
6S-2 293 0.0 0.0 100.0
6S-3 497 0.0 0.0 100.0
x=0.0 ‘
7R-1 493 0.0 0.0 100.0
7R-2 b4 0.0 0.0 100.0
7R-3 976 0.0 0.0 100.0
7R-4 464 0.0 0.0 .100.0
7R~5 26 0.0 0.0 100.0
7R-6 192 0.0 0.0 100.0
7R-7 157 0.0 0.0 100.0
7R-8’ 87 0.0 0.0 . 100.0
x=0.0
75-1 400 0.0 0.0 100.0
78-2 52 0.0 0.0 100.0
75-3 149 0.0 0.0 100.0
75-4 227 0.0 0.0 100.0
x=0.0
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Table 4-1. Cont.

F_, Progeny Total # Plants 7 Resistant 7% Intermediate 7% Susceptible
)

9R-1 207 0.0 0.0 100.0 -
9R-2 361 0.0 1.1 98.9.
9R-3 777 0.0 3.4 96.6.
9R-4 365 0.0 © 4.1 95.9
9R-5 282 0.0 2.5 " 97.5
9R-6 YA 0.0 0.0 100.0
9R-7 280 0.0 1.8 98.2
9R-8 196 .0.0 1.0 99.0
9R-9 605 0.0 0.8 98.2
" 9R-10 247 0.0 4.5 95.5
9R-11 206 - 0.0 0.0 100.0
9R-12 186 0.0 0.0 100.0
9R-13 378 0.0 0.0 100.0
%x=1.5
9s-1 185 0.0 2.2 97.8
95-2 359 0.0 2.2 97.8
93-3 258 . 0.0 0.0 100.0
x=1.5
18R-1 1154 0.0 0.2 99.8
18R~2 248 0.0 0.4 99.6
18R~3 252 0.0 0.0 . 100.0
18R-4 833 0.0 0.0 100.0
18R~5 1023 0.0 0.6 99.4
18R-6 1220 0.0 0.0 100.0
18R-7 262 0.0 0.0 100.0
18R-8 325 0.0 0.0 " 100.0
x=0,2
18s-1 297 0.0 0.0 100.0
188-2 314 0.0 0.0 100.0
18s-3 431 0.0 0.0 100.0
185-4 237 0.0 0.0 . 100.0
18S-5 357 0.0 0.0 0

100.

yk

>
it

o

o
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Table 4-1. Cont.

F,. Progeny Total f#f Plants 7% Resistant 7% Intermediate % Susceptible
~ .

19R-1 143 0.0 0.0 100.0
19R-2 352 0.0 1.1 98.9
19R-3 295 0.0 1.7 98.3
19R-4 412 0.0. 0.0 100.0
x=0.7
195-1 305 0.0 0.0 100.0
198-2 391 0.0 0.0 100.0
198-3 518 0.0 0.0 100.0
198-4 316 0.0 0.0 100.0
198-5 478 0.0 0.0 100.0
x=0.0
|
\ 1 . .
| 22R-1 571 0.0 0.0 100.0
22R-2 361 0.0 0.0 100.0
22R-3 415 0.0 0.0 100.0
22R-4 420 0.0 2.1 97.9
22R-5 323 0.0 0.3 99.7
22R-6 392 0.0 0.0 100.0
22R-7 1126 0.0 0.4 99.6
22R-8 263 0.0 0.0 100.0
22R-9 234 0.0 0.0 100.0
;=O.3 ' i
225-1 653 0.0 0.0 100.0 - '
225-2 536 0.0 0.0 100.0
228-3 - . 613 0.0 1.0 99.0
225-4 441 0.0 0.0 100.0
x=0,3
23R-1 653 0.0 2.9 97.1
23R-2 306 0.0 0.0. 100.0
23R-3 232 0.0 7.8 92.2
23R-4 247 0.0 0.0 £ 100.0
|
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Table 4-1. Cort.

F, Progeny Total # Plants 7 Resistant % Intermediate 7% Suscéptible

23R-5 83 0.0 0.0 100.0
23R-8 93 0.0 10.8 89.2 .
23R-9 503 0.0 3.0 1 97.0
- x=3.5
235-1 332 0.0 0.0 .100.0
235-2 376 0.0 0.3 99.7,
238-5 616" 0.0 0.5 99.5"
x=0.3
24R-1 239 0.0 8.4 91.6
24R-2 897 0.0 0.0 100.0
24R-3 269 0.0 0.0 100.0
24R-4 581 0.0 2.9 97.1
24R-5 203 0.0 1.0 99.0
x=2.5 -
245-1 393 0.0 0.5 99.5
0 0.2 99.8

248-2 838 0.

I

»

i
O
S

8Mean % Intermediate for each group of resistant ahd;;usceptible
progenies. ‘ ’ ‘ el




Chapter 5
o F, PROGENY TESTING -

The F3-plants-that had been selected for resiétaﬁce_and groWn_”

to maturity in the previous seediing screéning work were harvested:
and the F4 progedies screened for seedling resistance. It was
_anticipated that & higher percentage of the F, progeﬁies would be

resistant or intermediate than in the preceeding F3‘progenies.

Materials and Methéds_
The F4‘progenies,were'screéned»with the same isolate of P.

teres that was used to screen the corresponding F. progenies, either

_ 3
_Pt,R or Mt 77-5T. The methqd of inocul;tionvwas.the same ‘as de- .
scribed in Chép£ér 4. 1The rating éyétém was modified so that
disease fesistance could‘be quaptitativély meééured. The'primarj
léaf of each plant was rated for its_reéétion type, és previbusly
described, aﬁ& for the perceﬁt of the legf aféa that was affected
by‘the 1esiéns and the associated chlorosis and necrosié. 'Iime.was
important when rating large numbers of plants, so visualAésfimatég
were made of the percent leaf area-affected.rather than direct

' measurements. Thg ﬁrecision of the visual eétimétes was checked by
tracing the leaf on a clear plastic grid, markiné out the»affeéted
leaf area, aﬁd then éouﬂting the nuﬁber.df.squares? total and
affected. For the pufpésé.of statistical énalysis,'the_O;h reaction

type was coded 1-10 and the percent leaf'area afféctedAwés divided
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by 10 to give a severity (Sev) rating.

‘Reaction Type Code
4 ' 10
4,3 9
3,4 8
. 3 7
3,2 6
2,3 5

2 4 .
2,1 3
1,2 2
1 1

This code was then used as a multiplier of the severity'ratiﬁg to
get a 'Disease Index' rating for each plant. An example of the com-
putation of 'Disease Index' ratings is as follows:

Rxn Type Code 7# Leaf Area Affected Sev - Disease Index

4 10 40 4.0 ' 40.0
3,4 8 25 2.5 20.0
2 4 10 1.0 4.0

The 'Disease Index' values were used to compute the mean and variance

for each F4 progeny and its parents, A comparison between the F

progenies and their parents was made using a t-test. Each rack of

4

'cone-tainers' was an experimental unit. At least_25.seeds of some
of the F4 progenies and their parents were planted in each rack. .Ten
plants of each parent cultivar were rated anq used to ;aldulate a
mean and standard deyiation. All F4 plants thgt emerggd wére rated
and used to calculate means and standard deviations for the.progeﬁies.

The environmental variability within racks was minimiZzed by planting
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resistant and susceptible checks in the perimeter row of cones to
buffer the test lines.

