 PARASITISM OF BARLEY BY USTILAGO HORDEI (PERS.)
LAGERH.s SOME QUANTITATIVE ASPECTS OF
 DISEASE EXPRESSION

by
| JAMES VERNON GROTH
BeSce, University of Minnesbta. 1967
M(Scsy University of Minnesota._1969

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHiLOSOPHY
in the Department
| of '
Botany

We accept this thesis as conforming to the required
standard T

THE UNIVERSITY OF BRITISH COLUMBIA
Oc¢tober, 1974



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, | agree that
the Library shall make it freely available for reference and study.

| further agree that permission for extensive copying of this thesis
for scholarly purposes may be granted by the Head of my Department or
by his representatives., It is understood that copying or publication
of this thesis for financial gain shall not be allowed without my

written pemission,.

Department of 6 bé@%

%

The University of British Columbia
Vancouver 8, Canada

Date Q‘ QC’{T ?((




ABSTRACT

Quantitative studies were made of disease reactions in

the barley-Ustilago hordei system. Inoculation studies in-

volving a compatible combination of host and parasite, in which
one of the mating-types was greatly diluted in relation to the
other, indicated that the partial-vacuum inoculation method
results in at least 100 sporidia per seed being aVailablé to
form dikaryons which smut the plant. Resistance, which can be
influenced by environemnt, accounts for the inoculated plants

which are nonsmutted.

Two aspects of disease exist; within-plant reaction and
between-plant reaction. Both being genetically determinea, the
two were closely correlated in all disease-producing combinations
of 12 barley cultivars and 21 U. hordei dikaryons. Within-cult-

ivar and within-dikaryon correlations were also found.

In over 500 plants, using a virulent pathogen dikaryon,
studies were made of within-plant smutting patterns and the
effects on plant growth of inoculation and smutting. Distribution
of smutted heads within smutted plants was hot random, Nodal
tiller families tended to be either entirely smutted or entirely
healthy. When families were differentially smutted, the older
members mostpgften wéré'ﬁbnsmutted. Entire older families most'
often remained nonsmutted. The principal culm did not fit this
age;frequency pattern., Regardless of the occurrence of smut,
inoculation of plants caused reduction of tillering and changed
the pattern of tillering so that inoculated plants produced |

lateral tillers at higher nodes of the principal culm.—
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GENERAL INTRODUCTION

The covered smut dlsease of cultivated barley (Hordeum

vulgare L.) is caused by a fungus, Ustilago hordei (Pers.)

Lagerh..which 18 obligately parasitic (i.e., totally dependent
on growth within the living host for completion of 1ts 1ife
cycle). The principsl manifestation of the disease 1s shown
by mature barley plants whose fruits (caryopses) are replaced
by masses.ofvteliospores (sori) which have been produced by

the fungus., This particular host-parasite system has been the
subject'of recent geneticAlnvestlgatlon whose intent has been
to learn more about host-parasite relationships in.general
through intensively studying a single system, Thus far, thé
studles have centered on the effects of single genes, either in
the host or in,the parasite, which have relatively large effects
on disease expression. waever,.at thls time a gfeéter-under-
standing'qf reslstance.othér than thét which aliows no smutting
whatsoever 1is especlaliy desirable, since the uée of "partial®
rather than "complete" resistance may result in more effective
long-term control of the dlsease by avolding the intense
selection pressurelfaﬁoring virulent pathogen genotypes
(Person, 1967). Moreover, for several reasons, this would

" appear to be a useful host-parasite system for ihe initiation
of population genetlics studies almed at, among other things,

a greater understanding of host-parasite coevolution., Much |

of what 1s dealt with in this thesis concerning intermediate



disease expression will be essent1a1 preliminary information

" 4f such studles are to be undertaken.

