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Abstract:

Pyrenophora spot blotch (PSB) caused by Pyrenophora teres Drechs. f. sp. macu/ata Smedeg. is a
newly reported and an important disease on barley (Hordeum vu/gare L.) in Montana and other parts of
the world. Research was initiated to gain a better understanding of the disease, pathogen and host
parasite interaction. Tests conducted to determine the pathogenic variation of 14 PSB isolates from
Montana, Morocco, Tunisia, and Turkey using 20 barley cultivars under growth chamber conditions
showed smaller lesions and higher amount of chlorosis and necrosis with the Montana isolates than
with isolates from North Africa and Turkey. Cultivars Unitan, C1 9214, CI 5401, CI 9440 and C1 9776
were resistant and Dekap, KIages, Nupana and CI 13727 were susceptible to all isolates. Cultivars CI
7584, C19819, C1 9825 and Tifang showed differential reactions between the PSB isolates from
Montana and other countries. Isolates Turk 74-Pt6, Tun 79-30, Mts Plent82 and Mts Eddy 82-5 were
the most virulent among 15 isolates. A study on conidium and conidio-phore characteristics of PSB
isolates revealed that isolates from Morocco and Tunisia produced significantly longer conidiophores
while Montana isolates produced a higher number of geniculations. The basal conidium cell was
rounded in Montana isolates and conical or snake-headed in the isolates from North Africa. A
comparison of two isolates from Montana and Morocco showed no differential effects on yield
components and spike length averaged over four barley cultivars. Infected cultivar Dekap showed
reductions as high as 75% in kernel number and 16% in kernel weight. Symptoms varied between
cultivars screened in the growth chamber and in the field. Cultivars Tifang, Minn 21, Himalaya,
Oderbrucker, CI 1615, C1 5401, C1 6475, C19214, Cl, 9440 and C1 9776 were resistant in both
conditions. Cultivars showing good sources of resistance were studied in the F1 F2 and BC1
generations to determine gene action and gene number conditioning resistance to a PSB isolate.
Crosses involving resistant and susceptible barley cultivars showed often a monogenic or digenic
recessive resistance in the growth chamber and often a monogenic or digenic dominant resistance in the
field. Among the various crosses evidence was also found for multigenic resistance, maternal
inheritance, transgressive segregation, and no allelism.
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ABSTRACT

Pyrenophora spot blotch (PSB) caused by Pyrenophora teres Drechs. f. sp. maculata
Smedeg. is a newly reported and an important disease on barley (Hordeum vulgare L.) in
Montana and other parts of the world. Research was initiated to gain a better understanding
of the disease, pathogen and host parasite interaction. Tests conducted to determine the
pathogenic variation of 14 PSB isolates from Montana, Morocco, Tunisia, and Turkey using
20 barley cultivars under growth chamber conditions showed smaller lesions and higher
amount of chlorosis and necrosis with the Montana isolates than with isolates from North
Africa and Turkey. Cultivars Unitan, Cl 9214, Cl 5401, Cl 9440 and C| 9776 were resistant
and Dekap, Klages, Nupana and Cl 13727 were susceptible to all isolates. Cultivars Cl 7584,
C1 9819, C1 9825 and Tifang showed differential reactions between the PSB isolates from
Montana and other countries. Isolates Turk 74-Pt6, Tun 79-30, Mts Plent82 and Mts
Eddy 82-5 were the most virulent among 15 isolates. A study on conidium and conidio-
phore characteristics of PSB isolates revealed that isolates from Morocco and Tunisia
produced significantly longer conidiophores while Montana isolates produced a higher
number of geniculations.. The basal conidium cell was rounded in Montana isolates and
conical or snake-headed in the isolates from North Africa. A comparison of two isolates
from Montana and Morocco showed no differential effects on yield components and spike
length averaged over four barley cultivars. Infected cultivar Dekap showed reductions as
high as 75% in kernel number and 16% in kernel weight. Symptoms varied between culti-
vars screened in the growth chamber and in the field. Cultivars Tifang, Minn 21, Himalaya,
Oderbrucker, Cl 1615, Cl 5401, Cl 6475, Cl 9214, Cl 9440 and Cl 9776 were resistant in
both conditions. Cultivars showing good sources of resistance were studied in the F,, F,
and BC, generations to determine gene action and gene number conditioning resistance to
a PSB isolate. Crosses involving resistant and susceptible barley cultivars showed often a
monogenic or digenic recessive resistance in the growth chamber and often a monogenic or
digenic dominant resistance in the field. Among the various crosses evidence was also
found for multigenic resistance, maternal inheritance, transgressive segregation, and no
allelism, '




rli_\ITHODUCT‘ION

Barley (Hordeumn vulgare L.) is an important cereal crop and ranks fourth in area
among world crops harvested. It is used mainly for animal feed and malt in the brewing
industry. In many developing countries, barley'is also used for food in different forms such
as gruel, soup, bread, roasted grain and flour. It is grown mainly in the temperate regions
of the world, requires a moderate climate, and grows well in areas where the ripening
season is cool and long. Barley is subject to various fungal, bacterial, viral and noninfecti-

ous diseases. Among the many destructive diseases of barley, three Helminthosporium

disease complexes known for a considerable time are spot blotch caused by Cochliobolus

sativus {Ito and Kurib.) Drechs. ex Dast., teleomorph of Bipolaris soroki/_viané (Sacc.)
Shoem. {(Syn. He/minthosporium sativun Pam., King, and Bakke); barley stripe caused by
Pyrenophora graminea 1to and Kurib., telemorph of Drechslerg graminea (Rab.) Shoem,
(Syn. Helminthosporium gramineum Rab.); and net blotch caused by Pyrenophora teres
Drechs., teleomorph of Drechslera teres (Sacc.) Shoem. (Syn. Helminthosporium teres
Sacc.). Recently, however, one more Helminthosporium disease causing s;ppt‘ symptoms,
similar to those caused by C. sativus, and morphologically similar to P. teres, has been
occasionally reported in epidemic proportions from diverse areas of the world.

Although the first spot symptoms of the disease were observed b;l McDonald ( 1967)
in Canada, Smedegard-Petersen (1971) was the first to demonstrate that the spot.produc-
ing pathogen differed from the net blotch pathogen only in symptom productioﬁ on barley
and designated then by two common names: net-blotch and net-spot blotch. Consequently

he described two new forms, Pyrenophora teres Drechs f. sp. teres Smedeg. for the pathogen

Ll




2
producing net blotch and Pyrenophora teres Dl;echs. f. sp. mabu/ata Smedeg. for the
pathogen producing net-spot.

In 1981, severe spot symptoms were obsehed on many barley cultivars at Fairfield,
Montana. The spot symptoms weré indistinguishable from spot blotch but conidia of the
pathogen were similar to those of P. teres. Almost all cultures of such spot samples col-
lected from Fairfiéld, induced spot symptoms on barley seedlings in the growth chamber.
Although an accurate detérmination of losses at Fairfield was not made, it was estimated
that the loss of barley grain yield exceeded 5%. A loss of 12-17% in barley grain yievld was
reported from Canada (Tekauz, 1978), as much as 27% in Australia (Khan and Tekauz,
1982) and up to 11% in Denmark (Smedegard-Peterseﬁ, 1976) due to net blotch and the
new disease.

The fungus isolated from the spot samples from the field never induced “net” symp-
toms either in the seedling or adult plant, when tested under growth chamber and field
conditions. The common name “net-spot blotch’’ designated for the new disease by
Smedegard-Petersen (1971) may be somewhat misleading to both growers and research
scientists. Therefore, a new common name ‘‘Pyrenophora $pot blotch™ for the spot disease
caused by Pyrenophora teres Drechs. f. sp. maculata Smedeg. is proposed and the néw
commbn name Pyrenophora spot blotch (PSB) is used throughout this dissértation.

Since PSB is a new disease on barley in Montana, there is a paucity of information
pertaining to the morphology of the pathogen, distribution of the d'isease, pathogenic
variation of different isolates, effects on yield components, sources of resistance and inher-
itance of resistance in barley cultivars. Therefore, the following objectives were established;

1. to determine distribution, origin and pathogenic variation of the different isolates

of Pyrenophora teres f. sp. maculata;

2. to compare the morphological characters of the different isolates;

3. to assess the effects of PSB on yield components of barley;
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. to identify sources of resistance to PSB isolates both in field and growth chamber

conditions; and

to determine the number of genes and their action involved in conditioning resis-

tance in barley.




REVIEW OF LITERATURE

- Origin and Distribution

Pyrenophora spot blotch (PSB) caused by Pyrenophora tere§ f. sp. maculata (P, teres
f. sp. maculata) has been reported from many barley growing areas of the world. Working
with isolates of Pyrenophora teres f. sp. teres (P. teres f. sp. teres), causal organism of net
blotch from North America, Mexico, Israel and Holland, McDonald (1967} first found two
isolates, one from Canada and one from lIsrael, that induced spot symptoms similar to spot
symptoms caused by Pyrenophora japonica ito & Kurib. (I1to and Kuribayashi, 1931). He
considered those spot causing isolates to be mutant strains of P. teres f. sp. teres. Later, he
confirmed that spot symptoms were a result of mutation at one 0|: two loci of the patho-
gen. Parmeter et al. (1963) reported that heteroplasmosis, heterokaryosis, parasexuality
and mutation may all cause variation in plant pathogenic fungi but believed that spontane-
ous mutation was the most common phenomenon of variation. Smeaegard-Petersen (1976)
indicated that inter- or intra-specific crosses are common and could be majar sources of
variation in Pyrenophora spp. However, PSB in Canada and Australia was believed to have
originated from infected seed imported from the Scandinavian countries (Khan and Tekauz,
1982; Takauz and Buchanon, 1977).

Pyrenophora spot blotch has been reported in Australia (Khan and Tekauz, 1982);
Canada (Tekauz and Mills, 1974); Denmark (Smedegard-Petersen, 1971); Finland (Makela,
1972), Germany ‘and Jordan (Mathre, 1982); Norway (Hansen and Magnus, 1969),
Morocco; Tunisia; Turkey; and the U.S.A. (Bockelman et al., 1983). It was more common
than net blotch in Denmark, Finland and Norway (Hansen & Magnus, 1969; Makela,

1972; Smedegard-Petersen, 1976). In Canada, the frequency of PSB ranged from 3-4% of




5
the number of fields surveyed (Tekauz, 1978). In the USA, the disease has been reported
only from Montana (Bockelman et ai., 1983). Since PSB symptoms are difficult to distiﬁ-
duish from spot blotch and net blotch in the field, its presence in other states cannot be
excluded. In 1981, PSB was severe on all barley cultivars at Fairfield, Montana (Bockelm'an
et al., 1983). Since the first report of the disease in Canada (McDonald, 1967) the disease

has appeared in many countries.

Disease Symptoms

The symptoms produced by P. teres f. sp. maculata on barley leaves are spots of vari-
ous shapes‘ and sizes in contrast to typical dark brown longitudi'nal and transverse net-like
necrotic streaks caused by the net blotch pathogen. Smedegard-Petersen (1971) observed
distinct dark brown lesions measuring 3-6 mm in Iengith and surrounded by a chlorotic

zone of varying width on the leaf blade. According to him, the chiorosis becomes extended

and the leaves eventually become necrotic from the tip to the base of the leaf blade. He

. emphasized that extensive chlorosis and necrosis are much more important symptoms than
necrotic lesions in causing yield reduction in barley. The amount of chlorosis and necrosis
reportedly varies with isolates of the pathogen and with the barley c.:ultivars (Smedegard-

Petersen, 1971). Hansen and Magnus (1969) pointed out that the spot symptoms caused
by the PSB pathogen often resembled the spot blotch caused by C. sativus and it was
necessary to examine the conidial mérphology of both pathogens to determine the true
causal agent. Makela (1972) observed two types of dark brown spots on barley in Finland:
big spots measuring 0.5-19 X 0.5-3.0 mm and small spots measuring 0.5-3.0 X 0.5-2.00 mim.
Eliiptical, fusiform or irregularly shaped necrotic lesions were the common symptoms
observed with this pathogen in Canada (Tekauz and Mills, 1974). No mention has been

made about the infection in other parts of the plant with this pathogen. Smedegard-Petersen
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(1976) has described four different kinds of symptoms commonly observed on the leaf

blade of barley:

1.

P w0

dark brown necrotic lesions,

chlorosis,

water soaking of affected tissues, and

general necrosis and blighting.

Disease Rating

Investigators have used different rating scales to denote the incidence and the severity

of PSB. Smedegard-Petersen (1971) used five classes to record PSB after modifying the °

scale devised earlier by Buchanon and McDonald (1965). His rating scale was based on

lesion type and amount of chlorosis and is described as follows:

0
1

2
3
4

no lesions or very few lesions not exceeding 1 mm in size, no chlorosis;
well defined dark brown lesions, 1-3 mm in size, no chlorosis;

well defined dark brown lesions of varying size, slight necrosi;;

dark brown lesions of varying size surrounded by chlorotic tissue; and

necrosis of varying size, large areas of leaves chlorotic or dead.

Tekauz' and Buchanon (1977) recorded PSB reactions in the seedling stage using a 0-16

rating scale, in which 0 denoted no observable symptoms and 16 denoted large areas of

host tissue affected. They considered relative size of the necrotic and chlorotic portion of

the lesions. They also measured the disease reactions based on sporulation on excised

diseased leaves after 24-96 hours of incubation.
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Pathogen and Systematics

Pyrenophora teres is the teleomorph of Drechslera teres (Syn. Helminthosporium
teres). (Drechsler, 1923; Ellis, 1971; Luttrell, 1977; Shoemaker, 1959). The generic name,
""Helminthosporium,’’ was said to haye evolved from an old genus *’Helmisporium,” which |
was later changed to He/minthosporium by changing the spellihg (Shoemaker, 1959).
Drechsler (1923) studied and described almost aII’graminocoIous species of He/mintho-
sporium and noted clear distinctions of taxonomic separafion. Nishikado (1928) as cited
by Shoemaker (1959) proposed two subgenera, Cy//'ndrb-He/minthosporium, characterized
by having cylindric conidia that germinated from any cell and Eu-Helminthosporium char-
acterized by having fusoid conidia that germinated from an end cell. Ito (1930) proposed a
generic name, Drechslera, for the graminicolous species with cylindric conidia and Shbe-
maker (1959) gave a gen'eric name, Bipolaris, to the species with fusoid conidia. Luttrell
(1963) further differentiated Drechslera, Bipolaris and Helminthosporium based on conidia
formation and pointed out that He/minthosporium developed conidia apically and laterally
while Drechslera and Bipolaris developed conidia only at the conidiophore apex. Recently,
Alcorn (1983) provided a detailed differentiating descriptions of Drechslera, Bipo/aris and
Exserohilum on the basis of septum ontogeny, conidial germination and hilum morphology. :

The teleomorph and the anamoniph of the pathogen causing net blotch on barley have
been studied by various researchers (Drechsler, 1923; Ellis, 1971; Luttrell, 1973, 1977;
Shoemaker, 1959, 1962; Smedegard-Petersen, 1971, 1972). The binomial, Pyrenophora
teres, the causal organism of net-blotch was further divided into ~sut.)-specie;s, Pyrenophora
teres f. sp. teres and P. teres f. sp. maculata for the teleomorph, and consequently, Drech-
slera teres was divided into Drechslera teres f. sp. teres and D. teres f. sp. 'macula.ta for(the

anamorph based on symptom production on barley (Smedegard-Petersen, 1971).
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The genus, Pyrenophora, is an Ascomycete, based on ascospore production; Subclass,
Loculoascomycetidae because of bitunicate asci; order, Pleosporales, because of presence
of pseudoparaphyses; and Family, Pleosporaceae, based on production of dictyosporous
ascosporeés r;éving an anamorph in Drechslera ’(Alexoboulos and Mims, 1979; Luttrell,
1973). The genus, Drechslera, is a Deuteromycete, based on unknown sexual reproduction;
For_m-or.der, Moniliales, based on absence of fruiting bodies; and Form-family, Dematia-
ceae, on the basis of pigmented hyphae, conidiophores or conidia (Alexopoulos and Mims,
1979).

Smedegard-Petersen (1972) first reported the teleomorph of P. te.res f.-sp. maculata in
Denmark. Pséudothecia of the pathogen are dark brown, globose or sclerotia like bodies
with rigid setae and measure about 300-700 X 206-400 1. Asci are bitunicate, hyaline and
club shaped. They measure 172-260 X 31-41 u. Ascopores are yellowish brown, ellipsoidal
and rounded at the ends. They are dictyosporous with three transverse septa and 1 or 2
longitudinal septa. They measure- 48-61 X 18-25 u and germinaté from any or all cells.
Conidiophores of the pathogen- arise singly or iﬁ sma;ll groups of 2-3 from thg necrotic leaf
tissues. They are light brown, straight or flexuous and 2-8 septate with swollen basal cells.

They measure 68-291 X 8-10 u (Smedegard-Petersen, 1971). Conidia are subhyaline, cylin-

_ drical, phragmoid, 2-6 septate and measure 62-138 X 13-18 u. They are sessile with

rounded apical cells and germinate from any or all cells. Catenulation of con‘idia with short
chains of 2 or 3in culture and on éxcised Iéaf tissues has been reported. Smedegard-Peterseh
(1972) also reported the pycnidial stage of the fungus on host tissue and in culture in
Denmark. Pycnidia are globose to pear-shaped, osteolate, yellow to broWn, and measure

64-176 u in diameter. Pycnidiospores are hyaline, spherical or ellipsoidal, nonseptate and

measure 1.4-3.1 X 1.0-1.9 w.
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Culture Media and Culture of the Fungus

All three spore types, conidia, ascospores and pycnidiospores have been reported to
germinate and grow on artificial media (Smedegard-Petersen, 1972). There has been little
work on selective growtﬁ media for culturing P. teres f. sp. maculata. Smedegard-Petersen - )
(1971.) used potato glucose agar, V-g juice agar and lima bean agar to grow the pathogen
in culture. The V-g juice agar has been utilized extensively to grow this pathogen and other
Pyrenophora species (Bockelman et al., 1983; Khan and Tekauz, 1982; Platt et al., 1977;
Tekauz and Mills, 1974). Kafi and Tarr (1966) used three natural and three synthetic
media to study the effects on conidial characteristics of five species of He/minthosporium
and found that the growth, sporulation and morphology, color, and dimensions (especially
length) of conidia were significantly affected by culture medium, glucoselconcentra;cion
and carbon source. Harding (1975) also noted effects of pH and sucrose concentration on
conidium size and septation in four Bipolaris species. Spqrulation of H. teres, the pathogen
of net blotch, was reported abundant at 21°C, moderate at 15°C and less or absent in
other temperature regimes (Onisirosan and.Banttari, 1969). It was also found that ultra-
violet radiation in the region between 310-355 nm is required for conidiophore formation

as well as a dark period for conidium formation.

Cultural Variation, Cross Fertility and Heterothallism

Variation in morphologfcal characters in culture media, such as color; formation and
structure of aerial mycelia, sporulation, etc., have been observed by many investigators
(Drechsler, 1923; McDonald, 1967; Shoemaker, 1962; Smedegard-Petersen, 1971).
McDonald (1967) found that the original cultural phenotypes of most isolates of P. teres f.

sp. teres could be retained through many generations of monoconidial subculture but the
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phenotypes tended to vary-in appearance after repeated mycelial transfers.- Smedegard-
Petersen (1971) reported that many isolates of PSB tended to lose the ability to form
myéelial tufts and.conidia in culture after two or three mycelial transfers. Ability to form
reproductive structures in culture was fouﬁd to be controlled by one gene and morpholo-
gical variation by more than one gene (McDonald, 1967).

