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Abstract:

In 1973, a serious outbreak of disease in malting barley, first diagnosed as barley stripe (Pyrenophora
graminea), occurred in north-central Montana. These studies were begun in response to that epidemic
and were designed to determine whether barley stripe was present in Montana, to evaluate the potential
threat if the disease was not now widespread, and to determine appropriate means of control.

" A survey for barley stripe was conducted on agricultural research centers throughout Montana and in
farmers' fields in the northcentral portion of the state. Net blotch, caused by P. teres, was found in'
commercial fields, but not barley stripe. Barley stripe was present only in plots at the agricultural
research centers, on cultivars grown from seed of European origin.

Studies on spread of the disease from these foci showed that irrigation near heading increased the
percent infection of seed with barley stripe threefold. In a dry environment, percent infection decreased
to nearly zero.

Commercially grown cultivars in Montana were screened for resistance to three isolates of P. graminea.
Betzes, Erbet, Shabet, and Steptoe were highly resistant, while Horsford, Larker, and Ingrid were
susceptible.

Registered and experimental fungicides were evaluated in vitro for sources of potential seed treatments
to replace Ceresan, which formerly was used to control the disease. None were as effective as Ceresan,
but several experimental fungicides have good potential.
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ABSTRACT

In 1973, a serious outbreak of disease in malting barley, first
diagnosed as barley stripe (Pyrenophora graminea), occurred in north-
central Montana. These studies were begun in response to that epidemic
and were designed to determine whether barley stripe was present in ‘
Montana, to evaluate the pbtential threat if the disease was not now
- widespread, and to determine appropriate means of control. :

A survey for barley stripe was conducted on agricultural research
centers throughout Montana and in farmers' fields in the northcentral
portion of the state. Net blotch, caused by P. teres, was found in
commercial fields, but not barley stripe. Barley stripe was present
only in plots at the agricultural research centers, on cultivars .grown
from seed of European origin. ‘ :

Studies on spread of the disease from these foci showed that
1rrlgat10n near heading increased the percent infection of seed with
barley stripe threefold. In a dry environment, percent infection
decreased to nearly zero. '

. Commercially grown cultivars in Montana were screened for resis-

tance to three isolates of P. graminea. Betzes, Erbet, Shabet, and
Steptoe were highly resistant, while Horsford, Larker, and Ingrld were
susceptible.

Registered and experlmental fungicides were evaluated’ in vitro
for sources of potential seed treatments to replace Ceresan, , which
* formerly was used to control the disease. None were as effective as
Ceresan, but several experimental fungicides have good potential.




INTRODUCTION

Barley leaf diseases were not recognized as a problem in nortﬂ¥
central Montana until the early 1970's. Farmers and agronoﬁists oﬁ
the Fairfield Bench in northcentral Montaﬁa became concerned in 1973 -
When théy estimated iosséé'ih yieid up to 50%, along with thélloss in
quality of their mélting barley.

'The Fairfield Bench.is a large, 28,000 ha (70,0QO acre) irriéation )
district. Growers have changed from a crop/fallow -system to one of
intensive qontinuous cropping. Nearly 14,000 ha (35,000 acres) of
malting barley are grown under flood irrigation, some sprinkler irri-
gafion,'and.minimum-tillage. The other hectarage is composed oﬁ Whéat
and-forageé.

To intensify the problem of continuous barley, the maltirg com- .
panies dictate which cultiyar will be_g?own to ‘the extent.that a néar ‘
monoculture exists. From 1973-1975, Shabet was the preferréd cultivaf.
This-pfeference changed to Klages by 1977; Continuous barleyvgrown
undef irrigation and.minimum tillage set the scene for a trgmendous
‘disease outbreak in ﬁhe mid 1970's. When ﬁature plants were examined,
the disease wés s0 severe that it resembled barley étripe caused by
Pyrenophora gramiﬁea; however{ séveral organisms could-have bgen
involved: P. éraminea, P. teres, or'Rhynchbsporium secalis. .

Initially, the primary objectiverf this study was to Qéterminé

the éausal agent of the malting barley disease in northcentral
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Montana. Since P. teres was incriminated, and since it was being
studied at Montana State University by another studgnt, I coﬁducted
further investigations on P. graminea. These studies were devoted to
determining whether or not P. graminea was present.in Montana, develop-
ing inoculation techniqués, screening cultivars for resistance to ‘the

disease, and evaluating chemical seed treatments.




LITERATURE REVIEW

Barley leaf stripe is incited by the fungus Pyrenophora g:raminea
Ito et Kurib. (Drechslera graminea (Rab.) Shoem., syn. Helmi'ntho'sporium
gramineun Rab. ). The imperfect form'of P. gram*llnea‘ is placed in the
Hyphomycetes (Dematiaceae) based on the presence of brown septare
eonidiophores and large brown phragmoid conidia borne laterally and
terminally on rhe.conidiophore (Talbot, 1973). ' Most species of
Drechslera have cylindric conidia that are nearly aswide at the apical
septum as at the basal septum. For those species With cylindric
conidia, the widest point of a conidium is near the middle with‘the
exception of P. teres in which it is near the inflated -basal cell.
The contour of conidia is usually emooth without enlarged cells and
consequent constrictions ar the septa, again With the erception of
P. teres. .Cenidium length is more variable than widthT For example,
in 15 cpllections of P,'graminea the average length varied 46% while
‘the width variea 29% (Shoemaker, 1962).

. Conidia or P.‘ ‘gram*llnea are characteristically 30—'100'11 long by
11-24 p wide with up to six septa being present (Talbot, 1973). Cells
' are shorter than wide (Shoemaker, 1962). Conidia are subhyaline to'
yellow brown (Talbot, 1973).

,In.centrast, P. teres is characterized by conidia whrch are
sllghtly constricted at the septa and have an 1nflated basal cell

(Shoemaker, 1962; Talbot, 1973). They are subhyaline to llght
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ygllowish—broﬁﬁ, measuring §5-120 by 19-21 u with 4-6 septa (Shoemaker,
1962). Cultures are characterized by tufts of mycelium (Shoemaker,
- 1962).

The Eyrenophora species attacking barley often cause confusion -
among scientists. Shoemaker (1962) points out several bharacteriﬁing
differences: . "P, teres causes net blotch, P. graminea causes a syétemic
stripe disease, and P. tuberosa causes. a conspicuous, eliiptical leaf
‘spot. Conidia of P. teres are cons;stently longer than those of
'. P; graminea, usuaily have an inflated basal cell, and farely proddce

.any.secondary conidia. P. tuberosa conidia are longer than those of
P. teres, lack the inflated basal cell, and regularly have secondary
conidiophores."

The perithecial stage of P. graminea is rarely reported in the
literature. Smedegard-Petersen (1973) reports findingzelopgated
sclerotium-like bodies superficially or parfially_émbedded‘on‘bérley
étraﬁ ffom plants heavily infected with leaf stripe.: They measure
576728 by 442-572 y and are very similar to perithecia’'of P. teres,
.haviné'dagk, rigid setae on the-surface. The majority of perithecia
remain immature,_but as iﬁ P. teres, conidia are formed‘abundanply on
setae of thé perithecia (Smedegard-Petersen, 1973). "Shoemaker (1962)
repérts‘that P. graminea often has only four ascospores per ascus and

they. are larger than those of P. teres.
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Symptoms of barley stripe disease may begin to appear'sooh-after
emergence of seedlings, but often are not evident until six weeks

after planting. The disease may exhibit small chlorotic, elongate '-

‘spots which deveiop'into white or yellow ‘stripes extending the length

of the.leaves (Stakmao and Rodenhiser, 1929} Drechsler, 15235. One
blade may exhibit 5—7 stripes which turn dark brown with time
(Drechsler, 1923). Infected plants become straw colored before normal
maturity (Suneson, 1950; Weniger, 1932) and, if severely infectea, are
stunted, often being only half as tall as healthy planté (Stakoan and
Rodenhiser, 1929; Drechsler, 1923). As the disease progrosses, the

foliage of the entire plant splits, giving it a shredded appearance. -

' Leaves lack mechanical rigidity as evidenced by their_drooping and

contorted positions (Drechsler, 1923). The spike seldom becomes

' visible or protrudes abnormally from the leaf sheath. Viable seed is

seldom produoéd {Suneson, 1950; Drechsler, 1923) ox, if produoed, is
sﬁrivoled'(Weniger, 1932). Development of the disease is favored by
cool (Aberg, 1945; Stakman and Rodenhiser, 1929), dry (Prasad et al.,.
1976; Machuzhenko, 1977; Knudsen, personal communication) weather
éarly in the growing season.