Results and Discussion

More than one rack was neédéd to scréeniali the progenies of -
each cross. The variation among the racks was found to bélsignifi—
cant at the 5% 1ev¢l by comﬁaring the means of éhe pérenf‘cultivars
planted in each réck. Consequently, the comparisons of the F4
progenieg and their pérents were madg within each rack, The varif
ances of the 1iﬁes‘Within a rack were sometimes found to be unédual .
using Hartley's maximum F test (David, 1952). This is éartly
because a higher variance is associated with higher means using
this syétem of quantification. The comparisons can be madé Qithin
a rack if the unequal variances énd unequal sample sizes are taken
into consideration. The method is described in section 4.14 of
"Statistical Methods"-by Snedecor and Cochran (1967)., Linear com-
parisons were made using the 'Compafé' progfam of MéﬁSTAT (1]1586
version, MSU Statistical Center, R. E. L;nd). A one-~tailed .t-value
was used to test if the mean 'Disease Index' value of fhe.Fa
progenies was significantly less than that of the parents at. the
5% level. Each F4 progeny mean wés compafed to the average value

of the two parents (mid-parent) and to the mean of the most resis-

tant parent (low-parent), The results afe listed id‘Tablé 571;
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One hundred-nine F4 lines wére tested. Eighty-four of these had
'Disease Index' means that were significantly less than the ﬁid-
parent"Disease Index' mean from the same experimental pﬁit: Sikty—
nine had means significantly less than the low-parent meap,from the
same experimental unit,

In addition to comp;ring the 'Digease Index' ratings of the
populétions, the percentage of the total number of plants in each
progeny that were resistant, intermediate, and susceptiﬁ;e HﬁS cém—
puted. The criterion for classification was changéd slightly from .
Chapter 4 to include the percent leaf area affected.' The classifica-
tion is as follows:

Resistant: Plants with type 1 or fype 2 rgactiong, 6r.a
combinaéion of type 1 and 2 reactionsl i.e. 1,2 and 2,1, regardless

of the percent leaf area affected.

Intermediate: Plants with type 3 reactions, or a combination

of type 2 and type 3 reactions, i.e. 2,3 and 3,2; ;egardléss df the

percent leaf area affected; and plants with a combination of type 3

and 4 reactions, i.e. 3,4 only, with less than 307 leaf aréa affected.
Susceptible: Plants with type 4 reactions, or a cqmbination of

type 3 and 4 reactions, i.e, 4,3,Aregardless of tﬁe percent. leaf

area affected; or 3,4 reactioﬁs with 30% or higher leaf area affected,

The results are listed in Table 5-2 along with the same data for
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the corresponding F3 progenies. The percenf resistaﬁt and inter-~
mediate is considerab;y higher in most of the F4 progenies than in
the F3 progenies, This indicates that progress has been made and
that resistance is more likely to show ﬁp in the later génerations
as the plants become more homozygous.

When the data from Tables 5-1 and 5-2 are compared, it can be
seen that the linear comparisons of the F4 progenies and théir
parents using 'Disease Index' means detect somé differences that afé
not apparent when inspecting the disease classificétion of the
progenies. For instance, F,:9R-5-A has a 'Diseaégnlndeg' mean that

is significantly less than the mid-parent mean and the low-parent

mean, but the progeny is classified 100% susceptible, This‘situation.

occurs with other F4 progenies as well, The. reason is that a wide
range of 'Disease Index' values occurs among plants in the susceptible
class. For instance, a rating of type 3,4 and 307% leaf area‘affécted
represents 6ne of the lowest ra;ings for plants in thé susceptible
class. This rating equals a 'Disease Index' value of 24.0. The
highest‘rating for plants in the susceptible cléss would be type 4

and 100% leaf area affected, giving a 'Disease Index' value of 100.0,
This wide raﬁge of values means that quantitative differences'can

be detected among susceptible plgnts. Différences-of this type

might indicate the presence of minor genes in numbers too low to




~43—

confer qualitative differences in resistance.

The opposite case is also'apparent.. That is, some.Fa'iines:‘
may contain resistant and 1ntermed1ate plants, but have 'Dlseasev
Index' means that are not 51gn1ficantly dlfferent frohlthoserf the_“
parents. Thls occurs with a few F4 progenies of the croSses Tlfangf
X Georgie (BBF‘ #19) and Georgle X Flrlbeck's III (BBF‘ #23) One

reason for this situation is that these three cultlvars exh1b1t 4.

variability of symptom expressiohrunder standard_ihpcdlation condi—.i* S

tions. Therefore, some of the plants of thefpatehtﬂediti%afa>Wéreﬁf~ﬁf‘

F4 lines were declared significantly 1eSS=?}1f:;;;~THi:"

It should be noted that‘data:fer F4‘lineafﬁv-. 2
1R-2-C, and §R—2~A are listed 'in Table 5-2, but"d’o notappearln
Table 5-1. ‘Theee lines were somé of the first te-be'tested.and were
rated for reaction types only, so ’bisease Ihdéx'”values wete hot
calculated Thef were tlass1f1ed on the bas1s of reactlon types as

in Chapter 4.

The crosses from which F4 lines were obtained, carn be compared - -

for their general effectiveness at combining genes for'additive

resistance. Comparisons of the F, lines and their parents by

4

'"Disease Index' meaﬁé‘(Table 5-1) is the'best.indicatioh of
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transgressive segregation and consequent success of the cross based

on quaﬁtitative méasurement. Data from Table 5—2 make anlintéresting
-illustration of p?dgress through selection in a qualitative sénse.
However, this is ﬁof the best way to illustrate transgressive segre-
gation because some of the parents are variable in their reactidp,

as mentioned. The quantitative comparisoﬁs iisted in Tablé—S—l take

this variability into account by comparing the F, progenies with their

4

pafents within the same experimental unit.

The data from both tables can be helpful in making éémparisons

. among the crosses for their genetral effectiveness at combining génes
: i
for-additive resistance. Thesedata also indicate the success of the

selection within the F2 and F3 generations.

A summary of the comparisons among the crosses is as follows,
with the crosses listed in the order of successfulness:

CI 2330 msg 10 x Hector (BB]?Z#S) ~ All F4 lines (13/13) ‘are better

than the most resistant parent. The F4 lines are 45.17% resistant

and 19.9% intermediate, overall.

lines

Tifang x Firlbeck's TIII (BBFé #24) - Tweﬁty—t&o out of 24 F4

are better than the most resistant parent. The F4 lines are 2.2%

resistant and 69.9% intermediate, overall.

Betzes ert-a msg 23 x Georgie (KBFz#lS) - SéVen‘out of eight F4 lines

are better than the most resistant parent, The F4 lines are 0.0Y%
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resistant and 19.6% intermediate, overall.

Tifang x Georgie (BBFQ #19) -~ Seven out of 10 F4 lines are better

than the most resistant parent. The F4 lines are 3.1% resistant

and 42.57% intermediate, overall.

Betzes msg w x Firlbeck's III (BBF2 #22) - Two out of three F4 lines

are better than the most resistant parent. The F4 lines are 16.77%

resistant and 36.77% intermediate, overall.

Georgie x Firlbeck's III (BBF‘ #23) - Elght out of 14 F4 llnes are

better than the most resistant parent The F4 lines are 34.7A

resistant and 39.37 intermediate, oveﬁall.

