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INTRODUCTION

Loose smubt of berley, Ustilago nuda {Jens.) Rostr, is an impor-

tant disease in many barley producing areas. The reduction in yield

is approximately equivalent to the percentage of smubt (18), In 1939
Craigie (3) esbtimated that the average incidence of loose and covered
gmub in Manitoba was 3 per cent. This indisated an annual loss of
1,466,000 bushels. Plant Dissases Committee Reperts (2) indicate that
loose smut infection in bariey has been increasing %o the exbent that

in 1950 i% alone averaged 3 per cent infection in Manibtoba., Individual
logses may be greabter as fislds showing 20 per cent loose smubt have been
reported (2).

While the percentage of infection generally is not high, the ten-
dency of the disease, once established, to increase year by year in-
creases Tthe seriousness of the problem. Centrol is difficult as loose
st is inbtraseminal and cannot be controlled by the surface sterilization
methods which are effective against surface borne smut spores. The
disease can be controlled by the hot water sesd treatment but this method
iz difficult to use and often seriously reduces the germination of the
scede

The breeding of resistant varielies offers ths best practical
means of control, Considerable work vowards this objective has been dons,
The reaction of a mumber of varieties to loose smubt has been reported
(16) and resistant varieties are available for use as parental material,

tilization of these sources of resistance would be facilitated by

knowledge of the mode of their inheritance and by knowledge of their




linkege relations.

Physiological specialization has been shown 0 ccour in the
pathggeﬁ; this complicates the plant breeding problem and makes ib
desirable to have knowledge of the occurrence end nabure of different
sources of resistance.

This shudy was undertaken in en effort o provide some infore
mation regarding inheritance and linkege relabions of resigtance
frow cerbain sources used in the University of Manitobs barley breed-

ing progreme
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REVIEW OF LITERATURE

Smith (19) presented a brief review of the work of & mumber of
investigators on the imheritance of reaction to loose smub,

Tapkse (21) distinguished Ustilago nigra from Ustilago nuda and

described the former. OFf these two he Ffound thab Ustilago nigra could

be conbrolled by surface sbterilization of the seede

Artificiel inoculation with Ustilago nuda which is s floral in-

feeoting smut consists of placing the chlamydospores into the florets of
the host at flowering btime. Various techniques have been ussd to accom-
plish this purpose and the relabive efficiency of the different inocu-
lation methods has been tesbted,

Schands and Scheller (15) reviewed thoroughly the methods which
had been used in making artificial inoeulaticns with loose smubt and re-
tested the more promising of thess methods. They described a method
whereby dry spores were "puffed" from a small rubbsr bulb, through a
hypodermic needls, to the stigme after the lemma was pierced, Poehlman
(10} used a hypodermic needle in a'similar manner except that an aqueocus
suspension of spores was used. Moore (7} desoribed a vacuum method
whereby a spore suspension is forced into the florets by a sudden re-
leage of air into a partial vecuum formed above the suspension covering
the spike. Ross et al (14) compared these three methods and found that
injection of an aqueous suspension of chlamydosporss was most effective¢
Under the comparatively dry conditions in Alberta, dry spores produced
lowsyr percentages of infection than had been obbained st Wisconsin (17).

Later Cherewick and Popp (1) modified Moore's partial vacuum
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method and succeeded in increasing the speed of inoeulation es well os
raising The percenbtage of infection,

Generally, in crosses bebween resistant and suscepbible varieties,
resistance appears tec be due to a single dominant or incompletely dominant
gene. However, modifying genes have been postulated 4o sccount for the
lack of clear cut segregations (6}° It is also possible that these ro-
sults were due bo a lack of efficiency in ﬁha inoculetion methods that
were avallable to early genetic investigators,

Zeiner (22} studied 8 crosses bebtween barley varieties showing

various degrees of resisbtance and susceptibility to Ustilage nude.

Although the evidence was not conclusive, resisbance appeared to be
dominant and conbrolled by a single factor. When two susceptible Tar-
ietles were crossed there was no evidence of transgressive segregation
boward greater resistance.

