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Abstract:

Common root rot of spring barley caused mainly by Cochliobolus sativus (Ito and Kurib.) Dreschal ex
Dastur has been responsible for considerable losses in grain yield in the North American prairies. Four
methods of inoculating barley plants with Cochliobolus sativus were evaluated for their effectiveness in
imposing uniform disease pressure.

In 1979 at Bozeman, Montana, C. sativus infested oats sown in the same furrow as seed of the test
cultivar did reduce plant emergence and yield. In 1980, this method was compared with the use of
natural soil inoculum. Use of C. sativus infested oats did not substantially improve the differentiation
of cultivars with intermediate disease ratings over the use of naturally infested soil at a site with a
history of CRR.

The effects of Common Root Rot on components of grain yield in sixteen barley cultivars which were
agronomically adapted to Montana and representative of the four barley types: Hannchen, Smyrna,
Coast and Manchuria, were studied at Bozeman, Montana in 1980. In spite of the mean increase in
disease ratings in C. sativus inoculated plots, the high soil moisture levels and moderate temperatures
during maturation negated the early pathogenic effects of C. sativus, resulting in no net change in yield.
Hannchen and Smyrna type cultivars had a significant reduction in fertile tillers due to C. sativus which
was compensated by increased kernels per head and kernel weight. Coast and Manchuria type cultivars
responded to a slight decrease in fertile tillers by increasing the number of kernels per head. A
combination of increased number of kernels and increased disease rating due to Common Root Rot
resulted in decreased kernel weight in Coast and Manchuria type cultivars.

A barley plant is subjectively placed in one of four disease classes based upon the extent of
discoloration on the subcrown internode due to Common Root Rot. In a population of plants, the
number of plants per each disease class is used to calculate a weighted average, or disease rating.
Computations performed by a step-wise discriminating function on the percentage of plants in each of
four disease classes, indicated that the severe class was the most discriminating class among cultivars,
followed in importance by the healthy class.
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. ABSTRACT

Common root rot of spring barley caused mainly by Cochliobolus
sativus (Ito apd Kurib.) Dreschal ex Dastur has been responsible for
considerable losses in grain yield in the North American prairies. Four
methods of inoculating barley plants with Cochliobolus sativus were
evaluated for their effectiveness in imposing uniform disease pressure.
In 1979 at Bozeman, Montana, C. sativus infested oats sown in the same
furrow as seed of the test cultivar did reduce plant emergence and yield.
In 1980, this method was compared with the use of natural soil inoculum.
Use of C. sativus infested oats did not substantially improve the dif-
ferentiation of cultivars with intermediate disease ratings over the use
of naturally infested soil at a site with a history of CRR.

The effects of Common Root Rot on components of grain yield in six-
teen barley cultivars which were agronomically adapted to Montana and
representative of the four barley types: Hannchen, Smyrna, Coast and
Manchuria, were studied at Bozeman, Montana in 1980. In spite of the
mean increase in disease ratings in C. sativus inoculated plots, the
high s0il moisture levels and moderate temperatures during maturation
negated the early pathogenic effects of C. sativus, resulting in no net
change in yield. Hannchen and Smyrna type cultivars had a significant
reduction in fertile tillers due to C. sativus which was compensated’
by increased kérnels per head and kernel weight. Coast and Manchuria
type cultivars responded to a slight decrease in fertile tillers by in-
creasing the number of kernels per head. A combination of increased.
number of kernels and increased disease rating due to Common Root Rot
resulted in decreased kernel weight in Coast and Manchuria typé culti-
vars. .

A barley plant is subjectively placed in one of four disease
classes based upon the extent of discoloration on the subcrown inter-
node due to Common Root Rot,. In a population of plants, the number
of plants per each disease class is used to calculate a weighted aver-.
age, or disease rating. Computations performed by a step-wise dis-
criminating function on the percentage of plants in each of four dis—
ease classes, indicated that the.severe class was the most discriminat-
- ing class among cultivars, followed in importance by the healthy class.




INTRODUCTION

The term "Common Root Rot'" (CRR) has been widely used to designate
a group of diseases that are characterized by necrosis of the roots,
crowns, and stem bases of wheat and barley. CRR generally occurs on

individual plants growing in eémpetition with healthy ones. The most

important fungus of tne CRR—complex is Cochllobolds‘sativus (Ito and
Kurib.) Drechsler ex Dastdru tLoss sunveys in" the prairie provinces of
Canada have proddced estimates of an average loss in wheat for the years'
1969 to 1971 of 5. 7%, and in barley for the years' 1970 to 1972 of 10. 36;
The 1n01dence.and severlty of les1on1ng .on subcrown internodes in a I
population -of plants have;been used'as‘the,lndex of disease intensity
and.the resistance of cultivatsu The disease‘index based on the mature
plant gpown in the;field has:pro;ed to.beAconsistent 6ver‘several loca-
- tions and years, whereasd.tneiseedllng reaetion test has not beenindic—
ative of adult plant'reactlén.._The pfimary effect of severe CRR infec-
tion on the graln yleld ot spring wheat has been to reduce the number
of fertile tlllers per plant and the kernels per head.

The purpose of thls study was to develop technlques to measure the
response of barley to CRB.utilizing.lG cultivars with good agronomic
adaptation to Montana and.pepresentative of the four t&pes_of barley:
Hannchen, Smyrna, Manchuria,Jand Cbast. Three objectives were con-
sidered:

1) To determlne the effect1veness of a screenlng program to im-

prove the reS1stance of barley and to develop the methods to.
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insére'uniform inoculation pressure by C. sati&us.

2) To détermine which is the most predictive or discriminatiné
class of the'standardized four disease categories in predict-
ing é-cultivaf'é reéisténce to CﬁR.

3) 'To determine the'regponSé af bariey to CRR as measured by the
plant's yield chpoﬁents.

The refinément of tecﬁﬁiques in évaluating tﬁe barley plant re-

sponses to CRR by both disease reaction and yield coﬁponents may in;
crease thg efficiency by which plant. breeders méy improye the gfain

yield of barley;'




LITERATURE REVIEW

" Common Root Rét (CRR) is a prevalent disease of wheat and Barley
in the prairie prqvinces o% Caﬁadé'(33,42); the Great Plains of the
United States (3)} New. South ngés and-Sbuthern Queensland of Australia
(5), and Brazil (17). Several fungi have been implicated as the cause

of the ‘discoloration ‘and rotting of loWgr leaf sheaths, culms, crowns,

subcrown internodes and roots. The most important is Bipolaris soroki-

‘niana (Sacc. in Sorok.) Shoem (=Helminthosporium sativum Pammell, King

and Bakke), which is the conidial state of Cochliobolus sativus (Ito .

and Kurib.).Drechsler'ex Dastur (53). To é'lesser extent the fusaria

are isolated frém'diseasedrfissue.‘ Fusarium roseum (Link emend. Snyd.
and Hans.) f. ép.'cerealis"Gramineérum'.(;E. graminearum Schwabe) and
F. roseum f. sp..cerealié.'Cplmorum' (=F. cuimorum W. G. Smith) (2) are
associated with fodt rot.and,rbét rot in the Pacific Northwest (16).
The Gramineérum populgtion responsible for.fpot,rot belongs in Group I
whereas Group II is-responsible fqr head-blight and scab. Only Group
Iis associéted with'foof“rof in ﬁhelpgcific'Norfhwest and in.Queens—
land, Australia (5). _Béth E: réséhm 'Acuminatumf (=E. acuminatum E11.
and Ev;) and F. éﬁlmorum Qére‘recbvered in lower percentages as com-

pared to C. sativus in the prairies of Canada (23).




Symptoms and Histology

The first symptoms of infection on wheat (Triticum aestivum L.

Thell.) and barley (Hordeum_vplgare L;.emend. Bowden) appear as brown
lesionsion the lower ieéf sheaths ngér the soil liné and/or on the sﬁb—
crown internode. :Inﬁthg wesﬁern,Cap?diah prairies infection originates
from conidia or from mycelium in infeétéd plént debris in the soil
usually at the pgéfseedliﬁg stage (9).. Lesions appear as spots on the
subcrown internéde two to thrée days aftef infection, later ‘expanding
into linear streaks. ;Resistént cultivars of wheat and barley have more
pinpoint lesions'whergaS'suscebtiblé cultivars have more linear lesions
(28). |

Cell wali_degrading ehzymes and.sharp-infectibn peés under the
appressofié both ére.involQeé in thé.pgnéfration of the plant epidermis
(28y. A sheafh,xn‘liéﬁin tubgr, forms beneath the cell wall surround-
ing each infectiéh peg.. ‘Lignin fubers contribufg little .towards host
resistancé since they occﬁ£'in'bofh resistant and susqeptiﬁle culti-
vars. The iﬁféction pégs evégtually gréw through the iigpin tuber and
develop-branchipg hyphae,' both'iﬁ%ra; and interce}lularly; In severe
" infections the-occlusion ‘of phloem'anq xylem yesgels is associated with
ligﬁih—like ma%efialé that may Be.dépompoééd hqst éissues,'but the

stele is often left undamaged (28). The debilifating, rather than
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acute endemic naturé of CRR, may be attributed in part to the cortical

decay by C. sativus Qf-subcfown internodes.

Disease Loss Assessment

Assessmént Of‘ldssés to CRR is a complex problem dependenf upon
such faétofs'éé time agd:intenéity of infection, inoculum level, and
varietal and environmeﬁtal intgfaqtioﬁs. Furthermore, C. sgtiVus is
present in most fields gnd'iﬁ.has nét been possible to obtain disease-
free control plotélfor comparison. Machacek (37) Qas the first to esti-
mate the percent yield loss to CRR on'the basis.of grain Wéighfs of
clean plants as compared to CRR planté in'mixed stands. -Using this
. technique, exfgnéive surﬁeys Have.been conducted by the Canadian govern-
ment with én es#imated average lgss'in.wheat for the yéars'1969-t§ 1971
.of.5i7% (33) and in barley for the years';976 to 1972 éf 10.3% (42).

McKinney (39) was'ﬁhe‘f;rst to separate plants with CRR into caté—
gdries based upon the deg?ee Sf discdlorétion on the subcrown internode.
The generalizatién that'the ﬁean grain yield pef piant decreases-witﬁ
‘increasing diseaée severity has-been suﬁported-by several reseérchers

(33,42;60). Furthepmore, the?é'is_a decreaéed number of heads or tillers -
per.plant in severe és qompared-to cle§n<ca£egories (29, 60).

A disease -rating . score has been used that attempts to quantify

the relationship between diseése seQéfiﬁy and the percentage of disgased

plants. Numerical va;ues of 1, 2, and 4 for spring wheat, and' 2, 5, 10
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for barley, are‘jntended'to represgsent, Lhe proportional reduction in

gfain yield in the disease clesses slight, moderates and severe, respec-

© tively, relative to the yieldrof_clean'plants.. Each value ismultiplied

.by the number of'plants in its respective -disease category. Thé prod-—

ucts of the three disease categories are addéd together, and the sum

divided by the total number of plants times the maximum class value.

This disease index does not difectly calculate yield loss but is based

~only on past loéses sﬁffered-by'piants in:eaph category (56),

Inwheat, Tinline and Ledingham (56) found a good correlation be-

tween higH resistance and low yield losses. In barley, on the other

. hand, some cultivars of intermediate disease reaction showed the least

yield reduction (42)._~Many_féctors influencé grain production and may
mask the effect of CRﬁ'on yield. This mékes a'simple correlation be-

tween disease rating and yield unlikely (56).

Disease Progression

Early season infection may give rise to poor emergence or stunting

of the seedlings.  When C. sativus infected seed was planted in the

‘field, the tendency of wheat plants to recover from initial stunting

was measured by detérmining the total leaf area and grain yield_(47).
Once the seedlings were placed in. a fayorabie environment, recovery in
leaf area was complete by the time the fifth. leaf appeared in Reward

and the seventh leaf in Thatcher. Yield was‘enhanced by inoculation in




7
Reward but equal to tﬁe;controls'in Thatcher (47).

Recovefy from-early stuﬁtiﬁg due to CRR in barley with adequate
moisture and nqtriepts has;also been observed in southern Australia
(44). HoWeyer, C;afemont Ba%;ey.segd, héavily infested with C. sativus
and planted.in'Scotiand,;was responsible'for reduced stands that con-
tributed 24.8%:and 71.2% of,fhe total yigld loss in 1973 and 1974, re-
spectively (62). There was an overall stand reduction of 20%.  The
remainder of thé.&iéla;lésé;was attribuﬁgd‘to subsequent losses in
heads ber plant; seed nﬁmbér perxﬁead, and seed weight. Under theée
growing Conditions; infeéted planté did not ﬁaye more heads-per plant
than did healthy pianté.“ quever,:increases in heads per plant occur
when low populatioﬁs’érg p;odpoéd grtificiélly'bylowseeding rates (62).
Therefore, tilléﬁing‘mayﬂhaaélbeen affected by'g. sativus.

The exact ﬁi%e of_thé eariiéét;ihitial inféction is not known.
Isolations from Subcrown iqtérnodeglof spf}ng wHeat, regardless of symp-
tom éxpression, four weeks after_seediﬂglshowed that'50% yielded C.
sativus,Aan& at fiQe wéeks £he.figufe gbsé to. 85% {59). At six weeks,
100% of.thé tissues. exhibited discblofafion aﬁd.é. sativus was isolated
from 100% of the subqroWnJintefnodé$, “Infection can also occur later
in the growing‘season. ‘Tbe réte q% which plants becoﬁe diseased has a
bearing .on the'overéll geverity of the disease‘at crop mat;rity. For
exaﬁplé, the ipfection ra£és (as-meééared by the percentage of diseased

plants Qersus time) were 'as féllows for Manitou spring wheat in Canada:
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--1969} 0.95% plants pef.day;.l§70, 1.32%; and 1971, 1.96%1 The inféction
rate in 1969 was slowgr-than thaf in both i970 and 1971 because the on-
éet of disease was.later and there was c;rreSpondingly less diseaée at
the end of the growing éeasén (59). .This may have been due to cooler
spring temperatures and higher rainfall in 1969 (46} but no reason Qas
proposeq (59). |

In controlled growth chamber tests, the vertical lesion. spread on
subcrown internodesiof Manitou wheat was répid at the béginning,:taper—
ing off with time, to give an average of 0.3 — 0.5mm lesion.extension
per day (58, 59).—-The disease severity and‘the percentage of dis-
eased plants progressed at similar rates Qver the same perioa of time.
Apparently, inéreasés.in lesion‘sizé did not occur énd/or many of the
'_initial lesions that férhed during tﬁe first 60 days failed to develop.
Manitou is a cultivar with fairly good'resistaﬁce but too little is
known aboﬁtjthe effecté of environmental factors on disease dévclop—
ment to speéulate on this cultivar's appafent ability to slow the prog-

" ress of lesion development.

Interactions with the Fusaria

The frequency of isolation'of‘g. sativus from mature plant and
seedling tissue is gréatest in the presence of High_spore popuiationé
in the soil (9). waever,'fhere is a poor porrelétion (r =°0.3 - 0.6)

between the percentage of tissue.discolored and the number of subcrown
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internodeg.yielding C. sativus (23). This may be due to the fact that
other fungi a?e aiso responsibie for the discoldration (23,44). Fur-
tﬁermore; the populat;on'of g:.sétivus Coﬁidia in the rhizoéphete can

be quite low With'recoVéry'of the fungus'from subcrown internodes still

possibleiv In the absencé_of C. sativus, Fusarium spp. are Often re-
covered from }éleaﬁ' éubcrown internodes and from_plant tissue in

soils with low numbers of C. sativus conidia (6). To answer the ques-
tion of whether muitiple infections by g..sativus and F. roseum can
occur on subbroWn inéernodes,'Tinline (55) studied the interaction of
bofh génera in a greenhoﬁsé experiﬁent. There appeéred to be no differ-
ence in the ‘type of lesions produced by either C. sativus-of F. culmorum
and. F. acuminatum, ‘ﬁor wére there differencgs:in diseasé reaction be-

tween cultivars of spring wheat as compared to the reaction normally’

. apparent under field conditions. An antagonism between C. sativus and

F. culmorum or F. acuminatum did occur,'which.depended upon which~fungus

first colonizéd the subcrown internode. The fusaria were capable of

‘invading and establishing themselves on C. sativus colonized tissue.