Smedegard-Petersen (1977) observed fertile progenieé resulting from crosses between
P. teres f. sp. maculata and P. te‘res f. sp. teres and between P. teres f. sp. macb/ata and
P. gréminea and suggested that the capacity of P. teres to produce spot and net lesions and
of P. graminea to produce stripe lesions on barley was controlled by three gene pairs, Ss to
produce spot lesions; Nn to produce net lesions; and Gg to produce stripe lesions. He also
jndicated that the loci for Ss and Nn segregated independently while those for Ss and Gg
were closely linked.,

McDonald (1963) first detected heterothallism in P. teres f. sp. teres. Fertile pseudo-
thecia developed when different mating types were grown together in plates. Smedegard-
Petersen (1978) also observed heterothallism in PSB isolates and indicated that th_e mating
type in P. teres f. sp. maculata is controlled by a sin;qle gene pair and additional steps in
the reproductive mechanisms té produce pseudothecia and-then ascospores are controlled

by yet other gene pairs.
Toxin Theory

Smedegard-Petersen (1977) isolated and purified two toxins from culture‘ filtrate of
different P. teres f. sp. teres and P. teres f. sp. maculata isolates. He designated A and B
toxins and demonstrated that each could produce disease symptoms bn barley without the
presence of the pathogens. Toxin A was more effective than toxin B in producing symp-

toms. Recently, Bach et al. (1979) characterized three toxins in both PSB and net blotch
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isolates and determined their chemical and structural properties. There was a high relation-
ship between the host range of the toxins and those of the pathogen and between the
virulence of isolates and concentrat_ion of toxins. However, toxins ﬁever producgd the
characteristics necrotic lesions similar to those produced by the pathogen (Smedegard-
Petersen, 1976). Therefore, he suggested that toxins do not determine pathogenecity but

contribute to the virulence of individual isolates;

Pathogenicity and Virulence

The pathogenic nature of PSB isolates was first confirmed by Smedegard-Petersen
(1971). He observed no difference in morphological characters of the ‘pathogens causing
PSB and net blotch, but found two distinct symptom types on barley in Denmark. He
tested 12 barley cultivars, resistant to North American net blotch isolates (Buchanon and
McDon'aId, 1965; Schaller and Wiebe, 1952) and observed differences in reactions of those
cultivars with net blotch and PSB isolates in Denmark. Subsequently, the pathogenic
nature of PSB was reported from Australia, Canada, Finland, Morocco, Tunisia, Turkey
and the USA (Bockelman et al., 1983; Khan.'and Tekauz, 1982; Makela, 1972; Tekauz and
Milis, 1974). Disease reactions between barley cultivars to the PSB isolates were quite
uniform and the range of reactions was narrower than that caused by net blotch isolates
(Smedegard-Petersen, 1971; Tekauz and Buchanon, 1977). Cultivars with totally resistant
and totally susceptible reactions were not observed with PSB isolates and generally, the
PSB pathogen was considered less pathogenic than the net blotch pathogen based on iesion
characferistics and extent of chlorosis and necrosis. Tekauz and Buchanon (1977) noted
that the average symptom ratings‘o‘f some ClI lines were lower than those of other commer-
cial cultivars and the incidence of the disease was higher in two rowed than in six rowed
barleys. On the other hand Makela (1972) found net blotch higher in six rowed and PSB

higher in two rowed barley. Barley cuitivars, Cl 5791 and ClI 7584, were resistant to
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net blotch isolates but intermediate or susceptible to PSB isolates (Khan and Tekauz,
1982). Differences in disease reactions were also observed among isolates of PSB from
different countries. Khan a.nd Tekauz (1982) noted that the disease reactions with Austral-
ian isolates were different from those from Canada on some barley cultivars. Bockelman
et al. (1983) observed that isolates from Morocco, Tunisia and Turkey generally induced
bigger lesions and different reactions than tho‘se produced by an isolate from Montana.
Differences in pathogenicity .and disease reactions on barley cultivars ﬁave also been
reported with net blotch isolates originating from different countries (Buchanon and
McDonald, 1965). Bjarko (1979) studied 26 net blotch isolates from Montana and the
Middle East countries and separated seven virulence groups among the Middle Eastern
isolates and five virulence groups among Montana isolates. Recently, Khan (1982)
studied and identified changes in pathogenicity of some net blotch isolates with time.

Little research has been done on the pathogenicity of P. teres f. sp. maculata on vari-
ous cereals and grasses. However, Smedegard-Petersen (1976) reported that rye, and to a
lesser extent wheat, showed disease symptoms with PSB isolates but he did not observe
characteristic lesions ‘as in barley. Earlier, Makela (1972) observed infection on winter
wheat, winter rye, spring wheat and to a lesser degree on oats with PSB isolates in Finland.
Host specialization mechanisms are known to occur in isolates of P. teres f. sp. teres since
isolates virulent on barley grass (Hordeum leporinum) did not attack barley and vice versa
(Khan, 1973).

Virulence of the bathogen has been found to depend on inoculum type (conidia,
ascospores, pycnidiospores or mycelia), culture age, concentration of inoculum and other
environmental factors (Shipton et a'l.,.1973). Smedegard-Petersen (1976) reported that
conidia, ascospores and mycelia of P. teres f. sp. maculata could infect barley and produce
disease symptoms. He observed no difference ip symptoms and severity of the disease

whether the inoculum was conidia or mycelia. However, McDonald (1967) reported less
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virulence in net blotch isolates which produced fewer conidia gnd found fleck type symp-
toms when aconidial inoculum was used. Pathogenicity and apathogenicity of P. teres f. sp.
maculata was controlled by a single factor pair (Smedegard-Petersen, 1976). Khan and.
Boyd (1969b) obtained susceptible type feactions on some barley lines when 15-25 day
old inoculum of the net blotch pathogen was used and pin-point lesions on the same
cultivar when 10 day old cultures were used as inoculum. However, Singh (1963) observed
greatest infectivity with 10 day old inoculum of the same pathogen. Information on
inoculum concentration required for infection by P. teres f. sp. maculata is limited. How-
ever, a spore concentration of 10*-10% conidia/m| has been found satisfactory to differen-
tiate resistance and susceptibility of barley cultivars to net blotch and PSB isolates (Bock-

elman et al., 1983; Khan and Boyd., 1969b; Tekauz and Mills, 1974).

Disease Cycle and Epidemiology

Studies on the disease cYcle of PSB are lacking. As the disease is very similar to net
blotch, some stages of the disease qycle"and the environmental requirements of net
blotch are reviewed. Conidia an.d ascospores germinate and 'producé germ tubes and appres-
soria on the host surface. When there is a moist period of at least five hours, conidia and
ascospores infect the host epidermis directly after forming infection pegs and vesicles form
within 24 hours after inoculation (Keon and Hargreaves, 1983‘). Infection hyphae are
initiated within the epidermal cells following the development of the secondary infection
vesicles and subsequent hypal growth develops intercellularly in the mesophyll tissue. Host
mesophyll cells and jnternal organelles show various degrees of disruption two ;lays after
infection and a portion of the entire leaf becomes necrotic or' chlorotic. Conidiophores and
conidia develop from the necrotic lesions and serve as secondary inoculum of the disease.

Although seedling infection from infected seed is known to occur (Piening, 1968;

Smedegard-Petersen, 1979), the extent of such infection is variable and appears to be
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affected by environmental factors (Shipfon et al., 1973). The infection of barley seedlings
from seed borne inoculum of the net blotch pathogen occurs at 10-15°C but not at 20°C.
Infested straw and stubble are considered major sources of primary infection as compared
to infected seeds (Evans, 1969; Piening, 1968; Smedegard-Petersen, 1972). Dispersal dis-
tance of conidia and ascospores of P. teres f. sp. teres is largely unknown, however, Piening
(1968) reported the spores can be dispersed up to seven meters from the source. Environ-
mental requirements for infection‘ and disease development are variable. In general, the
disease needs cool and damp weather and requires 15-25°C for infection and 25-29°C
for colonization. Khan and Boyd (1969b) observed a breakdown of resistance at 36°C and
increased lesion number with increased light intensity. Age of the host, pathogen and
nutritional status of the host have also been reported to affect the host-parasite interaction

(Shipton et al., 1973).

Control Measures

Exchange of seeds between regions or countries, minimum tillage and other changes
in cultivation practices have led to an increased incidence and severity of net blotch and
PSB. There is no report of any control measdre applied for PSB. However, various measures
such as cultural, chemical, and varietal resistance used to control net blotch disease {Ship-

ton et al., 1973) might be applied to PSB.

Sources and Inheritance of Resistance

Although the use of some fungicides as seed treatment or foliar sprays might be effec-
tive to control net blotch and PSB, the high cost of fungicide application and chemical
hazard have limited their use. Control by resistant cultivars is desirable because it is the
cheapest, the easiest and the most reliable. Although an extensive screening of barley

cultivars against the net blotch pathogen has been done by several researchers (Bjarko,
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1979; Buchanon and McDonald, 1965; Caddel and Wilcoxson, 1975; Khan, 1971; Schaller
and Weibe, 1952), the report on sources of resistance in barley to PSB are limited. How-
ever, Smedegard-Petersen (1971) found four barley cultivars, Cl 4795, Cl 4941, Cl 6094
and CI 9820, whicﬁ had some resistance to PSB in Denmark. Although complete resistance
was not found to the spot form of P. teres, Tekauz and.Buchanon (1977) observed tﬁat
cultivars Cl 9214, Cl 5401 and Cl 9440 showed some resistanqe in Canada. Later, Khan
and Tekauz (1982) found C19214 and Cl 16225 more resistant than 11 other cultivars
they tested with Canadian and Australian isolates. Barley cultivars, Cl 9776, Cl 9819 and
Unitan were resistant to a Montana PSB isolate but intermediate or su‘sceptible to the
isolate§ from North Africa and Turkey (Bockelman et al., 1983).

Several people have worked on inheri'_cance of resistance to net blotch, The first study
~ to determine the genetics of resistance to P. teres f. sp. teres was made by Schaller {1955)
who.found that Tifang contained one incompletely dominant gene, designated as ""I-’t” for
resistance to a net blotch isolate from'California. Subsequently, several researchers have
reported inheritance of resistance to net blotch and found different gene action and gene
numbers with several 'barley cultivars (Bjarko, 1979; Bockelman et al., 1977; Khan and
Boyd, 1969a; Mode and ‘Schaller, 1958). However, there is no published information on

inheritance of resistance to PSB in barley.
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MATERIALS AND METHODS

Isolate Origin and Designation -

\

Many leaf spot samples of barley were collected from Montana, Morocco, Nepal and

Syria and pathogenicity tests were conducted to identify and study the pathogen causing

-the spot symptoms. Confirmed pathogens of Pyrenophora spot blotch (PSB) from differ-

ent spot samples were designated by names based on State or Country of origin, place and

year of collection and referred to as ‘‘isolates’’ of the pathogen (Ta_ble 1). New names also

were designated for the isolates of P. teres f. sp. teres and P. teres . sp. maculata previously

described (Bockelman et al., 1983).

Table 1. Isolates of Pyrenophora teres f. sp. maculata from Different Countries.

Isolate State or Country Place of Year of
Designation of Origin Collection Collection
Mts FF81E, * Montana Fairfield 1981
Mts FF82-12 Montana Fairfield 1982
Mts Sun82-2 Montana Sun River 1982
Mts Conrd82 Montana Conrad 1982
Mts Lewis82-7 Montana Lewistown 1982
Mts Eddy82-5 Montana Eddy’s Corner 1982
Mts Plent82 . Montana Plentywood 1982
Mts Lav82 Montana Lavina 1982
Mts Fromb82, Montana Fromberg 1982
Mor 82-1 . Morocco Rabat 1982
Mor g82-21 Morocco Rabat 1982
Mor E LS77-5T* Morocco — 1977
Mor 79-27*1 Morocco Merchouch . 1979
Tun 75* Tunisia Tunis 1975
Tun 79-30* Tunisia Tunis 1979
Tun 79-32*1 Tunisia Fahs 1979
. Tun 79-38* Tunisia - 1979
Turk 74-Pt6* Turkey - 1974
Mtn 77-51*N Montana - Sidney 1977

* = lsolates previously described; T = Isolates not used in pathogenic variation study; n=

Net blotch isolate.
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Pathogenic Variation

Isolate Selection and Maintenance

Based on pathogenicity tests, nine new PSB isolates, one from Morocco and eight
from Montana, were chosen for the study. Additionally, ‘one isolate each from Montana
and Turkey, three from Tunisia and one net blotch isolate from Montana, which were
previously described in Table 1, were included. Leaf tissue containing Pyrénophora spot

blotch symptoms was maintained at about 5°C.

Pathogen Isolation

Leaf tissue containing PSB symptoms was cut int_o 10-15 mm long pieces and surface
sterilized in 1% sodium hypochlorite solution for 1-2 minl‘Jltes. Three to four leaf pieces of
each sample were then transferred into Petri plates containing 2% water agar and incubated
at 21°C with alternating 8 hours Iighi (fluorescent) and 16 hours dark conditions for a
total of 24-72 hours. Conidia emerging from the leaf tissue were singly transferred onto
the center of Petri plates containing V-g-agar (V-8 juice—170 ml; Bacto agar—20 g; calcium
carbonate—3 g; and distilled water—830s ml). The V-g agar (VA) plates, each containing a
single conidium, were incubated for 15-20 days ur{der the same conditions as mentioned
above. Monoconidial cultures, up to two months old, maintained on VA plates were used
for further subculturing. Subculturing was done by transferring masses of mycelia con-
taining conidiophores and conidia onto several spots of fresh VA plates. The subculturing
was done only once from the original monoconidial culture plates, since further subcultur-
ing resulted in reduced conidial production. The subcultured plates were incubated for 10-
11 days. Isolates from Morocco, Tunisia, and Turkey did not produce sufficient conidia
even after the first subculturing. Therefore, 17-18 day old monoconidial cultures of these

isolates were used for inoculum.
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Inoculum Preparation

.Inoculum was prepared by adding 50 m! of double distilled water to each culture
plate and scraping mycelia, conidiophores, and conidia witﬁ a microscopic glass slide. The
conidial suspension, includir,19 mycelial fragments, was stirred with a magnetic stirrer for
4-5' minutes to help dislodge and separate conidia from conidiophores and mycelia. The
conidial suspension was then strained through a ggUze filter and about 0.1 ml of Tween 20
(polyoxyethylene sorbitan monolaurate) was added per 100 ml of the inoculum suspension
as a spreading agent. The conidial concentration was standardized at 3.2X10* conidia/ml

using a mold counting chamber (Hausser Scientific).

Cultivar Selection and Planting

Twenty barley cultivars (Table 2) were chosen based on preliminary testing with PSB
isolates (C. B. Karki, unpublished -dat'a) and earlier reports with PSB and nét blotch isolates
(Bockelman et al., 1983; Bjarko, 1979). As a planting medium, fresh Bozeman .clay loam
soil was mixed with sand at a ratio of four parts clay loam soil to one part sand. About
10-12 seeds each of 10 cultivars were planted in a plastic flat (18 cm X 18 cm X 5 c¢m) and
replicated four times. Since space in the dew chamber and the growth chamber was limited,
studies were performed in six batches using 10 cultivars and five isolates in each batch. Pre
and post inoculation incubations were in a growtﬁ chamber maintained at 21°C with 12

hours light (3.9X10* erg/cm?-sec) and 13°C (dark) using a completely randomized design.

Inoculation

Four flats with nine to 10 day old barley seedlings were placed on a turntable and
inoculated by spraying 60 ml of the inoculum suspension using a DeVilbis atomizer driven
by compressed air. The atomizer was hand-held at 30-40 c¢m from the plants and at an

angle of 30-45°. Inoculated plants were immediately transferred to a dark dew chamber
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Table 2. List of Barley Cultivars or Lines used in Determining Pathogenic Vanatlon in
Isolates of Pyrenophora teres f. sp. maculata. ’

Cultivar ) Cl Number , Row1ype
Dekap ' 3351 2
Klages 15478 2
Nupana 165569 2
Steptoe 15229 6
Clark 15857 - 2
Tifang _ 4407-1 6
Galt 11770 6
Unitan 10421 6
Arimont 15509 6

5401 6
5791 2
5845 6
7584 6
9214 6
9440 6
9699 6 -
9776 6
9819 2
9825 2
13727 2

maintained at 21°C+2°C and incubated for 24 hours before returning to the growth

chamber.

Disease Rating Scale

Disease reactions were recorded for each plant 10 days after inoculation using the fol-
lowing rating scale:
1 — Minute pin-point or fleck type lesions, without any visible chlorosis and
necrosis on the leaf blade.
2 — Minute pin-point or small (1-2 mm iong) necrotic lesions, with slight chlorosis
on the leaf blade and less than 20% leaf tip necrosis.
3 — Small to large (1-2 mm or larger) necrotic lesions with slight chlorosis on the

leaf blade and 20-30% leaf tip necrosis.
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4 — Small to large necrotic lesions with slight to moderate chlorosis on the leaf
blade and about 31-40% Ic;af tip necrosis.

5 — Small to large necrotic lesions with slight to moderate chlorosis on the leaf
blade and about 41-50% leaf tip necrosis.

6 — .Goalescing lesions with moderate chlorosis on the leaf blade and about 51-

60% leaf necrosis.

7 — Coalescing lesions with moderate to severe ch!orosis and about 61-70% leaf
necrosis.

8 — Coalescing lesions with severe chlorosis and about 71-80% of leaf necrosis.

9 — Coalescing lesions with more necrosis than chlorosis and about 81-90% of leaf
necrosis. :

10 — Coalescing lesions, more necrosis than chlorosis and less than 10% green area

visible on the leaf blade.

Statistical Analysis

Means of the disease ratings of each cultivar were calculated by averaging the ratings
of all plants infected. Cluster analysis of mean disease ratings of the four replications

was performed using BMDP software packages (Engelman and Hartigan, 1981). Aiso, an

analysis of variance was performed on mean disease ratings (Little and Hills, 1978).

Conidium and Conidiophore Characteristics

Barley leaf specimens infected with three P. teres f. sp. maculata isolates, Mts FF81E, , .
.Mor 82-1, and Tun 79‘-38 and one P. teres f. sp. teres isolate, Mtn 77-61, were allowed to
sporulate on excised leaf sections in Petri plates containing water agar. Monoconidial cul-
tures of each isolate were produced in VA as described earlier. A mass of conidiophores

and conidia of each isolate, from excised leaf sections after 72 hours and from monoconidial
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culture after 10 days, was separately placed in a drop of distilled water on a glass slide.
Four slides were prepared representingtsamples from different areas of the culture plate for
each isolate. Measurements were taken on 30 conidia and conidiophores produced on
excised leaf tissue and on 100 conidia and conidiophores produced in V-g agar culture for
length, width, énd number of septa of conidia and conidiophores; shape of the basal
conidium cell, and the number of geni'culations (number of bends) in the conidiophores.

Means and standard error of the means.for length and width of conidia and conidio-
phores were calculated. The range of measurements 6f each character was noted. Modal
classes were noted for characters such as shape of the basal conidium cell, the number of

conidiophore geniculations, and the number of conidia and conidiophore septa.