Nahmmacher (8} confirmed many of Zeiner's results; +the uncer-
tainty of the infection method, however, made it difficult to obtain an
seccurate analysis of the factors governing the reacticn of the Fz pro-
geniese

Livingstone (6) found evidence for the presence of a single

donminant factor for resistance in Hordeum deficiens and the Hordeum

vulgare veriely Trebi. No evidence of asscciation between the gemes

for resistance and those for hoods and kernrel row number was found,
Schands (15) reported s close linkage between the genss for the

stem rust resistance of Chevron and the loose smut resistence of Trebi.

Schaller (17) showed that Trebi, Jet, Dorset snd selection




a5-=

X175=-10-5~6-~1 each possessed a single gene which conferred its own
po & & : -

degree of resistancse The genes in Trebi aund Jebt gave the highest de-

grae of resistance and were dominant in effech.

Transgressive segregation obtained in the cross bebween Trebi and

Jet suggesbted that these genes were independently inherited. The Dorset

gene and the weak gene in selection X173-10-6-6-1 were also independent.

Linkage between the Dorset and Jeb genes was suggested.

The following morphologiéal characters which are located on the

linkege groups indicated were sbudied

es

Character

non-8=rowed vs. 6-rowsd spike

lask vs. white lemma and pericarp
hulled vs. naked caryopsis
awns vs. hoods ‘

rough vs. smooth awns

long vs. short haired rachilla
normal seedling color vs. xantha

No evidence of associabtion between the genes

Linkage Group

I
II
II1
Iv
v
v
VII

conditioning any of these

characbers and the genes for st resistance was found.
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MATERIALS AND METHODS

Varisties

The resisbant varieties studied are being ubtilized for smut‘resis~
tance in the barley breeding program at the University of Manitoba., Titan
(C.I. 7055) has been used for s number of years; dJet (C.I. 967) and Valkie
(¢C.I. 5748) were obtainedufrcm the Canadian Aceession Bureau at the time
this investigation was initiated. Montealm, the sﬁsceptible variety, has
besn used as a source of yield and malting quality characteristics.

Information regarding the reaction of these varieties to physio-

logical races of Ustilago nuda was supplied by Cherewick (1%),

& Unpublished data by W. J. Gherewick,

Laboratory of Plant Pathology, Winnipeg, Manitoba,

Montealm originated from the cross_(Michigan 31604 x Common Six-
Rowed 4307 M. C.) x Mandscheuri 1807 M. C. 1t ig resistant to several
collections of loose smut bubt is highly susceptible to the omne used in this
experiment,

Jet is a two-rowed, black, hulless barley of Abyssinian origin, It
appears to be highly resistant Yo all the existing races ofvloose smub
since none has been observed on it in either inoculated or uninoculated
material (17}

Titan originated from the cross Trebi x»Glabrong It is susceptible
to some collectiong of smub but immune to the smut used in this experi-

ment (loce cite ).
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Valkie is a yellow aleurone, two-row barley. It is resistant to
& number of collections of smut including the one used in this study

(100, eibe)e

Hybrid Populations

Hybrid populations were obbained from the following crosses which
were made during the summer 18503

Montealm x Jet
Jet x Monbteoalm

Montealm x Tiban
Titen x Montealm

Valkieo x Montealm
Monbealm x Valkie

Valkie x Titan
Tiban x Valkie

Two generations of plants from these crosses wers grown in the
greenhouse during the winter 1980-1951, All the material that was to bs
inceulated was planted‘in January‘lQS;st thatkthekparental varieties,

F, and Fy of each cross could be grown and inoculated under similar con=
ditionse Due to unfavorable circumstances some of the F, plants did not
reach maturity and therefore the population of these was not extensive,

The hybrid material was tested for reaction to the smut in the Fy
and Fg ganeraticnss Since genetieally susceptible»plants may escape ine
fection, classification of Fp plants was baged on the percentage of smub-

bed plents in Fz progeny rows. This was done to minimize bthe effect of

escapes on the ratio of resisbant to susceptible in Fo. The Fp dabta wers

used to provide an estimate of the percentage of smut expected on segre-
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gating Fz lines. When two parents differ by a single factor pair, the
segregating Fz lines and the T Fo populations are genetically alike hence
the percentage of smut in the Fo population should be approximately

equivalent to the perceubage in the segregating Fz lines.