However, g.’sativus was a poor invader if the fusaria were first in pos-
session of. this tissuef 'Thefefore, in determining the causal agent for
discoloration in the case of multiple ﬁathogen infections, C. sativus
can be assumed to be.the primary paphbgen'(57). However, the role
played by Fusarium spp. in discoloration of the subcrown inhternode can
vary with the location. For instance, in Washington F. culmorum i

the primary pathogen (16). . v
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Pathogen Survival and Variability

Studies by Chinnﬁt-al.,(B,Q) én spore pppulations in 100 Canadian
fields in 1959 and 47 in4196¢, dsing the floatation>viabili£y method,
yielded consistent averages Qflléo and 178 conidia per gram of soil on
a dry weight basis, reépebti&el&. The Correlation'between'seedling dis-
ease and the spore p@pulétioﬁ,iﬁ greehhouse tests was highly significant.
This same relétionship:was not-fodhd for ﬁaturé plénté in the_field. It

i

has been suggested that in addition to inoculum density, soil type (10),

‘moisture level (46), and other organisms in the soil may influence bhe

severity of disease (1,40).
Evidence of microbial organisms perforating the walls of pigmented
conidia has been.obtained using electron microscopy. Free living myco-

phagous amoeba inhabiting. 'arable soils were capable of perforating C.

sativus conidia (1). The activity of perforating agents in the soil in-

creased duriqg higﬁ sqil-moisfurg and decreased with drier soils (40).
This may heip explain'Chiﬁn;s eaélief dgservation that conidia of C.
sativus survived for longér,périoés.of time.in>dry spils as opposed to
soils at field capaéity-(é).

If infection is~meaéﬁred és_tﬁe,diséése reaction on the mature

plant, theﬂ'the deVelophent of disease seems to be independent of the

spore number in the so6il until a threshold level is reached of approxi-

mately 27-46 conidia per grém of soil (6).. The most reliable technique

for determination'of inoculum lévels'6f~g: sativus has been the floata-
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tation-viability method (9).: A sglective ﬁedium has been used for tis-
sue isolations bu£ it.is not usefui in quantitative_determinations of
infective pfopégulgs éf g.'satiQué iﬁ the soil (51). Infected plant
debrié will often yield.Fusarium spp;‘thgt maék the presénce of the

slower growing C. sativus, eveh‘on this selective medium {(51).

- Genétics of Virulence

Genetic studies invoiviné C. sétivus have been hindered by its pro-
duction of multinucleate, h?terokéryotic-conidia, and intertwining asco-
spores(54).'Sexdal.feprodu5£ion iscontrollédby one gene butmodified by
additional genes (54). .Prégéﬁ& of singie haploid ascospores had vary-
ing colony mor;hologies; éﬁt‘;ll were higﬁly vi?ulent. Virulence was
epistatic ovér'évirﬁlence; On spring and durum wheat, virulence was
controlled by‘at least'two genes while on barley thefe were two to four
genes'(26).' Although the sexual éfage has.nét been detected in the
' fiéld, fecombinatién to prddgce new strainé ié possible since parasexual
fecombination Hés'beén observed in somatic hyphaé fhat héve double the
number of'chromosomés éﬁd consistent pairing 5f homoloéous chromosomes
(27). At present there isAﬁé indication of distinct biotypes within C.
sativus since the cultiQars.£ested exhibit no differential responsé to

d

infection (11,20).
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Effects of Cultural Practices:

The effects of gtubble management, soil fertility, and water reten-
tion as they influence CRR have.geen examined (34,61). The early prac—
tice.of moldﬁoard plowinglwith-the éomplete inversion of the soil often
resulted in-a reduction of rbot.rot in the seedlgng s%age.when compargd
to that occurring with surface fillége. In the mature'crop, however;
the differences in root rot: frequency were no longer.obserVed (31).

In Manitoba,'thepe was no oby;oﬁs change_in'tﬁe pércent of root.
rot infection (75% infected roots) after six years of continuous wheat,
except that in tﬁe firsﬁ year fgllowing a fallow period thgre was a
;light reduction (45% infected ropts) (18). Continuous.cropping of
barley had no effecf on root rot (lé),

.,There are cohflicting reports on the effects of nitrogen fertilizer .
én CRR. The use of ammonium feftiiizer, when compared to no added fer-
tiiizer, slightly increased thé séve?ity of root‘rot (19% vs. lé%) on
~sprisg wheat growing on'reSiduérfree soil (32).  On the other'hand, in
Saskatchewan, with Ménitou‘wheat; nitroéen appiied.to stubble reduced
the percentage of diseased piénté but not the disease .severity early
'iﬁ the season; but suﬁééquently no effect waé.observed (61).

ﬁxcess phosphorus genéra;lyfhéd little effect on' the final yield
and severity of root rot in bafley'(43) and Manitou wheat (61). Phos-
phate fertilizer did.héﬁe the tendency to reduce root rot severity at

midseason but by harVesﬁ? differences were no longer present (61).
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Decreasing fertilizer_poncentratiéﬁ below the optimum for growth pre-
disposéd.the plant to-mére severe diéease damége while the use of fer-
tilizer in exceés of.?ecommehdea rates did not materially affect the

plants' response to’thg pathogen.and is impractical as a means of con-

‘trol for CRR (4,61).

Herbicide (2,4-D eétqr) had no effgct on CRR (61). On a crop grown
on summer falléw,supplementgl:irrigation 71 and- 84 days after planting
had no appreciable effect on the percent of diseased plants compared to
hon—irrigated qhécks_(Gl). However, thé disease severity on plants
growing.on.dryland éS'compared to_irriéation can be gfeater and can have
an adverse effect on'yield greater.than that due to drought alone (46).

Seeding date had little.effeet.oh the'percént yield loss due to

'CRR in eastern Céhada'(29) but in the western provinces a delay'of ten

days after the average time for planting resulted in reduced infection.

But late seeding cannot be safely used on the western prairies because

“of autumn frost hazard (3).

The seedling blight phase of CRR'on the prairies is not considered

to be of great importance since there'is little evidence of seed borne

. inoculum. Stana reductionjof up to 38% from seeds heavily infested by -

C. sativus resulted in no yield loss (13).
The depth of seeding may vary during planting and some seed are

left near the soil surface. These.plants have short internodes and may

or may not be invaded by C. sativus and Fusarium spp. Observations
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indicate that shallow seeding resuits in lower root rot severity .(33),
but there has not been a reiiable method developed fo assess the effeéts
of CRR on plants with a:shépt 6r nongxiétent subcrown internode.

Crop rétation.as é means -of controlling CRR in wheatzﬁas been
studied utiliziﬁg diseasé.ratingé'ana.tissue isolatiéns (3), anaﬁneasure_
.menfs of conidial poﬁulations in the soil (6}. Diéease ratings‘based on
the digcoloration,éf subcrowh internode decreaééd with'eaqh successive
ygar‘of a noh—suségptiblq crop (31,34?. :Hdwever, various crop seduences
did not alter the‘frequeﬁéy'of isolation of Q. sativus‘from tissue of
wheat._.Thié‘is_interesfiﬁg iﬂ view of the fact that summer falléw, a .
crop of oats;.éwéet'clovéf, éf'some'non-suscepﬁisle crop, gctually re-
duééd tﬁe'CRR daﬁage, or sgyerity}.on-the following crop of spring wheat
(I3~.)‘ Oats -are highly resistant to c- sativus, but will still maintain
. avsignificant ﬁumbef'of coﬁidié ip the'soil (6). Rape isrkﬁ:conéidefea'
to be a hgst.énbpzféf'CRR-Since the level of conidia per gram:of soil
decreased from 235 to 46 éftef'éiéhree year rotation. ﬁﬁt the decline
df cénidial poﬁulétiéns folléwing tﬁe‘bultivafion‘of rape Qas not any
faste} than'é decliné attr;butal to ééiné-and vapious environmental and
'umicrobiél.féctofé (75.'-Enougﬂ'conidia appear ﬁo éufvivé, even after -
.five years 6f a honéhost-crop, making crop rotation aa impractical,me;ns

of conﬁrolj(3,6)L




15

Inoculation Techniques with C. sativus

Artificial iﬁoqulation tééhniques with C. éatiVus have been used

“to overcome the inherent variability in inoculum density of this patho-

gen 'in soil and to produce uniform:inoculation pressure for screening

the resistance of wheat and barley cultivars. - Sallans in 1933 reviewed

- the theﬁ current methods used and recommended soaking-seed in conidial

suspensions fér 18 to 27 hours.at 240C prio£ to planting as a means of
insuringiuniformliﬁfection‘for field testing of seedling réaction (45).
Workers have continued té use'this.mgthod for seedling reaction tests

(21).. The addition:to'soii'of a solid medium overg%own with the fungus

has been tested utilizing various substrates such as oats. and vermicu-

lite or sand amended with corﬁméal or potato broth (20,21); Although

there appearé to be a poor'réletionshib SetWeen-seedlihg and“adult-plant
reactiop; the seedling test has continuéd to be ﬁéed:er'SCreening the
aggressiveness of'iéqlgtes (Qi). 'Uée.of‘naturally infested soil, how-
ever, .is reliéd upon for‘deterﬁining matufe blanf reaétions to_CRR in

most current studies. The seed is deeply sown to a maximum depth of 9

‘cm to encourage the development of a long subcrown intérnode (49,52,59).

Resistance in Barley

Researchers at Ottawa, Canada, have- utilized a sand-cornmeal inocu-
lum in greenhouse pots-to.evalgate fqot rot and seedling blight in bar-

ley (35,36). Based upon the general vigor of seedlings grown for 21
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days in a controlled growfh éhémber, the seedlings were subjéctively
placed in oﬂe of five disease categories. Over 770 cultivars and selec-—
tions of barley were tested. Anoidium, Br3962-4, Lenta, and Opal B
showed the highest resi;tance, while Olii was used as a universal sus-
ceptible cultivar for cqmpariébn. The reaction of F3 families from
crosses between two resiétant cultivars, Anoidium and Br3962-4, with
011li suggested the presence of dominant genes for resistance in Anoidium
and Br3962-4. However, the disease devglopment wasstrongl& linked with

climatic conditions as the cultivar resistance was not clear cut, suggest-—

ing that additional genes may play a role.in resistance (25).

Another method of evalﬁating cultivar response to CRR has been to
determine yielq reduétiont. In some cases a cultivar may yield well in
spite of being heévil& iﬁféctedL:’This appéafs to be the casg for Betzes
and Galt (41). The discrepaﬁcy béfweeﬁ a yield test and a seedling re-
action test for the evalﬁation of cuiti&ar resisténce can be illustrated
with Betzes. In the yield test Betzes-had the smallest yield rgduction;
however, in a greenhogse seedling‘feaction test it was classified as
susceptible (15,20). Screening for disease reaction alone may have
6verlopked this cultivar's ability té yield well in the pfesence of C.
sativus. CI 8§69 showed the reversé reaction in that.fesistance was
observéd in séedlings whilé_thé mature planté were rated as gusceptible
in the field (14,15).

Barley seed. size strongly influenced the seedling reaction to CRR
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(15). Inc%eééed kernel weight was probdrtional to -decreased disease'
index.. fhe-largezsged of 011i, the sﬁsceptible standard,'produéed
seedlings with greater reéfstance than seediing; from smaller seeds.
ﬁoﬁeyer, no corfélation wéé found between seed size and adui% piant'fe— ‘
action Kié). A seedling test in Mﬂich the méan‘héight of each clump of
plaﬁtslwas determined, aiong‘with the mean length of the roqt system,

‘indicated that winter types of barley had.a higher level of resistance

to CRR than the spring types (11).

Resistance in Spring Wheat

The discrepancy betweén.seedling reaction and adult plant reaction

to CRR was also observed:in spring wheat. The wheat line 680 from Can-

ada has the_higkest field resistaﬁce bﬁt is very_susceptible_és‘a seed~-
ling (21;22,48). Ea;liér work.witthérquis, Thatchér, and McMurachy
sAerd a seedling mortality of 10; 19;'and 79%, respectively (50)1'7The
reverse was£ruefbp theirrfieldratingsbaséd.oﬁ thepercen#age of sub-
lcrowninternode discoloratiép, i.ei, 47, 46; and 32%; respectively (57).
Line 680 has McMurachy ;s oﬁe:of.it§>pareﬂté,_ While sgedling.reaétion‘
.does not seehito élways be a feliable indicator of maturé plant resist-
ance, -disease ratings based on the discoloration of the subcrown interr
node of mature blants have remained consistent in field tests over
sever;l locétions”(49). The selectiéns.680, 6#5,'and 1639 have‘hadv

one fourth the number of diseased plants as the relatively resistant .
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and widely grown Thétéﬁer, indicéting,thaflselection for résistance can
be accomplished (49).

During the three year period 1969-to 1971, Manitou was the most
widély grown bultivarnéh.ﬁﬁe~dan§dian préir;es, averaging an annual loss
of 5.7% due tq QRR. Lihesfﬁaye been develobednwith better resistance
"than Manitou but their agfonomic.qualities afe rélatively poor. A
screening of 5500 lines of If aestivum from around the world indicated

that good sources of resistance are available, but no commercial vari-—

eties haQe yet been released thag are highly resistant (24). Progress
in developingresiéfance to CRR in hard red wﬁeat has been .made in Can-
_ada when their lines are compared with cultivars from North America, Aus-
tralia, Kenya, and Mexico (24).'—Line 650; highly resistant in Canada,
was also thé'most résisfant-;n Australia'(44)l Theré also appears to

be good resistance in the soft white wheaté, e.g., Festival (63) and

the aﬁrum wheats, e.g., Edmore ana Wékboma (52).

Dépending upon the pareﬁtai material'used, thé resistance inspring
wheat has been interpreted as being either polygenically or simply in-
herited. Because of the problem with plant-eécapés, the selections
chosen with high resistance must be screenéd in'subsequent years to.
insure consistent reaction type. Sallans and Tinline (48), being care-
ful not to select plants that were disease escapes, have been able to
QeVelop wheat lines more resistant or more susceptible thap_either

parent. These selected lines were consistent in their reaction for two
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years‘at four loqations.,.The parental liges were Tﬁatcher, Willet,
. McMurachy, PI 94562;1, aﬁd PI 4369. The inheritancé of resistance in
progeny from th;se parenfs-was concluéed to be-polygenic in ﬁafure (49).
Utilizing a diffepent cémbinéfion of parénté; workéré atnLgthbridge
found‘fésistancé to root rot-in.ThatcHef to.pe siﬁply inherited. The
solid stem line, CT 733, is reéistanﬁito wheat sfeﬁ sawfly (Cephus cinc-
tus Nortéﬁj;'ﬁut'yefy susceptible-tO'CRﬁ; . This ling was crossed to the
.hollow sfem, root_rot.résiSEant cuitivars, T#atcher and Pembina. The F3
progeny were screened forﬁyesistéﬁce to CRR in gfeenhouSe seedling
tesﬁé. The progeny did not~app¢ar.to segregate fo; reaction to CRR.