Effects on Yield 'bomponents and Spike Length

Based on seedling reactions, four barley cultivars, Dekap (susceptible), Galt (inter-
mediate), Unitan and CI 9776 (resistant) were chosen for greenhouse study along with two
isolates, Mts FF81E; (Montana) and Mor 82-1 (Morocco). Fifteen seeds of each cultivar
were planted in 20 cm diameter plastic pots, containing sterilized Bozeman sandy loam
soil. Each treatment combination was replicated three times. An.additional three pots were
planted for each cultivar as controls. All 36 pots were maintained on greenhouse benches
at 24°C and 16°C for day and night, respectively, in a completely randomized design. Sup-
plemental light was provided for 15 hours a day by fluorescent tubes fixed about one
meter above the benches. After germi’nation, the pots were thinned to five plants and a
mixed NPK (10-10-10) liquid fertilizer was provided in the water every 20-25 days.

Inoculum of the monoconidial cultures of Mts FF81E, and Mor 82-1 was prepared as
described earlier. Thé first inoculation was performed at the tillering stage (growth stages

(GS) 25-26; Zadoks et al., 1974). The inoculation was done as described earlier using an

inoculum sﬁspension of 20 mi/pot. The same quantity of double distilled water was
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sprayed on the control pots. The inoculated plants were incubated in a dew chamber main-
tained at 20‘;C for 24 hours before reiurning tH‘em to the greenhouse benches. A secqhd
inoculation was done at the boot stage {GS 45-46). Inoculum pre;l)aratio.n and inoculation

were done as before but the inoculum quantity was increased to 30 ml/pot.

The severity of the disease was rated at GS 82-85, when the flag leaves were still’

green. The disease ratings were based mainly on percent of necrotic lesions, chlorosis and
necrosis on 10 flag leaves of each replication. Ten spikes were harvested from plants pre-

viously rated for the disease. The length of spikes, the number of kernels/spike, and 1000-

kernel weight were determined from the 10 spike samples. Total seed bearing spikes:

(except for Dekap which contained both seed bearing and nonseed bearing spikes) in eaéh
pot were recorded. Average disease severity, yield components, and spike length of the
above samples were used for analysis. An analysis of variance Was performed for disease
ratings, yield components and spike length (Little and Hills, 1978). Correlation was madg
between disease severity and yield components and between disease severity and spike
length (Snedecor and Cochran, 1980). Percent change in yield components and"’spike

length of barley cultivars was calc.ulated by comparison with control pots.

Sources of Resistance

One hundred ninety-five commercial cultivars, Cl and Pl lines were obtained from dif-

ferent sources, including about 100 lines which originated from Nepal. They were screened

)

under growth chamber and some were screened under field condition.

Growth Chamber Studies

Ten to twelve seeds of each cultivar and line were planted in unreplicated plastic flats.

One isolate, Mts FF81E,, from Montana was used for inoculation. Inoculum preparation,
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inoculation and disease rating have been described in the previous section. A minimum of

two but usually 10 seedlings were evaluated and modal PSB ratings were recorded.

' Field Studies

About 20-25 seeds of the most promising cultivars based on growth chamber results
were planted in 3 m rows in the field. Inoculum was a mixture of four monoconidial
isolates from Fairfield, Montana. Inoculum preparation was done by blending both cul-
ture colony and VA in 5 Waring blender. Eight culture plates used per liter of distilied
water, wefe’blended for 2-3 minutes and sieved through a gauze filter. The spore concen-
tration was 5.0X10* conidia/ml.

. Prior to inoculation, the field was irrigated and inoculation was performed at the stem
elongation-stage (GS 30-35), in the evening, at a rate of 1 liter/2 sq. m area with a Solo Mist
Sprayer (Solokleinmotoren, GMBH, W. Germany). Plants were then covered with plastic
tarps |mmed|ately after inoculation for 12-13 hours to create a humid enwronment A
second inoculation was made one week later using the same mixtures of isolates and S|m|lar
inoculation methods. Disease ratings were made at GS 75-80 using a 1-10 scale. Disease
ratings were based mainly on pefcentage of chlorosis and necrosis on the second leaf belpw

the flag leaf. Ten leaves were rated on ten plants and the modal classes were recorded.

Inheritance of ‘Resistance

The best sources of resistance identified in the field tests were utilized in crosses
between'(a) susceptible and resistant, (b) resistant and resistant, and (c) susceptible and
susceptfble cu Itivars. Reciprocal crosses were made in some cases. Dekap and Klages were
used extensively as susceptible parents in the study and all crosses were made at the Horti-
cultural Farm, Bozeman during the summer of 1982. Ten to 20 F, seeds of each cross

were planted at Mesa, Arizona during, the winter of 1982-83. F, plants of many crosses
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were backcrossed to Dekap msg 7cg or Klages msg 25dz in Arizona and F, seeds were har-m
vested from five F, plants.
Parents, F,, F, and BC; (F, backcrossed to feméle parent) were tested together in
. the growth chamber and only F, generation was tested in the field. Seeds from all parents
used in the test were from five bagged spikes from the row in which crossings were made.
However, bulk harvesfed_ and threshed seeds were used in the case of Dekap, Unitan and

Cl 2214, when the bagged seeds were depleted.

Growth Chamber Studies ' .

About eight to ten seeds of each parent, one to six seeds of each'F, eighf to 14 séeds
of each BC, and 80-90 seeds of each F, were planted in plastic flats. Three flaté were used
for each cross. The environment in the growth chamber was as described earlier. Due to
space limitations only parents and progenies of six crosses were tested at one time. One
monoconidial isolate, Mts FF81E,, was used throughout the experiment. Ilnoculum prepa-
ration, inocula‘;ion and disease ratir{gs were done as described earlier. About 50 ml| of
inoculum was used for 3 flats and inoculum concentration was standardized at 3.0x10*

conidia/ml.

Field Studies

in the summer of 1983, 200 F, seeds of each cross were space-planted in 4 rows each
6 m long. A mixture of 4 isolates from Fairfield, Montana were used for the tests. inocula-
tion was first performed at GS 30-35 énd a second inoculation followed one week after the
first inoculation lusing similar inoculum preparation and inoculation procedures described
in the previous section on field studieé. The disgasé |;atings of the F, plants were made at
GS 75-80 using the 1-10 diseasé rating scale. In the summer of 1984, the parents, and F,

seeds of 20 crosses were space planted and inoculated once with isolate Mts FF81E;.
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Statistical Analysis

Genetic analysis was made using the disease reactions of the parents, F,, F,, and BC, .
In most crosses tested in the growth chambef, disease reactions in F, and BCI.' were
grouped into two clésses, resistant (disease ratings, 1-5) and susceptible (disease ratings,
6-10). However, due to some cases of variable disease reactions of susceptible parents and
F, the disease ratings 1-4 or 1-3 were sometimes considered as a resistant class and the
remainder (disease ratings, 5-10 or 4-10) were considered as a susceptible class. Addition-
ally when the disease rating.s of F, plants were intermediate betwéen the two parents,
disease reactions of F2’ and BC, populations were classified into three groﬁps, resistant
(disease ratings, 1-3), intermediate (disease ratings, 4-6) and susceptible (disease ratings,
7-10) (see Tables 22-24, Appendix, for detail). For each cross of the resistant X sus'ceptible
category, a degree of dominance (level of dominance) was calculated using the following
formula: Degree of dominance = ——uﬂ——, where F, = disease reactions in F;, MP =

_ P; or P, - MP _

mid-parent disease reactions, P, or P, = disease reactions in P, (Susceptible) or P, (Resis-
tant) (Halleur and Miranda, 1981; Falconer, 1981). Any degree of dominance value of 0.3
or less was considéred no dominance and disease reactions of progenies were classified into
three classes. |f the value was 0.4 or more, disease reactions of the progenies were classiﬁed .
into two classes. Gene action and the number of genes involved in each cross were esti-

mated by a hypothesized ratio and chi square probability values.

Disease severity ratings in the field were generally higher than in the growth chamber
and thus susceptible and resistant classes were adjusted accordingly. Except in crosses
involving Unitan and Oderbrucker, the disease ratings 1-3 were considered a resistant class,
46 as an intermediate, and 7-10 as susceptible. In crosses involving Unitan, disease ratings
1.7 -were considered a resistant class and in a cross with Oderbrucker only 1-3- disease

ratings were considered as a resistant class because of environmental variation. In many
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cases, the resistant.and intermediate classes were grouped into one resistant class (see Table

25, Appendix, for detail) and the genetic analyses were performed accordingly.

3
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RESULTS

Pathogenic Variation

-

Pathogenicity tests of isolates obtained from Tbarley. exhibitingj leaf spot symptoms

collected from different areas of Montana and other countries showed that not all spot
symptoms were caused by P. teres f. sp. maculata. Of many samples from Montana, only
eight were confirmed to be caused by this pathogen. Most of the sbot samples from Nepal
were found to be caused by Cochliobolus sativus, while those from Syria were caused by
either C. sativus or P. teres f. sp. téres. Two of five samples from Morocco were confirmed
as P, teres f. sp. maculata.

Although small water soaked areas were observed on the leaf bjade 24 hours after
inoculation, visible necrotic lesions appeared three to four days later. The lesions appeared
initially as grayish or brownish, small, circular or elliptical areas of Ie_zss than 1 mm in diam-
eter. Later, the Iesioﬁs enlarged to.elliptical, fusiform or circular areas with a size of 1-6
mm in length and 1-3 mm in width or 1-2 mm in diameter depending on the isolate and the
cultivar. In general, the lesions induced by PSB isolates from Montana were small grayish
or brownish and circular and varied in size from pinpoint to 1-2 mm in diameter. in some
cases, the lesions forming on some cultivars were dark brown and fusiform in shape and
were 2-3 mm X 1-2 mm in size. The lesions produced ‘by the .isolates from Morocco,
Tunisia, and Turkey}were dark brown, elliptical or fusiform and generally larger than those
produced by Montana isolates. These lesions were in the size range pf 2-8 mm X 1-4 mm.,

In most cases, the lesions were surrounded by chlorosis four to five days after inocu-
lation with the extent of chlorosi§ depending on the cultivar and isolate. Isolates from

Montana had a tendency to produce more chlorosis than the isolates from North Africa
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and Turkey, and some cultivars produced more chlorosis than others. Seven to eight days
after inoculation the chlorotic areas e>;tended and necrosis develbped in some cultivars. In
most cases, the necrotic areas developed at the tip of the leaf blade and extended down to
the leaf sheath. The isolates from Montana produced the largest lesions on Cl 5791, Clark,
Dekap, and Klages. Occasionally, dark brownish discoloration was observed on the leaf
sheaths and basal culms of the seedlings of some cultivars.

Table 3 shows the mean disease ratings 10 days after inoculation of 20 barley culti-
vars inoculated with 14 isolates of P. terés f. sp. maculata and one isolate of P. teres f. sp.
teres. Entry Cl 9214 showed the lowest disease rating to all isolates. Other cultivars show-
ing low disease ratings were Unitan, Cl 5401, Cl 9440, and Ci 9776. However, the disease
ratings on Unitan were much more uniform than on the other four cultivars. Cultivars
Cl 9825, Tifang, Cl1 7584 and Cl 9819 showed low disease ratings to all Montana isolates
and high disease ratings to isolates of North Africa and Turkey. Nupana, Kliages, Cl 13727
and Dekap showed high disease ratings to ali isolates. Disease ratings on Clark, Ci 9699,
Arimon;t, and C| 5845 varied with the different isolates, and Galt, Steptoe and Cl 5791
showed intermediate or high disease ratings_with most of the isolates. Cultivar Tifang
showed a high disease rating to Mt n77-51 and Ci 5845 showed a lower disease rating to the
same isolate.

An analysis of variance was used to determine differences and possible interactions
among the various cultivars and isolates. Table 4 shows highly significant differences among
the main effects and interaction effects. The higher mean square fbr the main effects
indicates that the differences among cultivars and isolates were much larger than the inter-
action effects. Nupana and Klages showed significantly higher disease ratings .than the
other cultivars (Table 5). Although the mean disease rating on Cl 9214 was the lowest, the
rating did not differ with that of Unitan at the 5% level of significance using least signifi-

cant difference.




Table 3. Mean Disease Ratings' of Pyrenophora Spot Blotch caused by Pyrenophora teres f. sp. maculata and Net Blotch caused
by Pyrenophora teres f. sp. teres from Montana, Morocco, Tunisia and Turkey on Barley Cultivars or Lines (Hordeum
vulgare).

Isolates

Mts Mts Mts Mts Mts Mts Mts Mts Mts
: FF FF Sun Conrd Lewis Eddy Plent Lav Fromb Mor Turk Tun Tun . Tun Mtn?
Cultivar 81E, 82-12 822 82 827 825 82 82 82 82-174-Pt6 75 79-30 79-38 77-5l

Nupana 8.6 9.4 7.0 9.3 9.8 78 87 7.7 8.3 53 85 56 9.0 7.0 87
Klages 9.1 9.9 79 9.8 93 096 9.1 8.2 90 45 75 45 6.4 59 10.0
Cl 13727 8.6 7.2 7.1 8.9 8.2 9.3 96 9.0 8.9 54 6.3 54 7.6 4.1 100
Dekap 8.5 74 6.5 7.9 8.9 8.6 8.7 8.9 6.5 55 6.5 71 6.2 5.7 9.8
Clark 7.2 8.5 6.0 9.0 7.9 9.0 9.1 6.4 8.1 40 6.7 50 55 6.7 9.8
Cl9699 5.2 8.1 6.6 7.2 74 8.5 9.4 1.7 6.2 33 74 85 6.5 5.9 6.1
Arimont 6.4 6.3 2.6 7.5 6.5 8.9 7.8 7.8 6.3 34 7.7 36 6.7 5.8 9.0
Ci 5845 4.3 64 65 7.3 6.9 88 94 5.9 6.6 38 6.4 7.1 6.3 5.5 2.8°

Galt 36 5.6 29 . 55 44 5.1 6.6 5.8 5.6 51 54 43 6.1 5.3 6.3
Steptoe 2.7 3.9 20 4.1 33 48 4.0 7.3 3.2 32 56 33 53 3.4 1.5
Cl15791 46 4.3 4.0 3.9 43 5.6 5.3 3.0 3.4 26 27 35 27 2.9 1.5
Cl 9819 2.1 26 1.3 21 2.1 1.7 1.8 2.2 13- 56 79 50 7.3 7.1 1.2
Cl 7584 1.2 2.2 1.3 1.9 1.8 1.7 1.8 25 1.4 44 8.1 44 6.9 6.3 1.1
Tifang 1.9 1.9 1.0 . 21 1.5 1.8 2.2 2.0 1.3 37 6.2 41 4.6 5.4 7.1
Cl9825 1.1 1.7 16 - 19 2.2 2.1 2.5 2.1 1.8 36 44 68 24 5.8 1.8
Cil9776 1.9 3.7 1.7 1.9 24 40 5.1 3.7 24 21 25 31 1.2 3.0 2.3
Cl9440 1.1 2.1 1.8 2.1 2.1 4.0 4.7 1.7 2.4 20 4.1 4.0 1.8 3.5 2.6 -
Cl 5401 22 2.1 1.4 23 1.9 2.0 2.7 1.9 1.6 22 49 21 3.3 3.3 1.1
Unitan 1.4 1.9 2.0 2.1 2.6 2.9 27 3.0 2.0 1.2 21 2.2 1.3 1.6 1.7
Cl9214 1.1 1.8 1.6 1.6 1.8 3.1 3.1 2.3 1.8 14 1.6 1.6 1.1 1.4 3.03

1 = Mean disease ratings of 20-40 plants of each cultivar based on 1-10 disease ratlng scale, from 1 = minute pin-point Iesmns to
10 = coalescing lesions. See text for details of rating scale.
2 = P. teres f. sp. teres isolate.
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Table 4. Analysis of Variance of Mean Disease Ratings.of 14 Isolates of Pyrenophora teres
f. sp. maculata and One lIsolate of P. teres f. sp. teres on 20 Barley Cultivars or

Lines.

Source ; Degrees of Freedom Mean Square*
Cultivars 305.3**
Isolates 30.6**
Cultivars X Isolates 8.56**
Error . 0.8

! Mean squares with suffix ** indicates significant at P = 0.01.

Table 5. Mean Disease Ratings Due to 14 Isolates of Pyrenophora teres f. sp. maculata and
One lIsolate of P. teres f. sp. teres on 20 Barley Cultivars or Lines.

Cultivar Disease Ratings®
Nupana 83 A
Klages 83 A
Cl 13727 76 8B
Dekap 7.5 BC
Clark ' . 73C
Cl 9699 69D
Arimont 64E
Cl 56845 6.3E
Galt 5.2 F
Steptoe 3.8G
Cl 5791 3.6 GH
Cl1 9819 3.4 HI
Cl 7584 3.11
Tifang 3.11
C1 9825 2.8J '
Cl 9776 2.7J.
C1 9440 2.6 JK
Cl 5401 2.3 KL
Unitan 2.1 LM
Cl 9214 1.9M

' Mean disease ratings with the same letter are not significantly different at P = 0.05 using
least significant difference. o
The highest degree of virulence was shown by Mts Plent82 (5.7), Turk 74-Pt6 (5.6),
and Mts Eddy82-5 (5.44) (Table 6) and the degree of virulence of these three isolates was
not different at the 5% level. The lowest virulence was shown by the isolate, Mor 82-1.

Isolate Mts FF81E,, used in many experiments, had relatively low virulence. Comparisoné
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I

Téble 6. Degree of Virulence of 14 Isolates of Pyrenophora teres f. sp. maculata and One
' lsolate of P. teres f. sp. teres on 20 Barley Cultivars or Lines.

, Ifolatk Mean Disease Rating!
Mts Plent82 b.7 A
Turk 74-Pt6 5.6 A
Mts Eddy82-5 , 54 A
Mts Lav82 49B
Mts Conrd82 ‘ 49B
Tun 79-30 49 B
Mtn 77-61 488
Mts FF82-12 488 -
Tun 79-38 48B
Mts Lewis82-7 4.88B
Tun 75 45CD
Mts Fromb82 4.3 DE
Mts FF81-E, ‘ 41 E
Mts Sun82-2 36F
Mor 82-1 . 36F

! Mean disease ratings followed by same letters are not significantly different at P = 0.05.

made between the isolates from Montana and the isolates from Morocco, Tunisia, and
Turkey showed significant differences in all cases. |

A cluster analysis was performed using means of the diseaée ra.tings to distinguish and
separate resistant and susceptible reactions of barley into a 1-10 lfating scale. In this regard,
twenty cultivars were clustered into 6 groups or classes (Table 7). Each response class was
then designated as highly resistant (HR), resistant (R),. moderately resistant (MR), moder-
ately susceptible (MS), susceptible (S), and very susceptible (VS) reaction. A separation
point for resistant and susceptiblé classes was calculated by taking the average of disease
ratings of two middle clusters and adding the standard error of the means (Eyal let al.,
1985). The average disease rating of the two middle clusters were calculated as 4.0. A

standard error of the mean was calculated by taking the square root of the error mean

square and dividing it by the square root of replications [SE = +/Error MS/r =+/0.80/4 =
0.5]. The final separation point was then 4.0 + 0.5. Since very few cultivars with an inter-

mediate disease reaction were included in the experiment, the final separation point was
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Table 7. Cluster Analysis of Mean Disease Ratings of 14 Isolates of Pyrenophora teres f. sp.
_ me_icu/ata and'One Isolate of P. teres f. sp. teres on 20 Barley Cultivars or Lines.