Barley stripe is a problem in northern Africa, the middle east,

" northwestern Europe, and the southeastern United States. In addition

to bafley, P. graminea was reportedly isolated from wheat and inocu-

lated onto wheat, rye, and oats by Johnson (1914), although his
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descriptions indicate that .he may have been dealing with Cochliobolus

sativus. Rasulev and Kravtsova (1971) report that P. graminea infects

* wild barley, wheat and rye in the USSR,

Because of its systemic nature, the infection process of

P. graminea is likened to that of loose smut (Ustilago nuda). ﬁnlike
barley.stripe, loose smut ‘is present in the embryo, establishes itself
in tﬂe growing point and spreads to each young part qf the plant as it
is differeﬁtiated (Skordpad and Arny, 1956). As more histological
studies are completed, it becomes appareﬁt that P. graminea'is found
in the hull and pericarp, but not in the embryo or endosperm. During
germination of susceptible vérieties, the fungus fengtrates through
the coleorhiza, the sheath enclosing the embryonic root, in both'ar?i—
ficially inoculated (Skoropad and Arny, 1956) and naturally infected
(Platenkamp,”l97?) seed. Skoropad and Arny (1956) report that pene-
tration occurs by means of appresoria and hyphal pegs whereas flaten—
kamp (1977) states that hyphae grow intercellularly through the paren- .
chymatous regions and usually intercellularly through meristematic
regions. After mycelium becomes establiéhed in the entire seedling
Tculm, rapid elongation of the seedling results in fragmentation of the
hyphae and establishment of isolated centers of infection in the
internodes. In older host tissues, most of the xylem elemeﬁts contain

mycelium, and many are mechanically plugged (Skoropad and Arny, 1956).
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Cultgral p;actices, seed treatments, and resistant cultiQars may
all be used to control barley stripe. .Increased soil fertility'or_any
other condition favoring_yigorous plant growth apparently decreases.

the percentage of diseased plants developing from naturally infected

seed (Leukel et al., 1933).

Originally, the hot water seed soak was used to conﬁrol'barléy
stripe (Weniger, 1932; Arny and Leben, 1956). Later, organic mercury
seed treatment with Ceresan was highly effective (Reddy and Burnett,
1930; Stakman and Rodenhiser, 1929; Leukel et al., 1933; Weniger,
1932; Arny and Leben, 1956), but it was withdrawn from the market by |
the ﬁnvironmental Protection Agency in the early 1970's.

Presently there is cohtroversy concerning the effectiveness qf
carboxin and carboxin pl#s thiram in controlling barley_stripe.

Kingsland (1969) reports a decrease from 98 to 7 infected tillers per

- 3.05 meters of row with use of seed treated with carboxiﬁ (75% Wp=

Vitavax') at 120 mg/45.5 Kg (4 oz./100 lbs). Prasad et al. (1976)

-reéort no effective control of barley stripe with carboxin. In a

field test, Kline (1972) finds that effective control is obtained with
240 mg/22.9 Kg (8 oz/bu) carboxin plus thiram. Other funéicides have
been tried with varying degrees of success (Kingsland, 1972; Kline and

Roane, 1972).
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Growth regulator type herbicides, é.g., 2,4-D, iphibit:the de?el—
opment of P. graminea in culture but havé no efféct dh infectignnof
barley in the field (Pall and Bobes, 1971; Kharéheﬁko and Shkyiar(l
1977).

The most desirable form of control is thé use of fesistant culti—
vars. There has been effort throughout the world to determine the
susceptibility of barley cultivars based on pércent infection_ Reac-
tions of various cultivars are given by: Shands and Arny, 1944;
Nilsson, 1975; Kline, 1971,1972; Atheya, 1973; Rai et al., 1975; .
Suneson and Santoni, 1943; Arny, 1945; and SuneSOn}il950. .

. The gene action of resistance is not known. Spééulation ranges
from a single gene with incomplete dominance (éuneson, 1950), genes
wigh modifying factors (Arny, 1945), to a collection-of.éix diffgieﬁti
genés (Suneson, 1950). This may depend on the cultivar being studied.
No work has been done on determining gene action sinée'fhe 1940's.

Numerous inoculation techniques aﬁd modifications of them have
been developed for P. graminea, all of which work to one degreé or
another. P, graminea does not sporulate readily in cuitﬁre; there~
fore, mqst_inoculation techniques involve the use of mycelium rather
than spores. Teviotdale and Hall (1976b) perfected'sfinivasan:et al.'s
(1971) original technque of inducing sporulation by adding leaf‘pieces
to thé agér medium by.adjusting the lighting and temperature condi-.

"tions. However, the number of spores produced is .not high enough
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to make it a_feasible inoculation technique. Suneson and Houston
(1942) use male-sterile barley for the.study of floral infection. They-
use sporulating leaves from'naturally-infected‘plants as the ipoéhlum
and rebort infection rates of up to 89.5%. Soakiné the bérley ke?nels
in spore suspensions is another inocula£i6n method which has been |
used (Tapke, 1946; Johnson, 1914).

Arny and Shands (1942) developed the 'autoclaved wheat ke?ﬁel'
3technique, which producgs 80% infection in susceptible varieties.
Equal quantities of wheat kernels and water are autoclaved'and mycelial
suspension is addea. After the fungus grows for four déys, surfaée
sterilized seed is added to the inoculum in the flask and‘the entire :
mixture is plated after ﬁour more days.

Ihcreased infection rates are correlated With the removal- of
thé hull (Johnson, 1925} Teviotdale and Hall, 1976a; Mohammad_and
'Mahmood, 1974a). Most often the seed is dehulled with aéid.(éhands,
"1934; Mohammad and Mahmood, 1974a), but. care must be takén not to
fedﬁée germihation. After dehulling,- the seed is placed between two
layers of actively growing mycelium gnd kept at cool (0°C) fempera—

tureé for 10-14 days. Germinating the seed betweeﬁ two layers of
mycelium may also be done successfully Qithout dehulling (Houston and
Oswa;d, 1948; Nilsson, 1975).

Net: blotch, caused by'Pyrenophora teres Drechs. (Drechslerq-teres

(Sacc.) Shoem., syn. Helminthosporium teres (Sacc.)). is a common
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‘disease of barley, occurring wherever the crop is gro&n in temperate,
humid regions:of the world (Dickson, 1956). It differs from
P, graminea in that it is a leaf infecting organism rather than being
a systemic, seed-borne one. In the later stages of development, symp-
toms of the two may be confused.

The usual symptoms‘produced by P, teres occur on the blade and
sheath of leaves. The initial lesions appear as minute épots. Thgse_
© spots increase iﬁ size, and form narrow, dar£ brown, longitudinalAand
transverse streaks, prodﬁcing the characteristic net—liké pgtters
(Smedegard-Petersen, 1971). Chlorosis and ﬁecrosis of the adjacent
tissue foilows. Py teres f. sp. maculata produces dark brown, elipti-
cal lesions measuring up to 3x6 mm in size, surrounded by chl&rotic
zone (Smedegard-Petersen, 1971, 1976). The develobment of sympfoms is
dependent on the’host variety and pathogenicity of the isolate
(Smedegard-Petersen, 1971).

| .Primary infection of net blotch may result from seed—borné inoc-
ulum (Shipton et al., l§73) with iow temperatures (10-15°C) causing
the highest levels of infection. The degree to which seea—borne
inoculum contributes to epidemics is not well understood. Piening
(1968) believes that low levels of infection (about 1%) could be sig-
nificant in the development of secondary infections if climatic con-

ditions were suitable.
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Loss est;mates on bgrley from net blotch are variable, Qith
higher losses associdted with cool, damp weather. In the greenhouse,
infection-and.deétruction of tw&-thirdS'of the barlej leaves cause
losses ﬁp to 53.3%. Yield reductions are greater in poor soil (43.2%)
than_in feitile soil (13.1%) (Piening and Kaufmann, 1969). Workeré iﬁ
" New Zealand suggest that a direct correlation exists between the
percentage of the flag leaf infected and the associated loss (Hampton
and Arnst, éersonal commqnication).