The mean disease rating. of the F, progenies was 96%,: indicating that

3
resistance was necessiyé;:;A‘theopefical model bésed on one gene did not
fit fhé obseryed:data;'the;eforé fhey.pbstulated that é major recessive
gene working in conjunctioh Qith one to £w5 minor'genes idwers the dis-

_ease reaction (38). | |

Cytolégiéél énalysié confirmed_the existence of a majér.gene for
éuscépfibili%y)of the line 87615. The mihb#vgépgs ﬁhat were postulated
by Mckénzie:andAtkinson (3$)éppear to be on chromosomes 2B and 2D.. The
substitution of éhrdmosomé éB and 2D from Apex (root rot resistaﬁt and

.‘hollow.sfem) for their ho%dlogs in 8-615 (root rbt SQSCebtible‘and solid
étem) increased the resiétance:of.S—GIB; but an té the‘same extent as

.did the substitution of“chpomosome_éB.(SS). 'Fortynately.the genes for

hollow stem that are on chrpmoéome'ZB and 2D are not linked to the minor
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genes- for CRR resistance on these samé chromosomes. Fortuna is -an ex-—
‘ample. of a cultiyar with increased resistance to CRR combined with

sawfly resistance (30). -

Effects of CRR on Yield Comgonenté

"T‘Except-for the work onv%eed.borne inoculum of C. sativus on Clare-
mont ba;ley.(62);the oﬁly'work.oﬁ thefefﬁeots of CRR on yield components
of wheat and barley fof.dfylgna édﬁdi%ions has been With'spfing wheat
on the Canadian prairies.f46,60); The progresé of diséésern Manitou
.was followed for each bf‘thé'four'disease pategbries.over a'thfee year
‘period as measured by iﬁé éffec%s o@lnumbér of tillers per plant? weight
"per head,'weight of gfainsfpér heéd,inumbef'bf“grains per head, and 1000
kérngl weight;.'There'was'é'good cbrreiétioh”béﬁQeén incfea;éd:disease
sevgrity aﬁd decreaged vaiugé of all fi?e Qariables. The'sévere.d;s—
ease class stood out as tﬁe'one most .affected in all vériables éxcept
1000 kernel weight. ihe f,vaihé from an analysis 6%,variance fér each
yield componentigtﬁdied sepgfately, was 1afgest fop‘number éf tillers
per élant and numbe? oflgréiﬁs:pe£ head, suggesting that.thése twé'dpm—

ponents are the ones most affécted by CRR (60).




CHAPTER I

_ iNOCULATION METHODS TO INSURE

"UNIFORM DISEASE PRESSURE

Procedures for scfgéhinézpﬁltiQans.of Lines of barley for resist-
énce to CRR are compiicgted'b& the, varigbility of naturally- occurring.
inqéﬁlum in the soil which(rgsuits in 'mixed 'stands' of.infectéd and
Healthy.plants. " To éyoia-this vaniétidn'in inoculum, fouf‘methqas of
"inoéu;ating_field grown bariey with g; sééivus were e?aluéted for their
.effectivenéss'in reduciné tﬁe nuﬁber of'plént-escapes and insuring uni-

form infection.

--Matenials'and'Methods‘

'Ihoculatiop wés_doﬁé-with a m;xture of two isolétés of 9? sati&us,
#214 and 195, taken from discoléréd'éubcrown internode'tissue 6f barley
from Highwood, Mdﬁtaﬁa; ;Eacﬁiisolate was'grown_separately on 2% potato
dextrose agér.(HPDAj(Difco)_édjusted to bﬁ 5-6, for four té.fiveudayé

at room temperature, *2200.-

.“Inoculation Methods

Méthod #1 —j‘Infésteq,oat kerngis were prepared by adding'90_m1 Qf.
distilied'water.té 14¢ g of Qa£ kérnels in a one quart caﬁning jar.
The jar mouth was covered by é métal“lid with a 2 cm diamefer hole, on
top of which.wés placed a #5 Whatman:filger—pépe;; 7 cm diameter, for

ventilation of gases and minimization of microbial contamination. The
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jar with oats was autoclaved-at lZloC for 45 minutes. :Plugs‘of C.

* sativus mycelium and coéonidia fpom.bbth-isolates, #214,and 195, were

added to:thg cooled oat kernels and.allowed to grow for 14 days. The

infested oats were spread to air.dry, sieved through a 1 cm square

mesh, and individually packaged into 20 g lots. One Zd g packet of

oaf kernels infestéd.with C. sativus was sown in the same fufrow as the
test cultivar; ihé'qontrol:row was sown with,2O g of nbﬁ—infested
éutoclaved;oaé kernéls. 'Bgtﬁ rows we?q.B m long.

Method #2 —- A straw meéium wéé:prépared by stripping dried'Chéy—
enpe.wintér wheat c;iﬁéiofithg-outef leafzmaterial; cutting the stems

to 13 cm lehgths;'and placing 20 g of stem material in a clean one

.quért canning jar.  Lid, filtér—papér; and autoclaving procedure were

thé same as.in Inoculation Méthod #1.ab9ve. A heavy conidial suspen-—

sibn in'40 ﬁl of sterileAwatér was‘added to the bottom of the jar and -

wicked up by the dry sﬁraw. ,By the end of" 14 days at -room temperafure
- the stems were completeiy.colohized by-spéruléting conidia and mycelium

" of C. sativus. The infested ‘straw was air-dried and chopped into 1 cm

pieces for packaging. Two 10 g packets of chopped straw, either in-

fested or autoclaved, were sown in'each 3 m row with the test 5ultivar,

inoculated and control, respéctively:

Method #3 ~- A heavy conidial suspension was harvested by rinsing"
the surface of PDA qultdres of both isolates with stéri;e water and |

combining the”éuspensipn:Before'soaking the bar;ey.séed in it. One
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hundred grams of.seed.qf'eacﬁlcultivar was soaked four hours; air dried,
and planted-thé‘following day. Four replipations of each cultivar were
taken from the 106 g infesfed;seed lot.” All test cult%vars were inocg—
lated with a sample from.the stéok conidiai'sﬁspénsion. A fresh coni-
dial suspénéion was prepared for each plantiﬂg date. Exce;siﬁe handl-
ing of the infested seed waé'kept to a minimum but 150 infested seeds
per replication of a cul£i§ar wefe counted and péckaged ihdividually.
The dried seed, either infeéted or sterile water coﬁt;ol, was sown in
the inoculatéd or nqn—inoculated‘fows, respectively.

Method #4 -- Bécéuse.of the inability of the seeder used in the
1979 experimenf:to penetrate deeply‘i;to %he prepared seed béd, soil
_was mognded over fhe fupréw.ih an attempt. to produce_a long SuBcrown
internode .on the barley'planﬁ._ Oat kernels infested with C. sativus
were placed on top 5f the furro@lafter planting'of the tést cultivar.
Additional soil was then_maunded over the furfow to a heighf of 8 cm

to simUlate'deép planting.

Seed Source and Preparation

Test seéa.of 'Bonaﬁza', 'Bqtzes),';Ga;t', and 'Centennial'.were
obtained from Dr. E. A.-Hock;tt, USDA;ARS, Bozeman,'Mon£ana.~ Seéd of'
each cul%ivar were sieved to pass through a.6g5/64 x 3/4" (0.26 x 1.91
cm) mesh and remain on a,5.5k64 x-8/4” (0.22 x 1.91 cm) mesh.  One |

hundred fifty seeds were counted with.an électronic .seed counter,

packaged, and planted in each 3 m row (rate ~7 g/3 m row).
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Field Plot Design

The plot deéignlﬁaé~a_s§iit-split plot. The first major split was
thé two planting'dates; May 3 and June 5; 1979. Each planting déte was
%andomly split among the.fon bu;tivérs?,Bonanza, Betzes, éalt; and Cen-
tennial. Within each cultivar a basic 12 row plot consisted of_eight
treatment rows enclosed by two border rows on each side. The four in-
'6culation methods as pairéd;rows, i.e., inoculated wifh g.‘sativus and
its adjaceﬁt pon—inoculétea'fow, were réndomized within a‘test cultiQar.
The experimental design waéjrepiicated four timés énd planted at the
Montana Agriculturél Expég&mént Station Farm 5 miles West‘of szemap,

hereafter referred to as Bo?ehan, Montana.

Data Collgction

Emergence data Qerecbllected at the two leaf stage of gréwth.
May 3 ana-June 5-seeding dates were counted 22 and 19 days after plant-
ing, respectively. dne week before harvest a uniform 60 c@ section of
plants in each foﬁ was upfoote@ and bundléd in newspaper to kéep the
heads and roots iptaqt. The‘plants we?e'sfored under cover for evalua;
tion of subcrown internode discoloration. The remainder of the rod was
cut and thresﬁed for yield'using a Vogel plot thresher. Total.grain

yield was calculated as the summation of the 60cm section plus the re-

mainder of the 3 m row.




25

Data Analy;is

Thé data were analyzea ;n two wayé. In the first, the &iela from
the inocu;ated row was.caléﬁlated as a percentage of the'qoptrol_row.
In the sepond methéd, the coptfols were treatea as a fifth tréatment
in additionutb the four inoéplétion ﬁéthods. The single value from_
comparison of béired rows can be used to find differences among inocu-
lation mefhods since each inoculafed row is gompared to its control rbw
that has been £reated in a:similar fashion except for the absence of
the.pathogeh. it if is aésﬁmed that thé éantrol rows act in a similar
fashion, thep the mean of the four non—inoculated réws can be used as
a fifth treatﬁent for comparison to the four inoculation methodé with
C. sativus. This will be rgferred tonas the overall control. Per-

centages are used in the first case, and absolute values in the second.

Results and Discussion

Plaﬁt emergence was not differgnt for either Séeding dates of
cultivars with.approximateif 75% emergence of the 150 seeds plah%ed per
3 m row. Differeﬂces dia occur as the result of inoculation. Both in-
fested oats and ipfested'straw added to the furrow decreased the plant
emergence of the test.cultivar by 11% and 4%, respectively (Table 1.1).
Use of infested oats was responsible for a 11% reduction in emergence.
Although Sallans (46) reéommended‘soaking the‘seed in a conidial sus—

pension- for a seedling blight test, this method was not responsible for
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Table 1.l. 'Effect of four methods of inoculation with Cochliobolus
+  sativus on mean plant emergence, yield, and 1000.kernel
weight (Kwt) of four barley cultivars planted on two dates
at Bozeman, Montana 1979. :

Parameter: Emergence Yield 1000 Kwt

% of Control

Seeding Datez/ :
' 1/
May 3 . : 99.7 a _ 92.2 a 101.0 a
June 5 . '98.4 a © 114.1 b 99.0 a_
Cultivars/'
Bonanza o _ 103.0 a 110.0 b 97.5 a
Betzes . '101.0 a 108.0 b 101.0 a
Galt . 1 97.1 a 96.6 a 101.0 a
Centennial 95.5 a 97.0 a 101.0 a
- 4/ - |

Inoculation Method . ‘
Infested Oats . 89.3 a. 95.7 a 199.6 a
Infested Straw - 96.4 b 98.6 b 101.0 a
Conidial Suspension : © 104.0 ¢ 114.0 ¢ 100.0 a
Infested Oats and . 106.0 c .105.0 d 99.3 a

Mounding
1/ P < 0.01 Column means w1th1n seeding date, cultivar, or "inoculation

method followed by thé same letter are not 81gn1flcantly different
using Student Newman Keul' (Stu.N.K+) range test. See Appendix 2
for error mean square (EMS) and degrees of freedom (df).

2/ Averaged across all cultivars and inoculation methods.
3/ Averaged across seeding dates and inoculation methods.
4/

Averaged across seeding dates and cdltiﬁars. See text for explana—-
tion of inoculation methods.
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a stand diffe?ent from the_dverall control: (Table 1.2). The mounding
of soil over the seed fUrrow,,fof iﬁoculated and control rbws, substén—
tialiy improvéd emergenée of thé test cultivars.(Table 1.3). Confusion
may arise as to why.the stard of plants- grown in the presence of in-
fested oat kernels was higher than thaf of the overall control (Table
-.1.3). The overall coﬁtfol'is an aVeraée,of the four non-inoculated
rows, three Qf which were ‘shallow plantgd and one was treated with soil
mounded over the fufrow; Siﬁcé ﬁhe three other inoculation methods re-
sulted in stand reduction a; c0mpared.to tﬁe overall control, the soil
ﬁounding must have had.an effect. The benefits of deep planting for
uniform stand establishment éppeér to outweigh those of possible reduc-
‘tion %n severity of CRR dué fo.shallow seeding’(34).

Over all the tféatmentgiand cultivars, the yield fr&m the inopu-
lated cpméared to non—inocula%ed-ro&s.Qas 8% lower in the early seeded
" plots. However, inléhe lafe ;eeded plot, the yield of inoculated rows
was 14% higher as compared %o non—ihoculated rows_(Table.l.l). A
slight“reduction in.yield: was e#pected in early seeded inoculated rows
since tﬁey were presumébly exﬁoSed t; tﬁe pathogen for a ;onger period
of time (60). It is difficult to explain the incréase in yield of in-
oculated versus non—inoéﬁléted rows for all inoculatién methods and
cultivars planted én Jﬁne 5.(fabi¢ l.l)..'Délayed seeding for up to iO
days was reported'té reduéé severity of CRB (4). Sallans and Tinline

reported increased yields from early infections of C. sativus if thé'
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Table 1.2. Effect of four methods of inoculation with Cochliobolus
sativus on the absolute mean valuesl/ for plant emergence,
. yield, and 1000 kernel. weight (Kwt) of four barley cultlvars
planted on two dates at Bozeman, Montana 1979. '

Parameter -~ Emergencé - Yield 1000 Kwt -
. o " . no.- ' g - - g '
Seeding Datez/ " . . ' :
May 3 ' 1102 . - 486 a - . 35.4 a
June 5 ’ ’ : ~115 =a 283 b . " 38.1 b
.Cultivars .
Bonanza . - o 'L"115.a5 346 a 33.2 a
Betzes = o 107 a 414 b 38.5 b
Galt a 117 a. 418 b’ 34.1 a
Centennial . =~ 113 a 371 a . 41.0 ¢
X 4/
Inoculation Method - .
Infested oats ' 104 a 376 a 36.5 a
Infested straw - - © 108 a 365 a 37.3 a
Conidial suspension ‘ 113 b 395 b 36.4 a’
Infested oats + soil - "124 ¢ 405 b 36.5 a
mounding ' .
Overall Control - 116 b 397 b 37.0 a .
o o - ' ' ' - .
Number of plants and gram yleld per 3m row, gram kernel weight is the

mean of two samples of 250 seeds multiplied by four to give 1000 Kwt.
P < 0. 05 Column means within seeding date, cultivar, or 1noculat10n
method followed by the same’ letter are not significantly different

" using Stu.N.K. range test. See Appendix 1 for error mean square and
degrees of freedom ’ : :

2/

Avefaged abross all cultivars and inoculation methods.
3/Avéraged across seedihg dates and inoculation methods:
/Averaged across seeding dates and cultivars. Average of four non-

inoculated control rows-used as a fifth inoculation method, called
Overall Control. . : .
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Table 1.3. Effect of four methods of inoculation with Cochliobolus
- " gativus on absolute mean values for plant emergence of four -
‘barley cultivars planted on two dates at Bozeman, Montana
1979. .

Early Seeding May 3

Inoculationz/ Number- of Plantsl/ 4/
Methods " Bohanza Betzes . Galt Centennial Mean}
1) Infested oats 98 . 99 104 105% ‘102%
2) Infested straw . ~100 - Q4% 102 - 109 101+#
3) Conidial suspension 101 3/ . 110 120 © 117 112
4) Infested .oats with 127% 120 123 125 124%
s0il mounding . . )
5) Overall control 109 108 115 121 113
Late Seeding June 5
1) Infested oats ' 115 - 97 116 102. L 1o8*
2) Infested straw 119 109 113 116 114
3) Conidial suspension 127 - 109 128 96 116
4) Infested oats with 131 119 ‘124 122 124%*
soil mounding
5) Overall control 122 109 126 118 - 118
1/

Number of plants that-emerged per 3m row of four replications, 150
seeds per.row.

See text for explanation of inoculation methods.