Fregdency of Cultivars

Cluster Coa Ly , in the Cluster Mean Disease Response
No. Cultivars in'the Cluster . - in % Rating? Classes®
1 Cl9214,Cl9776, CI 0446 30,0 2.4 HR
C1 5401, Cl 5791 & Unitan ’

2 Cl 9825 5.0, 2.7 R

3 C1 9819, CI 7584 & Steptoe 15.0 3.6 MR

4  Tifang & Galt 10.0 45 - Ms

b Cl 5845-& Cl 9699 10.0 6.6 . S

6 Cl 13727, Dekap, Arimont, 30.0 7.6 VS

Clark, Klages & Nupana

! Response classes abbreviated as HR = Highly resistant, R = Resistant, MR = Moderately
resistant, MS = Moderately susceptible, S = Susceptible, and VS = Very susceptible.

*Mean disease ratings based on average disease ratings of 20-40 plants in each cultivar in
1-10 rating scale. See text for details. ‘

I3

caléulated by adding the standard error to the average value instead of subtracting (Eyal et
al., 1985). Therefore, a value of 4.50 was determiﬁed to be a separation point for resistant
and sﬁsceptible classes. Cultivars with ratings below 4.5 were considered resistant and
cultivars rated above 4.5 were considered susceptible. -

| The frequency of virulence of each isolate was calculated by dividing number of culti-
vars with a compatible reaction (4.5 or above) by fotal number of 'cult‘ivars (20). The
frequency of virulence of Turk 74-Pt6 was the highest (70%). With the exception of Mor
82-1 and Tun 75, the virulence frequency of isolates from Tunisia a_nd Turkey was higher
than for the isolates from Montana (Table 8). Among the isolates from‘Montana, Mts
Plent82 (55%) had the highest frequency of virulence. In general, only two virulence
groups were detected. Cultivars, Tifang, CI’7584, Cl1 9819, and Cl 9825 showed a resistant

rating to isolates from Montana, whereas the same cultivars were susceptible to isolates

from Morocco, Tunisia and Turkey (Table 3).
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Table 8. Frequency of Virulence of P. teres f. sp. maculata and P. teres f. sp. teres Isolates
on 20 Barley Cultivars and Lines.

Isolate Frequency of Virulence (in %)
Turk 74-Pt6 ‘ 70
Tun 79-30 65
Tun 79-38 60
Mts Plant82 _ 55
Mts Eddy82-5 ' 50
Mts Lav82 . 50
Mts FF82-12 , 45
Mts Conrd82 ' 45 |
Mts Fromb82 45
Tun 75 45
Mts Lewis82-7 40
Mts FF81E, ' 35
Mts Sun82-2 35
Mor 82-1 25

Conidium and Conidiophore Characteristics

Numerous light b;own csnidiophores arising singly or in Qroups of two or three from
the necrotic leaf tissue were observed 24-72 hours after incubation. The number of conid-
iophores that emerged from aunit areé of leaf tissue varied with the isolates and depended
on whether the leaf tissue was necrotic or chlorotic. More conidiophores formed in necrotic
areas than in the chlorotic areas. Leaf tissues infected with Mtn 77-51 (net blotch) pro-
duced more conidiophores than the leaf tissues infected with PSB isolates and Mts ‘FF81'E1
produced more conidiophores than Mor 82-1 and Tun 79-38 in similar leaf areas. Conidio-
phores of Mtn 77-61 and Mts FF81E,; appeared 24 hours after incubation while those of
Mor 82-1 and Tun 79-38 appeared after 48 hours. -

Ranées and means or mod_al classes (in parenthesis) of Iehgth and width, the number
of septa and the number of geniculations of conidiophores of each ‘isolate are shown in

Table 9.
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Generally, mean conidiophore length was lon"ger in cul';ure than on the excised Ieavés
for all isolates and also the range was greater in culture than on excised leaves. Mean coni-
diophore length of PSB isolates was longer than that produced by net blotch isolate (Mtn
77-5i ). However, Mts FF81E,; produced shorter conidiophores on ex_‘cised leaves than that
produced by Mtn 77-51 in culture. The conidiophores of Mts FF81E, were significantly
shorter than those of Mor 82-1 and Tun 79-38 both on excised leaves and in cultures.
Differences in conidiophore length were also observed between Mor 82-1 and Tun 79-3_8.
The greatest range in conidiophore length was observed in Tun 79-38. Conidiophore width
was similar for all .isolates but slightly’wider conidiophores were observed in cultqres than
on excised leaves and slightly. wider conidiophores were produced by Tun 79-38. Conidio-
phore width of both net blotch and PSB isolates from Montana was slightly narrower than
that produced by PSB isolates from Tunisia and Morocco.
The number of septa in the conidiophores varied greatly in all isolates and differed
between culture and excised leaf tissue (Table 9). As many as 21 septa were observeq in
- some conidiophores produced in culture by Tun 79-38. Howe;ver, on excised leaf tissue the
most frequent nurﬁber of septa was 11 in Tun 79-38, 7 in Mor‘82-1, 6 in Mts FF81'El and
4 in Mtn 77-bl. Septa number appeared to be highly correlated with conidiophore Iength.‘
The best characte'r differentiating the various isolates was the number of geniculations
(bends) in conidiophores. Although occasionally one or two geniculations were observed in
the conidiophores produced in cultures of Tun 79-38 and Mor 82-1 isolates, as many as six
geniculations occurred in the conidiophores of Mts FF81E,. Conidiophores of Tun 79-38
and Mor 82-1 on excised leaf tissue did not show any geniculation and Mtn 77-56l and Mts
FF81E, had one or two geniculations in most cases. It was interesting that the isolat(:s that
produced few or no geniculations, also produced fewer conidia per unit volume of spore

suspension. In addition to producing conidia at the tip of conidiophores isolates, Mts

FF81E; and Mtn 77-5] produced secondary conidia on the side of the end cell of each
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Table 9. Characteristics of Conidia and Conidiophores of Pyrenophora teres f. sp. teres
(Mtn 77-51) and Pyrenophora teres f. sp. maculata Isolates Observed on Excised
L.eaves and V-g Adar.

Conidium ’ Conidiophore
Geni-
Basal cula-
Length! Width* Septa! Cell? Length! Width! Septa! tion’
Isolate - {u} (u) # (kind) - (n) {u) # #
MTn 77-51 ' ‘
Leaves 769-128.2 14.0-186 3-5 R 112.2-224.4 7.093 35 0-2
(101.2£2.2)* (16.3£0.3) (4) (140.4+3.8) (8.3x0.1) (4) (1)
V-g 39.6-12365 12.8-186 06 R 142.8-25656.0 8.2-10.5 59 2-3
(76.3:3.6) (16.0:0.3) (4) (190.7:5.4)  (8.9:0.1) (7)  (2)
Mts FF81E, '
Leaves 79.2-128.2 15.1-18.6 36 R 132.6-214.2 7.09.3 4-8 0-3
(105.0+2.0) (16.8+0.2) (4) (180.2+5.0)  (8.4%0.1) (6) (1,2)
V-g 32.6-111.8 12.821.0 '1-7 R 113.2-:357.0 7.0-11.7 3-12 1-6
(71.1£,.6) (16.5:0.2) (3) (222.7:4.4) - (8.7:02) (8)  (3)
Mor 82-1 ‘
Leaves 86.2-130.56 14.0-186 35 R-S 204.0-418.2 7.09.3 5-14 00
(115.0+2.6) (16.3+0.3) (4) (S) (283.1£12.7) (8.9+0.2) (7) (0)
V-g 72.2-139.8 11.7-18.6 26 R-S 163.2-479.4 8.2-11.7 519 0-2
(104.5:1.5) (14.9:0.1) (4) () (311.6:11.0) (9.7:0.2) (11)  (0)
Tun 79-38

Leaves 116.5-144.5 14.0-186 47 SS 17344284 8.2-11.7 6-14 00
(131.8£1.5) (16.0£0.2) (6) (S) (319.6+10.2) (9.4:0.2)(11) (0)

V-g 419-139.8 12.8-186 1-6 R-S 224.4-6120 7.0-11.7 6-21  O-1
(88.5+4.3) (15.7x0.3) (3) (S) (379.6+16.6) (9.4:0.2)(12,14) (0)

! Number in parenthesis is mean or mode of 30-100 observations and is followed by stand-
ard error of the mean,
2 R = Round basal cell, S = Snake headed or conical basal cell. \

conidiophore. This resulted in zig zag geniculations and more conidia than in isolates
of Mor 82-1 and Tun 79-38, which produced straight conidiophores and single conidia at
the tip of eaci’l conidiophore.

Hyaline to light brown conidia were initially singly produced at the tip of each conid-
jophore and were elliptical to cylindrical in shape. One to seven septa.developed as the

conidia matured and they bécame dark brown. In general, mean conidial length was larger
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on exblsed Iea\/es but the ranges were greater in cuItUre for all isolates. Conidia of the net
blotch pathogen (Mtn 77-51) were shorter thah thOsé of PSB pathogens. However, the dlf-
ference in length was not significant at 5% Ievel between Mtn 77-51 and ivits FF81E,.
Conldla produced by the Tun 79- 38 were significantly longer than those produced by
Mts FF81E1 but the conidia produced by Mor 82-1 were not d|fferenjc ‘st_atlstlcally even
though slightly longer conidia were produced by 'i'un 79-38 on excised leaves. Conversely,
the mean conidial Ilength- of Mor 82-1 was greater than that of Tun 79-38 in cultures.

Conidium width was similar in all isolates. The number of septa in the conidia ranged
from O to 7 and showed more variability in culture than on excised leaves. The number of
septa depended on Iengthv of conidia. The most frequent number of septa observed in
conidia on excised leaves was 4 and thus was not a‘.distinguishing character. However, the
basal ,con‘idium cell was a distinguishing character of some isolates of P. teres f. sp. macu-
lata. Isolates Mor 82-1 and Tun 79-38 frequently produced snake headed or conical shaped
and slightly inflated basal eells but the conidia of Mts FF81E; end Mtn 77-51 were
rounded and sometimes inflated. These results showed that the morphology of the patho-
gens from Morocco and Tunisia was different from the PSB and net blotch pathogens of

Montana.

'Effects on Yield Components and Spike Length

Greenhouse trials conducted to determine the relative effect on yield components
and spike length between an isolate (Mts FF81E, ) causing smaller lesions and a higher
amount of chlorosis and necrosis and an isolate (Mor 82-1) causing bigger Iesiens and less
chlorosis and necrosis is illustrated in :I',able 10. The mean disease severity caused by both
isolates was the highest on Dekap- and the lowest on Cl 9776. The mean diseese severity'

between the two types was statistically different at the 5% level. Means for yi‘eld compon-

ents and spike length averaged over three replications and four cultivars were not different
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Table 10. Mean Disease Severity of Isolates Mts FF81E, and Mor 82-1 of Pyrenophora
teres f. sp. maculata and Their Effects on Yield Components and Spike Length
“of Four Barley Cultivars.

Disease Severity

and Yield Cultivars
Isolate Components Dekap Unitan Galt Cl9776 Mean?
Mts FF81E, disease severity (%) 92.3 69.9 49.1 35.0 61.6 A
Mor 82-1 disease severity (%) 82.7 61.4 53.1 259 55.8 B
Control disease severity (%) 0.0 0.0 0.0 0.0 00 C
Mts FF81E; spike length (cm) 6.8 6.5 8.4 5.7 6.8 A
-Mor 82-1 spike length {cm) 6.9 6.7 8.3 5.3 6.9 A
Control spike length (cm) 8.0 7.4 7.8 6.4 74 A
Mts FF81E, kernel number/spike 6.9 18.3 12.6 12.2 . 125 A
Mor 82-1 kernel number/spike 4.6 18.8 18.2 17.9 149 A
Control kernel number/spike  18.1 38.1 39.2 233 294 B
Mts FF81E; 1000 grain wt. (g) 28.1  40.8 385 434 377 A
Mor 82-1 1000 grain wt. (g) 34.9 42.8 33.9 44.7 39.1AB
Control 1000 grain wt. (g) 334 46.3 371 45.6 406 B
Mts FF81E, total spike no./pot 453 25.3 16.3 21.0 27.0
Mor 82-1 total spike no./pot 53.7 19.3 17.0 16.0 26.5
Control total spike no./pot 27.3 22.0 18.0 22.7 22.6

! Means followed by same letters are not significantly different at P = 0.05 using least sig-
nificant difference. ' '

with both isoléteé but individual cultivars responded differently. Spike length wés reduced
by both isolates on Dekap, Unitan, and Cl 9776. Mean kernel number per. spike of all
cultivars was reduced by both isolates but no differential effect of the isolates was
observed (Table 10). Thousand kernel weight was also reduced significantly in Dekap,
Unitan, and Cl 9776 but no differential effect of the isolates was observed. Total spike
number was signiﬁéantly increased in Dekap with both isolateé. Increased kernel weight.
and spike length were obéerved in Galt.infected with. Mts FE81E, and bpth..isolates K
respectively.: '

A highly significant negative correlation was observed between disease severity and

kernel number, and 1000 kerhel weight (Table 11). A significant positive correlation
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Table 11. -Correlation Among Percent Infection of Pyrenophora Spot Blotch and Yield
Components and Spike Length of Four Barley Cultivars.

Variable Compared r-value!
Disease vs kernel number -0.69**
Disease vs kernel weight -0.47**
Disease vs spike length -0.12ns
Kernel number vs kernel weight 0.40*
Kernel number vs spike length - 0.26ns
Kernel weight vs spike length -0.37*

! r-value with suffix, ** = significant at P = 0.01, * = significant at P = 0.05, and ns = non-
significant. )

occurred between kernel number and 1000-kernel weight. A nonsignificant correlation was
observed between the kernel number and spike length.

Analysis of variance indicated significant main effects (cultivars and isolates) on
disease severity and other vyield components-and sbike length (Table 12). Significant
interaction effects were observed only in disease severity, 1000-kernel weight and total
spike number.

Table 12. Analysis of Variance for Barley Yield Components and Spike Length and
Percent Pyrenophora Spot Blotch Infection.

Mean Square! ,
% Kernel Kernel Spike Total.

Source df [Infection No. Weight Length Spike No.
Cultivars 3 2310.0** 416.6** 308.5%* 8.5%* . 1160.0**
Isolates 2 13860.0** 999.1** 25.3* 1.3** 70.2*
Cultivars X , , ,

Isolates 6 609.9** 56.2ns 18.8% 0.7ns 179.9**
Error 24 36.0 29.6 - 5.4 0.6 17.6

7

1 Meannsquare with suffix, ** indicates significant at P = 0.01, * indicates significant at P =
0.05 and ns indicates nonsignificant.

Percentage change in yield components'and spike length by the two isolates is shown
in Table 13. Percentage reduction in kernel number was cbnsiderably higher than percent
reduction in kernel weight and spike length in all cultivars with both isolates. The highest

percentage reduction of kernel number (74.6%) was observed in Dekap with Mor 82-1. A
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reduction of 15.9% in 1000-kernel weight was also observed in Dekap with Mts FF81E,.
However, 1000-kernel weight increased in the same cultivar with Mor 82-1. Spike length
was increased in Galt by both isolafes. The number of total spikes was increased in Dekap
. by both isolates but it was reduced as much as 29.5% in Cl 9776 with Mor 82-1. It was
found that a 35% and 26% disease severity of Cl 9776 with isolates Mts FF81E ; and Mor
82-1, respectively, caused a considerable reduction in yigld components and spike length.
In Qeneral, both isolates caused significant reduction in kernel number and 1000-kernel
weight in all cultivars but reduction in kernel number was mos't evident. Increased 'Icotal
spike number in Dekap may partially compensate _for high disease severity.

Table 13. Percentage Change in Yield Components and Spike Length of Four Barley
Cuitivars Due to Two Isolates of Pyrenophora teres f. sp. maculata.

Isolates
Mts FF81E, ' Mor 82-1

_ 1000 Total 1000 Total
Spike Kernel Kernel Spike Spike Kernel Kernel Spike
Cultivar Length Number Weight Number Length Number  Weight Number

Dekap -15.0 ~61.9 ~156.9 +65.9 -13.8 -74.6 +4.5 +96.7

Unitan -12.2 -52.0 -11.9 +15.0 -9.6 -50.7 -76 -123
Galt +7.7 -67.9 +3.8 -10.9 +6.4 -53.6 ~-8.6 -7.1
Cl 9776 -10.9 -47.6 -4.8 -75 -17.2 -23.2 -20 -295

~ = percentage reduction, + = percentage increase.

Sources of Resistance

Considering the limited known sources of resistance to PSB, evaluation of disease
resistance in barley was undertaken both in the seedling.and the adult stage utilizing differ-
ent barley cultivars or lines originated from varioﬁs countries (Table 14) Iﬁ the éeedling
stage, barley cultivars, Klages, Dekap, Clark, Steptoe, Hector, and Cl 5791 showed compar-
atively bigger lesions than others. Cultivars such as Ci1 9214, Cl 5276, Cl 5298, ClI 5401,

C1 9647, Minn 21 and Himalaya often showed only fleck-like hypersensitive Ieéions.
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- In the field, initially dark brown pin-point lesions appeared on the leaf blade 7-8 dallys
after inoculation. Those lesions increased in size, and changed in shape with time. The
Iesibns appeared as dark brown, fusifor'm or elongated lesions measuring 8-10 mm in length
and 2-4 mm in width on susceptible and moderately susceptible cultivars about 25-30 days
after inoculation. On resistant ¢ultivars, the lesions were rounded or fusiform in shape with
sizes of 1-2 mm diameter or 2-4 mm long and 1-2 mm wide. In most cases, necrotic Iesibns
were surrounded by chlorosis, thus forming a yellow halo with a dark brown center. The
extent of chlorosis depended on time.and cultivar. In some cases, the necrotic ‘Iesions were
15-20 mm long and 4-56 mm wide. About 30 days after inoculation additional necrotic
lesions of various shapes and sizes developed on’the leaf blade and often coalesced to form
long lesions or big blotches. In very susceptible cultivars, long lesions coalesc;ed from end
to end forming long brown stripes appearing similar to the stripe disease caused by P. gram-
inea. As time advanced, chlorosis and necrosis developed extensively. Generally, necrosis
developed downward from the tip of fhe leaf blade and extended to the leaf sheath. On
resistant cultivars, only chlorosis surrounded the necrotic lesions. In some cases, however,
dark brown pin-point lesions first developed then disappeared and were repléced by grayish .
or yellowish ercké.

The spot symptoms progressed from the tip of the leaves to leaf sheaths and from
lower leaves to upper leaves. On -susceptible cultivars, even flag leaves were completely
blotched and symptoms appeared on the leaf sheaths, glumes and awns. However, no
detectable symptoms were observed on the seed surface. On resistant cultlvars the symp-
toms rarely appeared on the flag Ieaves or above. On some cultivars, chIorOS|s and necrosis
developed very late but on others, leaves were completely blighted and dried at an early
stage. Cultivars, such as Dekap, Klages, Summit, Emir, Wapana, Nupana, and Cl 13727
showed 1arge lesions and large amounts of chlorosis and necrosis. Cultivars such as Cl 5845,

Cl 9159, C1 9698, Steptoe, Hector, Cl 13262, CI 12860 and many others produced larger
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lesions but did not show early chlorosis and necrosis. Unitan and Cl 5791, which shovx_}ed
a resistant rating in the growth chamber produced. large lesions in the field. The later
appearing chlorosis and necrosis resulted in a moderately susceptible or susceptible
reaction. | .