Net blotch is most reédily controlled through cultural practices:
rotation, stubble destruction and resistant cultivars (Shipton et al.,
1973). Organic mercurials were formerly used as seed treatments for
'effective control of the primary inoculum (Shipton et al., 1973). ‘The
use of foliaée cover sprays is being investigated as a meané of .

control (Shipton et al., 1973).




Chapter 1
IDENTIFICATION OF THE Pyrenophora SPECIES
INFECTING BARLEY ON THE FAIRFIELD BENCH
Samples of seed' from seven heavily iﬁfested bar;ey fielas on the

Fairfield ﬁench were obtained from Power Fé;mérs' elevator, Power,
Montana, and Eisenman Seed Company, Fairfield, Mon£ana._ These'Seed'
lots wére tested in the laboratory, gréenhouse, groth ehamber, and
field té determine if they were infested with P. graminea or other

related fungi.

MATERIALS AND METHODS

Seed Lots

In the laboratory, the seedlwas surface sterilized in 0.5% NaOCl.
plus surfactant (1 drop Ivory soap per 100 ml) fof 10 minutes, placed
directly on barley leaf piece agar (Teﬁiotdale and Hali, l976ar.Ap§en—
dix Table 1), and 1ncubated for 5 days in the growth chamber . (17 18°c,
23 hr. photoperiod supplied by Westlnghouse 20 W cool whlte fluores-
cent bulbs) |

One ‘hundred fifty seeds of each lot were also planted in the
greenhousé in 8 cm pots, 5 seeds/pot. The soll was a pasteurized
mixture of loam, sand, and peat moss (1:1:1). Natural lighting wés
supplemented by incandescent lights to give a 12 hour daylength. -

Plants were examined for systemic infection four weeks after planting.
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To determine if low temperatures during germination and dgrowth
would affect the results, 100 seeds of each ;ot were planted in flats
(20330 cm) and placed in a winter wheat vernalizing chamber for four
-weeksr Teﬁpérature; were 11°C night, 16°C day and iighting was pro-
vided by fluo;escent bulbs giving an 8—10'hr..day. Plants were exaﬁ—
_ined for systemic infection four weeks after planting.’ |

~ Inoculation Procedures to Determine thé_
Species of Pyrenophora Involved

To further determine which Pyrenophora species were involved in
the Fairfield Bench problem, three different inoculation procedures
were.tried, two recommended for P. grqminea and one for P. teres.

'The cultures of Pyrenophora isolated from bariey leaves grown on
the Fairfield Bench Qere grown on potato dextrose égar in a growth
chamber at l7-lS°C, under Westinghouse cool white fluorescept bulbs
Qith a 23.hr. photoperiod. All cultures sporulated profusely.

The layered mycelium technique Qés conducted by growing cultures
of the Fairfield iso;ates‘as indicated pfeviously, placiﬁg surface
sterilized Shabet barley seed betWeen 2-10 day old culturés and incu-
bating them in the refrigerator for two weeks. Gefmihating seeds were
then planted in loam soil in.the greenhouse.

The wheat kernel. inoculation was conducted aécording to the
specifications of Arny and Shands (1942). Equal amounts of whéét and

watei were autoclaved, mycelium was added and allowed to grow for
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‘four days aﬁd then barléy kernels were addea and the entire m@xturé‘
Qas allowed to incubate for four days. The mixture was planted and
grown in the greenhouse aé indicated previously.
~The foliar spfay inoculation procedure used by Krupinsky'(1976)

and Eyal and Scharen (1977) for the inoculation of wheat with Septoria
nodorum was followed for these inoculations. Two 8 cm .pots, six
seeds/pot were planted for each variety one week prior to ipoculétion.
.Seven day old culture plates were sc;aped, added to 50 mi distillea
water, blended for three minutes on low settiﬁé of a Warinq bléndef,'
and strained twice through.cheeseéloth. Two drops of a surfactant
(Tween 20) were added to 20 ml of inoculum (200,000-225,000 myc’elial
fragments plus conidia/ml) which was atomized onto six pots as they
rotated on a turntable. Pots were trénsferred to a aew chamber fqr 48'
hours and then placed on a greenhouse bench. Symptoms were read six

days later.

State-wide Survey for P. graminea

A survey to determine if P. graminea was currently foupd‘in
Montanalwas conducted ‘in #he'spring and summer of‘l977.  Planfs Wgre
collected from the Agricultural Research Ceﬁter pléts as well as from
farmérs'.fields-on the Fairfield Bench. Samples Qere rated positive
or negative. for P. graminea based on leaf symptoms and/or éultural
morphoiogy of fungi isolated from the leaves. Isolations were per-

formed on all samples from the Fairfield Bench.
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RESULTS AND DISCUSSION

Seed lats from éhe.Fairfield.Bench showed a 2-56% infesfation
with a Pyrenophora species as indicatéd by'isol;tions from the seed
(Table 1-1). The Kar; seed lot had 2% infestation, while the Shabet
seed lots ranged from 38-56%. However, the seed lots produced no
systemically infected p;ants when grown in the greenhouse; coldAgrowth
chamber, or in the field. If the seed had bgep infested with-P.
gramineqa, some systemically infected plants shouid have devéloped.
Pyrenbphora could not be isolated from the plants with fine white
stripes and the s;tripes disappeared with agé. ‘

The Pyrenophora organism involved did not produce systemidally‘

infected plants from seed but virulently attacked the leaves of barley

~when-inoculated by.atomization (Table 1~-2). This was interpretgd to

‘'mean that P. teres was the causal organism of the Fairfield Bench _

préblem and P. grdminea.was not.

P. gr&minea was never isolated from plants in farmers' fields dn
the Fairfield Bench, élthough it was observed consistently inAseveral
research center plots of-barley grown from seed origigatipg in north-
western Europe and isolated plants were féund in some Bozeman bulk
hybrids (Table 1-3). However, net blotch (P. teP;S)'was repeatedly
observed on the Fairfield Bénch, especially where the'pre&%ous seaspn{s

stubble remained on the ground.
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Table 1-1. Percent seed borne infestation by Pyrenophora teres found
in Fairfield seed lots
Seed Lot | Cultivar Total # Seeds # Seeds. Infested % infestation
: "Tested -
1. Shabet 101 52 51.5
2 Shabet 109 42 38.5
-3 Karl 100 2 2.0
4 Shabet 101 40 39.6.
5 Shabet 101 44 43.5
863 Shabet 123 69 56.1
865 Shabet 100 51 51.0
Table 1-2. Reaction of barley seedllngs to Fyrenophora isolates from
the Falrfleld Bench . .
Cultivar Known-_Reactionl Isolates
or ‘Line to P. teres 76-114 76-113 76-64 863 .
CI119819 R R R MR R
Atlas 46 S S MS S 'S
Unitan R MR MS MR MR
Betzes S S S S S
‘Klages MS S S S S
Firlbecks III MR MR MR MR MR

lReaction to a mixture of Montana and Mid-East isolates of P, teres,
Harold Bockelman, Montana State University (personal communication).
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Tabie 1-3. Plots in which P. graminea was observed in disease survey,
Montana, 1977 o

Date Cultivar, Nursery in Origin
Collected Iocation in which observed ‘ " of seed
6/15 Huntley RP43971, Hockett's intrastate England

yield trial

" 6/16 Moccasin RPB43971, Hockett's intrastate England
yield trial ‘

Rovaniemi 70-B, Kushnak's Finland
genetic material

6/29 Bozeman -RPB43971, Hockett's intrastate England
' yield trial "

RPB45671, Hockett's intrastate England
yvield trial

Karl, Hockett's intrastate ‘ Bozeman 1976
vield trial

. Sanalta/Betzes, Hockett's Bozeman 1976
bulk hybrid ’

Dekap/Betzeé, Hockett's bulk- Bozeman 1976

hybrid
Munsing/Betzes, Hockett's Bozeman 1976

bulk hybrid

7/26 . Bozeman Lami, Metz increase ) Denmark
Edda II Metz increase Sweden
Sidney RPB43971, Hockgtt's intrastate England

yield trial

8/3 Bozeman Incr. 71 - Bomi, Eslick Denmark
increase ‘ '




Chapter 2
NATURAL INCREASE IN INFECTION OF P, gramznea IN RPB- 43971
BARLEY HARVESTED AT MONTANA AGRICULTURAL
RESEARCH CENTERS IN 1977

The statewide survey for P. graminea resulted in findihg ohé éeed
lpt,iRPB—4397l from the intrastate barley yield nursery, whieh had a
significant infection of barlé? stripe. The objective of this experi-
ment was to determiqe the rate of disease increase from one year to-
the next in éeed infected with barley stripe when growﬁ under differ-
éﬂt envi;onmental condifions.