CI 2330 msg 10 x Firlbeck's III (BBF2 #2) - Four out of eight F,

lines are better than the most resistant parent. The FA lines are
5.4% resistant and 18.7% intermediate, overall,

CI 2330 msg 10 x Palliser (BBF2 #9) - Six out of 20 F4 lines are

better than the most resistant parent. The F4 lines are 0.07 re-

sistant and 10.1% intermediate; overall.

CI 2330 msg 10 x Georgie (BBF, #1) - None of the F4

better than the most resistant parent., The F4 lines are 0.0%

lines (0/9) are

resistant and 4.3% intermediate, overall.
Some speculation about the combining ability of the parent
cultivars can be made. Four of the crosses have a common female

parent, CI 2330 msg 10. Tﬁis cultivar was used as the female parent
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of the crosses that make up the base recurrent sglection’populations
becguse it was known to Be a géod combiner. The four male parents
of these crosses caﬁ be compared for their combining ability with
CI 2330. These cultivars are Georgie, Firlbeck's iII, Hectof, and
Palliser. Hector was by far the~best combiner of this‘group. One

hundred percent of the F, lines that were tested from the cross

4
CI 2330 x Hector (BB F2 #3) were better than the most resistant
payent. Most o% these lines contained some plants that exhibited

a high level of resistance. TFirlbeck's IIf‘was the next best com-—
biner with CI)2330. Fifty percent of the F4 lines tested from this
cross were better than the most resistant parent. Firlbeck's III
Qas the male parent in three other crosses in this étudy. It was

a bétter combiner with Tifang, Beszes ﬁsg w, and Georgie thaﬁ Qith
CI 2330. .Palliser and Georgie were not good combiners with CI 2330,

their F4 lines being mostly susceptible.

Tifang, Firlbeck's IIL, and Georgie are good combinersvwith
each other. Georgie and Firlbeck's IIT were also good combiners
with Betzes-derived cultivars. Interestingly, these éultiv;rs
exhibit a variability of symptom expression. The plants varied in
their reaction from susceptible to intermediate within a single

experiment and often varied considerably among experiments. This

problem was not solved. It appears likely that these cultivars
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contain genes that condition resistance and were probably sensitive

to subtle environmental changes. They may be heterogeneous, as well.
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Table 5-1. Results of linear comparisons of the 'Disease Index'
means of the F4 lines and their parents.

Significantly Significantly.
FE lines Less than MP -(5%) Less than L?.(SZ) 

1R-3-A + — , -
1R-3-B - L=

* 1R-3~C - _ B
1R~3-D - : ‘ C -
18-2-A - ‘ .
15-2-8 '
18-2-C

18-3-A

1S-3-B

Total Lines = 9

N+ 1
ol

I

2R-5-A
2R~-7-A
2R-7-B
2R-7-C
2R~7-D
2R-7-E
25-2~A
25-4-A
Total Lines = 8

o+ + + + + + + +
A+

g

3R-1-A
3R-1-B
3R-2-A
3R-4-A
3R-4-B
3R-4-C
3R-4-D
3R-4-E
3R-4-F
3R-4-G
3R-4-H
3R-4-1I
3R-4-J
Total Lines = 13

|+ ++++++++F+++

-
Ol 4+t b+ 4+ +++++

=
W
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Table 5-1. Cont.

Significaﬁtly . © Significantly.

. uo 5 UQ
F, lines Less than MP (5%) Less. than LP (5%)

9R-2-B
9R-3-A
9R-3-B
9R~-3-C
9R-4-A
9R-5-A
9R-5-B
9R-5-C
9R-7-A
9R-8-A )
9R-8-B ' r
9R~-9-A

9R-9-B

9R-9-C

9R-9-D

9R-10-A

9R~10-B

9R-10-C

95~-2-A

98-2-B

Total Lines = 20

+
+

4+ + 1+ + +

1+ + 40
P+

ol
o

18R~-1-A
18R-1-B
18R-2-A
18R-5-A
18R-5-B
18R-5~C
18R-5-D
18R-5-E
Total Lines = 8

U S S R e
R e

19R-2-A
19R-2-B
19R-2-C

+ + +
T4+ o+

et e e e
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Tablg 5—1.  Cont.

Significantly' - Significantly

F, lines . Less than Mf .(5%) : : :Les§.than.LP (5%).

19R-3-A o+ - oo +
-19R-3-B - ' ’ S

19R-3-C

19R-3-D

19R-3-E

19R-5-A

19R-5-B

Total Lines = 10°

P+

o+ 1+ + 4+

S~

20R-4-C
22R-4-F
22R-5-A
Total Lines = 3

‘Wl + 4
OE

23R-1-B
23R-1-D -
23R-1-G
23R-1-H
23R-1-1

" 23R-3-C
23R-3-F
23R-3-G
23R-3-H
23R-3~-J°
23R-3-L
23R-8-A
23R-8-C
23S-2-A
Total Lines = 14

'"5{|++++1+:|+++++‘|
o1 + + 4+ + 0+ + 1+ + 1

24R-1-A
24R-1-B
24R-1-C
24R=1-D
24R-1-E

+ o+t
ok
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Table 5-1. Cont.

Significantly : Significantly
F; lines Less than MP (5%) Less.than LP (5%)
24R-1-F + + '
24R-1-G + +
24R-1-H + +
24R-1-3 + +
24R-1-K + +
24R~1-L o+ +
24R-4-A +. +
24R-4-B + +
24R-4-C + +
24R-4-D + +
24R-4-T + +
24R-~4-G + +
24R-4-H + +
24R-4~J + +
24R-5-A + +
24R-5-B + +
24S5-1-A + -
245-1-B + -
Total Lines = 24 24 22

+ = 'Disease Index' mean of the F, line is significantly less than
the mid-parent (MP) 'Disease %ndex' mean or the low-parent (LP)
'Disease Index' mean at the 57 level. ’

- = 'Disease Index' mean of the F, line is not significantly less-
than the mid-parent (MP) 'Disease Index' mean or the low~parent
(LP) 'Disease Index' mean at the 5% level.




Table 5-2.

Comﬁarison of the disease classification of F, progenies
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and the F4 progenies from selected F3 plants.

F_ Progenies

2 RETTI I %S
1R-2 0.0 1.1 98.9

" 11 11 1

1] ”n " "
1R-3 0.0 1.4 98.6

1" 1" 7" 1"

1" 1" " "

7" 1 11 tt
18-2 0.0 0.6 99.4

1" " 121 "

1] 11 1t "
18-3 0.0 1.3 98.7

11" 11 " - 1]
2R-5 0.0 0.2 99.8
2R-7 0.0 1.7 98.3

" 11 1! 1]

" mn " H

n " " 1"

1] 1" 1" 1
28-2 0.0 0.4 99.6
25-4 0.0 0.2 99.8
3R-1 0.0 0.3 99,7

" 11 11 1"
3R-2 0.0 0.1 99.9
3R~4 " 3.5 96.5

1R-2-A

1R-2-B
1R-2-C
1R-3-A
1R-3-B
1R-3-C
1R-3-D
18-2-A
18-2-B
18-2-C
1S-3-A
15-3-B

2R-5-
2R-7-
2R~7-
2R-7-
2R-7-
2R~7~
28-2-
28~4-

> Emo oW >

3R-1-A
3R-1-B
3R-2-A
3R~-4-A
3R-4-B
3R-4-C
3R-4-D
3R-4-E
3R-4-F
3R-4-G

F, Progenies

ZR 41 %S
0.0 31.6 68.4
" 16.5 83.5
" 3.3 96.7
0.0 0.0 100.0
" "
1" "
1] "
0.0 0.0 100.0
1" 11
0.0 0.0 100.0
- " 11"