Cultivars, such as Minn 21, Oderbrucker, Tiféng, Cl 1615, Cl 5276, ClI 5401, CI 6475,
C1 9214, CI 9440, Cl 9776 and Himalaya Were resistant both in the growth chamber and-in
the field (Table 14). However, cultivars such as Unitan, Steptoe, Bedford, Clipper, Cl 5822,
Cl 6225, Cl 7504, Cl 8332, Cl 9647, Cl 9819, Cl 9825, and CI 14023 wére resistant in the
growth chamber but intermediate or susceptible in the field. Converseily, cultivars Cum-

hunyet 50, Arimont, Cl 12860, and Galt were resistant in the field but were intermediate

or susceptible in the growth chamber. Nupana, Dekap, Klages, Wapana, and Cl 13727 were

susceptible in both conditions and Ingrid, Vireo, Bruen’s Wisa, Galt, Shabet, CI 9751,

Bonus, Bigo and Union were intermediate. Unitan was consistently resistant in the growth

chamber, but moderately susceptible in the field. Of the 72 cultivars tested both in the_

growth chamber and the field, 35 cultivars {with 1-3 ratings) in the growth chamber and 25
cultivars (with 1-4 ratings) in the field were resistant to the disease.

Of the one hundred twenty-three barley cultivars, Cl or Pl lines tested in the growth
chamber using isolate Mts FF81E,, Zephyr, Watan, Atla‘s 68, Nuvan, OAC 21, Karl (all
from the USA), Cl 9505 (from -Korea) and Cl 10379 {(from Ethiopia) plus 21 Pl or ClI lines
originating from Nepal showed a resistant reaction to the disease (Table 15). Most of the
cultivars originated from Nepal produced comparatively larger lesions than cultivars origi-

nating from other countries.
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Table 14. Disease Ratings of Barley Cultivars or Lines to a Pyrenophora Spot Blotch
Isolate Mts FF81E,; Seedlings (growth chamber) and a Mixture of Isolates as

Adult (field).
Cl or Pi Disease Rating! .
Cultivar No. Origin Row Type Seedling Adult Plant
Ingrid 10083 Sweden 2 5 5
Erbet 13826 USA 2 8 8
Dekap 3351 Turkey 2 9 10
Hector 16514 Canada 2 8 5
Vireo 16655 USA 2 5 7
Summit 2248 UK 2 8 8
Nupana 16559 USA 2 10 10
Cumhuriyet 50 — Turkey 2 6 3
Gem 7243 USA 6 3 8
Unitan 10421 USA 6 2 7
"~ Arimont 15509 USA 6 6 2
Galt 11770 - Canada - 6 5 4
Steptoe 15229 USA 6 3 7
Minn 21 156481 USA 6 1 2
Athenais® 10501 Cyprus 6 . 2,6 7
Atsel 6250 USA 6 4 8
Cm 67 13782 USA 6 6 8
Manchuria (msg)? — Egypt 6 7.10 3,6
Oderbrucker 4666 USA 6 2 1
Betzes 6398 Poland 2 7 7
Klages 15478 USA 2 9 9
Mona-arivat? — — 6 6,10 3,7
Compana 5438 USA 2 5 - 10
Trebi 936 Turkey 6 3 4
Turk 14400 USA 6 3 5
Clipper — Australia 2 3 8
Bonanza 14003 Canada 6 3 4
Bedford 16774 - 6 2 6
Bruen’s Wisa 10089 Germany 2 5 7
Wapana - USA 2 9 . 8
Tifang 14373 Egypt 6 2 2
Beacher 6566 — 6 3 10
Shabet 13827 USA 2 5 6
1615 China 6 2 1
2221 Nepal 2 i 3
4207* USSR 6 2 2,6
5276 USA 6 1 2
5298 USA 6 1 3
5401 USA 6 1 2
5791 Ethiopia 2 4 6
. 5822 Ethiopia 6 3 6
5845 Ethiopia 6 6 6
6225 Turkey 2 2 4
6475 Poland 2 2 2
6 2 4

7208 Ethiopia
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Disease Rating!

_ Cl or PI
Cultivar No. Origin Row Type Seedling  Adult Plant

7272 Morocco 6 2 4
7504  Mexico 6 2 6
7584 USA 6 2 4
8332 Francé 6 2 5
91569 Turkey 2 6 8
9214 Korea 6 1 2
9440 Korea 6 2 2

9647. Ethiopia 2 1 4 .
9699 Ethiopia 6 9 4
9751 Ethiopia 2 7 6
9758 Ethiopia, 6 10 6
9768 Ethiopia 6 8 8
9776 Morocco 6 2 2
9819 Ethiopia 2 2 6
9825 Ethiopia 2 3 b
10448 Colombia 6 3 4
12860 . Ethiopia 6 3
13262 Germany 6 8 —
13727 Turkey 2 10 9
14023 USA 2 2 b
Himalaya 2257 ‘Nepal 6 1 2
Bonus 11308 Sweden 2 6 5
Bigo - 328754  lIsrael 6 5 5
Ketch 14845 Australia 2 6 8
Emir 13541 Yugoslavia 2 8 b
Clark 156857 USA 2 7 -
Union 3124 UK 2 5 6

! Disease ratings based on 1-10 rating scale from 1 = minute pin-point or fleck type lesions,
without any visible chlorosis and necrosis on the leaf blade to 10 = coalescing lesions, more
necrosis than chlorosis and less than 10% green area visible on the leaf blade. See text for

details,

% Cultivars or lines showing two types of disease ratings.
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Table 15. Disease Ratlngs Reactlons of Barley Cultivars or Lines to a Pyrenophora Spot

.Blotch Isolate Mts FF81E, as Seedlings (growth chamber).

Cultivar orlee . Clor Pl Source Disease.Rating!
Herta ) 8097 Austria 4
Zephyr 13667 USA 1
Marismink 15556 USA 8
Toonucier — USA 4
Watan — USA 2
Nordic ' 156216 USA 3
Nucier 13831 USA 3
Atlas 68 13824 USA 2
Nuvan 13831 USA 2
OAC 21 1470 Canada 2
Coast ' 2235 USA 3
Harbin ‘ . 4929 Egypt 5
Can Lake Shore - 2750 USA 4
Manker 15549 USA "4
Manchuria 2330 Egypt 5
Kombar - 15694 USA 4
Palliser 10860 Canada- 4
Vanguard 11868 USA 7
Jau 12108 Nepal 8
Karl 15487 USA 2
Suweon 188 - Korea 3
Bonus 8093 Sweden 5
Bonus 11189 Sweden 6
Bigo 13611 — 4
Bigo 11795 Netherlands 3
NBA3 ‘ 403975 Nepal 5
. NBA4 403976 Nepal 6
NBAb 403977 Nepal 4
NBAG6 403978 Nepal 5
NBY7 403979 Nepal 5
NB 1003-3 . 403980 Nepal 5
NB 1003-37 403981 Nepal 5
NB 1003-11 403982 Nepal 5
NB 1003-47 403983 Nepal 5
NB 100353 403984 Nepal 7
NB 1003-59 403985 Nepal 6
NB 1003-64 . 403986 Nepal 5
NB 1003-68 403987 Nepal 7
NB 1003-86 403988 Nepal 5
NB 1003-88 403989 Nepal 5
NB 1003-89 403990 Nepal 7
NB 100391 403991 Nepal 7
NB 1003-108 403992 Nepal 5
NB 1003-109 403993 Nepal 6
B1A 429495 Nepal 6
B3A 429496 Nepal 5
B4A 429497 Nepal 3
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Source

Cultivar or: Line : Cl or Pl Disease Rating’
B5A o 429498 Nepal 9
B6A 429499 Nepal 5
BBA 429502 Nepal 7
B9A 429503 Nepal -5
B15A 429507 Nepal 5
B27A 429521 Nepal 3
B28A 429522 Nepal 7
B32A 429526 Nepal 2
B33A ' 429527 Nepal 3
B34A ' 429528 Nepal - 2
B35A 429529 Nepal 4
NB37A 429532 Nepal 3
B43A 429537 Nepal 3
B44A 429538 Nepal 4.
B51A 429544 Nepal 4
B65A _ 429564 Nepal 3
NB72B 429573 Nepal 3
B75A 429576 Nepal 4
B77A . 429577 Nepal 4
B78A 429578 . Nepal - 4
NB78A : . 429579 . Nepal 3
B79A 429580 " Nepal 4
NB81A 429581 Nepal 3
NB82A 429582 Nepal 3
B83A 429583 Nepal 4
NB83A - 429584 Nepal 2
B84A 429585 Nepal 4
NB84A . 429586 Nepal 4
B85A 429587 Nepal 4
NB86A 429588 Nepal 2
B8BA 429590 Nepal 4
NB88A 429591 Nepal 2
NB88B 429592 Nepal 2
NB89A 429593 Nepal 2
B92A ' 429595 Nepal 7
NB92A 429596 Nepal 8
NBI3A 429597 Nepal 6
NB94A . 429598 Nepal 5

. B95A 429599 Nepal ~ b
B96A 429600 Nepal 4
B97A 429601 Nepal b
B98A 429602 Nepal 7
NB99A 429603 Nepal 4
NB100 - 429605 Nepal -3
NB101A 429606 Nepal 3
B102A 429607 Nepal 4
B103A 429609 Nepal 4




46

* Table 15 (cont.).

Cultivar or Line ClorPIl Source Disease Rating'
NB103A 429610 Nepal 3
NB104A 429611 Nepal 4
B105A 429612 Nepal 4
B106A 429613 Nepal 3
NB106A 429614 Nepal 4
B107A 429615 Nepal 5
NB107A 429616 Nepal 4
B108A 429617 Nepal 7
B109A 429619 Nepal 4
FAO051.867, 134A 445684 Nepal 8
FA051.903, 205 445685 Nepal 5
FAOb51.911, 218 445686 ) Nepal 5
FA051.913, 223 445687 : Nepal 5
NBA1 403973 Nepal 6
NBA2 403974 Nepal 4
1197 — 5
6388 _ Ethiopia 8
6496 Sweden 2
7296 Japan )
9505 Korea 2
- 9698 Ethiopia 7
9702 Ethiopia 10
9831 _ Japan 4
10379 Ethiopia 2
11631 Czechloslovakia 4
12821 Ethiopia 7
427245 Nepal 5
427246 Nepal 5
12058 Nepal 8

! Disease ratings based on 1-10 rating scale from 1 = minute pinpoint Iesidns, to 10 =
coalescing lesions, more necrosis than chlorosis and less than 10% green area visible on the
leaf blade. See text for details of rating scale.
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Inheritance of Resistance

Inheritance of resistance to PSB was studied in 40 Resistant X Susceptible, seven
Resistant X Resistant and seven Susceptible X Susceptible crosses. All parents and progenies

were tested in the growth chamber. Some F, progenies were also tested in the field.

Growth Chamber Studies

In most cases, disease reactions of the resistant parents were consistent over time but
reactions on the susceptible parents were variable. Determination of gene action and gene
number, therefore, was based on the reactions of the susceptible parents, F,, F,, and ‘BC,

(when available). The disease reactions of plants in most F, populations and some BC,

progenies were distributed from 1 to 10 on the rating scale. Although the disease reactions

of the F;s were usually notsimilar to one of the parents, therange often extended into the

parental class (Figs. 1-10). The crosses were grouped into three categories: (1) Resistant X

- Susceptible, (2) Resistant X Resistant and (3) Susceptible X Susceptible. Detailed segrega-

tion patterns of each category are described separately.

Resistant X Susceptible Crosses

Each resistant cultivar w;as crossed with one or more susceptible cultivars. The fre-
guency distribution of disease reactions of P, (Suscebtible), P, (Resistant), F, and F,
plants of each cross is shown in Figures 1-10. The frequéncyf distributions of F;, Fz‘, BC,

progeny, hypothesized segregation ratios and-P-values are presented in Table 16.‘

Unitan. Unitan was crossed with Dekap, Klages, Nupana and Cl 13727. In the cross

with Dekap (Dekap X Unitan) the F, showed a resistant reaction (Fig. 1). The degree of dom-

ince was 0.50. Segregation of F, plants gave a satisfactory fit to a 9:7 ratio. The F; when




Hplan V Ilnitan Unitan X Dekap

20 Unitan X CI 13727 Unitan X Nupana
- Pi B-F1 a - P
60 - P2 m - F2
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Disease rating scale (1-10) Disease rating scale (1-10)

Figure |I. Frequency distribution of parents (Pl = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Unitan) and susceptible (Dekap, Cl 13727, Nupana) barley cultivars.
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Table 16. Reaction Frequencies and Hypothesized Ratios of F,, F,, and BC, Progeny of
Crosses Between Susceptible and Resistant Barley Cultivars to Isclate; Mts

FF81E, of Pyrenophora teres f. sp. maculata in the Growth Chamber,

' Genera- ~No. of Plants! ' Degree of Hypothesized
Cross tion R | S °~ Dominance Ratio P-value
Dekap X Unitan F, 16 0 0 0.50 ’
. F, 111 0 63 9:7 0.05
‘ 3:1 <0.01
BC,? 26 0 21 1:1 0.56
Unitan X Dekap F, 17 0 o 0.40.
‘ F, 15656 0 57 3:1 0.68
Unitan X Cl 13727 F, 11 0 0 0.60 .
F, 75 0 37 3:1 - 0.06
’ 9:7 - 0.03
Unitan X Nupana F, 23 0 0 0.60
F, 70. 0 59 9:7 0.71
Klages X Unitan F, + 25 0 0 0.40
F, 134 0 b3 3:1 0.33
BC, 16 0 23 1:1 0.26
Dekap X Cl 5276 F, 0 18 0
- F, 68 105 74 0.02 5:6:5 0.31
BC, 0 16 19 4 0:1:3 0.02 _
Dekap X Tifang F, .0 6 0 0.2
F, 40 54 52 5:6:6 0.44
- BC; 0 10 34 0:1:3 0.93
Klages X .Tifang - F, 0 27 0 0.0 :
F, 32 66 38 1:2:1 0.73
, 5:6:5 0.03
Dekap X Minn 21 Fy o} 0 4 0.70
: F, b5 0 129 13 0.16
, BC, 0 0 ,1‘2 0:1 1.00
Klages X Minn 21 F, 0 10 2 0.20
F, 17- 38 88 — —_
BC, 1 9 22 — —_
Dekap X Cl 5298 F, 6 0 0 0.60
F, 128 0- 99 9:7 0.98
BC, 17 0 13 1:1 0.58
Cl 6298 X Dekap F, 6 0 0 0.40
. ‘ S 168" 0 91 9:7 0.03
BC,? 19 0 0 1:0 1.00
Dekap X Cl 9214 F, 0 0 20 1.00
F. 39 0 88 1:3 0.17
BC; 0 0 24 0:1 1.0
Cl 9214 X Dekap F, 0 18 7 0.10
F. 93 94 57 b:6:6 0.01
BC,? 13 11 4] 3:1:0 0.03
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No. of Plants!

Genera- Degree of Hypothesized
Cross tion R ! S Dominance  Ratio P-value
Klages X C1 9214 F, 8 14 7 0.10
F, 31 . 56 106 - —
BC, 2 13 23 ' - —
Cl1 9214 X Klages F, 0 9 7 0.10
F, . 28 74 79 — -
, BC, 9, 18 9 1:2:1 1.00
Cl 9214 X Betzes F, 0 0 26 0.90
_ N F, 66 0 163 1:3 0.21
Dekap X Cl1 9776 F, 0 0 23 0.60 -
: - F, 105 0 126 7:9 . 0.65
BC, 13 0 28 0:1 <0.01
1:3 0.42
Cl1 9776 X Dekap F, 0. 0 4 0.80 :
F, 65 0 108 7:9 - 0.12
Cl1 9776 X Erbet F, 0 0 16 0.80 :
' F, 56 0] 87 79 - 0.69
Dekap X Cl 4207 F, 7 0 0 0.50 : _
F, 177 0 36 13:3 0.556
Ci 4207 X Dekap F, 6 0 0 0.40 ) .
F, 195 0 41 13:3 0.65
BC,® 26 0 0 1:0 1.00
Dekap X Cl 2221 F, 17 0 0 0.80
F. 179 0 30 13:3 0.12
BC, 33 0 1" _ 1:1 <0.01
Dekap X Cl| 7208 F, 1 0 0 0.60
F, 172 0 86 : 3:1 <0.01
BC, 10 0 17 1:1 0.25 -
Dekap X Cl 7504 F, .0 17 0 0.20 ’
F, 27 86 83 — -
BC, 3 18 19 - -
* Dekap X Cl 7584 F, 0 4 0 0.30 7
F, 62 60 31 - 5:6:5 0.01
BC, 5 19 16 0:1:3 <0.01
Dekap X Cl 7272 F, 0 0 14 1.00 '
: F, 50 0 131 1:3 0.47
BC, 0 0 18 0:1 1.00.
Dekap X Cl 56822 F, 0 0 23 1.2
' F, 656 0 132 1:3 0.01
BC, 14 0 30 0:1 <0.01
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Table 16 (continued).

No. of Plants!

Hypothesized

Genera- Degree of
Cross tion R | S Dominance Ratio P-value
Dekap X Ci 5401 F, ' 0 0 13, 0.6
F, 66 0 88 7:9 0.89
BC, 7 0 28 0:1 <0.01
1:3 0.62
Dekap X Cl 5791 F, 0 0 11 0.80
F, 69 0 179 1:3 . 0.34
BC, 10 0 15 0:1 <0.01
1:3 - 0.13
Trebi X Dekap Fy 0 0 8 0.90
F, 39 0 109 1:3 0.78
BC, 0 0 36 0:1 1.00
Dekap X Oderbrucker F, 0 0 23 0.80 .
F, - B3 0 1568 1:3 0.79
BC, 0 0 42 , 0:1 1.00
Klages X Cl 1615 F, 0 0 18 0.80 :
F, 29 .0 69 1:3 0.35
BC, 0 0 38 0:1 - 1.00
Klages X Cl 14023 F. 0 0 35 1.8
' F, 38 0 122 1:3 0.78
Dekap X Cl 9647 F, 0 4 0 0.2
F, 76 82 72 b:6:5 0.73
‘BC, 3 11 3 0:1:3 <0.01
: ‘ - 1:2:1 0.48
Dekap X Galt -F, 0 16 0 0.0 ‘
F, 64 42 139 : - —
BC, 2 13 27 — -
Dekap X Himalaya Fi 0 0 20 0.5
F, 87 0 116 7:9 0.85
BC, 10 0 22 0:1 <0.01
1:3 0.64
Dekap X Gem F, 0 0 8 0.40
F, 91 0 142 7:9 0.17
BC, 11 0 18 0:1 <0.01
_ 1:3 0.78_
Dekap X Steptoe Fi 0 0 11 0.90
F, 48 0 84 7:9 0.11
Dekap X Cl 6475 F, 0 0 7 1.40 ‘ ’
F, 130 0O 158 .7:9 0.68
BC, 4 0 24 0:1 <0.01
B 1:3

0.28

I R = Resistant, | = Intermediate, and S = Susceptible.
2BC, = F, backcrossed to susceptible parent (female parent).
3 BC, =F; backcrossed to resistant parent (female parent).
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backcrossed to Dekap (BC,) ségregated in-a 1:1 ratio. The reciprocal of this cross, how- -
ever, gave an indication of oné dominant gene only since segregation in th:a F, fita 3:i
ratio: In the cross with Cl 13727, the F, gave a resistant reaction with a degree of domi-
nance of 0.60. Segregation of F, plants gave a poor fit to either 3:1 or 9:7 ratio. Thus, the
result suggests that the inheritance of resistance in Unitan with Cl 13727 is conditioned 1by
one or two dominant genes."Segregation of F, plants in Unitan X Nupana, fit a 9:7 ratio
with a P-value of 0.71. However, in a cross with Klages, F, segregation was a close fit to a

3:1 ratio. BC, also supported 3:1 ratio. All these results indicate that Unitan contains at

least one dominant gene in conditioning resistance to the disease.