Inoculation Procedure

During flowering, epproximately 60 Fgy plants from each of ‘the
reciprocal crosses were taken at random fov inoculation. 4n atbempt was
nmade to inoculate a sufficient number of heads te preduce a minimum of
30 inoculated seeds from each plant. About 20 heads frqm.eacﬁ perental
variety and the available heads of Fy plants were incculated during the
same periocd of time.

The originel iroculum was provided by W. Je. Cherewick of the

<

Dominicn laboratory of Plant Pathologye. IV was originally obtained from

Nepanee, Ontaric, snd was designated as collection 45-30, of Ustilago

£

muda. Several heads from Monbealm plants grown in the d in 1950 were
inoculated with it. Approximstely 20 progenies from each of 10 of these

heads were grown during the winber 1951. A4s it has been suggesbed that

1 °

iffer within a smub collection, the incculum which was

h}.

virulence may d
used throughout this study was baken from the progeny of the Jincculated
head that produced the highest percentage of infected plants. Freshxy
collected inoculum wes used and spore germination was tested repeatedly.
The needle mebthod was used for meking inoculations. A hypodermic

needle was inserted through the lemme of each individual fleret and an

aqueous spore suspension was injected into the florets.




¥Mature Plant Exeminaition

For various reasons the Fz progeny rows consisted of fewer plants

ct
Fy
I
i~
o

s desirable for genetic amalysis. Tillering which wes nob profuse
under greenhouse conditions, partial sterility especially in the inocu-

lated heads and dormency in e portion of the seed which was planted in

the field combined to reduce the number of plants in the Fgz progeny
liness

Nevertheless all the incculeted material was grown and used for

collecting dete. This course was followed because elimination of the

short lines would tend to iutroduce a biss into the relic for kernel row

number by elimination of Z-rowed segregates.

o

11 the inocculeted meterial was grown in the field during the

tlo

surmmer of 1951. Before planting, all the seed was treated with Ceresan
to minimize the possibility of infection with false loose or covered
smut and to give protection against rooct rol orgenisms. The incculsted

seed from individuel Fy, plants was grown in seperate rows; and when un-

inoculeted seed was available, corresponding rows were grown from it so
- S g , ,

that the segregation of morphologicael cheracters could be observed in

Fzo The inoculated seed from the Fy plants and from the parental
varieties was grown in headrows.

After the plants had grown te maturity they were pulled to deter=
2 & : A ¥ E

mine the number of smutlted and non-smutted plants in each line., A plant
having even a single smutbted tiller was regarded as susceptible. The per-
centage of smutbed plants in each row was calculsbed from the tobals

obtained.
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ALssocistion of Charachers

The parents of two of the crosses involving resisbance and suse
ceptibility to loose smut differed in several morphological charascters
known to be simply inherited. The variety Jet has s black lemme and
pericarp, 2-rowed spike and short glume awns. In conbrest, Montcalm has
a white lemmea, 6-rowed spike and long glume awns. Valkie differs from
fontealm in having a 2-rowed spike, yellow aleurone and short glume awnse

These characters were observed in Fp populations grown from un-
inoeulated seed, Daba were collected by debermining the phenobype, and
where possible the geunotype, of individual Fo plants which were inocu-
leted. Gencbype for aleurcue color could be obbained in Fs since aleurons
color is an endosperm character; similavly awn pointed labterals served to
distinguish plants heterozygous for the facbor conditioning kernel row
number. A&ll Fg determinations except those for aleurone colcr were check-
ed agaln in the Fz lines grown from the individual F, plants.