' MATERIALS AND METHODS

RPB~4397l-was introduced in Bozemaﬁ iﬁ March 1976 frém Rothwell
Plant Breeders in England. A portion of :the RPB-43971 seéd lot grown
and hgrvested in.Bozeman 1976 was saved and used aé a standard for the
experiment. The rest of the seed was planteé at Agricultural Reésearch ,
Centers throughout the state as part of a fandomized 5lock design with
other Qarieties. Moisture conditions varied from location to location.
-Plot size varied but the row spacing was consistently 30 cm. Thé
plants -grown from seed harvested from these plots’wereitested fof_
percent systemic infection aﬁd coﬁpared to the standard.

Lots of 100 séeds each from plots harvested at‘the~Agricultﬁral_
Résearch Centers in i977 were planted in‘flats (20x30 cﬁ)‘and placed-.

~in a randomized block design. Reference to standard greenhouse
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conditions in this and later experiments will refer to the following:

Soil: 1 part Bozeman silt loam:1 part sand’
Watering: Minimum
Light: 9-14 hr. photoperiod achieved when necessary
. by supplemental fluorescent or metal halide
lamps '

Temperature: Cool - 13-2i°C.

';Approximately six weeks after planting, percent of plants systemically

infected was visually determined.
Statistical analysis consisted of analysis of variance for ran-
domized block and LSD. The mean of replications 2 and 3 was substi-

tuted for the missing values in replication 1 for Huntley irrigated

‘and Havre dryland. Replications were performed sequentially instead

of simultaﬁeously.in ;he greenhouse. The replication values are based
on unequal subplot means (Sidney, Moccasin, Huptleyfi;rigéted, Havre

and control = 3 subplots; Huntley dfy and Bozeman = 4 subplot%; Kalis-
pell = 5 subplots). The subplots are actually the replications grown

in the interstate yield trial as a randomized block.
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RESULTS AND DISCUSSION

The results show that environment has a marked inflﬁence on in~
crease or>deérease of P, graminéa in Montana. An increase in the'
amount of infected seed correlated with irrigation prior to héading. 
Plots which were irrigated in Huntley and Kalispell p;oduced a signif-~
icantly higher level (p=.0l1) of infection than the standard (Table 2~
l).. In areas which were dry (Sidney and Havre; Table 2-2), there wefe '
significantly lower levels (p=.05) of infection than in the standard.
No significant change was observed in the seed from all other
locations.

Table 2-1. Natural infection of P. graminea of RPB-43971 seed at
Montana Agricultural Research Centers in 1977.

Tocation Irrigation Rep 1 Rep 2 Rep 3 2

Kalispell Sprinkler 8.40 13.00 15.60 12;35**
Huntley irrigated Flood - 12.00 10.33 ° 11.16%*
Moccasin None 4.67 3,00 6.00 4;56
Bo Zeman ' Sprinkler 5.00 3.25 2.50 3.58
Huntley ‘ None 1.25 1.50 - 1.75 - 1.50
Havre ‘ None C - 0.33 0.00 0.17%*
. Sidney None "0.33 0.00 .0.00  0.11%
1976 Standard h . 3.00 4.67  2.67 . 3.45

* ILSD significantly different from the control at p=705 = 2.84.
** ,SD significantly different from the control at p=.01 = 3,94,
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2Prec1p1tatlon unknown

*ISD significantly different from the control, p=.05= -2, 84
**1,SD significantly different from the control, p=.01-3.94

Table 2-2. Environmental and agronomic data for 1977 from the Agri-
' cultural Research Centers '
Heading Type of Date of ppl * 4514 Ave %
Location Date Irrigation Irrigation Days Heading -‘Infection
RPB-43971 ' : .. RPB-43971
Kalispell June 24 Sprinkler June 7 .09 ) 12.33%%
Huntley June 19 Flood June 2 .81 .90 11.16%*
June 21
Moccasin June 21 None None .85 1.38 4,56
Bozeman July 3 Sprinkler June 21 .86 1.12 3.58
Huntley June 20 None None .81 .90 1.50-
Havre " July 16 None None .32 .39 0.17*
Sidney Irregular None None - - 0.11*
1976 .
- - - - - .45
Standard 3
-1 s .
."Precipitation
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INOCULATION PROCEDURES FOR P. graminea

Threé inoculation procedures fér.ﬁhe infection of barley with P.
graminea have been repo;fed in the literéture: wheat kernel (Arﬁy and
Shands, 1942), layefea mycelium (Nilsson, 1976; Méhammad anﬁ Mahmood,
1974), and floral infection (Suneson and Houston; 1942; Teviotdate,
1976a). Effectiveness of thesé three procedures waé comparéd simﬁl£an—

eously because of the influence of environmental conditions.
MATERIALS AND METHODS

'Barley Kernel

Afny and Shands'. (1942) wheat kernel inoculation was modified by -
" using autocléved barley seed as the ino;ulum substrate. Autoclaving
times were also variéd. Erlenmeyer flasks (250 ml) were-preparéd'by .
adding equal amounts df Shabet barley (30 g) and éistilléd water (30
ml). Flasks were caﬁped.with alumiﬁum'féil onlyland autoclaved 22
minutes at 121°C followed by a slow release of pressure (tota; time in
autoclave 45-50 min.). The flasks were removed from the autoclavé as
soon as possible. They were shaken to loosen the seed mat within 2
héurs following removal from the autoclave. Flasks wgre also shaken
after cooling overnight and then three plugs of P. graminea mycélium
cut with a #1 co;k bore were added. Incubation was at .room témpera—

- ture (20°C) for four days with minimal additional light (4 hr.) since
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excessive heat and/or light caused the flésks t§ sweat and the fungus
to be killed. |

Seed lots (100 seeds each) were placed in test tubes and surface
sterilized in 0.5% NaOCl plus 1% 95% EtOH for a-minimum of three :
minutes; Sterilant was decanted, and unrinsed seeds Qgre:spread‘on
dry paper towels in a clean air chamber- where sterile air was allowed
to blow over the seed for 4-5 hr. Seeds‘wgre then aseptically added
to shaken flasks and the mixture was incubated 4-5 days. Elasks‘were
;haken every other day to prevent clumpiﬁg; Before seeds.had prodﬁced
more than 1.25 cm (1/2 inch) of growth, the entiré mi#ture was planted
in flats filled with a 1:1 mixture of pasteurized Bozeman.silt loam

apd sand.

Layered Mycelium

Barley kernels in lots of 100 were surface sterilized, as de-
scribed above, dried‘and placed on the mycelial mat of a'lO day old
- petri dish medium of actively growing P. gramiﬁea. Another mat of
fungal cultufe was removed and placed upside down én top of the seeds.
Lids were then replaced and the petri dishes storea in a plastic bag
to'prevent desiccation, and kept at -4°C for two wéeks. When the

radicle reached 0.50.75 cm, the barley kernels were planted.
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Florél Inoculation

In the ;ummer of 1977, inoculation/éollination was done according -
to Suneson and Houston (1942) in a male sterile barley population,”§7—
B-622852, of Dr. R. T. Ramage's at the.aéronomy‘farm near Bozeman,
Montana. The inoculum was prepafed by incﬁbating naturally infectgd
‘driéd leaves of Lami barley (Knudsen,.personal commuﬂiéatipﬁ) on
moist filterApaper_ovérnight in a growth chaﬁber at ZO;C with cén—
tinuous flﬁorescent iight. Sporulating leaves Weré rubbed‘viéoréusly
over the male sterile barley head, and the hegd was subsequently.
pollinated within three minutes of inoéulation. No'attémpt-was made
to increase the natural humidity of the‘field.y Héads wére,haryeéted'

"in the fall and kept as individuals throughout thé'experiment{'

Simultaneous Comparison of Inoculation

Technique

.The‘floral inoculation, barley kernel inoculum; and layered'
mycelium were prepared as described, gsing isolations from naturally
infected Lami plants. .Bulk seed from the male-sterile pbpulation,'
77—B—622852, was ﬁsed fof barley kernel_énd'layered'mycgliuﬁ inocula—
*.tions.

All treatments were Plapted simultanéously in the greenhouse‘as

previously described.
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Vacuum Treatment

Inoqulation‘of barley kernels was attempfed with é:spore suspéﬁ-
siog and vacuum treatment. Spores were produced by Teviotdalé and
Hall's (1976b) method using mycelium plaﬁed on barley leaf piece agar
‘exposed to near uv lights.