C1 6276. This cultivar was crossed with Dekap only. The F, of this cross showed an
intermediate disease reaction (Fig. 2). The degree of dominance was 0.02 (Table 16). Based
on disease reactions of parents and the F,, F, plants segregated into three clésses, resistant,
intermediate and susceptible with a fairly good fit to a 5:6:5 ratio. The result was poor'Iy
supported by BC, segregation. It indicates that Cl 5276 probably has two additive genes

conditioning resfstance to Mts FFB1E, isolate.

Tifang. This cultivar was crossed with Dekap and Klages. In the cross with Dekap, the
F, gave an intermediate disease reaction (Fig. 2) different from both Tifang and Dekap.
The degree of dominance calculated was 0.2. Segregation in the F, fit a 5:6:5 ratio. The
backcross progenies segregated into a 0:1:3 ratio which supports the 5:6:5 ratio of the F, .
In the cross with Klages, the F, showed an intermediate reaction with no dominance
(Fig. 2, Table 16). In the F,, segregation for resistant, intermediate and susceptible disease
reactions was a close fit to a 1:2:1 rather than a 5:6:5 ratio. These results indicate that
Tifang may have either one or two additive genes which are expressed differently based on

the genetic background of the susceptible parents.




70 Klages X Unitan Dekap X CI 5276

D-Pi S -F1
60 Offl-P2 m - F2 B —P2 H-F2
<} 50
: I
Q 40 N
on
d 20
(174
10 IJ
- Irirn- flIHI 1 bhrir u
Dekap X Tifang Klgge; X Tjfgpq
o - Pi S-F1 |5—Pi S -F1
Ooffl-P2 H-F2 B -P 2 H-F 2
2 50
5 30
5
=]
S 20
10 I
L d 1111~ rl M I f 11311 ~“r»rirl
6 7 8 9 10 1 2 3 4 5 6 7 8 9
Disease rating scale (1-10) Disease rating scale (1-10)

Figure 2. Frequency distribution of parents (Pl = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Unitan, CI 5276, Tifang) and susceptible (Klages, Dekap) barley cultivars.
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Minn 21. This cultivar was also crossed with Dekap and Klages..- In the cross With
Dekap, the F, showed a susceptible raction '(Fig. 3) with a high degree of dominance for
susceptibility. Segregation in the F, fit a 1:3 ratio. No resistant plant was observed in'the
BC, as expected. This suggests that Minn 21 may possess one recessive gene for resistance
to the disease. In the cross with Klages, the F, showed mostly an intermediate disease
reaction (Fig. 3) with a degree of dominance of only 0.2. Although frequencies of suscep-
tible plants were greater than those. of resistant ones, the F, and BC, segregation did not
fit any monogenic or digenic ratio, indicating a complex inheritance in the cross, probably

controlled by more than two recessive genes.

M The F,s of reciprocal crosses of this cultivar with Dekap showed a reéistant
reaction (Fig. 3) with a degree of dominance of 0.50 (Table 16). Segregation in the F, of
Dekap X CI 5928 gave a very good fit to a 9:7 ratio. However, in the F, of‘C|‘5298 X
Dekap segregation for disease reaction did not fit to a 9:7 ratio. Backc'ross progeny in
Dekap X Cl 5298 segregated in a 1:1 ratio instead of 1:3. On the other hand, béckcro”ss
progeny in Cl 5298 X Dekap fully supported the 9:7 ratio (Table 16). These restults squest

that Cl 5298 probably possesses two complementary dominant genes for resistance.

Cl 9214, Based on previous studies, Cl 9214 is the most resistant line to all isolates
of P. teres f. sp. maculata. Crosses of this cqltivar with Dekap, Klages, Betzes and reciprocal
crosses With Dekap and Klages were tested. The F; of Dekap X Cl 9214 showed a suscepti-
ble reaction (Fig. 4) with complete dominance for susceptibility. The frequency of resis-
tant and susceptible plants in the F, gave a satisfactory fit to a 1:3 ratio. No resistant plant
was observed.in backcross progenies as expected. These results suggest that Cl 9214 may
contain one recessive gene for resistance. The reciprocal cross, Cl 9214 X Dekap, gave‘a

different pattern of inheritance. The disease reaction in the F; was intermediate between
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Figure 3. Frequency distribution of parents (P1 = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Minn 21, Cl 5298) and susceptible (Dekap, Klages) barley cultivars.
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Figure 4. Frequency distribution of parents (Pl = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Cl 9214) and susceptible (Dekap, Klages) barley cultivars.
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the two parents (Fig. 4). The degree of dominance was only 0.10. blassffying the F, popu-
lation into three categories (Resistant, Intermediate, and Susceptible), the observed fre-
quency did not fit to a 5:6:5 ratio (P = 0.01). Backcross progeny also gave a poor fit to
3:1:0 ratio. In crosses with Klages, the F; showed a wide range of reactions (Fig. 4). Tlhe
frequency of susceptible plants was more than that of intermediate or resistaht ones both
in the F, and BC; populations indicating some dominance for suéceptibility.. Considering
the distribution of plants in F, and BC,, it was difficul'; to fit any monogenic or digenic
ratio. This suggests that resistance in crosses with Klages is controlied by more than two
recessive genes (Table 16). However, when a cross of this cultivar with Betzes was tested, a

recessive monogenic segregation was observed in F, population.

C1 9776. In a cross of this cultivar with D;akap, a susceptible r;aaction was observed in
the F, (Fig. 5). The degree of dominance (0.60) was towards the susceptible pz;rent. The
segregation of disease reactions in F, plants gave a good fit to a 7 resistant:9 susceptible
ratio, indicating presence of two recessive genes in Cl 9776. However, the BC; did not
support this hypothesis, even though the frequency of susceptible plants was. higher than
that of resistant ones. Segregation of F, plants in the reciprocal cross (Cl 9776 X Dekap)
was satisfactory fit to a.7:9 ratio. Similarly, Cl 9776 X Erbet, segregated in a 7:9 ratio in
the F,. These results indicate that Cl 9776 may possess two recessive genes for resistance

to the disease.

Cl 4207 and Cl 2221. These cultivars were crossed with Dekap. A reciprocal cross

was made between Cl 4207 and Dekap. Dekap in this particular test did not show a very
susceptible reaction. The F, s of all three crosses showed resistant reactions (Fig. 6), similar
to the reaction of resistant parents but wit'h a narrower distributioﬁ. The frequency of:'
resistant and susceptible plants gave a good fit to a 13:3 ratio in crosses with Cl 4207 and a

satisfactory fit to the same ratio in a cross with Cl 2221. Similarly backcross progeny in




Figure 5. Frequency distribution of parents (P1 = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Cl 9214, Cl 9776) and susceptible (Betzes, Dekap, Erbet) barley cultivars.
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Figure 6. Frequency distribution of parents (P1 = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Cl 4207, Cl 2221, Cl 7208) and susceptible (Dekap) barley cultivars.
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the cross with Cl 4207 fully supported the hypothesized ratio but not in the cross with
Cl 2221. This indicates that the resistance in Cl 4207 and Cl 2221 may be conditioned by

one dominant and one recessive gene.

Cl 7208. A cross of this cultivar with Dekap produced a single F; plant whjch showed
a resistant reaction (Fig. 6). Segregation of F, plants did not fit any simple ratio of
monogenic and digenic type. However, BC; gave a fit to 1:1 ratio indicating that Cl 7208
may contain one dominant gene for resistance.

! !

C1 7504 and CI 7584. F;s produced by crosses of these cultivars with Dekap showed

intermediate disease reactions (Fig. 7) with a low degree of dominance (0.2 and 0.3).
Segrégation of F, plants in Dekap X Cl 7504 did not fit any simple ratio. Segregation in
the F, of Dekap X Cl 75684 cross gave a poor fit to a 1:2:1 or 5:6:b ratio. Backcross
progeny in both crosses did not support any ratio. These results indic;ate that the inheri-
tance of resistance in Cl 7504 is complex and in Cl 7684 may be conditioned by one or

more additive genes.

Cl 7272 and CIl 5822. F,s of crosses of these cultivars with Dekap showed suscepti-

ble reactions (Fig. 7). The degree of dominance for susceptibility was complete in Dekap X
Cl 7272 and slightly over dominance (1.2) in Dekap X CI 5822. Segregation for resistance
and susceptibility in the F, gave a good fit to a 1:3 ratio in Dekab X €l 7272 and a poor
fit to the same ratio in Dekap X CI 5}82.2. Similarly, bachrdss progeny in Dekap X Cl 7272
fully supported the hypothesized ratio but the backcross progeny in/ Dekap X Cl 56822 did
not, even though the frequency of susceptible ﬁlants was higher than that of resistant ones.
These r.esults indicate that the resistance in Cl 7272 is conditioned by one recessive géne

and the resistance in Cl 5822 may also be due to one recessive gene.
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Figure 7. Frequency distribution of parents (P1 = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Cl 7504, Cl 7584, Cl 7272, Cl 5822) and susceptible (Dekap) barley cultivars.
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Cl 5401. A cross of fchis cultivar with D’ekap produced F, progenies w‘hic‘:h .showedé ,
susceptible reaction (Fig. 8). Segregation in the F, produced 66 resistant and 88 suscepti-“
ble plants, which is a good fit to a 7:9 ratio. Although the nﬁmber of susceptible plants
was more than the resistant ones, the BC; did not support the F, ratio. These results indi-

cate that Cl 5401 may contain two recessive independent genes which condition resistance

to PSB.

Cl 5791, Trebi and Oderbrucker. Crosses of these cultivar with Dekap produced F, s

which. were susceptible to the disease (Fig. 8). In all cases, the degree of dominance for
susceptibility was high. Segregation of F, plants in these crosses gave a very good fit to a
1:3 ratio (Table 16). The disease ;'eactiohs on backcross progenies'of Trebi X Dekap and
Dekap X Oderbrucker crosses also fully supported the F, 'hypothesized ratio., These results

suggest that resistance is probably conditioned by one recessive gene in each cultivar.

Cl 1615 and CI 14023. These cultivars .were crossed with Klages. The F;s of these -

crosses showed sUsceptibIe reactions. (Fig. 9). The degree of dominance for susceptibility
was high in both cases. Segregation of F, populations in both cases gave a good fit to a
1:3 ratio (Table 16) indicating that Cl 1615 and Cl 14023 may contain one recessive gene

each for resistance to the disease.

Cl 9647. The reaction in the F, _of the cross of this cultivar wifch Dekap was inter-

-mediate between. the two parents (Fig. 9). The F, plants segregated into resista'nt, inter-
mediate and susceptible classes which fit a 5:6:5 ratio. However, BC, segregation did not
_support the -F,- hypothesized ratio.. Thus,.Cl 9647. may..contain. two additive genes for

resistance.

Galt. This cultivar is not a good source of resistance to PSB. It was susceptible to

many isolates of the pathogen. However, with isolate, Mts FF81E,, a disease rating of 4
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Figure 8. Frequency distribution of parents (P1 = Susceptible, P2 = Resistant), F1 and F2 in crosses between resistant
(Cl 5401, CI 5791, Trebi, Oderbrucker) and susceptible (Dekap) barley cultivars.
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or less was observed most of the time. The F; of a cross, Dekap X Galt gave reactions
which were overlapping the reactions of both parents but could be considered as an inter-
mediate reaction (Fig. 9) with no dominance. Segregation.in the F, gave more sdsceptible
plants than intermediate or resistant plants. The frequency of plants in these categories did
not fit any monogenic or digenic ratio. Backcross progenies also gave a majority of suscep-
tible plants but did not fit any ratio. These results indicate that the inheritance of resis-

tance in Galt is probably conditioned by more than two major or minor genes.

Himalaya, Gem, Steptoe and Cl 6475.. Crosses were made between these cultivars and

Dekap. F,s of these crosses showed susceptible reactions (Fig. 10). The degree of domi-
nance ranged from 0.4 in Dekap X Gem cross to 1.4 in Dekap X Cl 6475 cross (Table 16).
Segregation of F, plants gave a good fit to a 7:9 ratio in Dekap X Himalaya and békap X
Cl 6475 crosses and a satisfactory fit in Dekap ‘X Gem and Dekap X Steptde crosses.
Backcross progenies of Dekap X Hirﬁalaya, Dékap X Gem and Dekap X Cl 6475 crosses
did not support the F, hypothesized ratio. However, the number of susceptible plants was

greater than resistant plants in all cases. These results indicate that the resistance in these

cultivars may be conditioned by two independent recessive genes in each cultivar.

Resistant X Resistant Crosses

In the Resistant X Resistant crosses, Unitan was crossed with othgr resistant cultivars.
In general, the parents showed consistent disease reactions but reactions in the F,s were
not as resistant as the parents with the reactions extending towards the susceptible side.
The frequency distribution of resistant, intermediate, and susceptible reactions of P, P,,
F,, and F,, their hypothesized ratio of segregation and the chi square probability values
are presented in Table 17. '

The disease reaction of the F,; of a cross between Uni'lcan and Cl 4207 was resistant.

The F, segregation for reaction to the disease in the cross gave a good fit to a 61:3 ratio
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Table 17. BReaction Frequencies of Parents (P, = female, P, = male), F,, F, and Hypothe-

sized Ratio of F, Progeny of Crosses Between Resistant and Resistant Barley

Cultivars to lIsolate, Mts FF81E,: of Pyrenophora teres f. sp. maculata in the

Growth Chamber.

No. of Plants!

Hypothesized

Cross Genefation R I S Ratio P-value

Unitan X Cl 4207 P, 27 0 0

P, 23 0 0

F, 20 0 0

F, 205 0 10 61:3 0.89
Cl 9214 X Unitan P, 22 .0 0

P, 24 0 0

Fi 20 .0 0

F, 127 0 42 13:3 0.05
€1 9776 X Unitan P, 11 0 0

P, 23 0 0

F, 25 0 0 .

F, 140 0 32 55:9 0.1
Unitan X C[ 9776 i P, 19 0 0

P, 4 0 o

F; 16 0 0 ‘

F, 135 "0 14 b5:9 0.13
Unitan X Cl 7504 P, 21 0 0

P, 31 0 0

F, 24 0 0

F, 170 0o 3 207:49 0.21
Cl 5791 X Unitan P, , 0 20 0

P, 19 4] 0

F, , 0 15 14

F, 51 97 61 - —
Unitan X CIl 5791 P, 22 0 0

P, 4 21 0

F, 0 18 0

F, b2 81 72 — -

1R = Resistant, | = Intermediate, S = Susceptible.
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indicating the presence of two dominant and one recessive genes conditioning resistance
in the segrégate's. Siiﬁce 'Fz segregation of crosses involving these cultivars with susceptible
ones gave an indication of one dominant gene in Unitan and one dominant and one reces-
sive genes in Cl4207, the F, Segrégation in this study suggests that the genes in Unitan and
Cl14207 may be at different loci. In the cross of Unitan with C19214, all F; plants were
resistant. Segregation in the F, gave 127 resistant and 42 sﬁsceptible plants, which fit
with a 13:3 ratio (P-value 0.04) (Table 17). This suggests that resisfance in the cross
is conditioned by a dominant and a recessive genes. Previously, in one cross of a suscepti-
ble cultivar with Cl 9214, presence of one reces.sive gene in Cl 9214 was indicated. The
present result also confirms that Cl 9214 may contain one recessive gene and Unitan con-
tains one dominant gene. |

F, s of reciprocal crosses between Unitan and Cl 9776 were resistant. The resulting F,
segregation ratios gave a fit to a 55:9 ratio, indicating segregation of one dominant and two
recessive independent genes. Svince Unitan is known to contain one dominantgene, Cl 9776
may possess two recessive genes, which were also found earlier.

The cross between Unitan and Cl 7504 gave resistant F, plants and the segregation
for resistance and susceptibility in the F, gave a fit to a 207:49 ratio {two dominant com-
plementary genes in each cultivar). Although the gene action and the gene number in
Ci 7504 could not be d‘etermined‘ based on the results of a cross of this cultivar with Dekap
earlier, the ratio obtained in this study indicates that the inheritance of resistance in
Unitan X CI 7504 cross may be conditioned by four independent genes. In reciprocal
crosses between Unitan and CI5 791, the disease reactions of the F lé were intermediate
and similar to the reaction of CI 5791. However, segregation in the F, indicated three
classes (Table 17). The reaction in the first class was similar to Unitan, that of the second
class was similar to Cl 5791 and that of the third class was susceptible, different from

either parent. The frequency of plants in the segregates, however, did not fit any simple
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ratio. Thus, the gené number and the-gene location. could not be determined. Presence of
suscgptible plants in the F, indicates transgressive segregation for susceptibilit‘y. THis also
suggests that one or more genes for susceptibility are present in one of the cultivars,

probably in Cl 5791, and that they were expressed only after crossing with Unitan.

Susceptible X Susceptible Crosses

In the Susceptible X Susceptible crosses, Dekap and Klages were crossed with other
susceptible cultivars. Some of fhe crosses could not be tested due to failure in germination
and seed mixing. The frequency distribution of disease reactions of both parents and prog-
enies are presented in Table 18.

Crosses between Dekap and other susceptible cultivars such as Cl 9699 and Summit
gave susceptible F,s. The resulting F, progenies were all susceptible indicating that there
are no genes for resistance and the genes for susceptibility may be the same in both culti-
vars. Similar trends were obtained, when Klages was crossed with Cl 9758. Both parents,
F; and F, progenies were susceptible to the disease. However, some resistant plants were
observed in F, populations of crosses, Dekap X Hector, Dekap X ClI 9159, Dekap X
Cl 13262 and 'Dekap X Betzes. These results suggest that Hector, Cl 9159, CI 13262 and
Betzes may have some minor effect factors or genes for resistance to the disease. They
were expressed only when they werc;. combined with other susceptible cultivars, thus

indicating transgressive segregation.

Field Studies

Experiments were conducted in the field to test F, progenies of some selected, ,

Resistant X Susceptible, Resistant X Resistant and Susceptible X Susceptible crosses in the
summers of 1983 and 1984. However, the results of 1984 are not included here since the

infection was too low and many plants were severely infected by barley yellow dwarf virus.
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Table 18. Reaction Frequencies of Parents (P, = female, P, =male), F, and F, in Crosses
Between Susceptible and Susceptible Barley Cultivars to Isolate, Mts FF81E, of
Pyrenophora teres f. sp. maculata in the Growth Chamber.

No. of Plants!

Cross Generation R I S .
Dekap X Cl 9699 P, 0] 0 23
P, 0 0 18

F, 0 0 9

F, 0 0 217

Dekap X Summit P, 0 0 27
‘ P, 0 0 24

F, 0 0 21

F, 0 0 211

Klages X Cl 9758 P, 0 0 23
P, 0 0 32

F, 0 0 23

F, 0 0 161

Dekap X Hector P, 0 0 29
P, 0 0 16

F, 0 0 27

i -9 0 173

Dekap X Cl 9159 P, 0 0 24
P, 0 0 16

F, 0 0 25

F, 11 0 158

Dekap X Cl 13262 P, 0 0 25
P, 0 0 28

F, 0 0 25

F, 14 0 213

Dekap X Betzes P, 0 0 22
P, 0 0 19

F, 0 0 19

F, 21 0 198 -

'R = Resistant, | = Intermedriate, S = Susceptible.
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relation in the genetic ratios of the same crosses tested in the growth chamber and in the
field. Also, cultivars, such as Unitan, Cl 5822, CI 4207 and many others showed higher
disease ratings in the field than in the growth chamber. So the genetic ratios could have
been different. Determination of gene action and the gene number was based on F,
reactions alone. As in the growth chamber studies, crosses involving (1) Resistant X Sus-
ceptiblé, (2) Resistant X Resistant, and (3) Susceptible X Susceptible are separately

described.