The data collected were used in an attempt to verify the reported
mode of inheritance of these characters in the variebties studied; the
relaticnship of the genes conditioning these characters to easch other and
to the genes for resistance and susceptibility to loose smut. For this
purpose bests of goodness of it and independence were made by means of
the chi squares A probability wvalue greater than .05 was regarded as

indicating a satisfactory fite.
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RESULTS AND DISCUSSION

Inheritence of Resistance to Loose Smubt in the Cross Jet x Monbteslm

The distribution of loose smut infection by percentage classes
for the parental rows and Fq and Fg progenies is shown in Table I and
is illustrated‘graphieally in Figurs I. The date from the reciprocals
of this eross were combined as shown in Table I since their disgtri-
butions mre essentially alike.

TABLE I  Distribution of Loose Smut Infection by Percenbage Clagses for
the Parentel Rows and Fgz and F3 Progenies of the Cross
Jot x Monbealm

Class mark of per cent infection classes Total
: no. of
Parent or Cross C b 18 25 35 45 55 65 795 85 95 lines
Montealnm 1 3 7 ‘ 2 4 3 20
Jet 18 18
Jet x Montealm Fy 3 2 8 7 1 2l
Jet x Monbealm F; 41 7 22 23 14 2 3 6 7 9 5 139

The progeny of the 18 inoculated heads of Jet which contained 231
plants showed no smut. This substantiated previous observetions since no
loose smut has been cbserved on Jet here or at Wisconsin (17). Therefore
Jet is régarﬁed as immune to the race of smut use&‘in this investigation.

The progeny of the 20 incculated heads of Montealm consisting of a

total of 345 plants showed en average of 72.2 per cemt smut. This percent-
age of infection showed that Montealm is susceptible to collection 45-30
of loose smut. The range of infection in the individusl rows which was
‘from B0 to 93 per cent showed thaet inoculations had beern cerried out with

& resgonable degree of efficiency.
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When e single dominant gens is responsible for resistance %‘of
the F, plants of a cross between resiétanﬁ and susceptible varieties
are expected to be genetically susceptible. The aversge percentage of
stutted plents in plants grown from artificially incculated seed of the
suscepbible parent was 72.2. Assuming the same degree of infection‘in
the Fy plants, 18 per cent (72.2 x %) of them would be expected to show
smut,v Inoculated seed from 21 F; plents was grown and 74 of the 338 Fo
plants obtained or 18.1 per cent were smubled. The actual percentage
of smubted plants obtained in Fy, closely approsches the expecteds

The distribution of F lines on a percentage infection basis is
shown in Table I and Figure I. On the assumption that lines showing no
smgt are homozygous for the resistance of Jst and those that shOW'ény
degree of smut possess some suscepbibility, these lines may be divided
inbo two groups; 41 resistant and 98 susceptible. The chi square value
1.4988 with a probability velue between 30 and 20 indicates reasonable
agreement to a 3:1 ratic.

Since no Montealm rows (Figure I) showed less than 40 per ecent
smut and no Fp lines contained more than 40 per cenﬁ, the Fz lines were
divided at that point into three classes representing the resistant,
segregating and susceptible lines which are expecbed if smut resistance
is simply inherited. The numbers in each class respectively are then;
41:66:32,

If inheritance of reaction to smut is due to a single factor,
the percentage of smubt in the segregating Fg lines is expected to be

approximately equal to the percemtage in the Foo Actually the Fo
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o
2
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showed, an average of 19.1 per cent smut while the 66 Fg limes classifie

&

as segregating showed £1.3 percent.
Two more compariscns between thecretically expected and achbual

numbers are made possible by the division of the Fz lines inbo three

classes, The results of the chi square tests for goodness of Fit of mode
of irheritance of reaction to smub are summarized in Table II.
TABLE IT A& Swmmery of Chi Sguare Tests for Mode of Inheritance
of Reaction to Smub in the Cross Jet x Montealm
Character and Cross Assumption X2 P
Jet x Montealm (n=139}
suste & seg. Vs. res. lines Bl 14988 30=,20
res. & sege. vS. susc., lines 3:1 + 2902 0 70~,50
r&é8.¢ S€Ze: susc. lines le2:1 8324 «90-,80

&s all the probability velues (Table I1) are in excellent agree=

ment with a single facbor hypothesis, the evidence inmdicates that the

resistance of Jet to collection 45-3C of Ustilage nude is conditioned by
a single gens.