Several P. graminea isolates from the mid*Eaét were separately
tested on two susceptible barley varieties, Edda. IT (Nilsson, 1975)
and Lami'(Kudsen, Royal Vet & Agr. Univ., Copenhagen, Denmar#, per-
sonal coﬁmunicétion). Thé inoculum contained approximately 200;000

"mycelial.fragment§ and a small quantity of spores per milliliter; ]
'Using the technique of Tapke and Bever (1946) for covered smut, as

' modified by Johnstoﬁ and Mathre (1977), seeds were added to the spore
suséension and placed under a vacuum which was broken every 15 minﬁtes
for 1-1/2 to 2 hogrs. Seed was then dried, planted in the greenﬁouse,

and examined three weeks later for systemic infection.
RESULTS AND DISCUSSION

Maﬁy faétors affected the success 6f barley seed iﬁoquiation with
P. graminea. A highly spsceptible variety, correct environmental con-
_ditions, a virulent strain of the pathogen and art Qere necessary.

The 5lder 1ite¥ature (Arny, 1945; Shands and Arny,'1§44) reported
Sanaité and anrbrucker as being susceptiblé varieties. They were

used in:.preliminary tests comparing barley kernel inoculation and
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.layered mycelium. No differences were found between the two inocu;
lation procedures. Infection percéntages ranged from 40-60%.

The comparisons of inoculation procedures were not replicated.
Seed source, inoculum Source, and environment were heid consfant while
'tbe inoculation_procedufe varied. The heads which were inbculated at
fiowering time were cl;ssified as individuals because it Was not known
hoﬁ the genotypé‘would‘react. However, all heads were susceptible;
Bulk seed from the same population was'used for'bérley kernel and
layered mycelium inocglations. Layered mycelium produced the'highest'
infectiqn rate (Table 3—1*, 64%, while barley kernei inoculum_p?oduced ,'
. 49% infection and floral inoculation 36%. The heterogeneity chi—
square indicated significant differencgs‘among all treatments.

Efforfs to product systemic infection using the vacuum treatment
were unsuccessful with ﬁo infection being observed three weeks after

planting.

Table 3-1. Comparison of three inoculation.techniques for P. graminea

# Plants . " # Plants

Inoculation ﬁethod Observed . Infected . . % I_nfectionl
Layered.mycelium 152 ] .98 64.5
Barley kernel 465 227 188
Floral inoculation 1012 360 35.6

lHeterogeneity X2 for three treatments = 57.52**, for layered vs
barley = 11.26**, and for barley is floral = 23.33*%,
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BARLEY CULTIVAR SCREENING

Barley cultivars grown commercially in Montana were screened for
resistance to P. graminea to determine if we have the genetic.resources

for resistance should barley stripe become a problem in Montana.
MATERIALS AND METHODS

Twenty—-one barley cul;ivars grown commerciaily in Montana blus
two susceptible cﬁecks (Edda ITI - highly susceptible; Lami - intermed;
iate) were tested aéainst three isolates of P; gramiviea obtained from
barley in Morocco (ELS), Moccasin, Montana (ROV), and Huntley, Montana
(RPB). The isolates obtained from Montana were frdm the bérley culti—
vars-Rovanieﬁi-70-B and RPB-43971, in which the seed was produced in
Finlané and-originated in England, respectively.

"Two repiications over time of the cultivar testing eXperiment
were performed using the barley kernel inoculation procedure as pre-
viously described. Sténdard greénhousg procedures described earlier
were followed. During replication 1, a temperature range Qf-12—16°c
was maintained, while in replication 2, greenhouse aﬁbient tempera-
tures Qere somewhat higher, with a temperature range of 16—2i°c. ‘The
inoculation period on replication 2 was 36 hours shorter than that of .

.replication 1.
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Data were analyzed by analysis of variance (Table 4-~1), least
significant difference, standard error of a mean, and coefficient'of

variation.
RESULTS AND DISCUSSION

The cultivar by isolate interaction was siénificant {(p=.05).
This indicates that cultivars react differently to isolates; there-
fore, a large number of isolates should probably be ﬁsed iﬁ a séreen—.
. ing prbgram. The lower infection rate of the second replication is
éttributed to the shorter inoculation period and higher greenhouse
tgmperatures. |

There is-a high degree of variability in the intermediaté class,
although the highly susceptible as wel;'as the highly resistant vari-
- eties gave consistent results. Steptoe, Erbet, Shabet, and Beﬁze;
consistgntly produced a low level of infection when inoculated with .
P. graminea.. An infected plant was never found in Betzes; therefore,
it appeared to exhibi; an immune reaction. Two isogenic lines of
Betzes, Shabet and Erbet, also carried an extremely high level of:
resigtance to ‘P. graminea.

.Edda II, the susceptible check, was consistently highly infected.
Horsford, Larker, and Ingrid were the only Montana cultivars which

were consistently heavily infected, while several other Montana
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cultivars had a wide.range of susceptibility - Vanguard (5.0-95),
Pirolipe-(0.5—97), Klages (0-60).

Table 4~1. Analysis of variance for average percent infection by
' P. graminea in commercially. grown Montana barley

cultivarsl
Source . ' af . ms F
Total . ;. . ' 137 ) - ' -—

. Cultivar. ' - 22 . 3303.70 ©17.29%%
Isolate . | 2 6527.09 34.16%*
Cultivar x Isolate 44 610.761 ' 3.20%%
Replication ’ 1 5016;12 26.25%%
Error “ 68 121.09

lRefer to Table 4-2, column 1.
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Table 4~2. Response of commercially grown Montana barley cultivars
to three isolates of P. graminea

Individual Isolates

5Missing value formula
Freja rep 2 = 18)

used‘to calculate

Cultivar Average % % infection
Infection ROV 2 © RPB3 ELS4
Edda II (susceptible check) 83.00 - 75.00 88.50 85.50
Horsford 75.33° 54.50, 75.50 96.00
Vanguard 59.00 5.00 95.00 77.00
. Larker 51.50 39.00 . 51.00 64.50
Ingrid 51.17. . 44.50 57.00 52.00
Piroline 50.83 0.50 97.00 55.00
Xarl 42.83 16.00 80.00 32.50
Klages ° 41.00 0.00 63.00 60.00
Lami (intermediate check) 31.67 26.50 35.00 . 33.50
Palliser 26.67 23.50 25.50 31.00
Hector 25.17 10.50 - 42,00 23.00
" Firlbecks III 25.00 21.00, 33.00 21.00
. Freja 23.67 23.50 4.00 43.50 °
Unitan 23.17 8.50 22.50 38.50
Lud 21.00 7.50 11.00 44.50
'Hypana 16.67 - 1.50 .  6.00 42,50
Compana 11. 00 11.00 1.50° 20.50
Dekap 11.00 0.00 . 25.00 8.00
Georgie 9.16 0.00 3.00 "24.50
Steptoe - 4.83 2.00 3.50 . 9.00
Erbet 1.16 0.50 0.00 3.00
Shabet 0.83 0.00  0.50 2.00 -
Betzes 0.00 © 0.00 0.00 0-.00
lsD .05 = 15.96, s.e. X = 5.64, c.v. = 46.36
215D .05 = 22.44, s.e. X = 7.65, c.v. = 67.16
3.8D .05 = 28.12, s.e. X = 9.59, c.v. = 38.05
415D .05 = 34.49, s.e. X = 11.76, c.v. = 44.13

rep 1 (Vanguard rep 2 = 0;
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FUNGICIDES FOR THE CONTROL OF P, graminea

Ceresan, the organic mercury seed treatment fungicide formerly
used to control barley stripé, was banned from the market in the mid

1970's by the Environmental Protection Agency. Therefore, an alter-

'native seed. treatment needed to be identified. Both registered and

- experimental fungicides were evaluated.

MATERIALS AND METHODS

In Vitro Tests

Media containing fungicides was prepared by adding 10, lOQ,‘or
1000 ug/mi actife ingredient to V-8 juice agar (Appendix Table 2)
after autéclaving. A separate test also included 20, 200, 2600 Mg/ml.
Plugs (4 mm diameter) of P, graminea,mycélium were placed-ig con;act
with-;he agar plates and incubated at room temperature X20°C), Diam-

eter measurenments of resultant fungal growth were taken 72 hours

- later. Subjective decisions were used in determining whether the

mycelium appeared alive or dead. A zero reading iqdibated no growth
and apparent death. To determine if plugs which exhibited no growth

were dead, they were transferred to V-8 juice agar plates without

._fungicide and incubated for 48 hrs.