%P= G.0 53 95.7
0.0 13.9 86.1
0.0 0.0 100.0
3.3 30.0 66.7
0.0 48.3 51.7

" 3.0 97.0
" 19.0 81.0
40.0 32.0 28.0

0.0 3.7 96.3

X = 5.4 - 18.7 75.9
0.0 - 1.8 98.2

" 0.0 100.0
33.3 55.6 . 11.1
41.4 31.0 27.6
89.1 8.7 2.2
78.6 17.9 3.5

0.0 16.7 83.3
2.7 45.9 '51.4
33.3 A 22.3
62.5 9.4 28.1
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Table 5-2. Cont.
F, Progenies F, Progenies )
ZR - 21T % S ZR %I %S
3R-4 0.0 3.5 96.5 3R-4-H 77.4 19.4 3.2
" " " " 3R-4-1 93.5 - 0.0 6.5
" " " " 3R~4-3 75.0 8.3 16.7
x = 45.1 19.9 35.0
9R-2 0.0 1.1 98.9 9R-2-A 0.0 47.7 52.3
" " " " 9R-2-B " 47.9 - 52.1
9R-3 0.0 3.4 96.6 9R-3-A 0.0 34.9 65.1
" " " " 9R-3-B " 11.6 88.4
" " " " 9R-3-C " 0.0 100.0
9R-4 0.0 4.1 “95.9 9R-4-A 0.0 0.0 100.0
9R-5 0.0 2.5 97.5 9R-5-A 0.0 0.0 100.0
" ] " " 9R-5-B " Com '
" 1" " " 9R_5_C "
9R-7 0.0 1.8 98.2 9R-7-A 0.0 0.0 '100.0
9R~-8 0.0 1.0 99.0 9R-8-A 0.0 0.0 100.0
1t 13 1" " 9R""8""B 1" .
9R-9 0.0 0.8 99.2 9R-9-A 0.0 0.0 100.0
" " " " 9R-9-B " 16.4 83.6
" " " " 9R-9-C " 1.9 98.1
" " " " 9R-9-D " 0.0  100.0
9R-10 0.0 4.5 95.5 9R~-10-A 0.0 0.0 100.0
11" 1" " " 9R_1O_B . "
mn 1 " 9R_10_C 11 .
95-2 0.0 2.2 97.8 95-2—A 0.0 28.8 71.2
" no 1" n 93-2-B _ "o 22.7 77.3
X 0.0 10.1 89.9
18R~1 0.0 0.2 99.8 18R-1-A 0.0 0.0 100.0
" " " " 18R~-1-B " 7.5 92.5
18R-2 0.0 0.4 99.6 18R~2-A 0.0 6.3 93.7
18R-5 0.0 0.6 99.4 18R-5-A 0.0 66.7 33.3
" " "o " 18R~-5-B " 0.1 90.9
" " " " 18R~5-C " 5.6 94 .4
" " " " 18R~5-D " 15.4 84.6
" " h " ‘18R~-5-FE b 46,2 53.8
X 0.0 19.6 80.4
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Table 5~2. Cont.
F_ Progenies F, - Progenies
4R - %I %S 2R ZI %S
19R~2 0.0 1.1 98.9 19R~-2-A 0.0 44,0 56.0 -
" " " " 19R-2-B o 55.6 444
" " " " 19R-2-C 11.1 33.3 55.6.
19R-3 0.0 1.7 98.3 19R-3-A 0.0 59.1 40.9
" " " " 19R-3-B " 4.5 95.5
I " " " 19R-3-C 4,5 77.3 18.2
" " " " 19R-3-D 15.4 84.6 0.0
" " " " 19R~3-E 0.0 50.0. 50.0
198-5 0.0 0.0 100.0 198-5-A 0.0 - 16.7 83.3.
" " " " 19s-5-B " '~ 0.0  100.0
‘ x = 3.1 42.5 544" .
22R-4 0.0 2.1 97.9 22R-4~C 0.0 0.0 100.0
" " " " 22R-4-F " 60.0 40.0
22R-5 0.0 0.3 99.7  -22R~-5-A _ 50.0 50.0 0.0
x =16.7 36.7 46.7
23R-1 0.0 2.9 97.1 23R-1-B 0.0 25.0 75.0
u " " " 23R-1-D " 22.2 77.8
L " " " 23R~-1-G 31.3 43.8 24.9
" " " " 23R-1-H 0.0 66.7 33.3
" " " " 23R-1-1 " 36.4 63.6
23R-3 0.0 7.8 92.2 23R-3-C  100.0 0.0 0.0
" " " " 23R-3-F 50.0 " 50.0
" " " " 23R-3-G 85.7 " 14.3
" " " " 23R-3-H 40.0 40.0 20.0
" " " " 23R-3-J 63.6 27.3 9.1
" " " " 23R-3-L 71.4 28.6 0.0
23R~-8 0.0 10.8 89.2 23R-8-A 0.0 66.7 33.3
" " " " 23R-8-C 33.3 33.3 "
238-2 0.0 0.3 99.7 235-2-A _ 10.0 60.0 30.0
x =34.7 39.3 26.0
24R-1 0.0 8.4 91.6 24R-1-A 0.0 46.7 53.3
" " " " 24R-1-B " 60.0 - . 40.0
" " " " 24R-1-C " 71.4 28.6
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Table 5-2. Cont.

F, Progenies .

F, Progenies

ZR - 21 % S : 4R %I A

24R-1 0.0 8.4 91.6 24R-1-D 0.0 73.9 - 26.
" " " " 24R-1-E " - 57.7 42,

" - " oo 24R~1-F 12.5 83.3" 4.

" " " " 24R-1-G 8.3 91.7 0.

" v " " 24R-1-H 0.0 70.6 29,

" " " " 24R-1-1 " 42.9 57.

" " " " 24R-1-J n 61.9 .38.

" " " n 24R-1-K " 54.5" 45,

" " " " 24R-1-L " 28.6 71.
24R-4 0.0 2.9 97.1 ° 24R-4-A 4.3 91.3 -4,
" " " " " 24R~-4-B 7.1 - 92.9 0.

" " " " 24R~4-C 0.0 100.0 "

" oo "o - 24R-4-D 7.1 92.9 "

" " " " 24R-4-F 0.0 73.9 . 26.

" " S " 24R~4-G 6.3 81.3 12.

" " " " 24R~4-H - 7.1 85.7 7.

" " " " 24R~4-J 0.0 94.1 5.
24R-5 0.0 1.0 99.0 24R-5-A 0.0 75.0 ' 25.
" .o " " 24R-5-B " 100.0 0.
245-1 0.0 0.5 99.5 24S-1-A 0.0 35.3 64 .
o " - " 248-1-B _ " 14,3 85.

x = 2.2 .69.9 27.9

OCWPHhUHREREMMRONMNWE |

NNOOWH UM

a, o 9 ' .
%2 R, % I, %2 S are the percentages of the total progeny that were
resistant, intermediate, or susceptible, respectively.,

bMeans of the F4 lines of each cross for each disease class.
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’l‘f'ZS'l‘.'TNC I'a PROGENlEé TQ" A_(;OMBINA'MON 'QF ylgﬁLEﬁcE T.YPES .