#hile no Fy plants were grown from inoculeted seed, the low per-
centage of infection in Fg and the lérge‘ldw infection class in Fz indi-

cabe that The gene is Jominant in effect,

Inheritance of Resisbance to Loose Smut in the Cross Tibtan x Mentealm

The distribubtion of loose smubt infection by percentage clesses

Hy

or the parental rows and Fz progenies is shown in Table III, Due %o
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the similarity of the distributions, the dabta from both reciprocals of
the cross were combined. Only a limited amount of informabion regarde
ing the smub infection of the Fy of this cross iz available since mosh

of the Fy plants grown for inoculabtion failed %o rsach maturity. However

n

§ plants were obtained from inceulated F, seed; 8.3 per ceub of these

o]

lants showed smut in FZQ

IABLE IIT  Distribubion of Loose Smut Infection by Percentage Classes

Tor the Parenbal Rows and Fz Progenies of the Cross

Titan x Monteslnm

Class mark of per cenbt infection classes Total
no. of
Parent or Cross 0 S5 15 26 35 45 55 65 75 85 95 lines
Montbteslm 1 3 Vi 2 4 3 20
Titan 13 18
Titan x Montealn Fy 75 27 6 1 5 6 12 7 @ 148

The progeny of the 18 incculabed heads of Tiban showed noc smub.

This agrees with results obtained by Cherewick (loc. cit.) and shows thab

Titen is immune to collection 45-30 of Usbilage nuda.

The progeny of the 20 inoculated heads of Monbealm previcusly men-
tioned were used again to represent the distribubion of smutied plants in

the susceptivle parental varisty.

As shown in Table III the absence of any Fz lines in the 30 to 50
per cent infection classes divides the progenies into two groups, approxi-
mating a 3:1 ratio. Such a retio would be expected if resistance is con-

ditioned by a single factor. When classified in this maenner there are
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109 resisbant and segregating lines and 39 suscepbible lines. Goodness

of £it %o a 3:1 ratio was tesbed by means of the chi sguare. 4 chi

2 8.8 ~

square value of 1441 with a probability of .80-.70 was obbained. This
indicates satisfacbory it to a single factor rabio,

Examination of the distribubion of Fz lines in Table III and
Figure II suows a preponderancé of lines without any smut, The low per-
centage of infection in Fp suggests that a larger number of plants then
was available in some of the Fg lines would be required bto distinguish
segregating lines from resistant ones.

In this eross Titan x Monbealm, qnly 8.2 per cent of suut was ob=-
tained in Fo and 6,3 in Fgz lines That could be classified as segregating.
The percentages of smubt in Fy, and in the segregating Fz lines are
approximately equal as is expectsed when resisbance is conditioned by =
single gene. However the percentage is considerably lower thaﬁ the 18
per cent which is expected when reaction to smubt is conditioned by a
single dominant gene.

Two hypothesis have been advanced %o account for similar low per-
cenbages of infecﬁion in the progeny of inoculated plants which were
heterozygous for resistance. A higher morbality rate in smut infeched
seeds and seedlings than in uninfscbed ones would bend to decrease the
percentagskef smut‘in segregating lines, Schaller (17) found some
evidence indicabing that a higher death rate‘occurs iﬁ’infected ssed-
lings. Increased mortalily sometimes does ccour as a very high rate of
mortality has been observed in infected seedlings of Titan inoculated

with a cerbain collection of looss smubt (loc. cite)e It is also
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possible that resistant maternal tissue surrounding the embrys in plants
heterozygous for resisbance, in some way hinders infecbion of the eumbryo
in hybrids inveliving Titen.

Both of these hypothesis were advanced by Schaller (17) in the
study of the smut reaction of hybrids from crosses involving Trebi.
Trebi is ome of the parents of Titan and it has been suggested that Titan
has derived a gene for smubt resistance from Trebi (16). vathis is the
case, hybrids inv@lving each of Tivan and Trebi can be expeched to show

similaribty in reaction to loose smutb.