2/

t < 0.05 Column means within each cultivar are compared to the over-
all control mean by. least significant test (LSD) = 13, "df 96.
4/t < 0.05 Column means among inoculation methods for all cultivars
are compared to the overall control mean by LSD = 4.6, df 96.
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en&iroﬁmental coﬁdifiohs.were favorable fof bérley growth (48); Verma
has reported that the number of fgrﬁile tillers is the‘yield éomponen%
most affecﬁed by CRR (61). _Sincg infection of the crow# region could
affect the formation of tiller buds (éé), perhaps the plants-withinf
the inoculated rbws; élthough produciqg fewef number of tillers) were
allocating the'mineral an&ﬁwater'resources to thé 1-2 main fertile
tillé£s. On;thetotﬁe# hand?.plaﬁts within the non-inoculated rows were
continging té producevexcéés'ieaf'méteriél in tﬁe form of late tiilefs,
thereﬁy diverting some minerals.and nutriehté that would otherwise go
into filling the priméry feftilé %iliers. In compafison then,'inocu-
lated rows.would produ;e gr;étéf yield than the céntrol rows for the
late pléntiﬁg; But.as'a'méahs_of CRR control, late séeding of up to

30 days is unlikely to be aécéptéble to growers since the_gréih yield
produced is mﬁch lower than tﬁat,for early seéding,.e.g.; 289 g versus
486 g per 3 ﬁ for late Versgs'ea¥ly'seeding, respectively (Table 1.2).-

The overall yiela reépoﬁse of inoculated ﬁonanzé and Betzes com—>

pared to their respé9£ive controls was an.increaée of 11% and 8%, re-

spectively. This differed from that of Galt and Centennial in which
the inoQUlatea rows had 'an oveiall yield reduéfién of '3% relative to
their non-inoculated controls.(Table 1.1). Piening obsérved under con—
ditions ‘of ﬁ@turgl inoculuﬁ.in-Cénada, that fhe grain_yield 6f Bonanza
was highest, Betzes wa;'intérmediaﬁe aqd Gatéway was the ieaét-(42);

GateWay is suscéptible to CRR, and both Gateway and Galt have the com-
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mon parent, Newal, in their backgréhnd. This may explain why Galt'in
my‘tests suffered a slight yigld:reduction. Screening cultivars on the
basis of yield respénsg to.infection.b& C. sativus may ﬁot-always in-
creése the“level_of nesistance‘to.bRR but it.would:provide an ipdica—'
tion of a cu;t;var'slability to resﬁond to this particulaflgtress.

With the four inoculation methods, yield was consistently lower

~ for the early seeding.as;qompared_tq the contfdl (Table 1.4). Utilizing

eithef infested oats‘ér sﬁfaw iﬁ the furrow, the reduction in yield may
“be attributal inlpart;té thé-reduction in plant emergence ana subsequent
infection. If we.subtract the number of plants that eﬁerggd as a rgéult
of both methods from the'ovefall control, e.g., 113 minus 102, (TaBle
1.3) then 11 plants were.lééf to seedling'blight. The mean yield using
these same fwo methods was 459 g and thé emérgence was-iOZ plants giviﬁg
4.5 g per piant.‘ If we gssume‘ﬁo compeﬁitiVe interaction among plants,
tﬁen fhe_ll piantslméy'have'yielded 50 g of gdditional graiﬁ.' But the
‘average yieid for'botﬁ methéds was 459 g as compared't@ 529 g;for;the

“ control, for'al§ié1d loss oj.70‘g}‘,This would suggest a.20 g.grain'_
losé due to éubsequeht infeéfioh and. 50 g grain loss té the initial

seedling'blight., The method Using a conidial suspension fesultéd in a

yield of 490 g, or 39 g less than the control. This method did not pro- .

duce a signifiéant plant reduction as.compared to the control, and the
39 g yield loss can be attributéd.to both seedling and mature plant in-

fections. Infections subsequent to'seediing blight resulted in yield
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Table 1.4. Effect of four méthods of inoculation with Cochliobolus
sativus on the absolute mean values for yield of four bar-
ley cultivars planted on two dates at Bozeman, Montana 1979.

Early Seeding May 3 . '
2/ e - SRR W4

Inoculation - Gram Yield i

Methods Bonanza Betzes’ Galt Centennial Mean4/

1) Infested oats - 4035, 529 497%  428* 464%

2) Infested straw 393%. 486%* Bl11+* 428% . 454*

3) Conidial Suspension 4853. . . 503 . 532% 477 490%

4) Infested oats with 464 ‘514 B32%* ~ 455* 491%
soil mounding o . . " : '

5) Overall control =~ 462 .- - 544’ 599 - 510 . 529

Late Seeding June 5

l)-Infested‘oats 246 320 291 290 287%

2) Infested straw 244 . - 315 292 251 275

3) Conidial suspension 267 311 . 309 " 310 299%

4) Infested oats with 312%" . 348% 331 286 319%
s0il mounding . .

.5) Overall control 224 ~ 273, 290 280 267

S ' . (289)

1/

2/Se,e texﬁ for'explénation of inoculation methods.

3/

Mean grain yield per 3m rdwﬂof four replications. /

t < 0.05 Column means w1th1n each cultlvar are compared to the over-
all control mean by LSD = 52, 4f 96.

" Column means among inoculation methods, for all: cultlvars,are compared
to the overall control mean by 'LSD = 18, df 96.
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losses of between 4% and 7%'k20_g and 39 g/529 g # 100). Tﬁis compares
-favdragly to yield losées 6f,barléy, as estiméted by the.Canadian Dis~ '
easé Survéy (4% to io.7%),ﬁin naﬁuraiiy ihfesteq soil, based upon the
yield pf clean plants'in mixéd'staﬁds with infeétea plants (56).

The 1000 kernel weight‘of gréin:from.inoculated rows as compared
with that ffom tﬁeir réspecfiye“ﬁon—inoculated control row was nét dif-
ferent acrogs seeding da#é,.EUl£ivgr, or.inoculation method (Table 1.1).
Absolute vélués for early“sééding shgwéd lower kérnel'weights (35.40 g),
than for iater seeding (éBééS.g).‘.The six row cquivars,tBonanza and
-Galt,'had lower ﬁernel weigﬁ#s (33.24 g and-34.12 g, respecti&ely) than
thé two row cultivars, Befzéé,éndipenteﬁnial'(38.5 g and 41.00 g, re-.
spectively). .None'of theffadr.iﬁoculation methods sigpificantlyéffected
the kernel weight.a§>comp;féa.fb-the ovefall controi (Tablg 1L2).

o Problems arose with f?ying tO'SOW'thé éééa deeply to Iﬁgarg devel-
opment of a long subcrown iﬁte?nodé, ..Both a cémpacted seed bed and a
lightweight tractor ana seéder'resulted.in relatively shallow séeding.

Few plants had sufficiently-long.subcrown.internodes for the assessment

of disease reaction based on-the percent discoloration of this tissue.
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Conclusions

| Maxiﬁum ihfectidn and'yield reduction occurred with early seeding
and C. sativus infested aat kerhels sown in the same furrow as seed of
the test cultivér. This method did nof result in substantial plant
per row.variabiiity and yet uniform iﬁfecﬁion.was assured. There were
~ no inoculatioﬁ by cultivar interactions that were significant, indicat-
. ing thatlBonanza, Betzes, Galt, and Cénténnial reééted in a similar
fashion to each of‘the four'inoculation methods. Betzes and Bonanza,
however, yielded more in the inoculatedlfows as compared to their non-
inoculated coﬂtrol rows. Although the total grain yield was reduced
using either infested oats or straw, the ease of handling oat kernels
as opposed to piéces,of straw in lafge fieldlblots makes the formeéer
method the one of primary.choice. Kefnel weight does not-éppear to be
affected by CRR but no data wére collected on numbér of fertile tillers
and nuﬁber of kernels per hegd to suggest which yield component(s) was

responsible for the yield reduction due to C. sativus infection.




CHAPTER II

DISEASE RATING AND YIELD COMPONENTS OF BARLEY

AS._AFFECTED BY COMMON ROOT ROT

.. The screening of'barley‘culfiyané in a breeding program for resist-
ance to QRR would be'simplifiéd'if there were'ébo?e.ground.syﬁptomg of-
the disease. ancéfthere;are honé, ngadian researchers have developed
a diééase rating syétem for spring wheat and barley which. is caléuléted
on the extent of discdloré?ioh_of thg subcrowﬁ internode. A large num-
-bér of plants must be ;péred'because of the variation in inoculum den-
sity of C. sativus. In tﬂe preéeding cﬂapter, the use of C. sativus
infested oats to insﬁre infecfion was described. The purpose of this
experiment was to answer twb_quegtions:“(l) Is arﬁificial inoculation.
with C. sativus better thaﬁ'the use of natﬁral soil inoculum to differ-
entiate cultivaré? (2) Which~yiela component of barley is most affected
by CRR and gould tﬁis cbmﬁonent be used in ‘identifying resistant germ—

plasm?.

‘Matérials and Methods

Tnoculation Method

For .artificial .inoculation, two isolates of C. sativus were used,
one from soil at Glasgow, Montana, #370, and the other from an infected
subcrown internode of~barléylat Conréd,'Mohtana, #371. . Both-Were mass

transferred to autoclaved oat kernéls, and evenfually used- to inoculate




36
test cultivaré of barley in the. field by séwing the inoéylum'with the
seed as described in Chéptér'i.; dats‘infésted with C. sativus or auto-
claved oaté were sown in the same furroﬁ as the test éultivar in inocu-
lated énd non—inoculatéd controis, fespeéti&ely, as a rate Bf 20 g pef

3 m row.

- Seed Source and Preparation

Seed of “Piroline’;:‘Hectof',.'Klages', 'Shabef', fLewis',.'Clafk',
.Jﬁetzes', 'Hypaﬁa';'-Glehn;;’;Uni£an', and 'Léﬁker' were obtainéd from
Dr. E. A. Hockett, USDA;ARs;HBozeman, Mohtana.,.Seed.of 'Compana',
'Wapana',_'Wanupana', ana ‘Waéhonﬁpané' were ogtained from Proféssor
R. F. Eslick, Monfana Stéte Upi&éréity, Bozemén, Moﬁtana. Seed of
'Melvin' waé obtained frdm;fo H. Harding, Agricuiture‘CQﬁada, Saska~-
tqon; Saskatcﬁewan, Canada. The-quantity'ofiMeIV;n'seeé wés'increésed
at Bozéman in 1979 and usedffor.the 198Q‘§xp¢rim¢nt."Eaéh'seed ;dt was
‘éir blowp to remove lightwéight seed and debn;s,_and-sievéd to pass .
through 6.5/64‘x_3/4” (O.éé x 1.90-0&) meéh and not to pass.thfough a
.5.5/64'x 3/4“-(0.22 x i.Qé.cm)"mesh. _Seedjﬁas packaged - by volumé at a
rate of 7 é per 3 m row, i.e.;_aboyt_l7d seedé per 3 m row. Pfepéra-

tion of_seedffor Bozeman and Glasgow was ideritical.

. Field Plot at Bozeman, Montana“
A split-plot desigh was used with'each:bultivar as the“same split

randomly divided into two treatments, g{ sativus inoculated.and the non-




371

inoculated contrél. ‘'Sixteen barley cﬁlﬁivars were'fandomly assighed to
blocks in a 4 x 4 matrix and replicated four times. anh treatmen£
within the cultivar consisted'of féhr rows, the center two for yield
déta and the_odterifwo és bobder roWs and for sampling of plants for
diseaéé rating. ﬁach’fouf.rows, 3 m x 0.3 m, of the inoculated plot
and controlipidts wére sown with 20 g‘of C. sativus infested oats or
'aﬁtéciaved oats; fespectivei&, in the same furrow as‘the test cultivar.

The seedé'weré plénfga 8 ém deep on Mayﬁé, 1980, with a four row
cone seeder. Because of better seedbed prepéréfion than‘in 1979, the
seed was planted.at'a.debth'sufficieht_fof a long subcrown internode and
uniform stand es£abiishmeht.' Voicanic ash'from'the Mt. St. Helens,
Washingéon éruption fell'An the plot May 18 to a depth of 1 mm But
appeared to cause no séripusrpfoﬂlems to the seedlings. From July 7 to
14, ét fibening sfage,'the.ﬁﬁmber.bf fertile fillers in the'yield row
was counted. bﬁ Jﬁly 25 fﬁé Yength of the two cenfér yield rows was
measured and the rows trimmed on each énd to a standard_2.4 m length.
From Augusf'll to 15 one eﬂtife‘bbrdef‘row was uprooted in eacﬁ treatj
mént for evaluation of discoloration on' the subcrown internode. By
. September 15 the harvééting of the plot Qas completed. During the grow-
ing season plot maintenance.involved the removal of volﬁnteer plants by
hand and the control of broad ieéf-Weeds with one application.of 2-4D

ester priof to heading.
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Yield.Data Collection Techniques.

.The number of fertile tillers per 3 m row and the number of kernels
per head were counted.in the field. .Tillers with heads in the upper 50%
of the plant row canopy were_considered harvestable tillers and were
:counted.' Fertile tillers forzeach .of the tno yield rows were recorded
separately ' The number of kernels per head was determined on-25 ran-
domly selected heads in the upper 50% of the canopy within the two yield
TOWS . The mean number of kernels per head for the 25 samples was re-—
corded. Data collection'on fertile'tillers_was completed before begin-
ning.the determination of number'of'kernels per head. In both cases
one replication was finished before collecting data from the next..

Harvesting:was done by replication., The tvwo yield rows were sepa—
rately.cut'with.a single,rOW binder., Threshing‘was done with a Vogel
thresher des1gned for barley The harvested grain and debris was oten
drled at 32 °c for- 24 hours, cleaned, and the resulting grain welghed
and the data recorded as yield per 2.4 m row. .The mean of both yield -
rows within a treatment was. used in yield analysis. |

A 500 kernel sample fromqeach yield row was electronicall& counted
and then weighed.- The weight was multiplied by a factor of two to ob-
tain the 1000 kernel welght The mean 1000 Kwt of two yield rows within

a treatment was used in yield component analysis.
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Field Plot at Glaéggw, Montaﬁa

A raﬁdomized bléék design waé used with 15 barley cultivars ran—-
domly assigﬁed %o blocks_énd feplicated six times. The same cultivars
were_used as at Bozeman exéept-for tﬁe absénée of Larker.. A basic six
row plét was_used for each éultivéru 'Two rows were for sampling and
wére adjacent to.the standard four r§w yiéld plot. Thé center‘two rows
for yield were enclosed by twé"border roWs. Natural inoculum of C.
sativus in ‘the soil was reliednupbn'for infection.

The teét plot was Located,near'Lgrslan, Montana, 45 miles northeast
of Glasgow, Mégtana on the féfm pf’H. J. Furhman. The field had a his- -
tory of CRR and.had been in continuous spring wheat prodpction for at
leaét five years. A stﬁbble.mégagement sysfem had been utilized. Such
a culturai history is_cqnéi&ered_favorgblé for.the occurrencé of CRR
(49). After diécing apd harrowing ;n‘the spring, the terrain was con-
-sidered to be too unevén to plant our test seed at a‘uniform.depth;' An
addi}ional cultiyation of harrowing'uéing our small tractor was per-
formed in an:attempt to smooth the plot. The ron were planted on April
19, 1980 perpendicular.to the héfrowing operation. Upon returﬁing to
the plot when the plan£s,were at fhevseedling stage, May 22, no plants
had~emerged in thé wheel tracksileft‘from the final harrowing cultiva-
tion, but good stanaé did emérge in the remainderﬁof the row. The un-—
even stand establishment and ﬁhe.resuiting drought caused us to abandon

the plot as a yield test. Hoﬁever, plants were sampled 6n July 1 and
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a disease rating score was calculated.

Disease pata Collection Methodé

At the firm dquéh stage (11:3 on the Eeekg“s.écale).of piant
deveiqpmenf, plants Qere ﬁpfooted; wrépped, labélled and the soil
rinsed from the'foots.' At Bozéman_one entire border row of the four
fow yield flot waé ubrooted;. After.thé'soft dough stage the.cohpetitive
-effeé%s between plants‘is mihimal (V3 Smail, peréonal comﬁﬁnication).
Therefore, femoving plahté ét this time shoula have héd no effect on
the two center yield ré@s; At Giaégow,at least 50 plants were sampled
from one éow of each of thé six repliéations. All blants of -a plot
sample_weré individuaily'sgpred fdp.diseasé on the basis of subcrown
internode les}oniﬁg (34)...The four diseaée.classes wepe:i

1. Healtﬁy: Ng disqolorétién Qf the.subérown inﬁg£n¢dé.

2. éligﬁﬁ: éinpoint lésigns onnthe subcrown intérnode.’.

3. Moderate: Exténdeé iiﬁegr“iesions but without going around
the éﬁtire éircumference éf the éubcrownlintgrnode.

4, Severe: Compléte“diséoloratiog of %hé tissue circumference

involvipg more than 50% of the lenggh of the subcrown
iﬁternode,f

The nuﬁber of piants and total tillers in the healthy, slight, moderate,
and severe classes wasg recoraed.' A small percentage of plants laéked
. subcrown intenﬁddes eitﬁér.becausé the';fown héd:formed qlosé tb the

seéd piece or the intérnode had broken and remained in the soil when a
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plant was pulled. Such planté were not rated for disease.although-their

numbers and tillefs_were_taken. 'Ihfbrmétion was therefore_avéilable on

the number of'plaﬁts per;disease.blass and the tillers per plant in
each diseaselclgss.‘ | | |

Using numerical values of 0, 2, 5, and 10, for healthy, slight,
moderate; and severe classes;:resﬁectively, disease ratings (DR) were.
determined. The numerical valuéé are ratios based on paét yield losses

~incurred by the respectivq,claSé relative to the healthy class (57).

