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ABSTRACT

This ínvest'igatÌon was concerned with hostepâr-aSíte relations

in the root*rotting phase of H" satívum on barley" The relative

vírulence of thírteen isolates of H. satívum obtaíned from the Canada

Department of Agrí cui ture, Research Stêti on, Wi nnì peg was eval uated.

The isolates showed a range from highly virulent to completely avirulentg

isolate !i4 was the most vírulent of the group,

Two dÍfferent types of ínocu1um, the cornmeal and the powderu

or dríed, inoculum were tested. The cornmeal inoculum gave consÍstent

nesults wÌthin an experiment, but inconsistent results between experiments.

It was the most satisfactory method available for testing sma1l numbers

of yarieties" However, it was too laborious and tine*consuming to permit

testjng large numbers simultaneously, Powder inocuium, on the other

hand, uJas easy to prepare and appf icable in a large experiment but the

procedure requires improvement and standardization to reduce the chance

of escape. The varieties Anoidium, Husky, Parkland and 0i1i were inoculated

at temperatures of J4*i6oF", 72*74of.e 8O-82oF"e 86*B8oF, to determine the

relative pathogenícity of the two Ísolates, 514 from Manítoba and 680 from

0ttawa, at the various temperatures" The resuits indicated that there h,as

no obvíous varìatíon ín either the pathogenicíty or the reiatìve virulence of

the two isolates due to temperature, Powder inoculum of the 514 Ísolate was used

to screen approxímately 6200 entries for resístance to root*rot caused by

H. sativum" A group of 100 entries ciassífied as resistant by the screeníng



teste urere retested jn cornmeal inoculum, along with 1O check varíetíes,
usìng the two jsolates 5i4 and 680. The results índicated that only

seven entries demonstrated resístance to both isolates with reasonable

consistency" Theír C" I. numbers are as fol lowss 2550s g873, 10241,

8969'- 1343s 5435, 23s5" The highly virulent isolate 514 was crossed

to the avirulent jsolate 499 to determíne the segregation of matÍng

type, growth and virulence. The resuits showed monogeníc segregatíon

for mating typee and indícated segregation of two gene pairs for growth

rate" The genetíc segregatíon for vírulence coufd not be clearly
defined' Duríng the course of this investigatíon ít was shown that
H. sativum produces a toxin whích ínhibits growth ín !y'þíum arístosporum

Vanterpool.



T NTRODUCTI ON

Helminthosporjum sat'ívum P. K. and 8", the conidjal stage of

Cochl íobolus sativus (Ito and Kuribayashi) Drechsl,, produces seedl ing

blight, foot and root-rot, head blight and leaf spot of cereals and

grasses (4r 5u 8u 9), These various phases of the disease are responsibie

for a steady annual loss in crop yield. During the years 1921-22, Hayes,

Stakman, Grjffee and Christensen (12) conducted studjes in Minnesota to

determine the injury caused by H. satjvum. It was found that susceptible

smooth - awned barley varietjes in artifjcjaliv induced epjdemic

conditions, had average yields of 42 bushels per acree while resistant

varieties of the same type yielded an average of 54 bushe'ls per acre,

Durìng 1930-1941 a survey was conducted by Machacek (20) in Manitoba

to estjmate the reduction in y.Íeld in wheat due to root-rot caused by

H. sat'ívum. It was found that during this period, no wheat field in

the province uras absolutely free from the disease" The average

percentage of diseased plants and the average reduction in yield for

the three years 1939t 1940, and 1941 was estimated at 38.3 percent and

12.1 percent respectively. In 1954, Wood et a1. (ZB) reported that the

commercjal varíetfes, Kíndred, Mars and Barbless, origínal 1y resistant

to H. setjvum, became susceptible, and i n 1953 reduction of the potential

yíeld in Kindred amounted to 50 percent jn some areas

The pathogen is either seed or soil borne but

saprophyte, and, under dry conditions at 1east, soil

seem to be limited to dormant conidia and infested pl

133 22). The breeding of resistant varietjes offers

is not a soii

invasion would

ant debris (4r 5,

the best practical
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means of controlling thjs pathogen (10, 12), Attempts to find res'istant

material were conducted by varjous investigators (1, 2, 10, 12, 16, 17 - 28).