Inheritance of Resisbance to Loose Smut in the Cross Valkie x Montealm

The dist?ibution of loose smubt infecﬁion by percenbtage classes for
the parenbal rows and Fz progenies is shown in Table IV and in Figure III.
The data from both reciprocals of this cross were combined since the dis-
tributions were similar. While most of the F; plants intended for incch
lation failed to reach maturity, the progeny of one inoculated plant
showed 7 per cent smub; this line consisted of 1 smutted and 13 non-

smutted plants.

TABLE IV  Digbribution of Loose Smut Infection by Percentage Clagses
for the Parental Rows and Fz Progenies of the Cross

Valkie x Montecalm

Class mark of per cent infechtion classes Tobtal
Parent or Cross 0 b5 15 26 35 45 55 65 75 85 @8 ?géezf
Monbealm 1 3 T 2 4 3 20
Valkie 10 ; 1 1i

Montealm x Valkie Fgz 60 24 19 4 3 2 7T 9 7T 14 149




Evidence cbbained by Cherswick CERS&.E&&:) indicated that Valkis
was immune %o the collection of smut used in this experiment, However
the progeny of 11 inoculated heads of Valkie which were grown in separate
rows produced 10 rows which showed no smub while all the plants in the
eleventh row were smutted. Thus while the majority of Valkie plants are

resistant to smut, susseptible plants do ccour within the variety.

A cross between a suscepbible Valkie plant and Montealm would be
ezpected to produce susceptible progeny only. One such susceptibie group,
consisting of four Fg lines descended from s simgle crossed seed, was
found. As it is highly improbable [ (1/4) or 00039] that these lines re-
sulted from a cross with a resistant Valkis plapt, these lines wers elimi-
nated from the date used in this sbudy.

The distribution of Fy lines (Table IV) shows a break between the
40 and 50 per cent infection classes; this break divides the progenies
into two groups, approximately in a 3:1 ratio. Such a ratio is expected
if resistance is conditioned by a single gene. Ae%ually there ars 110 Fgz

lines That may be resisbant or segregating and 39 susceptible lines. A

comparison of actual and expected numbers in these groups gave a chi

square value of ,1096 with a probability of .80-.70. This indicates
agreement with a single factor hypothesis,

Exemination of the distribution of Fg iines in Table IV shows an

excess of apparently resisbant lines. 4s the Fy showed e low percentage
of infection a larger number of plants than were availsble in some of the
Fz lines would bs required to distinguish segregabing lines from resis-

tant onese
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Those lines which could be classified as ssgregating showed an

£

average of 1l.1 per cent of smubtbed plants. This may be a bebter esti-
mabe of the smount of smub expeg%ed in Fo Than the 7 per cent obtained
as the Fy population was quite small. Although not as pronounced as in
the cross between Titan and Monbealm, the tendency toward a low percenb-
age of smut in lines segregating for resistance is svident here. The
same hypobtheses that were advanced to ascount for the low percentage of

infection in the segregating lines of the Titan oross are again suggest-

ed to scoount for these results,

Inheritance of Resistance to Lgoss Smubt in the Cross Valkie x Titan

The distribubtion of looses smut infecﬁion’of the parental raws‘and
Fz progeniss of the cross Valkie x Titan is shown in Table V. Ex&min»
ation of this table shows that mest of the susceptible plants ocourring

in the cross are the progeny ¢f & single F

3 plant., The progeny of this
plant comsisted of nine Fz lines which are disbributed in & mamner
which suggests segregation for a singlg factcrabw&s’ituseems prcbableh
thaﬁ this progeny resulted‘from%a cross with e susceptible Valkie plant
these lines were eliminated from the date as.shown in Table V.
Exemination of the data (Table V) from the remsining 102 Fz lines

o o k)

of both reciprocals of the oross ghows that there are no lines which

o

gan be classified as suscepbible, 3 that mev be considered ssgregabtin
L s ) =R~

and 99 that eppear to be resistant. Such a distribution would be ex-

9

pected if the genes conditioning resistance in each of Valkie and

Titan ave closely linked.
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TABLE V. Distribubtion of Locse Smut Infection by Percentage Classes
for the Parental Rows and Fz Progenies of the Cross
Valkie x Titan