Screening Fhe F4 prcgeniés for resistancéito a sing}e isolate of
E. ie%és showeq that se?eraliof the progeniés contained resiétant'and
intefﬁediate plants. Tt was bssﬁméa that this resistance was due to
.thé additi;é”efﬁeéts of minqr genes since the parents of the brqéenies
wéx:éuéceptiblé to the Qiruiéncé types used to scfeeﬁ~tﬂe progenies.
If the rgsistancg'wasAdue to'additive effécts,'theﬂ-it shogld have
been effééfivé agaiﬁét seyérél Viruieﬁce tyﬁgs of gﬁe pathogen. _Tax'
determine ;his;‘some of the best F4 progenies wgre-testeq,againét‘a_

combination of isolates representing all five Montana virulence'ﬁypes,

Materials and Methods

Eleven of the previously tested F progenies were screened for

4
resistance to a coﬁbinétion‘of virulence'§ypési uFivé isolates Weye
used, oﬁe representing each of the five Montana virulence types-
described by BjarkOv(i9]9). The isolates were:. Pt ﬁ (type 4),

Ftb 78-1 (type B), Mt f7—51.(type C), Mt 77-3 (;ype.b), and Mg §7-6‘
(f&pe.EY. .Inoqulum was érep;red with'eaéh isolafe'as descriﬁed in
Chapter 4. _ﬁqual duéntities thiﬁocgluﬁ from each’iséla;é were,
mixed.to Eorm £he final inocﬁlﬁm. The inoculation proceaure is.
described in Chapter. 4, Tﬁe'p}ants we?e raféd;ds déédribed in

Chapter .5.
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Results and Discussion

The fesults are listed in Table 6-1. The disease reactions of
the progenies to the combination of isoiatesweresimila? tq‘tﬁeir
reactions to the single isolate against which they'weré selected.

There were some changes in the percentages in each disease reaction

class and in the 'Disease Index' mean. These were probably due to

the variability among experimental units and because differeht

plants from a segregating F, population were in the tests. It

4

would have been preferable to test the F4 lines to each isolate

separately, but- there was not enough seed of the lines to allow
this.
The results indicate that the resistance of the F4 lines is

nonspecific in action.
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Table 6-1. Disease classification of F progeniés-ﬁhenIinocu;éﬁed )
with a single isolate and a combination.of five dif-
ferent virulence types of Pyrenophora teres, o

Single Isolate . Coﬁbiﬁéﬁi@n pf iég1éte9-'rﬂ

% % .

F, Lines R I S R 1. - s )

2R~7-B 3.3 30.0 66.7 . 9.1 ." '54.5 -36.4"
2R-7-C 0.0 48.3 51.7 25.0' 75.0 0.0
3R-4-B- 89.1 8.7 2.2 54.5 22470 22,7
3R~4-C 78.6 17.9 3.5 -70.0 20.0 10.0
3R-4-E 2.7 45.9 51.4 21.0 63.2. 15.8
3R-4-~G 62.5 9.4 28.1 . 61.5 19.2 19.2
3R-4-H 77.4 19.4 3.2 70.4 7.4 22.2
3R~4-1 93.5 0.0 6.5 76.2 9.5 14.3
19R-3-C 4.5 77.3  18.2 81.8 18.2 0.0
19R-3-D 15.4 84.6 0.0 100.0 0.0 0.0
0 50.0 0.0 100.0 0.0 0.0

22R-5-A 50.7




Chapter-7

SPORE PRODUCTION STUDIES

Keeling;édd Bantarri (l975);féﬁnd théﬁwihepé_were no -differences

iﬁ‘spore germinapion; gefm tube growtﬁ,tof number of éénetfations_oﬁ‘
leaves of rééistant.aﬁd suéceétibLe béf;ey. 'Spofulétiénl;f the |
fﬁqgus ép.ékci;edileaées was f§und Eo'aiffef éignifigéqtiy be-

tween resfétént.aﬁd'Suséeﬁtibie:gﬁitivars;f'Méfe time was réquired
for -sporulation to occur and the aﬁouﬁt-of spprﬁlati;ﬁ_waélsigpi—‘
'ficantly less o§ resistant'cultiyars.  Afstudy wés initiatgd to"
compare some of éhé Fa’pfogeﬁieérgga their pgrenégfon>tﬁe bésis of

sporulation on excised leaves.

Materials and Methods

'Four’Fa pfogeniés of each cross, BB F2 #2 (Ci 2330 x.Firlbeqk'sJ

Ii;),éﬂd BB th#é kCI 2330 x Hectdrj were tested forvthe t;mel
_réquired forusborulation to occur and,the:number.of spores producedv_
per ﬁnit area ofhléaf.’ Six leaves of each ?4 brogeny aﬁd theirA
parents were cdllected at_the ﬁimé df diseésg rating. TAlSVCm sec4n
tidn‘of each leéf,co#féiﬁing lgsioné waéféﬁrfaée‘sterilized fér‘jé'A
sec in 0.5% NaCIQ. - The leaf éecfioﬁs Qefg ;lacgd on miﬁroscope
slidés which were placed in moist chambérslj The moist chambefs.
'werg placed in an incubation chambér at ;7rlBOngﬁd §ingIhrs.of

. light:(ZO waft“cool¥whife ﬁlu0£esceﬁt). %ﬁé'leaQes wéré éepgf&ted’

into three replications with two leaves.of each F, progeny ‘and their
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patrents in each replication."The leaves were inépected at 24 hr S
intervals for the occurrence of-spbrulation::'The number of Sporés
produced was‘détefmineé'five days aftér éhe‘staft of iﬁéﬁﬁétion.' fhe‘_
spores were éouﬁted through a stereoscope at 63X magnifiégtion., Céqﬁts
were made on four 0.64 mm2 areaé of each leéf.. The areas were'Choéeﬁi
at random on each 1eaf‘piecé. :Ihe average of the fdﬁrléoﬁnté was
computed for each leaf and stgndardized‘to the nﬁmbéf-of séérés'pér
mm?. These means were used to compute aﬁ analyéis-of7va£iahce fﬁr'

the F4 progenies anq their parents. The individual leaves of each
line wefe treated és subsamples in the aﬁalyéi;. Linear cémparisdps
were made betwéen the méan‘of each Fg-progeﬁy and the meaﬁ-of the two
parents (mid—parent yalué) and between the mean of each Fﬁlprogeﬁy'

and the mean of the best parent (lowépéréht value).’