It was found by Arny (1r 2) that the djfference between susceptibility

and resjstance to spot blotch in barley seedlìngs apPeared to be due to

a single factor pair with susceptib'ility dominant, whereas the studies

of Hayes et al, (12) indicated that more than one genetic factor pair

was invoived. Loiselie (17) reported on two genes involved in the

resistance of Br 3962J+ toward root-rot caused by H" sativum, Recently

a thorough test for resistance to I. sativum was conducted by Hamilton

et a1. (i0) and Loiselle (i6)" These invest'igators foilowed the method

of inoculation estab'ljshed by Ludwig et al. (18) and reported severai varieties

resistant to isolates Þrevalent in the 0ttawa area.

The work reÞorted i n thi s thes'is was concerned wi th three ma'in

objectives:

I. To estabiish methods and conditions appropriate for testÍng

a large number of barley entrjes for resistance to seedi ing

root-rot caused by H. sativum.

TÏ"

ÏTÏ.

To find new sources of resistance to a highiy pathogenic

strain of H" sativum occurring in western Canada, wh.ich might

be usefui in a piant breeding programme"

To obtain jnformation concerning the inheritance of patho-

genÍcity, rate of growth and mating type of a highly patho-

geni c strai n of H. sati vum i soi ated i n Mani toba.
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REVÏzu OF LITFRATURE

Severai names have been given

dífferent ínvestígators at different

pathogen is as follows:

Cochliobolus sativus (Ito and

to Heiminthosporíum sativum by

tímes. The synonymy of this

Kurib") Drechsl" Perfect stage

(Ophiobalus sativus Ito and Kuríb").

Helminthosporium satÍvum, Pam. Kíng and Bakke. Conídia1 stage.

(Helminthosporíum acrothecÌoídes, Líndf . )

(Helmínthosporium ínconspícuum Peck)

(He1mi nthospo¡ium sorokinianum Sacc, )

In 1910 Pammel, King and Bakke, described Heiminthosporium sativum as

a neu/ pathogen on barley (9), Prevíously Sorokin, in Russía, descríbed

a new [e1ml$¡ospgllum disease on heads of wheat and rye; Saccardo iísts

pathogen as Helmjnl¡::pgrium sorokínianum Sacc" Luttreil, as reported

by Dickson (9) examined the Saccardo type*specimens of H. sorokínianum

and H. satjvum and reported their synonomy.

Tto and Kuribayashí in 1929, as reported by Tinlíne (24),

described an ascígerous fungus obtained ín a culture as the perfect stage

of H" sativum under the bínomíal 0phiobolus satívum. He also reported

that Drechsler, jn 1934g erected the new genus Cochlíobolus to include

the heiícoíd ascigerous specíes, wíth conídia belonging to Helminthosporíum,

that had prevíously been referred to the genus OphÍobo1us.

Ti nl i ne (24)

of the fungus, and

produced the perfect stage by

studÍed the complete life cycle

matíng compatíb1e 1 ínes

in culture. He used
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the binomial Cochl iobolus sativus (Ito and Kuribayashi ) Drechsl., and

confírmed the descriptíon given by Kuríbayashí in 1929 (figs " 1*7)"

Tín1ine, (24) in his study of the perfect stage of H" sativum

establíshed a method for the induction of perithec'ial development in

iaboratory cultures, and reported that ísolates of I" sativum were

hermaphroditic, self*steri1e, intragroup sterile and intergroup fertí1e'

Subsequentiyu Tinlíne and Díckson (26) extended the studíes on períthecíai

development and reported on jnherítance of spore coior and matíng type.