Class mark of per cent infection classes Total
’ no. of

Parent or Cross 0 » 6 16 25 35 45 55 65 75 &5 95 lines
Titan 18 18
Valkie 10 1 i1
Valkie x Titan Fg 22 2 1 102

(excluding the

progeny of Fj

plant no., 1)
Valkie x Titen Fg 3 1 1 1 é 9

(progeny of Fy
plant no. 1)

Two other explanations could concelvably account for the low per-
centages of smut found in the three Fy lines. Chance infection from
naturally occurring loose smut and impurity in the smut coellection which
was used could have produced these resultse It is unlikely that either
of these possibilities cccurred. If loose smut which could infect Titan
or Valkie was present either in the greenhouse or as an impurity in the
ingculum the perental vearieties should have shown e low percentage of
smut infection. Bub as these possibilities cannot be eliminated, the
gene oénditioning resistance to collection 45-30 of loose smut in Titan

and the one in Valkie may be alleles, but probably are located on close~

1y linked loci.

Assccistion of Characters

The results of the chi square tests on Fy data are summarized in




Table VI. Independence tests based on Fo daba generally confirmed the

(¥

Fo results,.

With one excepbion, the segregation of morphological characters
fit monohybrid ratics; +his agrees with published results (12,13). In
the cross Valkie x Montealm the segregation of nan~6~rqwed and S-rowed
spikes did not fit a 3:1 rabic dus to an excess of 6-rowed segregates.
While no selection was practiced in taking plants for inceculation, the
use of a plant was necessafily‘subject to the condition that it produce
sufficient seed for Fz tests. This would tend to favour the E-rowed
types. Since there was no evidence for associabion between the genes
conditioning smut reaction and kernel row number (Tabie Vi) the differ-
ential selection of 6-rowed types would not affeet the analysis of the
genes conditioning resistance and susceptibility to smube

hssociation tests bebtween all but two of the morphological
characters studied gave evidence of complebely independent inheritance,
In the cross Jet x Montealm, the ohi square for independence between
glume color and kernel row numbe r gave a probability wvalue just exzceed-
ing the & per cent lewvel (Tabie VI}@ Caution should probably be used
in inverpreting this apparently significant deviation from independence
since the characters involved fitled a 9:3:3:51 ravtio. In any case
earlier investigators (12,13 ) showed that the genes conditioning glume
color and kernel row number are located on different linkege groupse

The kernel row number and glume awn length characteristics were
not expected to show independent inheritance since linkege between the

genes conditioning glume awn length and kernel row number has been
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T4BLE VI 4 Summary of Chi Square Teshs

Y

r Mods of Inhsritance and

hi
Relationship of Characters in the Crosses Tndieated

Characters and Crosses Assumption Xz r
Jetx Montealm (n=139)
2-rowed vs. B-rowed (V,v) 3:1 8930  ,50-.30
long vs. short glume awns 3:1 2,6115 «20-,10
black vs. white glumes (B,b) 3:1 02902  ,70-.50
res. & seg. vs. smut sus., lines (Un,un) 3:1 .2802 0 70-50
giume ecolor, smut reaction 9:3:3:1 1.1631 8070
Iadependence  ,8108  ,80-.80
glume awn length, smut reachion 9:3:3:1 6.2789 «10-,05
' Independence 3.1868  ,10-,05
kernel row number, smut reachion 9:3:3:1 1.8537 o T0=,50
Independence 1872 «50-,30
glume awn length, glume color 9:5:3351 3.1327  ,50-.30
Independence «1837  .70-,50
kernel row number, glume color 9:3:3:1 5.,8720 +20~,10
Independence 5,0714  ,05-,02
kernel row number, glume awn length 9:3:3:1 3.,9768 «30=-,20
Independence  .7112  .50-.30
Valkie X Montealm (n=149)
2~rowed vs. 6-rowed (V,v) 321 4.,1365  .05-,02
long vs. short glume awns 321 1.6309  .30-.20
res. & seg. vs., smut sus. lines (Un,un) 3:1 «1086 «80-,70
glume awn length, smut reaction Q:3:3:1 9.6818 < .01
Independence 7.0880 < .01
kernel row number, smut reaction D:3:3¢1 6.6889 «10-.05
Independenece 1.5398 030=,20
kernel row number, glume awn length 9:3:3:1 7.8620  ,05-,02
Tndependence 1.1791 030-,20
(n=134) B
blue vs. yellow aleurone (Bl,bl) 3:1 20100 ,95-,90
aleurone color, smut reaction 9:3:331 1.9802 « 70=¢50
Tndependence 1.5474 «30-,20
aleurone color, glume awn length 9:3:3:1 2,2736  ,50-,30
‘ Independencs 0301 »90-,80
aleurcne cclor, kernel row numbey 9:3:3:1 2.5093 .80-,30
Independence 4754 50-,30
Titanx Montealm (n=148)
res. & s9g. vs. smut sus. lines (Un,un) 3:1 .1441