Eight experimental fungicides were obtained from chemical com-

panieé. Chemagro provided BAY KWG 0519
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(Bf(4—chlorophegpxy)—a-(l,l—dimethylethyli-lH—l,2,4 triazde-l-ethanol)
and liquid and ppwder fofms of BAY MEB 6447‘(l:(4—chlorophenoxy)—3,3—
dimethyl—l--‘(lH4J;,.2‘,_4 triazol-1-yl)-2-butanone) . R-28921 and R-37343
werxe obtained from' Stauffer, Rohm and ﬁaas formulates RH2161, and'
Polyoxin is préduced in Japan by Nihon Nohyaku Cdmpany, Limited.
UniRoyal formulates H;7l9(3fcarboxanidido—4,4,5—(trimethylfurén).

Nine registered fungicideg were evaluated in vitro for control of
P. graﬁinea: Arasan (thiram)(tetramethylthiuram disulfide); Benlate
(methyl lf(butylcarbamoylj-2—benzimidazolecarbamate);.Cap;an (cis=-N-
((trichloromethyl 1) thio)-4-cyclohexene-1, 2-dicarboximide); Ceresan
(ethyl mercury é—toluene sulfananilide);.Daconil 2787 (teérachloro—
iséphthalénitrile); DB Green (maneb + 1ihdane); Demosan (i,4—dichloro—
2,5%dimethoxybenzene);.Vitavax (carboxin)(5,6-dihydro—2—methyl—l,44
oxathiin;3—carboxamide);:and Vitavax 200 (carboxin + thiram).

Ef fect of Seed Treatment on Percent
P. graminiea in RPB-43971 Barley

A preliminary investigation of seed treatments was studiea in the
.greenhouse. The seed lot RPB~43971 grown at Kalispell in 1977 was
treated with five different fungicides at the rate of 120 ml éhemiqal
.formulation per 45.5 kg barley (4 0z/100 ‘1bs). This seed lot was used
becausé it was knéwn to have a 12% natural infection level. Staqdard
- greenhouse procedures wére followed. Five-weeks~after planting,~thé

percent systemically infected plants was determined.
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RESULTS AND DISCUSSION

Inlvitro tests with registered and experimental fungicides
resulﬁed in idéntifying several effeétive fungistats.and»o;ly one ef-
'fecﬁi§e fﬁngicide. .Ceresan wa; the only fungicide which completely.
killed the mycelium of P. graminea. Vitavax 200, Polyoxin, and
RH 2161 sometimes killed. the mycelium, as determined by no growth 48
'hburs after tranéfefring mycelial plugs from agar plgtes containing
fungicides to V-8 juice plates to which no fungicide had been added.
All other fungicides which appareﬁtly killed the fungus only stopped
it temporarily, thus acting as .fungistats. |

At 1000 ug/ml active ingredient Vitavax, Demosan, aqd Vifavax'zoq
éfféctively reduced or stopped growth (Tables 5-1 and;5—2).j At 10
g/ml a. i. BAY KWG 0519, BAY MEB 6447, Polyoxin, and RH 2161 were
effectivé in theif control of P. graminea (Table 5-3). No registéred
or expgrimental fungicide was.as effective as Cereéan, the seed treat-
ment formerly_uséd for the control of P. gramineq.

The preliminary seed treatment study (Table 5-4) indicated that
.._Vitavax and PMA aﬁ 120 ml/45.5 kg (4 0z/100 1lb) may bé effective‘ih
controlling.naturglly occurfing barley stripe infection. A hetérof
geneitylchi—square showed tﬂat PMA and Vitavax have a homégeneous

effect. Vitavax 200 and H-719 did not lower the percent infection in
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the samé population of infected plants. The check, Vitavax 200 and H-
719 exhibit homogeneity. Plantvax does not group with any of the

other treatments.
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Table 5-1. Effectiveness of registered fungicides in controlling
growth of P. graminea, in vitro

Ug/ml active

Colony Diameter (mm)

Fungicide ingredient -
ung ngredien Rep 1 Rep 2 Rep 3 X
Arasan 10 30.2 28.2 30.5 29,7

i 100 14.5 10.7 10.0 11.7
1000 9.2 9.0 7.2 8.5

Benlate 10 27.2 26.5 26.7 26.8
100 11.2 11.0 10.7 11.0

1000 8.0 7.0 7.7 7.6

Captan 10 28.5 29.7 27.0 28.4
- 100 26.0 26.5 25.2 25.9

1000 8.0 8.7 9.2 ‘8.7

Ceresan 10 0.0 0.0 0.0 0.0
100 0.0 0.0 0.0 0.0

1000 0.0 0.0 0.0 0.0

" Daconil 2787 10 23.5 20.0 21.2 21.6
100 14.7 "14.5 13.7 14.3

1000 13.7 13.5 12.2 13.2

" DB Green 10 31.2 29.5 27.5 29.4
100 14.7 14.7 14.7 14.7

1000 6.0 6.0 5.7 5.9

Demosan 10 11.0 10.2 11.5 10.9
100 7.0 7.2 8.0 7.4

1000 0.0 0.0, 0.0 0.0

Vitavax 10" 25.2 25,2 24.7 25.1
100 5.5 5.7 5.0 5.4

1000 0.0 0.0 0.0 0.0

" Check 0 30.0 30.7 30.0 30.2
0 32.0 32.0 30.5 31.5

0 30.2 29.7 31.5 30.7

LSD (.01) = 1.22

Standard error X = 0,519
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Table 5-2. Effectiveness of Arasan, Demosan, Vltavax, and Vitavax 200
in controlling the growth of P. graminea in vitro

Ug/ml active ’ Cblony Diameter (mm)

Fungicide ingredient Rep 1 Rep 2 "Rep 3 %
Arasan 10 32.0 32.7 31.0 31.9
20 - 27.0 28.2 29.2 28.2
100 9.5 11.0 9.2 9.9
200 8.2 9.0 8.5 8.6
1000 9.2 8.7 6.0 8.0
2000 7.2 7.2 7.0 7.3
Demosan 10 13.0 14.0 15.2 14.1
20 10.7 11.0 11.2 11.0
100 9.7 9.5 9.2 9.5
200 8.0 8.5 8.0 8.2
1000 2.0 4.0 4.0 3.3
2000 0.0 0.0 0.0 0.0
Vitavax 10 28.2 29.0 28.7 29.0
20 28.5 27.5 27.5 27.8
- 100 12.2 10.7 11.2 11.4
200 5.0 5.7 4.7 5.2
1000 0.0 0.0 0.0 0.0
2000 0.0 0.0 0.0 0.0
Vitavax 200 10 29.5 30.2 28.7 29.5
: 20 23.7 24.5 23.2 23.8
100 7.2 . 7.5 7.0 7.2
200 0.0 1.0 1.2 0.7
1000 0.0 0.0 0.0 0.0
2000 0.0 0.0 0.0 0.0
Check 0 29.2 33.0 32.5 31.6
0 29.7 (33.0) . 29.0 30.6
0 31.0 1 (33.0) (30.7). 31.6
0 (30.0) (33.0) (30.7) 31.2
0 (30.0) (33.0) (30.7) 31.2
0 (30.0) (33.0) (30.7) 31.2
0 (30.0) (33.0) (30.7) 31.2

LSD (.0l) = 1.2}
Standard error X = .511

lyalues in the parenthesis are estimated from measured check values,
in oxrder to maintain equal subclass numbers.
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Table 5-3. Effectiveness of several experimental fungicides in
' controlling the growth of P. graminea in vitro

pg/ml active Diameter in mm; Colony Growth
Fungicide ingredient Rep 1 Rep 2 Rep 3 x1
BAY KWG 0519 10 5.0 6.0 5.5 5.5
100 4.0 4.0 4.0 4.0
1000 4.0 4.0 4.0 4.0
" - BAY MEB 6447 FL 10 7.5 7.5 7.7 7.6
: ' 100 4.0 4.0 4.0 4.0
1000 2.0 2.0 4.0 2.7
BAY MEB 6447 WP 10 . 10.7 11.5- 11.0 11.1
" 100 4.0 . 4.0 4.0 4.0
1000 4.0 4.0 4.0 4.0
H719 10 28.5 28.5 29.5 28.8
100 14.2 15.7 14.2 14.7
1000 9.2" 7.7 10.0 . 9.0
Polyoxin 10 4.0 4.0 4.0 4.0
100 4.0 4.0 4.0 4.0
1000 4.0 4.0 4.0 4.0
RH 2161 ‘ 10 4.0 4.0 4.0 4.0
100 4.0 4.0 4.0 4.0
1000 0.0 2.0 4.0 2.0
R-28921 10 30.2 28.0 28.5 28.9
' 100 25,2 25.2 25,2 25.2
1000 25.2 23.5 24.5 24.4
~ R-37343 . 10 30.0 28.7 30.0 29.6
100 25.0 24.0 24.5 24.5
1000 14.2 14.2 ©12.0  13.5
Check o 30.5 30.5 30.7 ' 30.6
0 30.7 30.7 30.7 30.7
0 30.6 30.6 30.7 30.7