Resistant X Susceptible Crosses. Results of these crosses are described separately

based on similar segregation ratios in the F, populations. The frequency of disease reac-
tions of the F, populations and their hypothesized ratio and P-value are shown in Table 19.

In crosses, Unitan X Cl 13727, Unitan X Nupana, Klages X Minn 21, Dekap X
Cl 9214, Klages X CI 9214, Dekap X Cl 9776, Dekap X Cl 5401 and Dekap X Oderbruc-
ker, the F, populatiorﬁ segregated in a ratio of 3 resistant:1 susceptible indicating presence
of one dominant gene for resistance in each cultivar. One recessive gene for fesistance was
indicated in a cross of CI 5822 with Dekap. Similarly, the distribution of resistant and
susceptible plants in F, populations of crosses, Dekap X Unitan, Kiages X Unitan, Dekap .
X Minn 21, C1 9214 X Betzes, Cl 9776 X Dekap, Cl 9776 X Erbet, Dekap X ClI 7208,
Dekap X Cl 7584, Klages X Cl 1615, and Dekap X Cumbhuriyet, was in' close agreement
with an expected ratio of 9:7 suggesting that resistance in these crosses is conditioned by
two complementary dominant genes. The F, segregation in Unitan X Dekap, Cl 9214 X
Dekap, Dekap X CI 2221, Klages X Arimont, Dekap X Himalaya, and Dekap X Cl 10448
crosses, gave a good fft to a 7 resistant:9 susceptible ratio. This indicateé that these resis-
tant cultivars may contain two recessive genes for resistance to the disease.

The F, progenies of Dekap X Cl 7272 segregated into a 13 resistant:3 susceptible

ratio, which indicates that Cl 7272 may contain one dominant and one recessive gene. In
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Table 19. Reaction Frequencies and Hypothesized Ratios of F, Progeny of Crosses Be-
tween Resistant and Susceptible Barley Cultivars to a Mixture of Montana Iso-
lates of Pyrenqphoia teres f. sp. maculata in the Field.

No. of Plants?! Hypothesized
Cross . R I S Ratio P-value
Dekap X Unitan 109 0 80 9:7 0.75
Unitan X Dekap 49 0 94 7:9 0.03
1:3 0.01
Unitan X Cl 13727 78 0 34 3:1 0.23
Unitan X Nupana 88 0 41 3:1 0.09
Klages X Unitan 86 0 b6 9:7 0.39
Dekap X Cl 5276 79 0. 20 13:3 0.81
62 17 20 9:3:4 . 0.42
Dekap X Tifang 97 0 26 13:3 - 0.57
b3 44 26 5:6:5 0.01
Klages X Tifang 58 0 20 3:1 1.00
19 39 20 1:2:1 0.99
Dekap X Minn 21 80 0 68 9.7 0.65
Klages X Minn 21 71 0 20 3:1 0.59
Dekap X Cl 5298 22 0 108 3:13 0.67
Dekap X Cl 9214 89 0 34 3:1 0.57
C1 9214 X Dekap 67 0] 90 7:9 0.85
Klages X Cl 9214 90 0 22 3:1 0.23
23 67 22 1:2:1 0.11
Cl1 9214 X Betzes 73 0 58 9:7 1.00
Dekap X Cl 9776 - 73 0 32 3:1 0.24
Cl 9776 X Dekap 48 0 46 9:7 0.36 .
Cl1 9776 X Erbet 54 0 37 9:7 0.63
Dekap X Cl 2221 40 0 74 7:9 0.08 -
Dekap X Cl| 7208 58 0 59 9:7 0.17
Dekap X Cl 7504 26 0 101 3:13 0.70
Dekap X Cl 7584 64 0 51 9:7 1.00
Dekap X Cl 7272 95 0 20 13:3- 0.80
Dekap X Cl 5822 27 0 91 1:3 0.67
Dekap X CI 5401 90 0 37 3:1 0.33
Dekap X Oderbrucker 77 0 26 3:1 1.00
Klages X Cl 1615 47 0 31 9:7 1.00
Klages X Arimont 43 0 81 7:9 0.05
Dekap X Cumbhuriyet 45 0 23 9:7 0.13
Dekap X Himalaya 45 0 67 7:9 0.51
Dekap X Cl 6475 31 0 120 3:13 0.65°
Dekap X CI 10448 75 0 93 7:9 0.88
! R = Resistant, | = Intermediate, S = Susceptible.
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the cross of Cl 5276 with Dekap, the frequency of F, plants fit either 13:3 or 9:3:4 ratio,

suggesting that Cl 5276 may contain either one dominant and one recessive genés or two
dominant genes. Similarly in a cross of Tifang with Dekap, segregation of F, progenies
gave a close fit to a 13:3 or poor fit to a 5:6:5 ratio, providing evidence of one dominant
and one recessive genes or two additive genes. Culti\;ars, Tifang and Cl 9214, when crossed
with Klages, gave a 3:1 or 1:2:1 segregation in the F,, showing that Tifang and CI 9214
probably contain one dominant or one additive gene.

In crosses of Cl 5298, Cl 7504 and Cl| 6475 with Dekap, a segregation ratio of 3 resis-
tant:13 susceptible plants was observed in the F, populations. This suggests that Cl 5298,
Ci 7564 and C| 6475 contain one recessive and one dominant complementary genes for

resistance to the disease.

Resistant X Resistant Crosses. In this category, 6nly two crosses were tested in the

field. F, progenies of a cross of Cl 9214 with Unitan segregated into 91 resistant and 5
susceptible plants which was a close fit to a ratio of 15:1 with high probability (P = 0.83) -
(Table 20). The F, segregation did not fit to a 63:1 ratio. Thus, it suggests that inheritance
of resistance is conditioned by two dominant genes. Since the resistance in Unitan was
known to be conditioned by one or two dominant genes and Cl 9214 by one dominant

gene,. it is likely that the resistant genes in C1 9214 and Unitan are located at different loci.

Table 20. Reaction Frequencies and Hypothesized Ratios of F, Progeny of Crosses Be-
tween Resistant and Resistant Cultivars to a Mixture of Montana lIsolates of
Pyrenophora teres f. sp. maculata in the Field.

No. of Plants! Hypothesized
Cross R | S Ratio P-value
Cl1 9214 X Unitan 91 0] 5 15:1 0.83
63:1 0.01
Unitan X Cl 9776 51 0 3 15:1 . 1.00

*1 R = Resistant, | = Intermediate, S = Susceptible.
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In the other cross, Unitan X CI 9776, segregation for resistant and susceptible plants
in the F, was perfect fit to a 15:1 ratio suggesting that inheritance of resistance in this

cross is conditioned by two dominant genes and these two genes are at two different loci.

Susceptible X Susceptible Crosses. Two susceptible cultivars crossed with Dekap were

tested in the field. In the cross with Summit,. no resistant plant was observed in.the F,.
However, in the cross of Betzes with Deka'p, about 29% of the F, populatién were resis-
tant (Table 21) indicating a transgressive segregation. in the cross. Since a cross of Deka.p
with Summit showed no resistant plants in the F,, Betzes may contain genes for re\sjstance.
Similar segregation was observed with this cross in growth chamber tests.

Table 21. Reactlon Frequencies of F, of Crosses Between Susceptible and Susceptible

Barley Cultivars to a Mixture of Montana Isolates of Pyrenophora teres f. sp.
maculata in the field.

No. of Plants!

Cross R I S
Dekap X Summit 0 0 73
Dekap X Betzes 30 0 104

! R = Resistant, | = Intermediate, S = Susceptible.
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DISCUSSION

Pyrenophora spot blotch caused by P. teres f. sp. maculata has been found on barley
in different parts of the world, but the biology, pathogje-nicity and virulence of this patho-
gen have not been studied. Various differences in the above characteristics were noted
between isolates from Montana and other countries. Isolation from spot samples from
Nepal and Syria were not P. teres f. sp. maculata. Perhaps the sample sizes were not large
enough to detect the spot form from these areas, since the normal net form and spot
blotch tend to predominate. Although seedling symptoms observed in this study with
PSB isolates from Morocco, Tunisia and Turkey were similar to those described in Den-
mark by Smedegard-Petersen (1971), the symptoms observed with Montana isolates were
' somewhat different. Preliminary studies (C. B. Karki, unpublished data) indicated that the
spot symptoms caused by isolates of P. teres f. sp. maculata frorﬁ Montana were different
from the spots caused by C. sativus in Ithe seedling stage, but the spot symptoms caused by
isolates from Morocco, Tunisia and Turkey were indistingﬁishable from the spots cau_sed
by C. sativus. Similar observations were made in Norway and Canada (Hansen and Magnus,
1969; Tekauz and Mills, 1974). Since symptoms produced in the seedling stage with the
isolates from North Africa and Turkey in this study were similar to those produced by the
isolates from Denmark and probably other Scandinavian countries, the pathogen causing
PSB symptoms' may be the same in North Africa, Tunisia and the Scandinavian countries.

The disease reactions caused by the PSB isolates used in this study were similar to
those found by Bockelman et al. (1983). However, they reported an intermediate disease
reaction on Unitan while a resistant rating was noted in this study. Cultivars Cl 9214,

Cl 5401 and CI 9440 were resistant in this study and they were also reported resistant in
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Canada (Takauz and Buchanon, 1976). Khan and Tekauz (1982) reported a susceptible
reaction on Cl| 7584 with an Australian isolate whereas m this study, Cl 7584 was resistant
to Montana isolates and moderately susceptiblle or susceptible to isolates from Morocco,
Tunisia and Turkey. Cultivars Tifang, Cl 7584, Cl 9819, and Cl 9825 showed a resistant.
reaction to PSB isolates from Montana but they showed a susceptible reaction to PSB iso- |
lates from North Africa and Turkey. The genes for virulence in is—c>la;ce§ from Montana are
probably different from those of isolates from North Africa and Turkey. The isolates from
North Africa and Turkey are, therefore, similar to the isolates from Canada and ‘Australia
and different from isolates from. Monténa. In this study, most cultivars which showed sus-
ceptible reactions to PSB also showed susceptible reactidns to the net BIotch form. Bjarko
(1979) reported Cl 5845 resistant to all net blotch isolates, but it was susceptible to PSB
isolates in this study. The genes for virulence in P. teres f. sp. maculata and P. teres f. sp.
teres are probably different.

The sympto;ns of PSB were often difficult to cléssify and much effort was expended
in devising a meaningful scale. Tekauz and Buchanon (1976) differentiated disease reactions
based on the quantity of spores produced and time required to- sporulate on excised leaf
tissue. In the present sfudy no sporulation occurred on leaf pieces of susceptible cultivars
with slight chlorosis and no necrosis even after 72 hours of incubation. However, heavy
sporulation occurred on leaf pieces of cultivars with large amounts of chlorosis and necro-
sis. Studies on the number of lesions per unit area of the leaf blade showed that the num-
ber of lesions was no;c different in resistant aﬁd susceptible cultivars. HO\‘Never, susceptible
cultivars, in general, produced more chlorosis and necrosis than resistant cultivars. There-
fore, lesion sizes and shapes, per se, were not differentiating traits. Thus, a new scale of
1-10 was adopted for rating PSB placing emphasis on relative amounts of chlorosis and

necrosis.
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Minpr diféereﬁces in disease ratings observed with the isolates from Montana were
due to factors other than the path('Jgen. It was found that‘ fewer symptoms were produced’
by lower spore concentrations (C. B. Karki, unpublished data). Similar results were obtained
by. Khan and Boyd (1969b) with the net blotch pathogen. Although inoculum concentra-
';ion was maintained at 3.2 X 10* conidia/ml, the number of germinating conidia on the
leaf blade was not determined. In some areas of the leaf surface, clumps of conidia were
observed. This uneven distribution of the conidia duﬁng inoculation could have caused
differential reactions in some ca;es. : ~

In preliminary tests, Mts FF81E,; produced higher disease ratings than other isolates
from Montana, but later it produced comparatively less disease than other isolates. It is
unknown whether the change was due to environmental factors or pathogen mutation.
Since environmental factors were kept constant as far as possible, the decreased virulence
of the isolate may have been due to mutation. None of the cultivars used differentiated the
Montana isolates and there are probably no differences among them. However, cultivars
Tifang, Cl 75684, Cl 9819 and Cl 9825 showed differential reactions between the PSB iso-
lates from Mon'éana and other countries. Therefore, these cultivars can serve as diffe.rent'ial
cultivars for the PSB isolates until better differentials are found. *
| It is intéresting to speculate on the origin of the PSB pathogen. Perhaps the pathogen
was introduced to Australia and Canada from the Scandinavian countries through infected
seeds (Khan and Tekauz, 1982; Tekauz and Buchanon, 1976). The symptoms observed.in
the growth chamber with the isolates from Montana were different from the symptoms
caused by the isolates from North Africa and Turkey. The symptoms produced by the
Montana isolates also differed from those described in Denmark (Smedegard-Petersen,
1971). The pathogenic _behavio.r of PSB isolates from North Africa and Turkey in this
study was similar to that found by Khan and Tekauz (1982) and Tekauz and Mills (1974)

with Australian and Canadian isolates. However, they did not describe the symptom
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expréssion in detail. Smédegard-Petersen (1976) pointed out that P teres and P. graminea
might easily cross and produce hybr'ids witI:'1 different symptoms from those caused by
parental species. It is, therefore, possible thi:t isolates of P. teres f. sp. maculata in Montana
could have evolved through mutation or hybridization between related species of
Pyrenophora.

In addition to different symptoms and pathogenic variation, significant differences
were observed in conidiophore length and.geniculations and shape of the basal conidium
cell between the pathogens from Montana and North Africa. Two types of spot symptoms
were demonstrated in Denmark and Finland (Makela, 1972; Smedegard-Petersen, 1971)
but there was no mention of difference in morphological characteristics of the pathogens
causing such spot symptoms. Conidium and conidiopho.re length and septa number ob-
served in this study with Mts FF81E,; agreed with the results obtained by Smedegard-
Petersen (.1 971). However, he did not give other details of the conidia and conidiophores.
He may have observed the morphological characteristics of the isolates causing only smaller
spot symptoms and did not detect differences between PSB and net blotch isolates in
conidiophore geniculation number and shape of the basal conidium celi. Recently, he
mentioned that identification of P. teres f. sp. teres and P. teres f. sp. maculata was based
on symptom production and did not consider morphological details (personal communi-
cation). In this study, morphological characteristics of Mts FF81E,, an isolate from
Montana were similar to those described in Denmark. This indicates that there are some
PSB isolates in Denmark, which are similar to Mts FF81E, while other isolates were similar
to those from North Africa and Turkey. . |

Ranges of size measurements of conidia and conidiophores were greater for those pro-
duced .in cultures than on excised leaves. Shoemaker (1962) stated that length and septa

number of conidia are dependent on environmental conditions. Since the pathogens were
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grown for 9-10 days in V-g agar, it is possible that conidium and conidiophore character-
istics could have been changed in culture. Measurements of conidia and conidiophores on
excised leaves should have been similar if the pathogens from Montana and other countries
were the same. However, the characteristic differences in conidiophore length, geniculation
number and shape of the basal conidium cell indicated that the pathogens causing small

lesions and big lesions were different. Since Tunisia and Morocco are much closer to

Denmark and seed materials are exchanged freely between grbwers and scientists, it is

speculated that some pathogens causing spot symptoms in Denmark may be the same as .

those present in Morocco and Tunisia.

Smedegard-Petersen (1976) described the biological relationship between P. teres and
P. graminae based on cross fertility studies and morphological characteristics. He also
separated two species of Pyrenqphora based on symptom production and nature of trans-
mission. Although the nature of transmission of PSB by the pathogens from Montana and
North Africa seems similar, the symptom expression, pathogenic variation an;i morpholog-
ical characteristics indicate that the pathogens causing PSB in Montana are different from
those in Morocco and Tunisia. Although further investigations are needed to ac{vance a new
nomenclature fof the pathogens causing PSB from Montana, Morocco and Tunisia, it is
possible that the pathogen from Morocco and Tunisia are different from those from
Montana at the species or subspecies level.

Differences in s.ymptom expression, pathogenic variation, and~ some morphological
characteristics were obéerved between isolates from Montana and Morocco. However, there
was no difference in effects on yield components averaged over four cultivars. It is possible
that isolate Mor 82-1 does not produce chlorosis and necrosis at an early stage as produced
by Mts FF81E,; but disease severity with Mor 82-1 reaches a level similar to that of Mts

FF81E, with time. Unitan was resistant in the seedling stage but became susceptible or
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moderately susceptible at GS 80-82. Perhaps Unhitan has so\me “slow blotching’’ mecha-
nisms. It was interesting that a 26% mean disease severity in Cl 8776 was still associated
- with reduction in yield components and spike length. Reduction of spike length and total
spike number in Cl 9776 was higher than for Dekap and Unitan, which showed a higher
disease severity with isolate MOR 82-1. This could have been due to some inherent toler-
ance of the latter cultivars and may also explain the increased spike length and 1000 kernel
weight in Galt due to isola'te Mts FF81E,. This study verified the findings of Smedegard-
Petersen (1974) who reported that yield reduction in barley is due to reduction in Qrain
weight. This study also suggested that yield reduction may be due to reduction in kernel
number. Tekauz (1978) observed more yield loss in two row than in six row cultivars. In
this study, only one two-row cultivar, Dekap, was included. Therefore, it is not possible to
compare the losses in two-row with six-rqw cultivars even though the highest reduction in
grain number was observed in the one two-row barley evaluated. The results are in agree-
ment with those of Rees et al. (1981) on tan spot of wheat caused by Pyrenophora tritici-
repentis, who reported that reduced kernel number was moré associated with yield reduc-
~ tion of wheat in Australia than reduced grain size.

Most plants of Dekap showed severe necrosfs and blighting symptoms 15-16 days
after the first inoculation and they looked as if they were dying. Later, excessive amounts
of side tillers developed and the total spike number formed was about double in compari-
son to non-inoculated controls. Spike length; kernel number and thousand kernel weight
were greatly reduced in Dekap, but the total spike number could have compensated for the
reduction in other yield components and spike length. In contrast, Rees et al. (1981)
found no correlation between tan spot severity and spike number of wheat in the field.
Differing results may be due to different crops, pathogens, environmental conditions or

procedures.
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When the PSB disease was first observed at Fairfield, Montana it was believed to be
due to either P. teres f. sp. teres or C. sativus. Some culativars had less disease than others.
Due to limited information on resistance sources to PSB, studies were undertaken to
determine the relative resistance of some cultivars in both the seedling and adult plant
stages. Symptoms were somewhat different in the growth chamber (seedling stage) and in
the field (adult plant stage). The reason for this is unknown but it is possible that the
s’eedling leaf'is a more favorable site for the pathogen to spread and cause disease within a
s;hort period of time. While taking longer, larger lesions may eventually form on the leaf |
blade of adult plants, thus giving comparatively higher disease ratings in the field. The time
of disease rating may also be important. In the seedling stage, disease ratings were generally
assessed 10 days after inoculation while in the adult plant, disease ratings were assessed
about 30-40 days after inoculation. The type of inoculum may also be involved. In the
seedling stage, only one isolate was used while in the adult plant, a mixture of four isolates
was used. Although all four isolates used in the field tests did not show any difference in
reactic;n when used separately in the seedling stage, the virulence behavior of the pathogen
could have changed after mixing.