When considering any hcst-ﬁecaeite system in terms of
population genetics, it is convenient to think in terms of-the
relative reproductivities of the two interacting organlismss
It 1s necessary to examihe the effects of‘extremes of repro-
ductive success of the host and pathogen on the success of the
system, rather than on the success of the component organisms,
Loglcally, each organism will change so as to lncrease Lts
reproductivity., With an obligate paraslte; however, host
changes which<affect parasitic compatibility must be con-
sidered along with changes in the parasite itself, In the
case where the pathogen 1s- a major selective: force for. the.
zeﬁhost, studies of host reproductlvity must involve the pathogen,
- Regardless of whether or not the pathogen is limiting, studles
of this kind are validly of host-parasite systems as much as
they are of the component organisms, In order for a host-
parasite system to survive, an . equlilibrium of host and pathogen
reproductivities must be reached, such that neither can become
completely successful and cause the elimination:of theﬂother.
For thelsjetem to succeed, each component organism must suffer
a reproductive decrease in order that the other might‘reproduce
as well. That such equilibria represent the end result of
host=-pathogen coeVOlution has been discussed more completely

by Person (196?).;_



_ The concept.of.relatlve repréductivlty applles especlally
well to thé barley-g; hordei system because (1) the pathogen 1is
tbtally depeﬁdent on the hosti only'by causing disease can it
reproduce sexually; and (2) the relative reproductlvities of
the host and pathogen are clearly reciprocally related: tello-
spore production only occurs at the expense of seed production
and vice-versa, Althoﬁgh théée features_are also shown by many
other hdst-péraslte systems involving obligate pathogens, it is
with the’head-infecting Smuté, where the-generatioﬁ time of the -
vparasite‘exaétly matches that of the host, that the features..

are shown most clearly. .

It should be ﬁoted here- that the existence of the barley—'
__ﬁ. hdrdei system is. probably more. or. less. dependent on.man.and.
_his sgricultural practices.. The barley-g. hordel system 1is noé"y
a "naturaiﬁ'Syétem‘of'parasltism,.and.this point must be kept:
in mind when discussing it in terms of evolutionary concepts-
“such as fifness (reiative rebfoductlvitY), in order to avold:

‘drawing oversimplified conclusions.

In the past when the natural progenitor of the barley- -
U hordei system existed mechenlisms must have evolved whereby :
the production of both some seed end some teliospores was
assured, It is with this aspect of the system (or the remnants
of it) that the thesis 1s concerned. From the standpoint of
the barley host, there are several ways in which the plants.

can avold:being totally smutted. Filrst, although susceptible,



‘a plant cén simply esc;pe becoming infected. This 1is un~
doubtedly an 1mp0rt;nt festure of natursl host-parasite
’systems;'it will hot be dealt with further, except as a
possible alternative in the first section of the thesis.
Second, a plant can express some sort of resistance to the
disease. This resistance can take more than one form. On one
hand, it can be expressed in terms of a certain’proportlonAof
plants féiling to'dévelop.smutted spikes; The extreme case

of this is the monogenic total resistance, expressed by some.

barley.cultlvars against certain smut genotypes, where smutted -

~ splkes are not found. The percentage of plants falling to

develop,smut ranges from 100% for the "totally" incompatible..

combinations down to about. 30% and sometimes as low as 15% for

.7 the most compatible ones (Ebbé,-l974: Sidhu, 1972). Another

. Wway in which resistance can be expressed 1is through production-

" . of healthy tillers on smutted plents,. Little is known about:

_ this f§rm of resistance. It might be considered somewhat .
.énalogodS'to the'horizontal'resistance or "tolerence® found

- in other host-parasite systems (Bobinson, 1973). Thls type of
‘resistance (partial-smuttlng of diseased plants) results in
51ntermedlate disease levels which are nelther devastating to
the host nor critically detrimental to the pathogen. For-
confenience,.the two types of resistahcé'willihereaffer be
referred to as-betweén-plant end within-plent resistance,

respectively.



The purpose of these studies was to further our
understanding of the disease expression of resiétance in
the'barley-y. hordel system, This lncludes:
| 1) examining the ertificlal inoculation phenomenon

to determine the basis of non-expression of
_disease in pléﬁts of an inoculated, susceptible-
cultivar;
_ 2) determining whether or not within-plant resistance
1$'corre1ated.with between-plant reslsﬁance: and.
” t 3) estabiishing the pattern of smutting within the
‘ barley plant,. as well as. some of the effects of:

smut presenée on plant growth,.