DR (%) = iJnumber of plants in class x numerical value) x 100°

total nuﬁber pffplants X maximum class value
The disease rating is a weigHted average based on the number of dis-

. eased plants and'their’sévérity Qf~§iscolération,

Data Analysis

Analysis of variaﬁcé‘of thé absoiute values was performgd for each.
_yileld comporient and>éraiﬁ &igld as ‘it was affected by cultivar, tfeat—-
ment, and cultiyar by'treafment ihténactioﬂ. In addition, fﬁe corfela—
tions.be£weeq Dﬁ and yield, and DR and the three yiéld components, i.e.,
fertile tillers, kernels ﬁer head, andhﬁernel weight, were derived.
Multiple regreésiop statistics With:yield as the dependent variabie and
the indepénéent variables of;yiela1com§onénts and the DR Waszdéne to
determine their relative méfits‘in prediéting yield. The amoupt'of
variatioﬁ was accounted fo? in tﬁe'yiei@ Sy measuring £hese variables

and computing an overall R2 valué.
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Results and Discussion

The barley cﬁltivars selected for tﬁe-1980 experiment were agrono-
mically adapted to Moh£ana growing conditibns. ‘All the cultivars.Were
seleéted to havé simiiér heading dates ana all were at the firm dough
stage of plant.development within three days of each other. This mini-
mized the variation in expoéure time to the pathogen.

Yield components vary in their sensitivity to the environment (19).
Tillering is most affected'by‘changes in the weather or competition with
adjacent plants. The least enyirpnmenfally‘gensitive yield components
are number of kernels andvkernel weight. Wide variation in yield be-
cause of environmental effects is normally corrected for by increased
replications. To detect thé subtle effects of CRR on yiéld componenté
would involve an even greater number of replications if each cultivar
was analyzed separately. In ordef to gain precision in the Bozeman,
1980 expefiment'the cultivars were grouped according to their yielding
characteristics (Table 2.1). fortunately, the barleys split into two
groups based>on“the number of fertile florets per rachis node. Two row
barley types.have one fertile,}loret per rachis node, fewer kernels per
head, and they tiller more than the six row barley types. The three
florets per rachis node pf six row barléys-are fertile, the two lateral
florets being smaller in size than the centfal floret. Because of
sterility'in six‘rbw types there is a wider variation in number of.kef—

nels per head than in thélfwo row types which tend to bé more consistent
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Barley Cultivars.used in 1979 and 1980 Experiments

Washonupana

awned, Ccmpana

Table 2.1.
Name and Type CI cor Background Origin
Row Number - MT No.
Piroline® Hannchen - 9558 Weihenstephaner Meh-  Germany
' taunesistente C.P.
5 . . ‘x Morgenrot . .
Hector Hannchen 15514 . Betzes x Palliser Alberta, Can.
Klages Hannchen 15478 Betzes x Domer Canada
.Lewisz Hannchen . Mt 547123 Hector x Klages Montana
Clark Hannchen 15857 Hectcr x Klages Montana
Shabet Hannchen 13827 (Glacier x Compana) Mcntana
5 - S 7 x BCBetzes
Betzes Hannchen 6398 . - - - Poland
Hypana Hannchen 11772 Glacier x Compana Montana
Centennial” ‘Hannchen’ : 13625 ' Sanalta x Lenta Alberta, Can.
Glenn® Manchuria 15769 - (B-57553 x Trophy x North Dakota
6 . : ' "NDB138 ‘
Larker Manchuria ©:210648 Trail x U.M. 570 North Dakota
Melvin Manchuria : " @Galt x York Saskatchewan,
5 i S . Can.
Galt Manchuria © -+ 11770 . (Glacier x Newa 2) Alberta, Can.
. 5 _ _ - x Husky
Bonanza Manchuria : - 14003 Vantage x Jet 2 x Canada
: Vantmore 3 -x Park-
6 - land 2 4 x Conquest
Unitan Coast 10421 Glacier x Titan Montana
Compana Smyrna 5438 Selection from CI4116 Monteana
Wapena Smyrna -+ Waxy Compana " Montana
Wanupana Smyrna - Waxy, nude, Compana Montana
Smyrna Mt 73331 Waxy, nude, short- Montana
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in the number of fertile central florets. The six row barleys are of

three -types: Coast, Manchuria, and Tennessee Winter, the latter haﬁing

a winter type.of growth and was nof.répresented in this study. Unitan -

répresented the Coaéﬁ.type, ané Gléﬁn, Larker, anq:Melvin represented
the Manchuria £ype; Tﬁe two row barleys are Hannchen and Smyrﬂa %ypes.
Within the Hgnnohen group, fh@fe:ﬁefe,Piroiihe, Hector, Klages, Shabet,
Lewis, blark, aﬁd Betzes.. Hypana is considerea a Hannchen type but it
‘is'different from.the seven éﬁitivafsiiisted i; tﬂat it acts like a six
row fypé since it hgs limited:fillering and also has florets that re-
main open longer; The cultivérs repfesenting the Smyrna type were Com-
pana,:Wapana, Wanupana, and Wéshonubanaf Ihese were grouped togéfher
because'they é;gduce.larger séed and fewer numbers of kernels than the
Hannchén cultiﬁars. Compaﬁa.and its related waxy cultivars are also

earlier in maturity than tHe'Hanndhen cultivars.

Disease Ratings

The differentiation qf culfivaré by disease'ratings was not sub- -
stantia;ly improved by.usiﬁg C. sati&ﬁs_infesféé oat‘inoculum-as com—-
pared fo natural “soil inocul&m._'A comparigbn of the data froﬁ.Bozeman_
and Glasgow was done by simply blottiné'the cultivar's mean disease
ratings for.the two locationé. Points of iﬁtebsection that fall close
to a l:l.slbpe are cultivgrs'with.similar disease ratings for 5oth loca-
" ions (Figure 2.1).

The Hannchen barleys (Piroline, Hector, Kléges, Shabet,'Léwis,
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Figure 2.1, Disease Rating (DR) for fourteen barley cultivarsa/ grown
in soil with Cochliobolus sativus infested oats at Bozeman as com-
pared to natural soil inoculum at Glasgow, Montana 1980.

1/DR: O = Healthy to 100 = Severe.

e 4
2/*'Hannchen types were lPir‘oline, Hector, 3Klages, Shabet, 5Lewis,
6Clark, 7Betzes, 16Hypana

Q- Coast type was lOUnitan. Manchuria types were 8Glenn and llMelvin.

e 1 14
®Smyrna types were Compana, 3Wapana, Wanupana, 15Washonupana.
Hypana was excluded because it did not form a subcrown internode.

9Larker was not grown at Glasgow.
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Clark, and-Betzes) all hgd Been réleased to growers on the basis of con~
siétency.in yield response over widely different.growihg conditions.
They also seem to be consistent in theip CRR disease rating as seen in
Figure 2.1. The feéently released cultivar Clark had'a'disease rating
of 32% at Glasgow, similér to both ifs'parenfs Hector (32%) and Klages
7(35%). At Bozeman the disease fétings were 39%, 39%, and 43% for Clark,
ﬁector, and Klages, respectively. Betzes -and Shabet, bbth closély’re—
lated, had disease ratings of=3§% and 42% at Bozeman and 42% gnd 44% at
Glasgow, respectiQely (Tables 2.2 ‘and 2.3).. The point to be madé is
“that withoutlgonscious effoft:on thg ﬁart of breeders to select for CRR
resistancg, tﬂe disedse rating 6f the pfogenylﬁas at least as low as
that of the parents; Hyﬁéna formed its crown very close to the seed at
Bozemén and.therefﬁre did not form a sﬁbcrowﬁ'internode,.but a£ Glasgow
there were sufficient plaﬁts for scoring. Hypana had a lower disease
rating (35%) thgn oné éf its parents, Compana, with 46%. Unfortunatély,
its other parént, Titap, was not inciuded in this study. |

. The Smyrna barleys were heavily'affécted by CRR at the Glasgow
location. This may have more to do with éhe objectives involved in
their develgpment'réther'than to greater effectiveness of soil inoculum
at Glasgow. The_three waxy isogenips, Wapana, Wanupana, and Washonu-
pana, were receﬁtly'developed with the brimary purpose of utilizing them
for syrup production.. They were intended for limited geographical areas

with either high rainfall or irrigation. Compana is a widely adapted
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Table 2.2 Disease rating (DR)l( of 15 barley cultivars grown in
Cochliobolus sativus inoculated and non-inoculated control
plots at Bozeman, Montana 1980

Inoculated -~ ' ) Control
Cultivar DR’ . - Cultivar DR -
. 9% ' c - i ’ R4
Wapanas/ , o762 a4 - " Glenn 22.4 a
Glenn. . 36.7 b . Wapana - 23.2 . ab
Lewis - 36.8 b ' Washonupana = 24.0 " ab
Clark 38.6 . bes ' Compana ' 24.0 -ab
Hector 39.2 , bed - Clark . 25.3 ab
Larker 40.5 - bed . Lewis ' 25.6 -ab
Unitan ' 40.6 bed - . Betzes 27.4 be
Wanupana 42.0 - . cde .7 " Hector, 30.7 . cd
Betzes 42.3 cde .’ Shabet 30.7 cd
Washonupana 42.9 . :cde © .Unitan ’ 31.0 cd
Klages 43.3 _ cde . Larker 31.2 cd,
Shabet 43.8 de . - - Wanupana ' 33.0 d
Piroline 46 .4 i e Klages 33.1 d
Compana 46.4 - e Piroline 34.9 . d
‘Melvin 57.4 ' «f 7 Melvin - 56.1 e
4/ . - L

Mean . 39.0%¥% . . Mean . s, 28.3

l/DR 0 = Healthy to.lOO = Sevépe.
:Z/R < 0.05 Column means not followed by the same letter are sighifi—
cantly different by. Student Newman Keuls range test. Error means .
square used in multiple comparison was 5.06 (df 46) with four repli-
cations. ’ S :

3/Hypana was éxéluded because it .did not form a subcrown internode at
Bozeman. ' e

a/

P < 0.01. Overall mean values for inoculated and control.
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Disease rating (DR)
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of 15 barley cultivars under

natural conditions of infection by Cochliobolus sativus
at Glasgow, Montana 1980.

Cultivar DR
% .

Glennz/ 26.23/ a
Hector 32.3 'b
Clark 32.3 b
Lewis 33.3 b
Piroline 35.1 . be
Klages 35.2 bc
Hypana 35.2 be
Betzes 37.3 c
Shabet 11.8 d
Melvin 43.6 d
Wapana 44.5 e
Compana 46,1 e
Washonupana 46.1 e
Wanupana - 46.9 e
Unitan 52.0 f

/bR 0 = Healthy to 100

2/

= Severe.

Larker was not planted at Glasgow.

3/P < 0.05 Column means not followed by the same letter are signi-

fiEantly different by Student Newman Keuls range test.

Error means.

square used in multiple comparison was 3.66 (df 70) with six repli-

cations.
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cultivar, pafticularly for arought areas, where it escapes the hofter '
and driér périods by maturing eafly and'filling the grain before mois-
tﬁre becomés 1imiting. The Compapa‘root'system may simply_have already
begun to senesce in feSpoﬁse to the severe drought conditions by the 3
time we'sampled on July 1. -

The disease rétihgs.for Melviﬁ and Glenn were 44% and 26% at Glas-
gow, respectively; and 57% ahd 57%'at,Bozeman, respectively (Tables 2.2
and 2.3). Melfin id considered tﬁe universgl‘susceptible and Glenn Had
at legst better resistance'to;CRR than Larker. Both cultivars were
consistent in disease ratings bét&éen lgcations (Figure 2.1).

A closer,examinatibn_of the effectsﬂof CRR on six row barleys
~should consider Melvin_and Glenn because of their extremes in disease
ra£iﬁgs. Cémpared to Melvin and Glenn, both Manchuria types, Uniﬁan

appeared to be affected to a grea£er extent by CRR at Glasgow than at
Bozeman (Figure 2;;)._ Coast tyée barieys,are adapted to the dryland
-conditions of the éouthwestérn United States. Unitan, a Co;st type,
-may be-respondiﬁg to the dfougﬁt'at Glasgow in a:ménner similar to
Compana by maturing eafly.’ The extensi&e discoloration on the éubcrown
internode may have been due to fhe‘adyancement‘of deéa& caused by C.
sativus or other fﬁngi on sénesced tissue. Barley isogenics with pro-
_gressivé maturing dates might give information.oh thé inferaction of
CRR and tbe age.éf.the root system.

At Bozeman, the residual inoculum in the soil resulted- in a mean
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disease rating for the cultivars of 28% as compared to 39% for the cul-

“tivars inoculated with C. sativus'infésted oat.kernels. Figure 2.2

" illustrates the problem of.residual inoculum in the control sites.

There appears to always be some inoculum present in most soils involved

with cereal ppoduction; In élprévious experiment - (unpublished), wé

.attempted to_usé a soil sﬁerilaht, methyl'bromide, to eliminate the soil

microflora and establish a 'pafhogen free! .control plot. Increases in
yield were evident over ﬁhe non—fumigatéd plots with the use of this

broad spectrum fumigant. However, additional variables other than path-

- ogen control were introdﬁped into the experiment because of the use of

methyl bromide{ These included a éhdden relegse of nitfogen from decom-
positién of‘thé soil microfldré and tﬁé éiimination,of competition witﬁ
Qeeds. Theré WaS'excessiveiéilieriﬁg in ‘the fest:barleys, probagly due
to the incyeaseé'availability bﬁ.nitrogen. A specific'plant protectaﬁt
against g._satiQUS would‘be tﬁe ideal systém for field tests.

The qontrplvplot at.Bozeﬁén did separate the extremely susceptible
cultivar, Melvin, and tﬁe highly resistant cultivar, Glehn,‘f;om the-:

other cultivars (Figure 2.2). However, the'fesidpal soil ‘inoculum at

Bozeman was not as efficient in separating the cultivars with inter-

mediate disease ratings. :The.Glésgow site at.which there had been a
history 6f CRR,probléms placed sufficient pressure on the cultivars to

evenly dispurse the disease ratings of sﬁch intermediate types as Hec-

tor, Klages, Betzes, Shabet, Clark, and Lewis (Figure 2.1, Table 2.3).
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Figure 2.2, Disease Rating (DR) for fifteen barley cultivars in soil
with Cochliobolus sativus infested oat kernels (inoculated) as com-
pared to residual soil inoculum (control) at Bozeman, Montana 1980.

l/DR: O = Healthy to 100 = Severe.

] 2
2/*Hannchen types were Piroline, Hector, 3Klages, 4Shabet, 5Lewis,
6C13rk, 7Betzes, 9Hypana.

-Coast type was Unitan. Manchuria types were 8Glenn. llMelvin,
9Larker. '

~

3 14
Wapana, Wanupana, 15Washonupana.

12
®Smyrna types were Compana,

6
Hypana was excluded because it did not form a subcrown inter-
node at Bozeéman.
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Yield Componenig

The‘inoéulétion-teéhnique éﬁployed at'Bbzemén in 1980 did substan—
' tial1y iné£ea$e'the-diseése ratings'of“cultivars ovér'their:disease
ratings in the control.: In spite éf tﬁe:gfegter discolorétion of .the
édbcfown internéde tissue of piaﬁts in- the inoculatea plots, their
yields we}e no differeﬂt than the yieldé from control plants growing in
" the presence of residual iﬁqculum ﬁTable 2.4). The yield of.Piroline
was higher'by go,g in thé inécalaﬁédias compared:tb the confrol blots.
Thié particular instance may Be the exéeptioﬁ‘but the disease rating
‘was 35% in the éontfollblot_asicoméared to 46% in the inocﬁlafed plot.
Apgareﬁtly, Piroling yields well:in'spife of,thé'presépﬁe of severe dié—
: coloration'on_fhé Schrowniinféfnode (Tabie 2.5).