Results and Discussion

The results are listed in Tgbleé 7-1 and 7-2, ~ The data fdr
'Time Required for Sporuiation' show the number of leaves out
of six on which éporulation héd occurred at 24 H¥ intervals. In
Table 7-1 (d;ta for- CI 2330 x Firlbeck'é I11) ie can”be'seén.that
two of the F4 lines had leaves which réduiyed‘a longer period for.
sporulafion tﬁanﬁFirlbéck’s III, the low-parent. -Théée.tﬁo lines pro-
duced numbers of sﬁores per mm2 of.léaf tﬂat,were significantly 1e$si

- (5%) than the mid-parent value, but not less than the low-parent value.
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In Tab;e 7-2 (data for CI 2330 x Hector) it can be seen that ali
four F4 Lines had 1eaveé which required a longer period for |
sporulation than either.parent. These lines also prdduced fewer
spores per mm2 of leaf than either pareﬁt. .The mean.number.éf
line was significantiy less (5%)

4 -

.than the mid-parent and low-parent means.

spores produced by each F

It is p}obable that more differences could have been detégted
betwéen the parents and F4 progenies of CI'2330 X Firlbeck'é II1
if the spore counts had been made at 72 or 96 hrsipéteadof 120 hrs.
All leaves of both parents had produced spores by 48 hrs and prob-
ably had maximum sporulation at 72 hrs,-so there would have been
no difference in the'number of spores producéd if-fhe.counts ﬁadbeen
made earlier. This would have represented natural conditions more
closely, as well.

The'F4 lines of CI 2330 x Hector exhibited a'high level of
resistance; typically type 1 or type 2 lesions, so it was nét sur-—
prising that they were better than the pa;ents.

This technique was very time consﬁming, but it could be
valuable in detecting differences among cultivars that exhigit
intermediate or susceptiblehreactions. Tﬁe plarnt chafacters-that

affect sporulation of the pathogen are fypical of .those

usually associated with minor gene, nonspecific resistance. . These
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factors can be very important in retarding the developmént of an

epidemic.




Table 7-1. Sporulation of Pyrenophora teres on excised leaves of
F, barley lines and parents of the cross CI 2330 X

Firlbeck's III.
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TIME REQUIRED FOR SPORULATION

. 24 hrs
P, (CI 2330) 6/6>
Pz-(Firlbeck's ITI) 0/6
F,~1(2R-5-A) 1/6
F,~2(2R~7-A) 4/6
F,~3(2R~7-B) 1/6
F4—4(ZS—2—A) ' 1/6

28 hrs

6/6
476

6/6

6/6 -

4/6

7

" AMOUNT OF SPORULATION

Line
Pl(CI 2330)
PZ(Firlbeck's III)
F4—1(2R—5—A)
F4—2(2R—7—A)
F4—3(2R—7—B)
F4—4(ZS—2—A)

Mean # Spores/mi‘n2

2 hrs

6/6

4/6

96 ‘hrs . .

33,
17.
11.
22,
22.
13.

6/6

ZNumber of leaves with sporulation/total number of leaves.

bSlgnlflcantly less than mid- parent mean (MP) or both mld—parent and

low-parent means (MP & LP) at the 5% level.
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Table 7-2. Sporulation of Pyrenophora teres on excised leaves of
F4 barley lines and parents of the cross CI 2330 x

Hector.
TIME REQUIRED FOR SPORULATION -
24 hrs 28 hrs 72 hrs 96 hrs-
P, (CI 2330) 4/6 - 6/6% '
PZ(Hector) 4/6 6/6
F4—l(3R—4—G) 2/6 _ 3/6 3/6 5/6
F4—2(3R—4—H) 1/6 .. 1/6 2/6 ’ 476
F4—3(3R—4—H) 1/6 1/6 1/6 4/6
F4—4(3R—4—J) 2/? 2/6 5/6 5/6
%MOUNT OF SPORULATION
Line : ) Mean # Spores/mm2
P, (CI 2330)  63.0
Pz(Hector) 64.6
?,~1(3R-4-C) 15.1 *MP & LP”
F4—2(3R—4—H) 16.7 *MP 7 LP
F4—3(3R—4—I) 9.1 *MP & LP
F,~4(3R-4-J) 18.8 *MP & LP

¥Number of leaves with sporulation/total number of leaves.

bSignificantly less than mid-parent mean (MP) or both mid-parent and
low-parent means (MP & LP) at the 5% level. .




Chapter 8

CROSSES OF COMMERCIAL CULTIVARS AND SCREENING

F2's IN FIELD AND GREENHOUSE

Crosses were made between 29 susceptible commercial cultivars to

| determine which of these cultivars might be good sources of minor
gene, nonspecific resistance to P. teres. The parentage of the
cultivars was taken into consideration so that only cultivars from
diverse backérounds were crossed. | The F2 progeniés were screéned
for resistance in the field and -in the growth chamber to'determine
which techniq;e was most likely to detect low levels of resistance

in the FZ generations.

Materials and Methods

The crosses.were made in the summer of 1979. The culfivars
were included in the recurrent gselection population crossing block.
One or two heads were used for each cross. ‘The crosses were made
at random among unrelated éultivars, deﬁending on'Which cultivars
were ready on a given day. A total of 81 crosses were‘made using
26 commercial cultivars, many of which are currently grown in Montana.
The ¥, seed was sent to Arizona to be grown in the winter nurseries

1

"at Mesa. The four best Fl plants were harvested individually.

Approximately 1000 FZ seeds from one or two ¥. plants of 20 of the

1

crosses, were planted in the 1980 Bozeman disease nursery, each ina plot

of four 60 fr. rows, The parent cultivars werec planted’in single
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10 ft rows. The plots were inoculated two times with a combinafian of
isolates (as described in Chapter 3); the first time 33 days after
planting witﬁ approxiﬁately 40,000 spores per ml, and the second time
eight days later with approximately 50,000 spores per ml. The plots
received rain just prior to, and after both inoéulations, so it was
not necessary to cover the inoculated plots with plastic to'méintain
a high-relative humidity. Low volume, sprinkler irrigation was used

about one week after the second inoculation to wet the plots and

promote secondary spread of disease. Disease resistance was evaluated

when the plants were in the heading stage. Eight, 10~plant samﬁles,
two from each row, Qere taken in each population. Each plént was

rated for reaction type and percent leaf area affected (as described
in Chapter 5). The leaves at the second and third nodes Qére evaluated
and an average value recorded. Ten.plants of each parent cultivar
were also rated.

Each of the populations and their parents were also screened for.
resistance in a controlled-environment rqoﬁ to a single isolate, Pt R
(as described in Chapter 4). At least 80 plants.of each population and
10 plants of each pérent cultivar were réted for reaction type and
percent of the leaf area affected (as descfibedvin Chapter 5).

Results and Discussion

{ .
Frequency distributions for the‘F2 data were plotted and the .
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/
means and standard deviations of the F2 populations and pareﬁt culti-
vars were eomputed. Comparison of the field and growth chamber data
showed that the F2 populations and their parents generally had lower
'Disease Index' means and were less variable under field conditions
than in the growth chamber (Table 8-1). The lower 'Disease Index'
means observed in the field could have been die to mature plant re-
sistance or to environmental conditions that were less than optﬁmyn
for disease development. This was relatively unimportant compared to
the variability of the populations. The fact thet each of the 20 Fé
populations was more variable in the gfthh chamber tests may be
valuable to the breeder. The variability observed in the'F2 popele—
tions tested in the growth chamber would not have been‘due to the
environment because it was kept relatively constant and at optimum
COnditione. Therefore, the variability must have been due to genetic
causes. This indicated that plants with low levels of resistance due
to minor genes were expressing that resistance in the seedling stage.
Some of these plants;probably'showed their resistance in the field, but
it was not easily recognizable.. Coﬁsequently, more transgressi?e
segregation could be recognized in the growth chamber than in the
field. Therefore, selection for transgressive segregates weuld Have

been easier in the growth chamber than in the field.'
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Most of the F, populations has 'Disease Index' means that were
between the means of the parents in both field and growth chamber
data. One F2 population had means that were less than the low-
parent means in, both the field and growth chamber. This was the popu-
latiop from the cross Mona-Arivat x Atlas 68. This was good evidence

for transgressive segregation. Three F_, populations showed evidence

2
of transgressive segregation in the growth chamber, but not in the
field. These weré from the crosses Hector x Manker, Palliéef x
Vanguard, and Atlas 68 x Mona-Arivat. Three F2 populations showed
evidence for transgressive segregation in therfield, but not in the
growth chamber. These were from the reciprocal crosses Compana x
Atlas 68 and Atlas 68 x Compana and from the cross Karl x Betzes.