Y Yy T



LITERATURE REVIEW

A., EARLY DEVELOPMENT WITHIN
THE SUSCEPTIBLE HOST

A number of stddies have been made of the development
of various cereal smuts within their hosts, Seedling, as
opposed.to floral, infecting smuts are more likely to shed
light on events occurring ﬁith U. hordei in barley, although
thevlatter'are probably not so different except in their means
of initial entry and in the timing of the early é&ents of and
following infection. Intensive studies have been made on the
development of loose and covered smuts of oats, Ustllégb
avenae (Pers.) Rostr, and u. kolleri Wlllié; respectively.
Both, 1like U hordei, are conslidered. to be seedling infecting
smuts, U° avenae 1s, however, also capable of some floral
infection and is, therefore, considered to be an 1ntermed1ate
type for which infectloh of embfYos_at the time of seed germina-
tion 1s dependent on mycelium rather than on teliospores (Fisher
and Holﬁbn, 1957). The mycelium of U, a#enae proliferates
either in the inner hull of the dormant seed or in the outer
pericarp of the caryopsis., An attempt by.Tapke (19&8)/to more
accurately locate the fungus was a.failure. Inwany case, the
locatlon is rether simllar_to,the location of tellospores
which are the sourcé,of infection for true seedling infectors
such as U, kolleri. This difference between the two smuts has

been minimized in experimental work by using ldentlcal inocu-
lation techniques, Kolk (1930) inoculated dehulled seeds of a



_ susceptible. oat cultivar by dusting them with dry teliospores
of U, gvenae. The séeds were examined for the presence of

smut mycellum at varlous stages after planting. She found

that the fungus did not reach the coleoptile until three days
after p1an£ing, éhd it did not reach either the first vege-
tative leaf or the'mesocotyl until four days after planting,
Gage'(1927), using thevsame fungus and host, found nb mycelium
in seedlings which were less than seven days old. The diffe~
rence between these dbservations cbuld be due to the different
materials and techniques'used in the two studies, In 2 1l3-daye
old seediing, Kolk observed mycellum in zll parts of the
coleoptile; the mesocoty1,<the coleoptlile node, 21l leaf axils--
and.fhe coleoptile axiilary bud. ﬁbne was seen in the main-
tiller growing point. Working with the same system, Lutman-
(1910), however, did find.the main‘tlller growing point invaded
1nﬁa i3-da&—oid séedliﬁg which herhxaminéd. Because she had. -
observed some‘mycelium 1ﬁ’the-space‘between»the coleoptlile and
the first leaf Sheath, Kolk felt that sheath-to-sheath inward
penetration.was a.ilkely pathway. In seedlings, 13 to 30 days
old, she observed genéralrinvaslon-of the cone of the growing
point with apparently randomgléteral distribution of the hyphae,
The mycellal concentration a£ the tip of the cone.was somewhat
lower than at the base, Sampson (1933) found a similar mycellial
distribution and chroriology of penetration when studying

E;"koiiérl.on a susceptible oat cultivaer. On the basis of



negative evidence, she felt.that passage from coleoptile to
first vegetative leaf must be 1nd1rect, vlé the'nodes; rather
than direct., Mills (1966) observed that at the second leaf
stage (14 to 17 days after planting) thé mycelium of U,avenae
was present in the growing point of susceptible oat seedlings,
- and that tiller primordia were invaded by mycellum from the ~
subtending leaf sheath, Tiller buds in the axlls of the
coleoptiles, first leaf, and second leaf were infected after
14, 17, and 21 days; respectively, When Mills examined plants
at the fourth, fifth and sixth leaf stages, he found that most
aplcal éfowing points had been invaded, Western (1936) found
mycelium of U, éﬁeﬁéé in susceptible oat apical growing points:

within 21 days. -

Some useful histologlcal studies have been made using

common bunt (Tilletia caries (De C.) Tul.) end wheat, wdolman

(1930) determined that in a susceptible cultivar, coleoptlile
and leaf sheath invasion had 6ccurred in some plants by_seven
days and primordial invasion by twelve days. Hansen (1958)