-lLSD (.01) = 0.94

Standard erroxr X = 386
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Table 5-4. Effectiveness of seed treatment in controlling P. graminea

# Plants # Plants . - 1
Treatment ~ emerged systematically infected -infected™ '
Plantvax - 135 . . 27 ' © 20.0
Vitavax 200 . 138 10 " 7.25
B-719 - -~ 121 -5 , 4.13
PMA 128 ‘ 1 R 7
Vitavax ' 135 : 1 B} .74
Check - no treat 133 , 11 - 8.27

lHéterogeneity X2 for six treatments = 52.88%%*
Heterogeneity_~x2 for PMA and Vitavax = 0.0l )
Heterogencity X2 for Check, Vitdavax 200, and H-719 = '1.95




DISCUSSION

The primary objective of this research was to determine the causal
organism of a malting barley digease outbreak on the'Fairfield'ﬁeﬁch in.
northcentral Montana. Originally the'problem was.attfibuted to
P. graminea. However, af£er examining field samples, the question 6f
pathogen idéntity wéé introduced. Thus, it was neceséartho determine
the spec1es of Pyrenophora 1nc1t1ng the disease and consequéntly prove
-or dlsprove the initial . dlagnosls, so that proper control recommen-
dations .could be issued.

Tests we?e COnducteduWith barley seed lots préduced on the Fair-
field Bench in 1976 and with fungu§ isolates obtéined‘from infected
barléy'plants. The seéd lots were grown in the greenhouse, growth
chambér, and the field. :Systemiq infection of the.barley planté never
. developed. When the‘Shabet seed was cultured in the 1lab, i# shbwed.é
38-56% infestation with a Pyrenophora species. Using'thié fungus,
numerous attempté were made to produce sysﬁemic infection_usinélmetﬁods
:reportédly succeséfui:(Arhy and Shands,. 19427 Mohamméd and MéhmoodL
1974a; ﬁilsson, 1975). for P. graminea. However, the results were
always negative.

Cultures were also sent to experts for i@entification. "F. A,
Uébker (USDA-ARS, Beltsville, Maryland) replied that the culturés fit
right between Drechslera avenae and D graminea, but that it wa;
necessary to look at the fungus on the host for positive identifi-

cation. E. S. Luttrell (University of Georgia, Athens, Georgia)
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reported ?hat "Since these all came from barley witﬁ stripe symptoms,
I wou;d-call thém.D. graminea. It is difficult to ‘get them into
D. graminea. It is more aifficult to place them in any other species."
He indicated that the cultures resembled -those of D. tuberosq. "These
specie; are very difficult to separate. The primary character is
" symptoms produced." |

Leaf inoculations were then made onto barley vgrietieé with vary-
ing susceptibility.to ngt blotch. Typical net blotch reactiéns'wepe
bproduced when using the isolates from the Fairfield Bench (Table 1-2):

The failure to produce systemic infection and.the positive
results obtained Qith spray inoculations strongly sﬁggested that
P. teres was the causal organism of malting barley disease on the
Fairfield Bench. .Shabet and Klages were the varieties affected.
'Bockelman (unpublished) classified theﬁ both as susceptible to net.
blotch while Kline (1972) reported Betées, from which Shabet was
derived, as exhibiting immune reaction to P. graminea and Shabet as
being resistant to P. graminea. .

The original diagnosis was based on mature plants. If the
disease had been barley stripe, systemically infected plants should
have been readily observed in the spring and summer in farmers'
fieldé.- Therefore, an extensive effort was put into surveying the
area for striped plantg; Infrequently,'a striped plant was found, but

P. graminea was never isolated from such plants. Two cases of
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barley stripe mosaic virus were identified by Dr. T. W. Ca;roll, MSU,
apd the other étriping was attributed to énvironmental conditions.
waever,.the survey included the agricultural experiment ce#tefé
" around thé state where several cases of barley stripe were identified
in yield trials.. Except for one or two plants, the seed had originated
in northwestern Europe and was not of Montana origin;‘ |

One lot in particular drew interest. 'RPB—45971, originating in
England, was entered in the intrastate bérley yield nursery. Itscéﬂ—
'tained a significant ievei of infection at all locations surveyed.
éiqce:bar;ey stripe is not presently,é problem in Montana, it was
deemed appropriate'to determine how'répidly it could reach epidemic
proportions once it became established. The agricultural_reséarch
- centers are located so that they represent most of the climatic con-
"~ ditions found in Montana, RP5—43971 had been grown at all of them,
providing an ideal sample for studying the effect éf environment on
rate of change of barley stripe from one year to £he next. In a pre-
liminary test to determine RPB-43971's susceptibility to P;'gfaminea,
it avgraged 75% infection to two isolates (ELS, RPB); while the sus-
ceptible check, Edda II,_aVeraged 82%. For purposes of this test, it
was considered a susceptible variety. |

A portion of the seed.which was planted in.;977 was useé as the
control or stanaard and the seed harveétedat each station was coﬁpéred

to it. Irrigation when the plants were near heading (Table 2-2)




42
appeared to-be conducive to infection, since the percent infection_was
3-1/2 times higher than the control (Tables 2-1,2-2). Bozeman was’én
exception to th;s. Dew period, relative humidity or day and'night
temperatﬁres may héve‘contributed to this exception. Under dry con-"
di£ions, the infection rate dropped to nearly zero.
..Teviotdale and Hall (1976a) have extensively studied factoré

which affect seed transmission of P. graminea, but one area which they

did not investigate was the. field conditions which cause infected

'plénts to sporulate and fhus produce inoculum for floral infection.
More information is needed in this area so that predictions can be

* made on the amount of seed transmission that might occur in a seed.

lot. This would provide a useful tool for disease forecasting both in

the United States and the Middle-East. Farmers would then have a

.. basis for deciding whether to use their own seed or to buy disease

-free seed. ’

Approximately twenty percent of the barley produced in Montana is

‘irrigated. . If a susceptible cultivar- was being.grown and it_began

with a 1% level of infection, it is. reasonable to predict'that within-
three.years 43% infection could result. If you diréctly co;relate
that with yield ;oss, because sged is rarely produced (Suneson, 1950;
Drechsler, 1923) on severely infected plants, one could expect to lose

43% of the barley crop.
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With the assumption that barley stripe could become an ecohomi-f

cally significant problem in Montana, inoculation procedures were

- perfected, cultivars were screened for sources of resistance, and pre-

liminary investigations into the effectiveness of presently registered

and experimental fungicides as seed treatments for control of P.

graminea were conducted.

Numerous preliminary investigations:were carried out before a
éuccessful inoculation technique was mastered. - Edda II, a Swedish
variety, and Lami, a Daniéh Varietj, proved to be.the“most acceptabile
checks.

‘A second requisite for §uccessful inoculafion is a virulent iso-
late of P. graminea. A culture of P. graminea from the American -Type
Culture Co}lection, Beltsville, Maryland, was continuously transferred
for several months and used as inoculum for a susceptible variety.
The cuiture was kept on artificial media and reisqlaﬁed £rom the
infeéted plants. When these two cultures were used to inoculéte_
Edda II, a 28 aha'56% infection resulted from the continously-trans—'
ferred culture and the reisolation, resﬁectively. The peréent infec-
tion in Lami was 10% compared to 21%. Therefore, it is reéommended
that the isolates be stored in leaf material and that isolations be
made just before inoculation.

When barley kernels were not surface sterilized, thg-inoculation

media to which they were added became contaminated, and the result was




44

no emergence; or if they emerged, then no infection. 1In one test,
seeds were also internally sterilized in a hot water bath, but this
seemed to give no added benefit, so this procedure.was not continued.