The F2 populations of the reciprocals Atlas 68 x Mona~Arivat and
Mona-Arivat x Atlas 68 were interesting. The former showed trans-
gressive segrégation in the growth chamber, but not in theAfield,
while the latter showed transgressive segregation mostly in the

field, and only slightly in the growth chamber. The cross Mona-
Arivat x Atlas 68 was more resistant than the reciprocal in the field,
while the reverse is true in the growth chamber. This probably

involved the penetrance and expressivity of the resistance gene(s)

in Atlas 68,
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It is interesting to note that these segregations would have

probably gone unnoticed if only ‘qualitative ratings were used.
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Table 8-1. Comparison of field and growth chamber screening of F
barley populations and their parents by 'Disease Index'

values.

Cross

Klages x Larker

Vanguard x Palliser

Vanguard x Ingrid

Vanguard x Freja

Karl x Betzes

Hector x Freja

Hector x Manker

‘Palliser x Vanguard

Mogord g g

 td rd

'"Disease Index' Values

:‘ 50.

12,

O o -

Field

X SD
22.4 10.2
13.6 4.7
15.9 4.4
38.5 10.1
14.0 5.7
21.6 4.4
38.5 10.1
15.1 3.4
19.9 4.9
38.5 10.
10.4 3.
21.2 4.
36.0 11.4
46.0 17.1
23.4 5.0
0 18.4
10.4 3.9
29.6 8.2
50.0 18.4
8 5.6
26.0 6.0
14.0 5.
28.5 10.
24.8 4.

S~

Growth Chamber

x SD
47.0 10.3
48.0 12.1
57.9 20.4
39.4 12.6
49.0 8.8
49.6 18.7
39.4 12.6
28.6 7.2
33.9 14.6
39.4 12.6
21.5 7.2
34.7 10.3
21.6 13.1
42.5 8.6
35.7 20.7
49,0 8.8
21.5 7.2
26.5 10.3
49.Q 8.8
43.2 12.4
34.0 11.4
49.0 8.8
39.4 12.6
29.3 11.3
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Cross

Hypana x Atlas 68

Betzes x Ingrid

Ingrid x Klages

Ingrid x Vanguard

Compana x Atlas 68

Firlbeck's III x Freja

Lud x Palliser

Freja x Vanguard

Manker x Hector

'Disease Index' Values

Field
x SD

15.6 4.8
41.0 14.0
21.8 4.3
46.0 17.1
15.1- 3.4
29.3 6.7
15.1 3.4
22.4 10.2
33.0 6.

15.1 3.4
38.5 10.1
26.2 4.6
54.5 14.9
41.0 14.0
29.1 8.0
13.2 6.5
10.4 3.9
21.1 3.2
10.8 4.6
14,0 5.7
22.7 3.6
10.4 3.9
38.5 10.1
23.9 3.6
12.8 5.6
50.0 18.4
31.3 8.4

Growth Chamber

x SD
24.3 15.2
7.5 6.6
24 .4 17.7
42.5 8.6
28.6 7.2
45.1 16.3
28.6 7.2
47.0 10.3
42,3 13.7
28.6 - 7.2
39.4 12.6
33.0 12.8
39.5 6.4
7.5 6.6
11.8 '13.2
30.5 15.2
31.5 7.2
42.6 10.2
41.9 23.0
49.0 8.8
48.5 18.6
21.5 7.2
39.4 12.6
40.3 14,5
43.2 12.4
49.0 8.8
44 .9 14.0
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Cross

Atlas 68 x Compana

Atlas 68 x
Mona—~Arivat

Mona—Arivat x
Atlas 68

"Disease Index' Values

Field

x SD

41.0 14.0
54.5 14.9
26.1 7.6
41.0 14.0
12.8 4.9
20.4 2.6
12.8 4.9
41.0 14.0
8.9 3.0

Growth Chamber

X SD
7.5 6.6
39.5 6.4
16.3 13.6
7.5 6.6
‘26.6 11.3
3.7 6.9
26.6 11.3
7.5 6.6




Chapter 9
DISCUSSION

Since P. teres, the causal organism of netiblotch disease of
barley,'is so highly variable, the development of resigtant cultivars
should be aimed at resistance that will be effectiQe against é wide
range of virulence types. There are several known sources of ‘re-
sistance to P. teres, most are single, dominant genes. Bjarko
(1979) found at least five different genes for resistance. The
sources of these genes, and other sources of resistance, have been
incorporated into recurrent selection populations é@ Montana State
" University (Bockelman, et al., 1981) in an attempt to develoﬁ broad
based resistance to net blotch.

Broad based resistance can be established with both major and
minor genes. The use of mﬁltiple major geneé, those that impart
a high Jlevel of resistance to a specific virulence type or race,'can
be highly effective in'disease control. Modern wheat cultivars
that are resistant to stem rust, caused by PucciniaZgramiﬁis Pers.
ex Pers. subsp. graminis f. sgitritiai (Erikss. and E. Henn.), in
various parts of the world, utilize multiple genes for specific
resistance rather than single genes alone (Watson, 1970). Late blight
of potatoes, caused by Phylophthora infestans (Mont.) de Bary, is
commonly controlled by cultivars with several major and minor genes.

for resistance (Melson, 1978; Watsonm, 1970).
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The success of such genotypes probably depends on several
factors. One is the reduced probébility that a strainof the pathogen
can arise that has gained two or more genes for virulence. A related factor,
proposed by van der Plank (1968), is that strains with several |
genes for virulence tend to lose fitness, so cultivars with severai
genes for resistance may be more stable in their reaction to
disease. The possibility that genes will act in additive or com-
plementary relationships to enhance the level of resistance sﬁbwn
by the particular genes alone could be importanf in tﬁe sﬁccess of

- 3
a broad based resigtance.

The use of major, specific genes alone has some disadvgntages
to the use of major and minor genes together or minor genes a;one.
Most of the virulence changes noted in the past have beeq
due to the use of cgltivars with specific genes fér resiétancé.
Though resistance provided by multiple major genes can be highly'
effective, it may be rendered ineffective by growing lines in which
the genes occur singly. It has been nqtéd that in wheat, tﬁe pro-
gressive accumulation of genes for resigtance'to stem rustvhas
been paralleled by the evolution of strains with several corres-
ponding virulence genes (Watson, 1970). Similar evolution af

complex strains has occurred with the late blight fungus through

a series of steps (Nelson, 1978; Watson, 1970).
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The use of multiple mgjor genes can be effective in disease
control; however, fesistaﬁce due to the additive effects of minor,
nonspecific genes is ﬁore likeiy to provide a permanent resistance
(Hooker, 1967; Watson, 1970).' Resistance of this type has been |
called various names such as general, horizontal, minor gene,
quantitative, nonspecific, and others. It is characterized by
having no affinity with specific resistancé; which is recognized
by hypersensitivity and a correspondence between host and pathogen
genes. Nonspecific resistance is geneérally under polygenic coﬁtrol

and results from complex systems of many different characters in

+

the plant that have effects on the host—pathogen rélationship. Its
effect on plant disease includesfactors such as reduced number and
size of lesions, reduced sporulation:and longer latent period.
Resistance of this type is usually very stable and long lasting
because the mechanisms that contrél resistance are under polygenic
control and are not specifically related to genes for virulence in the
pathogen} so, they tend to stabilize the pathogen population rathef
than affect the origin of new strains (Robinson, 1973; van der
Plank, 1968)..