saw intercellular bunt hyphae in coleoptiles of 8-day-old
seedlings of = susceﬁtible wheat cultivar./ He failed;_howevgr,
to find Hyphae in thé first leaf sheath until the seedlings
were 3d to 50 days o0ld, General invasion of all growing points
did not occur until seedlings were 56 days old. In a thorough
'study of bunt_develbpment in fwo different susceptible cule

tivars, Swinburne (1963) found that crown nodes did not become
invaded until 31 days after planting (fifth leaf: stage). His



dlagrams 1ndicatedthat, even‘af this late date, little tiller
bud invasion had'occurred.x Location of the mycelium within the
plumnle appears to be random.. Other detalls of development are
essentialiy'the same‘as those found by Kolk (1930) for the oat .
smuts, Swlnburne.thouéht that the leaf sheaths were 1nvaded by:
mycelium ffom the next oldest leaf, and that in his cultivars
the growing point was first invaded by mycellum from the fourth.
leaf sheath, His work is somewhat-atypicai since the plants

" had not yet begun to tiller at 50 days because oflthe growth

conditions employed.

For the floral-infecting-smuts the mycelium is much more
deeply embedded in the seed at planting time, Batts (1955)

showed that myoelinm of wneat loose. smut. (Usfilaao triticl

(Pers,) Bostr.) in susceptlble.wheat seeds is abundang in the-
‘ scutellum, the lower embryo, and the coleorhiza. It is also-
beglnning to permeate young nodes and internodes, but is not.
found 1n the plumule, growing polnt, or radicle. According to:
-fBatts and Jeater (1958), the . mycelium is in such a position in
dormant seeds that there is 1little probabllity of 1its belng
”left behind” durlng the perilod .of rapid stenm elongation.

They showed that as the crown node develops to form the crown-
region consisting of_tiller brenches and corresponding nodes,
internodes, and tiller crowns, the mycellum generally is able
to grow 1nto-a11 pafts.of the crown.. They also noted two other

polntsi (1) that elongation of internodes proceeds from the


http://tr.lt

10

base upward (the lowermost being first to elonzate), and (2)
that no mycelium-was present in internodes, Ruttle (1934)
obéerved a generél’invasion'or an 1lnoculated susceptible wheat .
-seedling 22 days old, with the surprising exception that no _

mycelium could be found in the plumule,

Malik and Batts (1960) established that the locatlon of

mycelium of berley loose smut (Ustllago nuda (Jens,) Rostr.) in

lnfeéﬁed susceptible bafley seeds was not different from the
location of wheat loose-smut myceiium.in wheat seeds, No
histological studies of post-germination ioose-smut developnment.

in barléy have been made,,

Information on the development of U. hordei in barley
seedlings is scant. Kozar (1967) observed in susceptible
Odessa barley,;whiéh had been 1noculated'with tellospores,.
thaﬁ pericarp pénetration occurred as early as h8‘ﬁour8 after
germination. Invaslon of the embryos and, specifically, of
the coleoptiles and node-primordia was seen after 100 hours.
Long, slender, relatively unbranched hyphae were found in the-
‘internodal reglons of an elongated tiller, As with a1l other-
smuts, the highest concentratiocns of mycelium in older plants-
" occurred in the subapical areas of the spike and in the crown

region at the bese of the plant, = -

In summary, based on results which are admittedly far

from complete, other than for differences in timing, no
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important differencesvin early post-germination developmenﬁ
‘of}the varicus cereal smuts within their hosts can be shown;
Thls seems to be true regardless of the large difference in
mode of infectlon between seedling infecting smuts and floral

infecting smuts.
B. THE EXPRESSION OF RESISTANCE

In the previous section, a general view was provided
of the pathwsy of infection in susceptible seedlings for
several oéreal.smuts. Studies have also been made comparing
events in reslstant (showing éé smut) and susceptible cul=-
tivars. Hisfological studies of different cereal smuts will