080". 70
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reporbed. Swenson and Wells (20} studied awnless versus awned ocuber
glumes and found the genes for awnedness and kernel row number linked
with the recombination value, 30.0%¥1.1. Robertson et al (11) studied
fully awned outer glumes {awns coarse and long similar o the awns ordi-
narily found on the lemma)} versus short cuber glumes. Short awned glumes
appeared So be dominant over the long ones since the genotype of the long
awned variety was desigrneted ee while that of the short one was written
EE, TImmer and Henderson (5} studied glume cheracteristic and obbained
similar resulis,

The glume cherecteristics described by these investigaters differ
from the glume awn characteristics of the varisties used in this study.
In sach of Jet and Valkie the ratio of glume awn length to glume length
is approximately 1:l while in Montealm the ratio is slightly more than 2:l.
Furthermore the F; plants showed the long type of glume awn suggesbing
that the long type is dominant,

The glume length characterié%ics involved in the cross studied by
Aﬁeatby (9) appear to be quite similar to the ones used in this sbudy.
His interpretation indicated that glume length was ccndi%icned'by two
factors one of which was linked with the factor for naked seed, However
ezamination of his data showed that it could be explained almost as well
by a single factor hypothesis involving linkege with the factor for
naked seed.

The chi square values shown in Teble VI indicate complete inde-

pendence between the gencs conditioning smut reaction and those for each

of the Three characters; kernel row number, lemmsa color and alsurcne
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color. In the cross Valkie x Montealm, a probability value less than
.01 suggests associabion between glume awn lengbh and smut reaction.

Linkage intensity was calculated by Imner's method (4,5) fr&m Fo and

Fz data and the reeom‘éina‘sion values obtained are respectively,

32.3%7,0 and 36.0%1.4.

s \
ce D
LLIER ARy
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SUMMARY AND CONCLUSIONS

The inheritance of reaétiankto collection 45-30 of lcose smut was
studied in hybrid populations derived from the three crosses betwaenaeaeh
of the resistant varieties Jet, Titan and Valkie and the susceptible var-
iety Montealm. A4 cross between two of the resistent varicties Valkie and
Titan was also included in the study.

The evidence which was obbtained indicated that the loose smut re-
sistance of Jet was conditioned by a single dominant gene. In crosses
with Montealm, the resistance of each of Titan and Valkie alsc appeared
to be due to a single dominant geme. The small amount of transgressive
segregation obbained in the progeny of the cross of’the two resistant var-
ieties, Va}kie and Titan, suggested thet the gemes for smut resistance in
these two varieties are closely linked.

The segregeation of four morphological characters was studied in the
Fo and Fg generations of the hybrid populations. Each of the characters,
kernel row number, lewmms celor, aleurcne color and glume awn length appear-
ed to be conditioned by a single gene. Association tests did not indicate
linkage between the genes conditioning any of these,characters.

Asscciation hests indicéted complete independence bebween thevgenes
eondiﬁigniﬁg smub reaQticn and those for each of the charactérs; kernel
row number, lemme color and aleurcne color. Independence tests suggested
linkege bebween glume awm length and reaction to‘gmut in the Valkie x
Montealm cross. A recombination value of»365011.4 was obtained when link-

age intensity was calculated from Fy data.
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