'The Hanncﬁen fype gultiQérg:ih the'iﬁoculgted plots had rédpced
feffilé tillers and an inéfeased'numbérvof kernels énd'heavier‘kerhel
weight as cohpared.tb thé céﬁtféis. The anst-Manchurié type cultivars
had a décfease in fertiléltillgrs, artﬁough not stafistically.signifi—
cant,:and an iﬁcrease in number 6f kerneis per hgad and kernel weight
as compéred to the controls.:. The Smyrna type ¢ultivars showed a dif-
fergpt'trend for' the yiéld coﬁpénenﬁs iﬁ tﬁe inoculatea plbtsu- Aftef'
the reduction 'in feftile tillgrs early within the growth.of the plants
in the inoculgted plots;\£hefe was.an increase in the number of kernels.
;per-headfbut ho  chaﬁge.in thé kérnel‘weighﬁ (Table 2,4). The value of

. using infested oat inoculum at.Bozeman may not have been important for




Table 2.4.
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Effects of Common Root Rot on yield components of four bar-
ley types: Hannchen, Coast, Manchuria, and Smyrna. Treat-
ment means.for fertile tillers per 2.4 m (X), number of
kernels per head (Y), 1000 kernel weight (Z), grain yield

©.(W), and diseas€ rating (DR). Inoculated with Cochliobolus

sativus versus non-inoculated control at Bozeman, Montana

1980. - - - R
Barle& Type " (X) no. (Y) no.  (2) g (W) g (DR) %
Hannchenl/ : : ’ NS

Inoc. 404%* 25.8%% - 4].6%% 386 ) 41 .5%*

Control 442 24.7 40.3 371 29.7
Cbast—Manchﬁria?/ o ' '

_-Inoc. 239NS . 62.8%% . 36.6%% 362NS 43.8%%

-Control 254 - -60.3 = 35.6 386 - 35.2

3 | .
Smyrna . ' S NS . NS :
" .Inoc. 365%#* 1 20.7%* 45.9 326 43 .0%*

Control

433 19.9 45.2 . 336 26,0

¥* P < 0.0l.. NS:'= ﬁonsighif@canfu 4 replications. See Appendix 3
for the error mean squares. ’ )

1/

Hannchen barleys were ‘ Piroline, Hector, Klages, Shabet, Lewis,

Clark, Betzes.

2/

Coast‘bérley. was Unitan. Manchuria barleys.were . Glenn, ‘

'Larker, Melvin.

3/

.Smyfna barleys. were Compana, Wépanaw Wanupana; sthonupaha.




for number of fertile tillers per 2.4 m (X), number of kernels .

" fertile tillers and yield are the mean of two rows
.2/ Hypana values were not analyzed because-of lack of subcrown 1nternodes

.3/ 4 replications d4df 21..

'4/ 4 replications d4f 12.

Table 2.5. - Population means
per head (Y), 1000 kernel weight (Z), grain yield per 2.4.m (W), and disease rat-
ing (DR)." Inoculated with Cochllobolus sativus versus non—lnoculated control at
Bozeman, Montana 1980.

. Cultivar (X) né. - {Y) no. (z2) g (W) g (DR) %

‘ -Incc. Cont. Inoc. Cont. Inoc. Cont. ‘Inoc. Cont. Inoc. Cont.
Piroline 406 - 440 25.9 25.3 38.7%¥ 36.6 425% . 344 46.4 34.9
Hector 357% . 451 24.1 23.3 .44.5 42.9 . 426 411 39.2. 30.7
Klages 379 403 28.2 27.0 37.7 38.1 312 286 . 43.3° 33.1

" Shabet 383% 462 - "27.2 24.8 - 43.2%  40.2 405 397 - 43.8 30.8
Lewis - 428 462 24.6 22.3 ., 43.9 44.1 411 395 36;8 25.6°
Clark. 1485 . 453 . 23.9 '23.5 43.8 _'43.1'2 328 356 '38.6 ° 25.3
Betzes - 388 427 ©27.0 26.1 39.4 37.5 393 379 -42.3% 27.4
Hypana2/ 248 289 24.7 24.7. 56.8 55.6 426 - 417 _— -
Lsp3/ .77 2.97 1.57 79 - . 14.5
Glenn. 180 207 65.1 65.6 36.0 34.8 355. 369 36.7 22.4 R
‘Larker 249 284 62.8*% 57.8 . 35.8 34.1 333 377 40.5 31.2°
Unitan . 282 268 - 55.0 54.2° 41.2 41.0 391 . 417 '40.6 31.0
Melvin 245 271 . 68.4% 63.6- /33.5 32.5 . 370 381 57.4  56.1
Lsp4/ 59 4.46 3.31 71 15.7

. Compana 343% 409 20.4 19.9 51.5 51.9 385 . 385 46.4% 24.0
Wapana 383 401 19.7* 18.5 48.9 - 48.0 315 328 40.5% 23.2
Wanupana 380% 450 20.5 20.0 42.9 42.7 311 336 42.0 33.0
Washonupana 353% 475 22.1 21.4 40.5*% 38.4 293_ 293 42.9% 24.0
LSD - 66 0.97 2.04 ' 48 13.8
* P < 0.05 Comparison- between treatment and control for same cultivar.

l/_ A Standérd four row yield plot was uged with-the center.two rows for yie}d{ Values for
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cultivar différent;ationlbased on diéeasé ratings, but if did signifi-
cantly reduce the number of ferfiie tilleré in the Hannchen and Smyrna
barley types.l The Coést—Manéhuria cuitivars showed a similar but not
‘significant1trend. 'Thé infebtion of the inoculated rows occurred at
the same time‘in'plant development er all the cultivars as evidenced
"by tﬁe‘reduction of fertile tillers.
Changes in tﬂe.number‘qf feftile tillérs can'trigger a chain reac-

-tion affecting all later—formed orgéns in the blant; The stfength of
the relation that fertile’tiilérg havé,with number of kerneism kernel
weiéht ;nd yield can be'méasured by correlation coefficients bétween
pai?s of these variables.._The reddction in number of fertile tillers
due to QRR‘may ﬁave ari effect’on the other yield components. The mag-
nitude of that change caﬁ be modifiedlby the environment including
nutrients, water, temﬁerétﬁre (19), aﬂd-by subsequeﬁ% disease severity.
Examination of the correlationgcoefficiénts for the éontrol plots shows
'the expecﬁed competition bétwegn kernels pér.head ana kernel weight:
—.B4%x% —.62**; and -.50%, fothannchen, Coast=Manchuria,:and.Smyrna
types, respectivél&.‘ Both kernels pér.head aﬁd kernel Qgight afe com=-
peting for moisture. Kernel weight is positively correlated with yield
_?egardless of barley type as would be_éxpected (Tables 2.6, 2.7, and
2.8). The éomparison of yield components among the four types of bar-
ley, as affected by CRR, stoﬁs with these éenéralities since eéch bar-

ley type responded to increased disease pressure in the inoculated plots
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Table .2.6. Effects of Common Root Rot on Hannchen Barleys.l/ Correla-
tion coefficients for pairs of the following characters:
grain yield per 2.4 m (W), number of fertile tillers per
2.4 m (X), riumbeér of kernels 'per head (Y), 1000 kernel
weight (Z2), and disease rating (DR). Inoculated with Coch-
liobolus sativus wversus non-inoculated control at Bozeman,
Montana 1980. ' : '

. Inoculated ° i ‘ ’1_ o .

v X X z

X -.29 '

Yy .01 — . 4g**

z N .34
DR .27 -39 a 36 .. .07
Control

X . ..07

Yy -

Z  B5*% -.02 : —.BA%¥
DR —.35 . .29 a2 -.30

%, *¥ P < 0.05 and 0.01, respectively, df 26..

}/Hannchen barleys were. Pirdline, Hector, Klages, Shabet, Lewis,
Clark, Betzes. ’ :
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Table 2.7.. Effects of Common Root-Rot on Coast. and Manchuria Barleys.l/
. - Correlation coefficients for pairs of the following charac-
ters: grain yield per 2.4 m (W), number of fertile tillers
per 2.4 m (X), number of kernels per head (Y), 1000 kernel
weight (2), and disease rating (DR). Inoculated with Coch-
liobolus sativus versus non-inoculated control at Bozenman,
‘Montana, 1980. ' :

{nocﬁ;ffed
o x oy z
X .21
Y . © .ol :ﬂ ~.56%.
' Z, ’ .60 u:: 2 ;29 ‘ - —.63**.
DR | 7,26‘ _ :7_1 a7 14 ‘ -.50#‘
- Control |
X .01
Y | . -.35 " : -.44
zZ - .58 o -9  o.Eoxw
DR - -.26 a3 e -.48

*, ¥% P < 0.05 and 0.01, respectively, df 14.
l / . " . . .

Coast barley .was Unitan. . - Manchuria barleys were Glenn, Larker,
Melvin. 2 :
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Table: 2 8. Effects of Common Root Rot on Smyrna Barleys.l/ Correla-
tion coefficients for pairs of the following characters:
grain.yield per 2.4 m (W), number of fertile tillers per-
2.4m (X), number of kernels per head (Y), 1000 kernel
weight (Z), and disease rating (DR). Inoculated with
Cochliobolus sativus versus non-inoculated control at

Bozeman, Montana, 1980. ' :

" Inoculated

W ;5;_ ne _Z

X .08 |

Y —.éo“ -.33

z 68%% - —08 ~.56%
DR . =09 . S .36 .05

* Control

X ' -.29

Y | ;.23 . 27

A 74w : ;555 ~ .50
DR . ::_.29: ~.02 - =07 © -.30

. %, %% P < 0.05 and 0.01, respectively, df 14.
N . . .

"’ 8myrna barleys -were Cbmpana, Wapana, Wanupana, Washonupana.
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with a'different sfrategy of yield éémpensatioﬁ;

- If we cloéély examine the correlation coefficients for the Coast-
Manchuria types”(Téblé 2.7) in the inoculated plohs,-there-are three
negative correlations: Betwcen.fertile tillers énd numﬁer of kernels,
.bethen numbef of kérﬁels:and kernel Weigﬁt, aAd between kernel weight
and diéease réting, 7.56*, ;£63¥*, énd-.SO*, respectivel&. On the
othef hand,  in Eéntrols, the'number of7kernels{and kernel weight were
neéativél# correiatéd, —.éé**; ‘Although there is a poor correlafion A
between diéease rating and the'numbe; of fgrtile_tillers, evidence
suggests that<fertile:ﬁillers~are reduced in a.manne£ similar to the
two row barleys,.but not to the same. extent (Téblg 2.,4). During
growth conditions of-sufficiqqt mgisture; which did occur in Bo%eman.in
1980,l£he developed heads hédanlincréased numberlof.kérhels becaﬁselof
the slight reduction iﬁ éompéfing tillers. These additional kernel;

" strongly cqmpeted\mﬁh the ngxt_devgloping yigld éompbhent, kérnel
Qeighf. The grain filiing period of plant growth'is 1éter in thé
season and overlaps the périod when éeverify_of CRR infection is
greatest con th;'subcrowﬁ internode. The severe decay of the corteg
and stele tiésﬁes'and phg_éxcess number of kernels may have taxed the
plaﬁ%Té ability to fiil thé=éxisting'kefnels; With adequate moisture
. the shaliow cfown roots-could,providé'ﬁhe needed moisturé; thus b&-
passiﬁg the need for.watér:tq paés th}aﬁgh ﬁhe subcrown internode.

The relative merits”or3Beta weights of-each yield component and
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disease rating on yield:of Céast—ﬁanghuria t&pes point out that the
contribution of numbér of-kernéls to yield is'more thaﬁ twice that of
.fertile_fillers, 0:91** and 0,38%, respectivgly;' In control plots,
both variables sharéd equal contribuﬁion towards yield, 0.73 (Table
. 2.9). The amount of variation.thét was accounted for b& meaéufihg'
the four vafiables; i.e., fhe yield_coﬁponents plus disease ratings,
increased from 46% in control plots to 73% in iﬁoculated-plots; The
initial and subsequent_infection:by C: sativus in the inoculated plots
.of Coast-Manchuria t&pes resuited in a unified response by the three
yield componeﬁté to this'parficﬁ}ar.stréss.

Hannichen barleys have a two.row character and will continue to
tiller late in the growing sgason'if.the moisture and nutriénts are
évéilablé. However, infectioﬁ by g; safivus has béen shown to reduce
_ the number of fertile tilléfs:(Tgblé.Z.A). The r;auction in tillers
.of inoculated'Hahnchén:cultivars at Bozéman”may have eliminafed an
. inter—organ competitién fapher—than contributing tévadditional stress
vas occurs in the Coést—Ménchuria_cultivars. The correlation coeffi-

. cient fcr disease rating and-fertile tillers was —.59* in the inocu~
lated plots and -.29 iﬁ'the control plots. Ho&éver, the competition
between kernel weight'and pumbef.of kerneis was eliminated in thé‘inocu—
lated plots.as comparé& té tﬂe dontrol plots with correlation coeffi-
cients of -0.34 and —0.54¥*,.respecitvély. tThe negative correlation

" between the number of kernels'éhd'fertile tillers remained unchahged in
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Table 2.9. Direct effects of Cochliobolus sativus inoculated versus non-
inoculated control on yield components of four barley types:
Hannchen, Coast-Manchuria, and Smyrna at Bozemah, Montana
1980. Multiple regression statistics for yield per 2.4 m row
(W) as the dependent variable, and number of fertile tillers
per 2.4 m (X), number of kernels per head (Y), 1000 kernel
weights (Z), and disease rating (DR) as independent variables.

Hannchen BarleyslAn o - ) '
Inoculated _ Control
Variables Beta - -RZ. F-ratio Variables  Beta R2 F-ratio
: Weights Weights
z .51 .28  9.63% 'z .40 .30  3.26%
X -.21: ".35 © 1.36 . DR -.20 .34 1.15
DR .16 .37 0.77 Y =17 .35 0.45 -
Y. .01 .37 0.0l X -.06 .35 0.09
Coast—MahchuriaZ/
Inoculated 5 . . Control
Variables Beta R F-ratio Variables Beta R F-ratio
Weights Weights
Z 1.12 .36 22.2%% 7z 1.17 .33 6.10%*%
Y .91 .61 15.4%* X .73 . .34 .2.68
X .38 .73 3.7% Y .73 .45 1.95
DR .11 .73 0.3 DR - -.15 .46 - 0.29
" Smyrna BarleYsB/
o Inodulated2 _ . Control )
Variables Beta " R F-ratiof Variables'  Beta R” F-ratio
Weights . ' ’ Weights '
zZ .85 .47 9.71#% vA .92 .55 11.39%%
DR ~.15 .48 21 X .19 . .57 .67
Y - .26 B2 .82 Y - .17 . .60 .57
X .01 .52 .07 R - -.09 .61 .20

%, ¥* P < 0.05 and 0.01, respectively.

l/Hannchen barleys -were Piroline, Hector, Klages, Shabet, Lewis, Clark,
2/Betzes. _ .>' ' . . :

" Coast barley were Unitan. Manchuria barleys- were -Glenn, Larker,
/Unitan. : '

Smyrna barleys. were Compana, Wapana, Wanupana, Washonupana.
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.the control and ;noculated.plbt:(corrélation'coefficient ; ~0.48%),
.Wifh.fewer fértile tilleré,"tﬁe aQailable'moisture and nutrients could
be used to fill_the'iqcfeasédﬂphmber of kefnels. The relative value of
1000 kernel weight.in contributing”té yield.;néreésed'ffoﬁ_0.40* in the
control plots toIO;Sl** ;n the'iﬂaculatéd pléts (Taﬁle 2.9). Only 37%
of the variation in yield.was accounted for by the fquf vériables meas-—
ured in Ehé inoéqlated blqts of Hanhchgg cultivars.._Tﬂe Hénnéheq eulti—
vars must nof'have been stfessedito.thé same extent thét the Coaét—
‘Manchurié cuitivars wére.to'inbculum of C. sativus'at Bbzeman.