be reviewed first, followed byAmacroscopic studies,

With both the covered and lbose smuts in oats, resistant
cultivars usually present no barrier to the initial invasion
of seeds and young seedlings by the fuhgus. Kolk (1930) and
Zade (1931) were the first to notice the invasion of seedlings
of‘resistant cultivars by Q. evenase. Sempson (1933) observed
normal (susceptible) coleoptile invasion by g. kolleri in
five day o0ld oat seedlings of a resistant cultivar, after
which the fungus was checked in 1ts development., Western _
(1936) confirmed this, but also found that for single races
of both smuts the resistant cultivar *Markton' did not allow
any penetration ﬁhatsoever. The fungl were stopped at the
cuticle of the epidermis, All other resistant combinations,

including several other races tested on 'llarkton', allowed
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invasion of coleoptiies (or even deeper tissues), These-
combinations differed in the length of time during which
the mycelium could persist in a state which was indistin-
gulshable from that of & susceptible combination. In most
caées, pathogen arrest was not accompanied by any type of
host tlséue alteration. Brandwein (1937), working with
several cultivars of resistant oats, obServed coleoptlle
invesion by both smuts to be general. This indicates that

the choice of haterial can determine what will be observed,

- Infection by 2. caries in resistant wheat cultivars
presented a similar plcture. Gaines (1923) and Crepin et
é;; (1937) reported tﬁat seedlings of resistant and suscep-
tible wheat cultivars. showed. no.difference. in extent. of
hyphal invasion for the first two weeks of growth, Crépin
gz;gl. observed penetration into the secondbleaf sheath in
both cases, Woolman (1930) discerned three distinct phases
of pathogenesisi (1) entrance into and development within
epidermal cells of the coleoptile: (2) developmenﬁ within
deeper coleoptile tissues ahd leaf sheaths; and (3) entrance
into nodes, internodes end growing points of the embr}o. He
found that stage (1) was always attained but that, in re-
sistanﬁ material, stage (2) was attained only in some plants
(with no delay) and stage (3) wes néver attained. Griffith
et al. (1955) confirmed this observation using different

cultivars and smut races.
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With Ustllagg nigra Tapke, the semi-loose smut of

barley, Tisdale and Tapke (1924) found that prior to pene-
tration of the coleoptile and the first leaf base the
resctlons of resistént and susceptible cultivars were indis-

tingulishable,

The resistance shown toward fioral infecting smhts,
although similar, must be viewed in a different contéxt.
Embryo invasion of the dormant seed 1s the normal condition
) leadlng to a susceptible disease reaction, Ruttle (193&),
Bubentzov (1941) and Vanderwalle (1946) showed that in some
~ resistant wheat and barley cultivars, the mycellum was not
present in the.émbryos, although 1t was ofteﬁ found else-
where in the seeds, Bubentzov found one resistant. wheat
cultivar 1in which a minority of the embryos were infected,
however. Vanderwalle (1942) and Batts‘and_Jeater'(1958) also
found reslstant wheat cultivars 1n which the embryos were as
frequently invaded as those of susceptible cultlvars, A
thorough 1nvestigaﬁion was carried outvby Popp (1951 and
1959) who compared levels of ‘embryo lnfection, seedling
infection and adult plant infection in both wheat and
barley. He found that for wheat, most cultlvars showedva
high percentage of embryo infection (not generally 1invol-
ving the plumular apex), an intermediate percentage of
seedling 1nfectlon, end (if they possessed high resistance)

e low percentage of adult plant infection, Thus resistance
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appears to be expressed throughout the life of the plant,
Other wheat cultivars (or the same cultivars inoculeted with
.other races of the pefhogen), and all of the several bailey
cultlvars examined showed a good correlatlon between percent
embryo and percent adult plant infection by U tritici and
‘Q. gggg, respectively- This implies that embryo exclusion
ma& be a reletively more  important contributor to reslstance
in barley, as compared with whest. Ohms and Bever (1954 and
1955) found that embryos of resistant cultlvars were as
freqﬁently invaded as those of susceptible when-two'winter
wﬁeat eultivars.wereeinoculated with three races of U,
triticl. 'GeSRIn andischafer (1962) histologieally-examlned
‘five resistant wheat»cultivarsffor'the~presence of g.tritlci_
mycelium‘at various 1ntervals followihg inoculation. In four
of theﬁ, reSIStanceloccurred after_the‘embryo, end, occa-
sionally,7e#en<after“the:plumular~apex, had been invaded, 1In

the fifth cultivar, embryo infection did not occur..