Many cultivars showed resistant ratings to the disease both in the field and in the
growth chamber. This indicates the presence of nonspecific genes for _resistance to the
disease. Cultivars Cl 9214, Cl 5401 and Cl 9440 which were resistant to Australian and
Canadian PSB isolates (Khan and Tekauz, 1982) were also resistant both in the growth
chamber and in the field in this study, indicating genes for a broad spectrum of resistance
to PSB isolates. Cultivars, Cl 9825, Cl 8332 and CI 7208 whiqh were ranked moderately
susceptible or susceptible to Canadian isolates (Tekauz and Buchanon, 1976) were resistant
in the seedling and moderately resistant or moderately susceptible in the adult plant stage
in this study. This indicates that the isolates from Canada are different from the isolates

from Montana.
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The cultivar Unitan which showed consistent resistant ratings in the seedling stage in
this study and previous studies, ‘showed a moderately suscéptible disease rating in the field.
This indicates that Unitan probably has only a specific seedling resistanc;e gene to the
disease. Conversely, cultivar Arimont wﬁich was moderately susceptible in the growth
chamber, was resistant in the field. This cultivar when first observed at Fairfield at GS 80
had less disease than others. Disease ratings on Nupana, Dekap, Klages, Wapana and
Cl 13727 indicated that these cultivars are universal susceptibles to the dlsease both in the
seedling and adult pIant stages. It was not possible to interpret which country had greater
numbers of resistant sources for the disease because of unequal numbers of entries evalu-
ated. However, 19 of 36 cultivars which 6riginated from USA, 6 of 17 cultivars from
Ethiopia and 23 of 89 cultivars from Nepal showed resistance to the disease in the seedling
stage. Therefore, a number of barley cultivars in the world coIIe_btion have resistance.
Although the results are based only on 72 cuItivafs, it was observed that the average disease
rating on two-row cultivars was 5.6 and that on six-row was 3.2. This agrees with the
results obtained by Tekauz and Buchanon (1977), who reported that two row barley
cultlvars were more susceptible to net blotch than six-row cultivars.

Breeding for resistance is known to be one of the cheapest and easiest means of con-
trolling plant diseases. Before using any ‘resistanf genes in a breedihg program it is impor-
tant to know the behavior of such genes in conditioning resistance. Although information
on inheritance of resistance of barley to other Helminthosporium di'seases is available,
genetic studies_jon resistance to PSB has been lacking. In an attempt to elucidate the inher-
itance of resistance, some of the best sources of resistance were studied more intensively.

Segregation of some of F, and BC, progenies fit ratios for one or two gene models.
However_, _reactions of the disease in those progenies were not discrete. Reactions of most
F; plants in many crosses were somewhat intermediate between the two parents (Figs.

1-10). Such intermediate reactions of F, progeny and continuous segregation in the F,
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population have been interpreted as polygenic or complex inheritance in other host-para-
sitic systems (Berg et al.,, 1983; Knott, 1982; Nagle, 1981; Nelson, 1980). On the other
hand, some researchers have interpeted similar results differently (Scott et al., 1984). Scott
and Rosenkranz (1982) proposed a new method of determining the gene number for
resistance using data from an extensive disease rating scale similar to that used in this
study. In this method, however, one needed to know in advance the probable number of
genes conditioning resistance before establishing the number of classes used in rating
disease. In the present study, the number of classes used in disease rating was sufficient to
determine différent segregation patterns for one to three gene models, but variation in
reactions of susceptible parents limited this somewhat. Also, in some cases, F;s were
backcrossed to only susceptible parents. Thérefore, the limited information available
prohibited a more thorough interpretation.

Although disease reactions were recorded on the flag leaf, the second leaf and the
third leaf, in the field tests, only disease reactions of the second leaf wer;a used fér genetic
analysis because of more extreme (too low and too high) variability occurring on the flag
leaf and the third leaf. Since susceptible cultivars showed reactions higher than 8 in the
rating scale and some resistant cultivars showed ratings of 1-7, the number of plants rated
1-7 was added together to make one resistant class. Therefore, a number of crosses showing
dominant gene action in the field indicates that the rating procedure and classification of
resistant and susceptible groups could have caused apparent differénces in gene action in
the field and in the growth chamber.

Segregation of progenies in crosses with Unitan indicated either monogeniq or digenic
dominant genes conditioning resistance under both growth chamber and field conditions.
In one cross, Unitan X Dekap, a segregation ratio of F, plants in the field fit a monogenic

or digenic recessive resistance model. Since all other crosses involving Unitan fitted either a
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one or two dominant gene model, the result in this cross could have occurred by misclas-
sifying plants in the susceptible groubs as being resistant. This is possible in this cross
because Unitan gave a disease rating as high as 7 in the field.

In this study, evidence for either one or two additive genes was found in crosses with
Tifang whereas Khan and Boyd (1969a) and Schaller (1955) found one incomplete domi-
nant or dominant gene in the same cultivar for resistance to net blotch. This was probably
due to different genes for virulence in P. teres f. sp. maculata and P. tgre§ f. sp. teres. When
different cultivars were used as susceptible parents, different inheritance of resistance was
often notgd in both growth chamber and field tests. For example, when Minn 21 was
crossed with Dekap, it showed one recessive gene but when it was crossed with Klages, a
complex inheritance was noted. Reciprocal crosses also showed differences in inheritance
of resistance, such as in a cross of Cl 9214 with Dekap (Dekap X Cl 9214), the F, and
BC, segregation indicated one recessive gene in Cl 9214. However, when Cl 9214 was used
as female parent (Cl 9214 X Dekap) digenic additive inheritance was detected. The field
results were also different with different suscepfible parents and reciprocal crosses. Differ-
ences in segregation in reciprocal crosses, in some cases, may have been due to the influ-
ence of cytoplasmic genes. Information on cytoplasmic genes for resistance has been
reviewed by Hooker (1974). However, no positive conclusions on cytoplasmic inheritance
can be made from this study. Crosses of Resistant X Resistant cultivars indicated that not a
single gene was allelic. Since very few crosses were made hetween resistant and resistant
cultivars, it is not possible to state whether the genes for resistance might be allelic in other
combinations.

| Cultivar Cl 9214 was the most resistant to all isolates and inheritance of resistance
for this cultivar was, in some cases, complex. Since this cultivar is resistant to many viru-
lent genes of the pathogen, it probably has more than two genes for resistance. It is also

possible that the background genes of the susceptible parents influenced the expression of

Ll e-
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resistance as presented by Khan (1969) who observed different segre‘gatioﬁ ratios in
crosses of Cl 5791 with two different susceptible cultivars.

Cultivars Cl 7272, Cl 1615, Cl 9776 and CI 5401 wére resistant. both in the growth
chamber and in the field. Crosses involviﬁg these culti‘vars with a suscebtible one showed
one or two recessive genes in the growth chamber test and one or two dominant genes in
the field based on F, populations. The differences in gene actions in the field could have
occurred due to inclusion of 1-6 ratings in the resistant class in the field.

Segregation of BC; progenies that did not support the F, ratios, especially in crosses
which indicated recessive resistance, may be explained in several ways. Firstly, susceptible
parents often varied in their disease reactions and genetic ratios in Fz_ and BC, were
calculated based on the reactions of suéceptible barents. It is possible that BC, progeny
also could have shown variability in disease reactions and plants with those reactions could
have been classified as resistant instead of susceptible. Secondly, the disease reactions of
F, progeny were often not as distinct as the parents but the F, and BC; ratios were also

calculated based on F, reactions. Thirdly, one of the intriguing observations was that the

reactions of F, plants was associated with seed size. Many seeds in the F,, BC,, and F, .

. were small or shrivelled. In general, seedlings produced by such small seeds were also small
or weak, and the disease reactions on these small seedlings tended to be susceptible in the
growth chamber. Thus, the rating' cquld have appeared susceptiblé in the F, and the
number of susceptible plants in F,s and BC,s could have been increased. Hence, inter-
pretation of ratios was difficult. Different disease reactions due to seed size was reported
earlier by Cohen et al. {(1969), who found that larger seeded barleys were more resistant to
root rot disease caused by C. sativus than the smaller seeded ones.

Most F, plants in crosses involving Cl 5791 and a susceptible parent showed suscepti-
ble reactions and the _Fl plants in crosses involving other resistant parents with Cl 5791

showed -higher disease ratings than either parent. It appears that Cl 5791 probably has
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one or more genes for susceptibility that were not expressed under all conditions. It is also
possible that other genes in Cl 5791 suppress the expression of the genes conditioning sus-
ceptibility. A similar gene suppressing mechanism has been described in wheat on chrom-
osome 7Dl that prevents the expression of stem rust resistance in the cultivar Canthatch
{Kerber and Green, 1980).

In crosses between Susceptible X Susceptible cultivars, resistant plants were observed
in F, populations in four out of the seven'combinations tested in the growth chamber and
one out of two combinations in the field (Tables 18 and 21). The presence of resistant
plants in crosses, Dekap X Hector, Dekap X Betzes, Dekap X Cl 13262 and Dekap X
Cl1 9159 in the growth chamber and Dekap X Betzes in the field, demonstrated the evi-
dence of transgressive segregation. In crosses of other susceptible cultivars with Dekap, no
resistant plants were observed in F, .populations. However, Dekap when crossed with
Hector, Betzes, Cl 13262 and Cl| 9159 produced varying numbers of resistant plants.
Therefore, Dekap per se does not appear to contain minor genes and approaches the
definition of a universal suscept, wheréas other susceptible cultivars such as Betzes, Hector,
Cl 13262 and Cl 9159 readily contributed minor genes. These minor genes were detec.ted
via transgressive ségregation in F, populations. Evidence of transgressive segregation for
greater resistance has been shown in other host-parasitic systems (Vega and Frey, 1980;
Wallwork and Johnson, 1984). Harrabi (1982) working with scald also observed resistant
plants in F, populations in 13 of 17 crosses between susceptible cultivars. Bordelon (1981)
was able to obtain many plants resistant to net blotch in the F, generation from random
selection of susceptible F, plants.

Transgressive segregation in crosses involving agronomically desirable commercial cul-
tivar is advantageous to plant b;'eeders and plant pathologists for improving cultivars or
population. Many exotic resistant lines used as résistant parents may introduce undesirable

characters (Sharp and Fuchs, 1982). Commercial cultivars, cuch as Betzes and Hector, have
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many desirable agronomic characters even though they are susceptible to. this disease. This
study suggested that these cultivars also have some minor genes for resistance which were
expressed after combination with other susceptible cultivars. Thus, these cultivars can be
utilized in the future for improvement of cultivars or population.

Pilants in a trial conducted in the field in the summer of 1984, to corroborate the field
results of 1983 on inheritance of resistance, developed good infection as in the previous
year, but heavy infection of barley yellow dwarf virus (BYDV) made disease ratings diffi-
cult. It was also observed that a smaller number of lesions of PSB developed on plants
infected with barley yellow dwarf virus than on non-infected BYD\( leaves. Recently,
Varughese and Griffiths (1983) also reported that the number of lesions caused by P. teres
and R. secalis were reduced to 37 and 72%, respectively on barley plants infected with

BYDV.
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SUMMARY AND CONCLUSION

Pathogenicity tests confirmed that Pyrenophora spot blotch is brevalent in various
parts of Montana.

Méntana isolates alwa.ys produced smaller lesions and higher amounts 6f chlorosis and
necrosis than isolates from North Africa and Turkey.

Cultivars Cl 9214, Unitan, ClI 5401, CI 9440 and CI 9776 were resistant to most
is‘olates' from Montana and other countries in the growth chamber.

Cultivars Nupana, Klages, Dekap and C| 13727 were susceptible to all isolates.
Cultivars CI 7584, C19819, CI 9825 and Tifang showed differential reactions be-
tween the isolates from Montana and other countries in the growth chamber.

Cluster analysis indicated that the disease ratings, 1-5 should be classified as a resis-

tant class and higher ratings as a susceptible class.

‘Based on co_mpatible reaction on 20 cultivars, Turk 74-Pt6, Tun 79-30, Mts Plent82

and Mts Eddy82-5 were the most virulent among 15 isolates.

Significant differences were observed between the isolates from Montana and North
Africa in conidiophore length, conidiophore geniculation number and the shape of
the basal conidium cell. |

Longer conidiophores in isolates from North Africa, higher geniculation number in
Montana isolates, and differences in other morphological characters, symptom expres-
sion and pathogenic variation suggest that there may be two species or subspecies
involved.

A comparison of two isolates from Montana and Morocco showed no differer;tial

effects on yield components and spike length averaged over four barley cultivars.
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Reducfions as high as 75% in kernel number and 16% in kernel weight occurred in
infected Dekap. |
Of 195 different barley cultivars, Cl or Pl lines originating from different countries,
many cultivars or lines were resistant in the growth chamber and cultivars or lines,
Minn 21, Oderbrucker, Tifang, Himalaya, Cl 1615, Cl 5401, Cl 6475, Cl 9214,
C1 9440 and Cl 9776 were resistant both in the growth chamber and in the field.

Some cultivars or lines showed differential reactions between the growth chamber and

' field tests.

Six roW barleys were comparatively more resistant than two row types.

Inheritance of resistance to the disease using ;che best source of resistance indicated
different gene actions occurred under growth lchamber and field conditidns. Inheri-
tance of resistance in the growth chamber was often conditioned by one or two reces-
sive genes, while resistance in the field was often conditioned by one or two dominant
genes.

Although F, populgtions of many crosses fit monogenic or digenic ratios, polygenic
or complex inheritance was also indicated for many cross combinations.

Differences were observed in reciprocal crosses indicating some cytoplasmic inheri-
tance and in crosses of the same resistant cultivars with different susceptible cultivars
indiéating influences of background genes in inheritance.

No evidence was found for multiple alleles for disease resistance.

Evidence of transgressive segregation was observed in some cross combinations.
/
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Table 22. Growth Chamber Disease Ratings for Resistant, intermediate and Susceptible
Classes as Applied to Crosses Between Barley Cultivars, Resistant and Suscepti-
ble to Isolate, Mts FF81E, of Pyrenophora teres f. sp. maculata.

Disease Rating!

=X
w

" Cross

Dekap X Unitan
Unitan X Dekap
Unitan X C| 13727
Unitan X Nupana
Klages X Unitan
Dekap X CI 5276
Dekap X Tifang
Klages X Tifang
Dekap X Minn 21
Klages X Minn 21
Dekap X Cl 5298
CI 5298 X Dekap
Dekap X Cl 9214
Cl 9214 X Dekap
Klages X Cl 9214
Cl 9214 X Betzes
Dekap X CI 9776
Cl1 9776 X Dekap
Cl 9776 X Erbet
Dekap X Cl 4207
Cl 4207 X Dekap
Dekap X Cl 2221
Dekap X Cl 7208
Dekap X Cl 7504
Dekap X Cl 75684
Dekap X Cl 7272
Dekap X Cl 5822
Dekap X CI 5401
Dekap X CI 5791
Trebi X Dekap
Dekap X Oderbrucker
Klages X Cl 1615
Klages X Cl 14023
Dekap X Cl 9647
Dekap X Galt
Dekap X Himalaya
Dekap X Gem
Dekap X Steptoe
Dekap X Cl1 6475

'R = Resistant, | = Intermediate, S = Susceptible.
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Table 23. Growth Chamber Disease Ratings for Resistant, Intermediate, and Susceptible
Classes as Applied to Crosses Between Barley Cuitivars Resistant to Isolate, Mts
FF81E, of Pyrenophora teres f. sp. maculata.

Disease Rating!

Cross R | S
Unitan X Cl 4207 1-6 - 6-10
Cl 9214 X Unitan 1-6 - 6-10
Cl 9776 X Unitan 1-5 - 6-10
Unitan X Cl1 9776 1-6 — 6-10
Unitan X CI 7504 1-6 -~ 6-10
CI 5791 X Unitan 1-3 46 7-10
Unitan X Cl 5791 1-3 4-6 7-10

! R = Resistant, | = Intermediate, S = Susceptible.

"

Table 24. Growth Chamber Disease Ratings for Resistant, Intermediate, and Susceptible
Classes as Applied to Crosses Between Barley Cultivars Susceptible to Isolate,
Mts FF81E, .of Pyrenophora teres f. sp. maculata,

Disease Rating'
‘Cross . R | S

Dekap X CI 9699 1-4 — 5-10
Dekap X Summit 1-4 — 5-10
Dekap X Hector 1-4 — '5-10
Dekap X Cl 9159 1-4 - 5-10
Dekap x Cl 13262 1-4 — 5-10
Dekap X Betzes 1-4 — 5-10
Klages X Cl 9758 1-4 — 5-10

! R = Resistant, | = Intermediate, S = Susceptible.
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Table 25. Field Disease Ratings for Resistantl Intermediate, and Susceptible Classes as
Applied to Crosses Between Barley Cultivars Reswtant and Susceptible to a
Mixture of Pyrenophora teresf - SP. maculata isolates.

[y

Disease Rating!

Cross R | S
Dekap X Unitan 1-7 - 8-10
Unitan X Dekap 1-7 - 8-10
Unitan X CI 13727 1-7 - 8-10
Unitan X Nupana 1-7 — 8-10
Klages X Unitan 1-7 — 8-10
Dekap X Cl 5276 1-3 4-6 7-10
Dekap X Tifang 1-3 4-6 7-10
Klages X Tifang 1-3 4-6 7-10
Dekap X Minn 21 1-3 4-6 7-10
Klages X Minn 21 1-3 4-6 7-10
Dekap X Cl 5298 1-3 4-6 7-10
Dekap X Cl 9214 1-3 4-6 7-10

- Cl19214 X Dekap 1-3 ~ 46 7-10
Klages X Cl1 9214 1-3 46 7-10
Cl1 9214 X Betzes 1-3 4-6 7-10
Dekap X Cl 9776 1-3 4-6 7-10
C1 9776 X Dekap 1-3 4-6 7-10
Cl 9776 X Erbet 1-3 4-6 7-10
Dekap X Cl 2221 1-3 4-6 7-10
Dekap X Cl 7208 1-3 4-6 7-10
Dekap X Cl 7504 - 4-6 7-10
Dekap X Cl 7584 1-3 4-6 7-10
Dekap X Cl 7272 1-3 4-6 7-10
Dekap X Cl 5822 - 4-7 8-10
Dekap X Cl 5401 1-3 4-6 7-10
Dekap X Oderbrucker 1-3 - 4-10
Klages X Cl 16156 1-3 4-6 7-10
Klages X Arimont 1-3 4-6 7-10
Dekap X Cumbhuriyet 1-3 4-6 7-10
Dekap X Cl 6475 1-3 4-6 7-10
Dekap X Cl 10448 1-3 4-6 7-10
Cl 9214 X Unitan? 1-7 - 8-10
Unitan X Cl 97762 - 1-7 - 8-10
"Dekap X Summit® 1-6 - 7-10
Dekap X Betzes® ‘ 1-6 - 7-10
1 R = Resistant, | = Intermediate, S = Susceptible.

2 Resistant X Resistant crosses.
3 Susceptible X Susceptible crosses.
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