Epidemiologically, major gene, specific resistance delays the
onset of an epidemic, whereas minor gene, nonspecifié resistance

slows it down oncé it has started. For man& diseases, crops could
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be adequately.protected by moderate levels of nonspecific resistance.

The effectiveness of minor gene, nonspecific resistance in
preventing yield losses was shown by Sharp and Volin .(1970). Théy
showed that a wheat line with only one detectable minor gene for
resistance to stripe rust, caused by Puccinia striiformis Westend.
var. striiformis, gave a susceptible reaction under epidemic con-
ditions in the field, yet the severity ratings increased at a slower
rate than the susceptible checks. The yield of this linelwas not
reducéd, whereas susceptible checks were reduced more than 507 in
yield.

The combination of bofh major and minor genes for‘reéistance
in a cultivar can be valuable. If and when the:major genes 'break
down,' the level of resistance imparted by the minor geneé will
protect the cultivar from severe damage. Late blight of potatoes
is a prime example of the use of both major and minor genes. Another
is stripe rusf of wheat. Lewellen, et al. (1967) showed that the
resistance in wheat to a specific pathogenic type was caused by.
both major and minor genes conditioning resistance. Lines were
isolated from the cross PI 178383 x Itana that had one, two, and
three minor genes (Sharp and Hehn, 1967). The minof genes acted
additively, with three genes conditioﬁing a higher degree of

resistance than two, and two a higher degree of resistance than one.
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The major gene was epistatic to the minor genes, but in the absence
of the major gene thé minor genes conditioned moderate resistance.
Sharp and Volin (1970) showed fhat the minor genes were ﬁonspécific
in that they reacted similarly to several different virulence
types. They also showed that the vériety Moro, which contains
only the major resistance gene from PI lf8383, was -susceptible to-
a particular isolate that had the corresponding vifulence gene,
whereas Crest and PI 178383, which contain the major gene plus
some minor genes, were intermediate in reaction. A line from
PT 178383 x Itana was resistant to this same isolate, It waé
apparent that the susceptible éultivar Itana had contributed one
minor gene which had additive effects with those ffoﬁ'PI 178383
to condition a high level of resistance.

Resistance that is inherited polygenically might be expected
to show transgressive segregation. Indeed it has been_shown‘in a
number of cases. Hooker (1967) showed that transgressive segrega—
tion for resistance to corn rust, caused by Fﬂcéinia sorghi Schw.,
was not common. Toxopeus (1961) showed that it occurs in potatoes
for late blight resistance. Krupinsky and Sharp (1979) demonstrated
transgressive segregation for resistance to stripe rust in wheat.A
Bjarko (1979) found evidencelfor transgressive segregation in

barley for net blotch resistance. Scharen and Bryan (1979) found trans—

gressive segregation for resistance to Septoria nodorwm in spring wheat.,
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Sinée thehincreased resistance associated With transgressive
segregation depends on the additive effects of minor genéé,-it
might be expected that crosses between cultivars of diverse
origin would most likely result in transgressive segregation.
Surely it would be more likely bgtween diverse cyltiyaps than in
érosses beéween related cultivars that have a‘large proportion
of their genes in common. Many crop cultivars are likely to
possess minor genes effective against patﬁogens even though tﬁey
may appear susceptible. It often takes special envirommental
conditions to detect these éenes. Detection may -be complicéted if
major genes are:present.that are epistatic to the minor genes.

The use of.nonspecific minor geneé in developing resistant
cultivars may not be as difficult as expected. from the stand-
point of manipulation in a breediﬁg program, it is easier to deal
with a Frait géverned by one or a few genes than with one governed
by many genes. Also, the expression of nonspecific resistance is
usually, but not élways, less clear-cut than that of specific
resistance, so it is harder to recognize and classify plants with
nonspecifié¢ resistance. On the other hand, since minor gene re-
sistance 1is usual;y nonspecific, it is not necessary té'screen
material with an array of virulence types; the resistance will be

expressed similarly regardless of the virulence type used.
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Furthermore, minor gene resistance is largely due to additivé gene
actions dominance and epistasis effects are usually variaﬁle and
of less importance and heritability values are moderate to highA
(Simmons, 1972). Consequently, minor gene, nonspecific resistance
can be manipulated easily'in a breeding program.

This study was fairly broad in scope. Little was known about
the occurrence of additive resistance in barley to net blotch.

Bjarko (1979) found evidence for it in five F, populations that

2
he tested. This study was initia;ed to follow up on Bjarko's
findings, and determine if acceptable levels of resistance could
be attained from crosses between susceptible cultivars.

F, plants were selected under disease condipions in the field.

2

Their F3 progenies weré screened and selected for seédling Fesis-
tance to a single isolate of P. teres. The selected plants were
grown to maturity in the greenhouse and the reéulting F4 pfogenies
were screened for seedling resistance to tﬁe,same isolate. Some

of the best F4 lines were also screened to a combination of isolates
representing all five Montana virulence types. The resisténce of
the lines was similar to both the siﬁgle isolate>and the combination
of isolates. This indiéates that the resistance‘is nonspecific in

action which is typical of polygenically controlled, additive

resistance.
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A method of quantifying resistance was established that pro-
vided a way to detect small differences in levels of resistance.
Differences in the resistance of lines wefe detected by uéing this.
method, that were not detected by qualitative methods.

- Many of the F, lines had high levels of resistance to all of the

4
Montana virulence types. These high levels of resistance were not
observed in the F2 and F3 generations, indicating thgt the ;esis—
tance is not due to dominant gene action, but to additive gene
action.

The use of commercially accgptable cultivars as the parents in

the crosses avoided the undesirable agronomic traitsithét are

commonly associated with sources of resistance. The F, lines

4

that were established in this study could probably be.used to
develop agronomically acceptable cultivars with a minimum of
selection. These cultivars would have the advantage of nonspecific
resistance to net blotch which is likely to be very loﬁg lasting
and stable. |

Comparisons of the disease reaction of 20 F_ populations in

2
the field (mature plant stage) and growth chamber (seedling stage)
indicate that transgressive segregation for resistance is more

likely to be detected in the seedling stage. This has important

implications in breeding programs. If early selection for
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resistance is desired, it would be best accomplishea in the
seedling stage. This would require growing many plants to
maturity in the greenhoﬁse which can be a problem; An alterna-
tive approach would be to bulk the F2 and F3 generations and
start selection in the F4. High levels of resistance were observed '
among and within the F4 progenies that were tested, so bulked F4
populations should contain numerous plants with detectable resis-.
tance. Therefore, selection could be made without limiting the

genetic variability of the population. This should insure the

selection of agronomically valuable traits as well as resistance,
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