Convincing macroscopic evlidence isrelso.available
'showlng that smut mycelium is often present in resistant.
plants, Hubbard and Stanton (193#), and Stevens (1936)
found that when two oat cultivers were inoculated with,g.
koileri, reduced.stands (the proportion of plants emerging)
resulted e&en though the plaﬁts»were apparently healthy, -
Brandwein (1937) did not observe this effect in greenhouse

studies involving these same two cultivars. He could,
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however, produooothe effect by plenting ioose and covered smut
inoculated seé@s of resistant end susceptlble cultivars 1in
soil which wasléfterward severely compacted (Brandwein, 1938),
He concluded that an interaction between infection and de-
hulling (which ﬁas commonly done to obtain higher levelé of
smutting) can significantly weaken the coleoptiles, resulting-
in reduced emergence, Zade (1931}, Velsh (1932} and Hubbard
and Sténton (1934) a2ll observed resistant oat cultivars which
exhibited reddced height, reduced yield and deleyed heading .

~ when 1noou1atéd with Q. ¥olleri end/or U, avense. Similarly,

with fiag smqt'of wheat, ﬁrocystié iriﬁici Kofnike, Churchward
(1937-8) obsorﬁed stunﬁing“aﬁd chlorosis of inoculated plants
Whichfremained‘unsmutted, and were classified as resistant.
Blasting (= étérility) of heade of resistani.oat‘culﬁivars
has been observed after inoculation with both U. kolleri and
fU avenae (Reed and Stanton, 1938) and with U avenae
(Halisky, 1956; Holton, 1966). BReed and Stanton also found

| a few teliospores in some of'the blasted hesds.

On occasion, workers were able to modify resistance
through cultural methods. Some smutting was obtalired in
otherwise "totally resisuant" *Markton' ocats when Smith and
Bressman (1931) cut back the plants at six to seven weeks
aftéf planting. Drought oonditions-produced the sanme effect
the following year. However, Woodword and Tingey (1941)

cut back barley plants at the boot stage and saw no effect
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“on smutting by U. hordei. Stevens {(1936) and Brandweln
(1937) could find no effect on yleld, height, date of
matﬁfity,:or amount of tilllering when they inoculated
several totally resistant oat cultivars with.g. koller} and

U. avense,

Griffith et al. (1955) observed'an effect on early

growth of both resistant and susceptible wheat cultivars.

. following inoculation with T. caries. The plants were

generally smaller'than the uninoculated contfols. The
difference soon disappeared in the resistant cultivar. They
;robserved'a few teliospores in tﬁé centre of seeds of some-
1ate tillers of plants of the resistant cultivar, however,
.so it. would appear that the fungus.was stlll present. even at’
maturity. Crepin gg_gl..(1937) also saw similar effects on:
plant growth in other resistant wheat cultlivars. U. gigéé~
' ;$180 caused distortion of seedlings developed from dehulled.
’éééd of both susceﬁtible'and resistant barley cultivars

according to Tisdale and Tapke (1924),

Little has been recorded coﬁcerning the effects of

‘ floral 1nfecting smuts on resistent cultivars of the host,. .
Tingey and. Tolman (1934) could find no correlation between:
percent of wheat stand (seedling survival) and loose smut
susceptlbility, indicating that if the mycelium were
present in non-smutted plants its effects were too small

to detect,
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An unusual typevof resistance involving an
apparent hybersensltlve reaction has been reported in
wheat against U, tritici by Oort (1947) and by Ohms and
Bever (1955), and in oats against both oat smuts by
Western (1936). Ohms and Bever observed that, because of
infected seeds end seedilngs, stands were reduced, Eesrlier
mentioned stéhd’reductlons-may have been caused by this |
form of resistance, with dehulling being a necessary pre-
requisite, however. With.fldral'infectors, dehulling was
not part of the inoculation procedure. Oort (1947) most.
fully described the hypersensitivity which he observed., It
resdltédvin death of either entirevplants_or-of culms,