The Smyrna cultivaré sho&ed a similar reduction in‘fertile tillers
.as did the ﬁ;nnbhen cultivars (Tablé 2.4). There was élso'a negative
correlation‘betwéen.Qisease réting and fertile tillers in'the'iqoculated
ploté,_—.73**. The reduction in fertile tillers.in the inoculated pléts
resulted in the elimination of qoﬁpétiéi@n betwéen'fertile;tillefé and
kernel weight; in.fhe control plots the correlation coefficient_ﬁas
~.58% and was -.08 iﬁ'the iﬁoculated:pléts;_ The usuél'negafive correla-
tion bétﬁéen number of kgrnels_and kernel weight was similar in both
.inoculated~and control plots, ;;56* and ~.50%, réSpectively (fab;e 2.8).
However,‘withou£ the eitra tillers, thélincreased ﬁumber of kefﬁels did
not show a signifiéént inéfease"in their kernel weighﬁ (iable'2.4). In
fact, the Smyfnaicultivars did ﬁgt aﬁpear to take adVantége of ' the de-
creasea competition with éiliers to increase the contribution of kernel

weight to yieldl 'The relative merit of kernel weight actually decreased
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in the inobqlated blot, 0.854%;.as pomparéd_td the control plot; 0.92**.
The amount of variation in yigld accdunted for by thé four variables
also deéreased'from 6i%‘in the coﬁtrol-plots to 52% in.the inoculated
' plots.' Compaha has.the'séme'baqképound as tﬁe.four Smyrna.cultivars
testeq and is'believed to éscapé drdﬁght by ﬁatﬁring'early. ~Therefore,
thé Smyrna-é@ltivars.inocﬁlatéd with C. sativué_may ﬁof have been. able
to take'advantagé‘of thé iﬁctgéééd availability of'nufrients énd:mois—
tare‘because.bf %heir shortenéduperiod of grain filling. From the
values. given for their 1000 kernel weight in Table 2.5, it does not
.appear that their'éehetic potential haa been reached since Combana had
.anlaverage of Si;G.g per iOOO kernéls and the overall mean"for the |
Smyrna cultivéré was 45;5 é pér lOOO’kerqels. I syspéct'that the three
I.wax#'isogéhics froﬁ Compané-are.noé:as efficient aé éoﬁpana'itself in |

compensating for decreased tillers.




CHAPTER III
DISEASE CLASSIFICATION

The extent to which the fouf disease classes u;ed for assessment of
a plant;s resistance té CRR overlap one'another or diverge from one an-
‘ofher can be studied usi;g the multiv;riate techn}que called the dis-.
criminaté fupction. ‘The reséarcﬁer's measurements of the extent of dis-
coloration on the subcrown”internode are uéed to place the plant in a
parficular disease class.  Confusion.arisesfwhen there are no clearly
defined bérders between diséésé classes. The disease rating of a cul-
tivar might easily involve‘misclassificatioﬁ. It would be helpful,
then, to determine which disease classes are most effective in distin-
guishing betweeﬁ cultivars, how best to cﬁmbine the disease élasses;

and how successfully the distinction can be made.

Materials and Methods'

A number of plants in'eéch of the fer.disease classes were Fol—
lected for .cultivars grown at Bozeman in;thg presence of‘g. sativus in-
fested oats and ét Glasgow ih naturally'infésted soil in 1980. The
methodology used in classifying the disease reactionlof'a‘cultivar with
one of four disease Classés was described in Chapter II. |

The number of plants'in a particular disease c¢lass was calculate@
as a percentage of the'total'number of p;ahts read fof CRR infection.

Those plants without a subcrown internode that either broke off during
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the uprooting and washing of.the roots or had a crown that formed next
to the seed, were recorded as a fifth class, but not used in the analy~-
sis.

Fifteep barley cultivars were grown at Glasgow. The cultivars were
Piroline, Hector, Klages, Shabet, Lewis, Clark, Betzes, Wapana, Hypana,

. Glenn, Unitan, Mélvih,_Compana, Wanupana, ..and Washonupana. At Bozeman,
four replications of fifteen'cultivars were studied in inoculated plots.
The cultivars used were thé-sgme'as those at Glaégow except for the
addition of Larker 'and the exclusion of Hypana, which formed its crown
next to the seed in the majority of cases.

A stepwise discriminan% function was performed using the percentage
of plants in eaéh of four disease classes of a cultivar. Data from
Bozeman and Glasgo&lwere handled separately. The computations were per-
formed by é program. in the Biomedical Compufer Programs P-Series (BMbP),
_1979, developed at the Health Séiences'Coﬁpﬁting Facility, University
of California, Los Anggles-and sponsored by NIH Special Research Re-
sources, Grant RR—SL'

At ﬁozeman the total number of-tillers, incluaing fertile tillers
and those that had elongated but had not developed heads, were recorded
for each disease claés of a cultivar. . Both the number of plants scored
and tﬁe average number of total tillers per disease class were recorded
for the inoculated and the control blots in two replications.

To determine if CRR affected fhe tillering of plants in one par-
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ticular disease'clasé more than ig another c;ass, a multiple factér
énalysis gf’variance wés pepforméd‘for the two factors 6f disease class
aéd trgafment, i.e;, the ihoculatéa and éontrol ploté. The fifteen cul-
tivarg_were g;ouped accordiné to théir garley type: Hannchen, Coast-
Manchurié,-and.Smyrna, as a ﬁééﬂé of gaining precision thn.dealing with

“an envirenmentally sensitive character such as tillering.

Results and Discussion

During %he later tillering-and early stem elohgation s£age, those
plants growing in the inqculated.plots.appeared to.-be stunted in com-
parison with the céntroi pléts. The diffefences wefe slight But notice~
able until heading, ab&ut June 23, lQéO, when plants in-'the inocqlated
plots'were equal.inyheight'tq #hé coﬁtrols.

-The inoculated piéﬁté seéﬁed to be either tillering less or the
tillers were being retardga iﬁatheir,developménﬁ. There was a lower
number of‘fertile tillers of Hannchen and.Smyrna type-cuitivars-in the
inoculated plots as éompared té_ﬁhe_bqntrols:as reported earlier in
Chapfer IT. The différence inifertile_tiiiérs was not obvious by look-
ing at the-plpts duriﬂé the heaaiﬂg and matﬁration stages. dnl& care-
ful but extensive céunts of fertile %illers could detect'the'differences
between the-ihoculatea.aﬁd contfol plots (Table 2.4).

At Bozeman in 1980, wheﬁ the border row of égph plot was‘Uprooted

‘and the individual plants scored for extent of diSColoratién on the sub-
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crown internéde, I noticed that blaqts in the sevefe disease class had
‘ fewer total tiliers tﬁan'any of the.ofher fhree diseasg classes;_ The °
Hannchen type_cultiva?s had éiénificantly fewer total tillers per plant
in the severe class (3.78) as compared to the healthy class (6.90).
Thefe wére no différepbes in tiliers'per-plant between the slight (5.56)
and modérate'classes (S.éQ). The Coaét—Ménchuria typé cultivars also
had fewer tillers per plgnt in thelsevere class (1.96) than the healthy
class (3.17) (Table 3;1)7. Apparehél&, the healthy plants growing adja-
éent to the sgVene plants’could fake‘advantage of the reduced competi-
~tion for spéce'aﬁd'continﬁe‘the.deQelopment of the fertile and late
tillers.

The obsérvation‘thét plants with severely discolored subchwnAin—
ternodes'tillered.fé?_leés-fﬁan'plants'in any of the threé other disease
. classes led me to'consider4the ;mportaﬁcé of the severe class as a dis-

criminating categor& for culti&ar difféfentiationi The computations
perforﬁed by the BMDP prégrém ?or sfepwise discriminant fgnction yeri;
fied my-suspicions of. the u;efulnés; of the“seyere.ciéés in differen-
tiating cultivar:susceptibility-to CRR.’ At. the Glaégow site, the per-
centage of plants in the severe class (F ratio = 3.606%*, df 14,217)
‘was the most_discriminating-catégory fof cultivar differentiation. The
heélthy class (F ratio =.3.221**, df 28,148) was second in importance.
.The siight'claés (F.ratia = 2:539%%, df 42,217) was also sigﬂifigant

in a statistical sense, but as far as being of practical use, ‘it is
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" Table 3.1. Total number of tillers, including fertile and late tillérs,

" per plant in each disease class based on the percent dis-—

' coloration of the subcrown internode in inoculated rqws with
Cochliobolus satlvus as’ compared to non-inoculated control
rows for Hannchen, CQast Manchuria, and Smyrna Barley
Types; at Bozeman, Mon‘tana 1980.

.Barley Type . B - Disease Classz/
" Healthy ° Slight'.- 'Moderate  Severe X

Hannchen o 3). o : o
Inoc. .6.90 ¢ 5.56b " 5.29 b 3.78 a 5.38%#%
Control 5.00 b 5.26 b- -_4.54 ab 3.70 a 4.63

x © 5.95 " 5.41 4.91 . 3.75 '

Coast-

Manchuria . ' . - ) -NS
Inoc. " 3.17 ¢ 2.80 be 2.74 be 1.96 a 2.67
Control 3.16 ¢ - .2.8l bc 2.37 ab 2.37 ab 2.79

x 3.17 2.8l - 2.77 2.16
Inoc. . " 5.78 b 5.66b . 5.27 ab  4.33 ab  5.26
. Control 5.82 b 5.47 b . 4.79 ab ' 3.64 a 4.93
'x ~ 5.80 ~ 5.56 5.03 3.98
1/

Hannchen barleys were Plrollne y, Hector, Klages, Shabet, Lewis, Clark,
Betzes. ) . ’ '
Coast barley. was, Unltan.
Manchuria-'barleys weyre - Glenn, Larker, and Melvin..
Smyrna barleys were Compana Wapana, Wanupana, Washonupana.
2/Clean' No dlscoloratlon on the subcrown 1nternode.
Slight: Plnp01nt lesions. on_ the subcrown internode.
Moderate: Linear lesions on one side of the suborown internode.
Severe: 50% discolored with lesions on the whole 01rcumferenceof

. the. subcrown internode. ’
P < 0.1 Compare means within’ Barley typé.’ Means not followéd by the
same letter are significantly different by Student Newman Keuls .range
test. Error means squares fof Hannchen, Coast-Manchuria and Smyrna
barleys are 0.84, 0.15, and 0. 93,_respect1vely, w1th 21-df.
NS = Non51gn1flcant.

3/
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just as difficult to categorize plants into the slight class as into
the moderate class. The qugininé of slight énd deerate'disease_
'q;aéses fof evaluati6n‘of.CRleould simplify the methodolégy énd ﬁot
lose any discriminating abiiity.:_:”
";'Computa£ions ﬁerforﬁed froﬁithe éercgntage:of blants per disease
'_c;ass in the inocuiated éloféla£\Bézeman showed a similar trend. The
severe class (F-rafio»=n17434 NS,;df.i4,45) was first in importance,
| followed by. the healthy.classi(F ratio = 1.447 NS, df 28,88) in dis-
”criminafing abilit&. The statistical‘non—significance of the'F ratios
:may be dué to the Qariéfioh‘WitHin the:experiménf'because of.non—usiform
inoculum‘pressure at Bozeman.-'The‘discriminating abiiity of sevgre and
healthy classes is sfiii‘bélid;

At Glasgow, the'rangeHinjﬁercentagé of plants per class amdng cul-
ti?ars was greatest in tﬁe'severe é;éss. ~Glenn (1.8%5 was‘the lowest
- and Unitan (?7.8%) was ‘the hiéhést'ih the perceﬁtage of planfs.in the
éevépe Elass (Table13.2). Althoughfthe ranée-in percentage of plants
in the healthy‘cléss (4.1 té 22.3%)‘was less than in the>sev§r¢ class,
the accurgc& of placing plantsléf a cultivar in this class was much
higher among the six replications. .fhe éxpefimental"error (EMS) waé
lowest fof the heaithy (EMS = 3.51), féllowed by.thé severe (EMS = 4.91),
moderaté (EMS = 5.53), and slight (EMS = 5.72) classes (Tablé 3.2). If
the'egperimenfal eprof was léw'fér plants in the healthy class, théé a

cultivar had a similar number of-plénts in this class for each of the
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Table 3.2. Percentage of plants in each of four disease classes based
on discoloration of the subcrown internode for 15 barley:
.cultivars grown in soil with natural inoculum of Cochlio-
bolus sativus at Glasgow, Montana 1980.

Code Cultivar . ' " Disease Classl/
Heal thy - Slight . Moderate Severe
1) Piroline - 6.3 abz/ 48.2 d 40.2 f "5.5 b
2) Hector 9.8.c 55.2 f . 27.6 b 7.6 bc
3) Klages 14.5 & 41.6 ¢ 30.3 be 13.6 e -
4) Shabet 9.9¢c. 37.6 ¢ .36.5 e 16.0 e
5) Lewis 10.7 ¢ 48.6 d 34.5 de 6.2 bc
6) Clark 22.3 e 40.0 cd 27.2 b 10.5 d
7) Betzes 16.5 d 33.0 b 34.8 de 15.7 e
16): Hypana 6.3 ab 52.3 e 32.5 cd 8.9 cd
8) Glenn 14.2 d 60.0 g 24.0 a 1.8 a
10) Unitan 7.2 b 27.9 a 37.1 ef 27.8 i
11) Melvin 9.4 c 40.0 cd 30.0 bc 20.6 fg
12) Compana 7.0 b 38.2 ¢’ 32.6 cd .22.2 gh
13) Wapana 4.5 ab . 41.8 ¢ 35.2 de 18.5 f
14) Wanupana 4.1 a’- 37.5 ¢ 38.2 ef 20.2 fg
15) Washonupana 4.2 a- 34.6 b 37.6 ef 23.6 h
Overall mean 9.78 42.4 33.2 14.6

1/

Clean: Nowdiscoloration’on the subcrown internode.

Slight: Pinpoint lesions on the subcrown internode.

Moderate: Ilinear lesiofis on one side of thesubcrown.internode.
Severe: 50% (of the subcrown internode) discolored with lesions on-
’ theé whole circumference of the subcrown internode. ’
2/P < 0.05 Compare means within disease class. Means rniot followed by
the same letter are significantly different by Student Neman Keuls
range test. Mean value of six replications in a randomized block
design. <Error mean squaré values for clean, slight, moderate, and
severe are 3.bl, 5.72, 5.53, and 4.91, respectively, with 70 df.
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six replications. If plant eéqapés were a random event, then the ex-

‘perimental error would be'largérﬁbeeause of the variation among the

féplications frbm iéck.of Uniform disease pressure. .The difﬁerences

among cultivars in'the pércentége 6f7plants‘in the healthy class might

then bé due to cultivar rééistanee tb CﬁR and - not due to plant escape.
At Bozeman,'the range of variation in perceﬁtagelof planfs per

class was largest'fof the seQere class. Melvin, the susceptibleAculti—

.var, had the highest (35.2%) and ‘Lewis (11.1%) had the lowest percentage

of plants in:the severe class. Once again, experimental error was low-

est for the severe class (EMS = 4.02)." However, the healthy class

(EMS = 5.58) had as large'ah experimental error aé_the slighti(EMS =

4.96) ‘and as the moderate class (EMS = 5.54). There is good reason to
éuspect that errors in measurement in the slight class are due to pfob—

lems of delineating it from the modefate class. The healthy élass is

_éasy to detect since, the subcrouwn internode is without any discoloration

and there shoula be consistent-plaéement of plants in this class by a

researcher. The experimental error with the héalﬁhy class at'Bozemah

~could be due to lack of'uniform inoculum"pressure within the inoculated

'rows,and the préblem'bf plant escapes éhfering the healthy class (Table

3.3). This is in contrast to fhe low variation.found in Glasgow among

" the percentage of plantsin thé'héalthy class (Table 3.2).

The summarization of these'relations is best visualized in Figure

3.1 for the experiment coenducted at Glasgow. The severe class, along




Table 3.3. Percentage of plants in each of four disease classes based on discoloration of the
subcrown internode for 15 barley cultivars inoculated with Cochliobolus sativus
versus non-inoculated controll/'at Bozeman, Montana 1980.