In a preliminary investigation u§ing Sanalta and Oderbrucker
bar;ey, little difference in percent infection.was obsérved when the
layered mycelium and Qheat kernel inoculation techniques.were'compared.
The wheat kernel technique was chosen for fﬁrther.refinement. Several
. modifications were fqund:to give better results. Bafley kernels were
substitutéd for wheat. =~ Also, the total time in fhe,autoc;avé was
important. Unlesé it was done to specification, the media.wés either
too wet or too dry. Temperature and lighting conditions during incu-
bation were also vital. Flasks should be placed on a growth table at
a cool temperature (20°C), with only four hours of fluorescent light
added to normal room lighting. More light caused higher temperature,
..xesulting in water condensation on the flasks, resul£ing-in:fungal |
death. |

In most cages in the literature, only the methﬁd of inocuiation
used was described. There were very few cases where inoculation
methods wére-cqmpared undér the same coﬁditions. Nilsson (1975)
reported an 88% infection of Edda II using the layered:mycelium tech-
nique compared to 67% infection with sterilized wheat kernels. To
determine which technique would be the most effectivg, three.inocu—.

lation techniques were compared using the same seed. source, pathogen
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sourée and environmental conditions fof seedling growth. The
three techniques used were as follows: (1) Suneson and Houston's
(1942) floral inoculaFion using male ste?ile barley, . (2) Arny and
Shands' (1942) wHeat kernel inoculation technique, and (3) Nilsson's
(1975) layered mycelium method. When these three methoéé were com-

pared (Table 3-1), the infection rate using layered mycelium was

64.5%, barley kernel 48.8%, and floral»inocﬁlatioﬁ 35.6%. Layered

myceliuﬁ.proaﬁcéd‘the highest infegtion_rate, although it should. be
noted that fewer plants were observed. Poséibiy with more'plants
#here would.have been greater variation, and therefore a lower infec;
tion value.

With the aid of a successful seed inoculatioﬁ technique, cuitivars

were evaluated for their reaction to P. graminea. Two susceptible

‘cultivars, Lami (Knudsen, personal communication) and Edda II

(Nilsson, 1975), were used to evaluate the'success of the inoculation.
Twenty-one Montana grown cultivars Werezscfeened against‘ihree isolates
of P. graMﬂnea;- Approximately 500 plants per cultivar were scored
overéll;.'Percent infection was determined as perceﬂt of emerged
plénts shbwing systemic striping. Generally, when cultivars sﬂdwed a

high percent infection, piants of these cultivars were more severely

.affected than plants of cultivars showing a low percentage of infec-

tion. The lack of severity may be due to the internal structure of
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the plant or to the rapidity of early ﬁlan£ gxowth. The.resistanéé
mechanism of P. graminea has not been studied.

Infection percentages ranged from zero to 97%. Sin?e the Montana
'éultiﬁars have notlbeen ;elected for resistance to P. graminea;'this
pfobably represeﬁts tﬁe range one would expect to find in the worid
barley collection. |

Mohammad aﬁd Mahmood (1974b) de?eloped a ﬁethod for evaluating
the intensity of barley stripe by scoring individual.leaves for érevé—
lence and éeverity of the disease. - This method may be a usefﬁl.tool
in the future for quantifying the reactions of Montana grown cultivars
to P. graminea.

ﬁetzéé apparently exhibits an immune reaction, as a systemically
- infected planﬁ was never observed (Table 4-2). This is in accordance
with Kline's (1972) wofk in North Cérolina. éhabet, Erbet, and Steptoe
'were-éhe only three variéties which consistently éxhibited a high
"level of resistaﬁde. Kline'(l972)"reports Erbét (0%) as being immune
and Shabet (1.4%) as resistant.

Edda II, ﬁorsford, Ingrid,:and Larkexr repeatedly gavé susceptible 
reactions to all isolates tested. Kline (1972) also reports.Hbrsford
(18.1%) as susceptible, but reports Larker (1.8%) as resistant which
is in conflict with these results. Different isolates of the fqngﬁs

were used in the two. tests.
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Cultivars in the intermediate class are irregular'in their ;eaé-
tion.i Cultiyars vary in their reactioﬁ to the. different isolatés.and
thé cultivars diffgréd from replication to replication. fhis may be
attributéd-to genetics, environmental‘condi;ions and inoculation tech-
ﬂique. |

The results of thié work are not always in .agreement with Kline's
(1972). Isolates used in Kline's .study were different than those uséd
in this study. In general, a highef ﬁercentage of infection was
peported in this ;tudy. Kline (1972) classifiéd Compana and Piroline

as immune, whereas in this study they were-intermedia;ely susceptible,

'showigg 11% and 50.8% infection, respectively. Hypana, Palliser, and

.Unitan were rated resistant by Kline (;972), however, they were inter-

mediately susceptible.in these tests,.with 17%, 27% and 23% a&érage
infeétion. Firlbecks III was susceptible in both tests, producing

11.8% infection in Kline's (1972) and 25% in these tests. |

The Betzes genotype may provide us with a useful .source of genetic

resistance to P. graminéa. An infected Betzes plant has ﬁot been
repoxrted. The.high level of resistance has been transfefred.to Betzes
progeny, Erbet ;nd Shabet. It would be useful to detefmine how. broad
or géneral this resistance is by exposing it to as. many different
igqlétes as poésible; Wiﬁh both resistantrand'susceptible sou;ces,
identified‘crosses couid be made té determine the type'of éene action

which is present.




48
BeﬁWeen 1930,and'l970, the organic mercury seed treatment Ceresan
was used.tézcontrol'barleyvstripe (Reddy-and Burnett,-l§30; Stakman
and Rodenhiser, 1929; Leukel et al., 1933; Weniger, 1532; Arny and
Leban,  1956). It was so effective that the digease was nearly for-
gotten until'the Environmental Protection Agency banped Ceresan from
the market and a recufrence of barley stripe began. Several regis-

tered and experimentallfungicides were evaluated for their effective-

‘ness in controlling P. graminea.

There is controversy surrounding the effectiveness of Vitavéx 200

(carboxin plus thiram). In laboratory tests, it was ah.effective

. fungistat at 1000 ug/ml active ingredient, but when tested "in the

greenhousé.on"naturall§ infected barley seed, it gaQe no control.

This is in.accordanceIWith Prasad's et al; (1976) results, although it-
is contrary to Kline and Roane's (1972) work.- When Vitavax 75 WP
(carboxin) alone was tested, it also was'an‘effective fungistat at

1000 ug/ml a. i., and in the greehhouse when applied at 120 ml chem-

- ical formulation per 45.5 kg (4 0z/100 1b) barley, it effectively

contrélled the percent plants exhibiting stripe, which‘agrees with
Kingsland's (1972) resulfé. The reason we see differences in Vitavax
and Vitavax 200 in the greenhouse may be that Vita&ax contéins 75%"
active ingredient qarboxin, whilg Vitavax 200 contains only 17% car-
boxin. PMA'(phenyi mercury acétate)'also gave éffecﬁive éontrol of

barley stripe in preliminary greenhouse studies.

/
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Several experimental.éhemicals provided effective control in
laboratory tests. Polyoxin (Nihon Nohyaka Company, Tokyo, Jépan),
RH 216l (Rohm and Haas), BAY KWG 0519 (Chemagro), and BAY MEB 6447 FL
(Chemagro)'gffectively reducgd mycelial grpwth at 10 ug/ml active
ingrediggtT Before' the experimental chémiéals can be licensed for
usage, these iﬂ vitro teéts will have'to-be confirmgd with fieid data.
Although P. graminea is nét presently ; pfoblem'in Montana, it
_waﬁ.demonstrated that .it could quick1§ become economically significant
in the irrigéted barley pfqducing.regions. Genetic and chemical
sources of control have been identified, so that further.utiiization

and perfection of them méy be continued.
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APPENDIX
Table 1. Barley leaf piece agar

16 g. agar

1000 ml distilled H,0

Press and dry healthy barley leaves. Place 3-4 cm leaf pieces
between layers of moist paper towel and autoclave 15 min., 121°C. (fast
exhaust). Add sterilized barley leaf pieces to solidified water agar.

Table 2. V-8 juice agar
- 20 g. Bacto agar
3 g. CaCoOy
200 ml V-8 juice

800 ml distilled HZO
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