Thus when heading occurred, a strong selection for healthy
plants or plant_parts~had taken place, Detalls ere lacking
in the case described by Western (1936). Death of entire
infected p;gntsjisinotrmentioned, but infected culms were

seen to dié;

Practically nothing 1s known about the bresence or
‘absence of U, hordel mycelium in inoculated plants of
highly resistant barley cultivars., No histologicai_studles=.
" of such matériallhave'been'made.» Faris (1924a) stated that
plénts which ﬁere infected with the fungus were not dis-
tlnguishableAfroﬁ healthy plants until near,hatuﬁt?!..
Johnston (1934) observed reduced emergence of Glabron, a

totally smut-free cultiver, when both hulled and dehulled
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" seeds:were_inocuiatéd. The dehulled seeds seemed to be more
severely‘afféctéd. Redgcéd stends were salso noted 1n two
resistant barleyaéultivars by Séhafer et al., (1962a). In
thils case; reduced emergence occurredzdnly when seeds were
dehulled and planted deéply;. it is possible that in this
and other'cases of stahd reduction reviewed, soll pathogens-
were involved, |
C. THE EFFECTS OF ENVIRONMENT:
ON BARLEY COVERED SHMUT

_Most of the published information on the effects of
~ enviionment pn!cereal-smuts'has:been reviewed by Tapke: -
(19#8). The purpose of this sectlon 1s not to give a com-
prehensiﬁe éicture of whatgispknown, but rather to present
informetion op_envlronmental effects which may relate to the
results of thfs thes1s.. As Batts an& Jeater (1958) state,
enﬁlronmentéi.effects on one specific smut disease cannot -
be generalized to include other smuts. One especlally cénnot-
ﬂ-apply ﬁhat 1s learned from floral-infecting~to seedling-
infecting smutS;“aﬁd'vice-ﬁersa. Here floral infectors will
_ notiﬁe-considéred and,fexcept for U. hordei, the seediing

infectors will be mentioned only briefly.

Faris (1924a) demonstrated that, for susceptible
genotypic comblnatibnsy uniformly high infection levels
'cduldvbe obtained in the-greenhouse over wide ranges of

 temperature, soll acidity and scil molsture, He concluded
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thét field and greenhouse conditions nearly always fall
~into the favorable rsnges of these variables. His method
of inoculefion.was to dust seeds with dry tellospores,
~Aamodt aﬁd Johnston (1935) determined that soll hetefogenelty
had little effect on level of smut in 138 barley cultivars,
Other studies indicate, however, that environment can be
important., Briggs (1927) was unable to obtain high smut
levels using the dry teliospore inoculatlon technlque
followed by-piantlng.in the field. Tapke (1938) clearly
-v_determined ﬁhat the post-emergence environment could be
;1mporﬁént. He germinaied seeds in the greenhouse and, at
”various'tiﬁes'after-germination, tfansferredvplanfs to the-
field. When seeds were dry dusfed with tellospores, the—
-7amount of smut was proportional to the length of time the
seeds remained in the:greenhouse. When, however, inncula=-
tion was»with an aqﬁeous suspension of tellospores (which-
was allowed to remain on the seeds for 24 hours before
drying), no varlatioﬁmin smutting occurred among the -
- different treatments, The study emphasized the importance
‘of inoculation technique on the degree of environmental
sensitivity ofklndculated seedlings. The effect of depth-.
of planting on smut level has been investigated by Taylor
" and Zehner (1931) and by Jones and Seif El-Nasr (1940).
‘They found that, in géneral, the deeper the seeds were

planted (up to 12 cm) the higher was the percent of plants
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or heads Smuﬁted. The relationship was not a llnear Qne,

so thst the most notable effect occurred at the deepest
plantings. Both groups found that of all the smuts they
studied, U. hordel was least affected by depth of planting.
Woodward and Tingey (1941) failled to find ény effect whatso-.

ever when plantings 1.5 and 3,0 inches deep were compered.