Code Cultivar : . . Disease ClassZ/
Healthy ~_Blight Moderate ) Severe
Inoc. Cont. Inoc. - Cont. Inoc. Cont. Inoc. Cont.
o .3/ 4/ o ' .
1) Piroline 11.8 ab 21.2 25.0 bc 29.3 43.6 gh 41.0 19.6 cde 8.5
2) Hector 21.8 T . 28.9 26.3 bc 29.5 _36.0 cdef = 33.4 - 15.9 be 8.1
3) Klages ) 15.0 bcde 22.2 29.8 ¢. 37.4 36.0 cdef '29.7 19.3. cde 10.8
4) Shabet 17.3 cde 24.1 . 23.3b 36.7- 40.8 fg 31.7 18.8 cde 7.5
5) Lewis 20.0 ef 34.7 29.8 ¢ 33.6 39.4 ef 25.9 11.1 a 6.0
- 6) Clark 16.7 cdef 37.6 34.8°d 31.3 " 33.9 cd 24.1 14.6 ab 7.0 -.
7) Betzes 18.0 def 32.6 '28.2 bec 34.4 34.5 cde 25.2 19.3 cde 6.7 N
8) Glenn ] -19.0 ef . 41.5 27.0 bec 28.9 33.0 ¢ 26.Q ' 21.1 de 3.6
9) Larker 13.4 bcd 25.1 29.1 ¢ 33.6 45.5 h 33.7 11.9 a 7.6
10) Unitan : 12.0 abc 27.2 35.22d . 36.9 38.5 def 23.7 14.4 ab 11..4
11) Melvin " 8.5 a 8.9 19.8 a 19.6 36.5 cdef 38.2 35.2 g 33.1
12) Compana’ - 18.7 def 38.9 25.4 be 31.1 29.2 b -24.6 26.8 £ - 5.5
13) Wapana 21.9°f 40.3 29.7 ¢ 30.4 25.5 a 29.4 23.0 e 5.0
14) Wanupana 17.4 def 28.8 26.1 bc 31.8 36.1 cdef 25.9 20.5 de 13.7
15) Washonupana 16.8cdef 40.1 26.1 bc  31.6 39.1 def 20.8 - 18.2 cd 7.1
Mean 16.5 " 30.1 27.7 ‘31.7’ 36.5 28.6 19.3 9.4
5/LSD (45df) 14.3 -14.0 _16.8 » 6.5
1/

Cochliobolus sativus infested oat kérnels compared with autoclaved oat kernels in inoculated
and control rows, respectively, were sown in the furrow with the test cultivar at a rate of
20 g per 7 g of seed per 3 m row.

/Hypana was excluded because it did not form a subcrown internode at Bozeman.




Table 3.3. (Continued)

3/Clean: No discoloration on the subcrown internode.

~.8light{ Pinpoint lesions on the subcrown internode.
Moderate: Linear le81ons on-one side.of the subcrown interode.
Severe: 50% discolored with lesions on the whole circumference of the

4] subcrown. internode. .
P < 0.05 Compare means within a disease class. Means-not followed by the same letter
are significantly different by Student Newman Keuls range test. Mean value of four
repllcatlons in a spllt-plot design. ’

5/t < 0.05 Least 51gn1f10ant dlfference (LSD) between 1nocu1ated and control for the
- same cultivar. : :

€L
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Figure 3.1. Percentage of plants in the healthy and severe disease
classes for fifteen cultivarsz/ grown in soil with natural inoculum
of Cochliobolus sativus at Glasgow, Montana 1980.

l/Healthy: No discoloration on the subcrown internode.
Severe: 50% or more discoloration on the full circumference of
the subcrown internode.

2/Hannchen types were lPir‘oline, 2Hector, 3Klages, 4Shabet, 5Lewis,
6Clar‘k, 7Betzes 6Hypana.

Coast type was i Unitan. Manchuria types were 8Glenn, llpelvin
and “Larker; the latter was not grown at Glaspow.

@Smyrna types were 12(,‘<)mp;-ma, I3Wapana, ‘AWnnupnna, I!’Wanh(mupana.
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the abscissa, is the primary discriminating class. The cultivar with
the lowest percentage of plants in the severe class ié Glenn (1.8%),
- whereas, Melviﬁ, a suséepfible.cuitivér, had.20.6% in the sevefe~class.
The Smyrna type cuitivafS"are grogpgd togethef close to Melvin, ranging
from Wapana Kl$.5%).po Washénupana‘(éS.G%). The Hanncheﬁ type culfivars
show a wide vafiatioﬁ‘of plants in the severe‘ciaés éﬁd are less sus-—
ceptible than the Smyrné.type,cultivarsf Piroline (6.3%) is similar to
Glenn, whiéh ié moderateiy résistant, while'Betzes (16.5%) is.the ﬁost
sﬁsceptible of fhe Hannchen tyﬁe culti&érs but is still more resistant
than either M§lvin or the Smyrna type cﬁltivar;.

Clark and Lewis.are both progen& of a Hectpr xﬂKlages-cro%s. Al-
tﬁough:Lewis hasAa lower percentage of dis;aéed plants in the severe
class than Clark, the fact thaf Clark has a.high percentage of healthy
plants .might suggest why ité o;érall-disease rafing_is slightly loWer
than that of Lewis. The accuracy of claséifying cultivars isvimproved
when both the severe and healthy cla;seé are ébnsidered. .

The use of C. sativus infestéd ba%s to inoculate plants as measured
by the percentagg of plants in the severe aﬁa healthy classes can be
visualized in Figure 3.2: The points.of all'cultivars_are iumped in
the center of fhe,graph for Bozeman with a scattering of points for the
Glasgéw site. Meivin (35.2%) was the.most susqépfible which is con-
sistept with its ;se as a ﬁniversal susceptiblg, and both Lewis (11.1%)

and Clark (14.6%) were in the moderafely'resisfant range. The large-
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Figure 3.2. Percentage of plants in the healthy and severe disease
classes for fifteen barley cultivars® grown in soil with infested
oat kernels of Cochliobolus sativus at Bozeman, Montana 1980.

1/

Healthy: No discoloration on the subcrown internode.
Severe: 50% or more discoloration on the full circumference
of the subcrown internode.

i 2 3
2/*'Harmchen types were Piroline, Hector, Klages, 4Shabet, 5Lewis,
Clark, ‘Betzes, 16Hypana, the latter not included because il
did not form a subcrown internode at Bozeman. ;

< Coast type was L Unitan. Manchuria types wcre 8Glenn, JLarkur,

Melvin.
12 1
@® Smyrna types were Compana, 3Wapana, 14Wanupana, 15Washonupana.




77
experimental erfor1within'tﬂe healtﬁy,class and the lack of’cultivar
differentiation for bﬁfh;diseaée réﬁinés (Figur¢;2.2) ;nd percentage of
.plants per severe and heélthy claéses (Figure 3.3) argué'againsf'the
uée of C. sgtivds infested éats injdétérm;ning resistéﬁce,and/or sus-
céptibiiity cdﬁpared to”usé of a‘Iécétion éuch as Glasgow, where-thére'

is a history of CRR.




DISCUSSION

Common Root Rot is a problem in the major'small cereal producing

areas of North' America where it has been estimated to cause yield losses

in. spring barley and spring wheat of 10% and 7%, respectively. Cultural

practices haye not proved to be effective in contfolling CRR. The use
of resiétant'cultivars'holdg the greatest proﬁise for higher grain yields
when small grain cereals‘are gfown in_CRR infested_éoils; This thesis
has examined the Rresept tedhniques fo? screening cultivar resistance
to CRR ana has propdséd a three class disease system for field screen-
ing of barley cpltiVar%.l

A system of screening for.resisfénce to CRR must deal with 'mixed
stands! of healthy plantSraﬁd_severely Aiseased plants growing adjacent
to one another. The four clgés éystem used by recent workérs (34,57)
calculates a diSeaée ratiné.based on the.extent of'discqloraﬁion'of the

subcrown internode. ‘The three disease classes in this system -- slight,

" moderate, and severe —- are weightéd by a numerical value proportional

to the yield ldés suffgfed in éach‘qf thése classes relative to the
healthy class. Thé healthy class is given leés>imp6rtance relative to
fhe other threg disease ciasses and in this_manner thé possibility of
plant escapes entering the disease rating is minimal.

In11979 I_attempte& to eliminate:the problem-of plaﬁt escapes by

imposing uniform disease ﬁreséure on barley cultivars with the use of -

" artificial inoculation. C. sativus infested oats when sown in the same

furrow as seed of the test Qulti?ar did reduce- the plant emergence and
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yield. Theré was no way of knowing hbw uniform the inoculum pressuré
had.been Qithout information-on an individual plant basis. Therefore,
in 1980 the test'cultivars were‘inoéulated in the same manner with C.
sativus infested oats and individual piants séored on the extent of
discoloration of the subcrown internode. As a comparison the expefi—‘
ment was duplicated on a site at Glasgow,-Montana with a hiétory of CRR.
The disease ratings of cultivars grown in naturally infested soil were
effective in differentiating among cultivars of intermediate and severe
disease reactions. Artificigl inocylation only helped in the separation
pf the high susceptibility of Melvin from the remainder of the test cul-
tivars. The addition of infésted oats did not reduce the possibility
of plan escapes. The number of plants in the healthy class in naturally
infested soil,was.conéistent, indicating a uniform inocglum pressure at
the site in Glasgow. In scréening for resistance to CRR, therefore,
the use of natural soil inoculum provided tﬁe most consistent results
as far as minimizing fhe number of plant escapes.

The most discriminating disease class for the differentiation of
cultivars was the severe ciass; foliowed in importance by the healthy
class. The percentage of plants in both severe and healthy classes
should be considered when evaluating tﬁe cultivar's resistance to CRR.
The two intermediate clas;es, slight and moderate, can be grouped tof
gether into a third.intermediate class. The separation oflslight and

moderate is difficult when the length of subcrown internodes is only




80
four tO'six'centiméters. Also; a distiﬂction of pinpoint lesiéns for
the slight class as cohpafed to' extended lesiong for the moderate class
is highly éubjective.‘LTheuadditional éffort spent ip trying to distin-
guish betwéen thgsg two, ¢lasses .did not imprdﬁe the sepafgtion of cul-
tivérs with intermediafe,reagtiqns.' Thé system describéd in this thesis
to be used with_spriﬁg-bariey plaées éreatef impqrtance on fhe humber
of healthy pignts 6ﬁ a dUltivar.than éhe disease rating sys%em uséd‘by
the Canadiaﬁ WOrkers.based.on the four plass system 6f healthy, slight,
moderate; and severe'classgs (34157)ﬁ

The fact that the severe class is the most discriminating and

easily recognized would lend itself to early screening of promising bar-—

ley lines in the F:3 or-F4 generations. " There is evidence fhat the in+~

heritance of résistancé-to CRR in barley is quantitative in nature, so
the progeny of crosses.would best be'séreehed'for:resistance in the F3’

F4, and F generations.' Elimination of only the plants within the

5

severe'qlass would not be piacing too great a pressure upon- the popula-

tion of piénts. The F_ plants would have to be screened again.in the

3

F4 or even in the_'F5 to be certain of no plant.escapes. The elimina-

tion of extreme susceptibility by the time the lines are in the Fe and
F6 generations may improve resistance.
The selection of lines based on yield over many locations may also

improve the tolerance of cultivars to CRR. Clark; a recent release by

Dr. E. A. Hockett, in Monténa had:never;beén screened for resistance- to
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CRR, but.ié a higher yielder énd'has a lower disease rating thgn either
of ité parents, Hectpf ané Klages;

CRﬁ does .affect the-Haﬁnchen and Smyrna :type cuitivars‘by redﬁcing
) the nuﬁber of,fertile tille?s; énd'fhe Coast and Ménchuria’type cuiti-
vérs by.reduciﬁé.the kernel weight. Both of these yield components are.
important to thé total yieid. Thbse'gelegtions in yield trials whiéh
eithér produce more fgftilé'fillers or continue tb produce heavy kernels
'iﬁ spite of C. sativus' infection. on the subcrown internode,.should-have.

a good level of tolerance to CRR.
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Table 1. Effects of four methods of inoculation with Cochliobolus
: sativus on the absolute valuesl/ for plant emergence,
yield, and 1000 kernel weight (Kwt) of four barley culti-
vars planted on two dates at Bozeman, Montana 1979.

parameters’ - df - - Emergence .  Yield 1000 Kwt
. nO’- g g
Date (D) 1 1227.  1540760.%* 18.00%*
error a -3 - 317. o 6644.. 0.71
Cultivar, (C) 3 670. . 4B778.%% 33, 71%*
error b 9 439 ’ 6908. 0.40
DxC 3 798. ' 7185. 6.13%*
error c¢ 9 . 296. ' 4948. 0.30
Inoculation (I)- 4 1808, ** 8917 . #x 0.28
DxI 4 174. 11167 . %% © 0.20
CxI 12 121. 2170. 0.27
D xCx'I 12 103. 427. 0.31
error d 96

88. "1362. 0.26

*¥*, P < 0.01 4:replicatiohs - Separate analysis of variance for emer-
gence, yleld and 1000 Kwt

1/ Mean .square values w1th the non—lnoculated controls were handled as

) 'a.flfth 1noculat10n method

2/ See Chapter I for explanatlon of seedlng date, cultlvar, and inocu-

lation methods. ' :
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Table 2. Effects of four methods of inoculation with Cochliobolus
sativus on mean plant emergence, yield and 1000 Kkernel
weight (Kwt) of four barley cultivars planted on two dates
at Bozeman, Montana 1979.

‘Parameterz/ . af Emergence Yield 1000 Kwt
no. . g : g
% of Control
Y
Date (D) 1 53.8 _ 16243, %% 4.50
error a- 3 315.0 353, 140.00
Cultivar. (C) 3 384.0, 1736.% " 7.65
error b 9" 225.0 319. 66.70
D x C 3 92.1 196 ' 86.10
error ¢ 9 210.0 156. 52.89
Inoculation (I)' 3 1938.0%** - 1999.* 23.76
DxI 3 1766.0% : 347. 31.49
Cx1I 9 508.0 631. 49.16
DxCxI .9 343.0 - .  486. 30.12
error d 72 338.0 704. 35.34
1/ *, ¥¥ P < 0.05 and 0.01, respectively. Four replications. Separate
' analysis. of variance for emergence, yield, and 1000 Kwt.
2/

See .Chapter I for explanation of seeding date, cuitivar, and inocu-
lation ‘methods. '
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Table 3. Effects of Common-Root Rot on yield components of four
Hannchen, Coast, Manchuria, and Smyrna.
Cultivar and Treatment means square values for number of
fertile tillers per 2.4 m (X), numbeér of kernels per head
(Y), 1000 kernel weight (Z), grain yield (W), and disease
rating (DR).- .Inoculated with. Cochliobolus sativus versus

barley types:

non-inoculated control at Bozemap, Montana 1980.

Barley Type df X Y z W DR
1/ : . :

Hannchen ' - 6 .B576. 20.44% 66.35%*%  14446. 92.4
error a 18  4404. 2.19 7.85 5044 . .131.9
Treatments4/ 1. 21060.%* . 19.40%*  22,14%%  .3120. 1948 .00%*
Trt x Var . 6 .3303. 1.10 3.14 1112. 9.17

error b 21 . 1llss. 0.59 2.00 783. " 62.68
Coast— J ' ) , _ . .

Manchuria 3 10352.%  224.60%* 96.15%* *  3763. 1131.00%*
error a .9 2178... 11.43 7.11 2660. 146 .50
Treatments 1 2080..  Bl.4l#* 8.30% 4536. 596 . 00* *

Trt x Var: 3 - l428. 15.26 0.75 ° 434. 59.23
error b~ 12 807. 5.35 . 1.15 1510. 62.55
Smyrha® 3  2813. 9.61%%  243.2%% 11956.%* 46.54 .
error a 9. 2370. - 0.41 - 2.58 941 .- 76.12
Treatments I 37607.%%  4.40%* 4.13 761. . 2290.00%*
Trt x Var 3 3579. 0.16 T 2.24 289. 65.04
error b 12 1342. 0.39 0.93 1004. 83.39

*, H* P-f 0.05 and 0.01, respectively.

/Hannchen barleys were.
Shabet, Betzes:

2/

Melvin.

Pifdline, Hector, Klages, Lewis, Clark,

Coast barley were Unitan. Manchufia barleys were Glenn, Larker,

/Smyrnafbarleys'were Compana, Wapana, Wanupana, Washonupaha.

4/

Treatments: C. éativus inoculated versus control plots.
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