Perhaps the most extreme case of an environmental
effect on disease levels of covered smut of barley was
' reported by Ebba (1973).- He observed an interaction between
smut genotype!éﬁd'environment whenvidentical plantings were
made in British Columbia and.éalifornia. on ohe barley
cultivar a smut dikaryon which caused some smut in B.C, was-
avirulens'. lh'California, while another dikaryon,which caused.
a rather low level of smutting on.another cultivar in B.C.,
gave a much higher leveixin-Californla. It is impossible to
. 8ay whigh environmental components are responsible, From
thé{}arge number of other'hqst and paﬁhogen genotypes combined:
and1§ﬁud1ed at these two 1o¢ations, it would probably be safe
to say that this observation was exceptional, The oﬁly other
report of such an interaction concerned T, carles andfwheat.
| Beichert (1930)'found a situation almost identical to the one
described above, with the two locations belng Washlngton
State and Germany. It was of interest to note that, in each

case, the local bunt genotype was the more successful of

the two. Relichert also indicates that this interaction
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was, in his'éxperience, an exceptional situation,

That environment affects the degree of reaction
between barley and covered smut there can be no doubt,
Tapke (1952) subdivided the effects of the envlrohment
into three convenient intervals: (1) the period of inocu-
lation-=the methodbof artificial inoculation chosen being
important; (2) the pre-emergence environment, and (3) the
post-emergence environment., Schafer et al. (1962) and
Thomas (1965) summarize it in roughly the same way, not,
‘however, distingulshing between the pre- and post-emergence
environments. This is probably because not enough ﬁork has
been done'to indicate any qualitative difference between

them in terms of effects..

333 b
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PART I

THE EFFICIENCY OF PARTIAL-VACUUM INOCULATION
OF HANNCHEN BARLEY WITH USTILAGO HORDEI

A, INTRODUCTION

Aé stated in the introduction the smut disease,
when it 1s expressed in individual plants, may be shown
by one or more, and frequently by all, spikes of the
infected plant, With one of more dlseased spikes taken
as the criterlon for recognizing the presence.of disease
iﬁ 1nd1vidual pPlants, the highest disease levels usually
result in about 50 to 60.per cent of the plants showing the
disease, Although Thomas (1965) and Sidhu (1972) occa-
slonally observed disease levels as high as 80 to 85 per
cent, Ebba (1974), who worked with a range of smut genotypes
and barley cultivars interacting under W1de1y varied envlron—
mental cdndltions, did not report disease levels ﬁigher than

60 per cent,

For eny plant which shows at least one smutted spike
i1t 1s evident that the infection process has been success-
ful., A question arises concerhing those plants which,
following inoculation, show no external evidence of smutting,
. This cduld represent the extreme case in which, following
successful infection, none of the spikes became smutted,

It could also represent those cases in which infection had

not been accomplished,
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Thls study was; therefore, dlrected to the question
of vhether, in susceptible combinations, the fallure to
express the disease following inoculation was caused by the
fallure of.the infectlion process, perhaps because of an

inefficient inoculation technique, or to other causes, -

' The approach choéén‘to answer thls guestlion was qulte
simple. The standard method of inoculation has, in the past,
1nV6i§ed indcalum.made:up of sporidia of the two necessary

”mating-types;né: and a2, which were mixed and sheken together:
for et least 24 hours in liquid broth (Thomas 1965). MNore.
reéently, Ebba (personsl communicatlon) found that inoculum
which has been mixed and;allowed to stand for one or two days
is no more effective than inoculum which has been mixed Just
prior to_inoculétioﬁ;v From this, it mey be inferred that the
dikaryons,which ultimately result in infection and smutting,
can be formédAafter the seed has been inoculated; they need:
not_exist priof to the t1me of inoculation. It was thought
thét by:cérefully'adjusting the relatlive smounts of A and g
sporidia and observing the effect on level of'smuttihg, an
indiéation of the efficiency of the inoculation proce&ure~
would be obteined. Moreover, the 6est-ezpress$on of this.
efficiency would be in terms of an Yeffective number® of
sporidia, Th