Hrushovetz (15)c in cytoiogícal studies of the ascus and Shoemaker (23)

ín studies of the bÍo1ogy, cytology, and taxonomy of Cochliobolg: satívus,

confírmed the findíngs of Tíniine" They also shed more light on the

conditions and the processes of the perfect stage in H" sativum. Shoemaker

(23)s through his díscovery of the nature of sexuality in the fungus,

described Ín detai 1 the devel opment of spermagoniae ascogonia, Protothecíum

and Pseudothecium of Cochlíobolus sativus. He poínted out that a temperature

of 24oC. matuned spetrmêgonia, while ascosporogenesjs was favoured by a

temperature of 20oC" Hrushovetz (15) has shown that the two parental nucleí

from a cross fused in the ascus, and thÍs was soon foilowed by a fusÍon of

thejr nucleo1i, In meiosìs, two divisions occurred, wÍth paíring between

highly contracted chromosomes early ín the fi rst dívísion, A thÍrd dívision,

whích uras a mitotíc dívísion, fol1owed, and resulted in the formatíon of

eight haploíd nuclei. The haploïd chromosome complementu as determined

from pachytene and metaphase stages consísted of seven or eîght chromosomeso

Later, Tinline and DÍckson (25)e reported on heterocaryosis, and Tinline

(27) reported heterocaryosis and parasexuality Ín H" sativum. It

was found that heterocaryosis was achìeved through hyphal anastomosis,
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which occurred rarely between the hyphae of morphologícal 1y distinct

Ísolates, but frequently between the hyphae of a single isolate"

Hrushovetz (14) in cytologícai studies of H" sativum, confjrmed

the findings of Tinline on heterocaryosjs ín H" sativum" Moreover,

Hrushovetz showed that hyphal fusion wjth subsequent nuclear mígration

through the bridg'ing hyphaæ can occur among different isolates, and

suggested that the high mutation rate of H" sativum can, in princÌp1e,

be interpreted in terms of heterocaryosìs with occasional nuclear

di ssocí at i on "

Wood (29g 30) reported on the relation of variatjon in H" sativum

to seediing blìght of small grains" 0f 103 isolates testedr 23 percent

were virulent on barley, wheat and oats, 1B percent on barley and wheat,

one percent on wheat and oats, 15 percent on wheat only, fÌve percent

on barl ey on1y, one percent on oats only, and 31 percent r¡,ere nonpatho-

genic or caused no apparent damage on any of the three hosts" It was

found that progenies from a s'ingle conidíum differed strikingly in

pathogenícíty" In contrast, Christensen and Davies (6) and Christensen

and Schneíder as reported by Díckson (9) demonstrated that a monosporous

1 ine ,passed through Marquís wheat for ten successive generations was

relatíveiy stable with a mutatÍon frequency of 1:2900.

In studies of temperature effects on pathogenícityu Morton (21) and

CIark et a1 " (7) found differences in express'ion of the spot blotch disease"

However Clark =t "i. (7) and Wood (29s 30) in similar experiments on the



root-rot phase, found no varjation in either the pathogenicity or the

relative virulence of the isolates due to the effect of temperature.

Ludwjg et ai. (i8) and Ludwjg (19) reported on a toxin produced

bV [" satívum, and jts significance in disease development. The toxin

was evaluated by a biossay technique based on spore germ'ination of

Sclerotjnja fructicola and seed germinatÍon of barley' A loose

correlation was found to exjst between toxjn production and pathogenic'ity

in a limjted number of H. sativum strains. Even jn the presence of

abundant toxin, these strains differed in the'ir ability to invade barley,

indícating that factors other than toxjn product'ion were involved in

pathogen'ici ty.

Tiniine and Dickson (ZS) studied genetic segregation jn H. sativlm.

It was found that segregatjon ratios could not be determjned accurately

for pathogenicity, growth rate, or conidjal production, since segregation

was largely indístinguishable from normal variation" Some jsolates

derjved from randomly selected âscospores differed significantly in

pathogenic'ity from one another and from the common parental isolates"

The data obtained, when four pairs of isolates derjved from the eight

ascospores of an ascus were compared with parental isolates for

dj fferences i n pathogeni cÍ ty, suggested that mul ti p1 e factors control ied

pa thogen i cì ty "

In 1952u dríed inoculum was tested by Kreit'low and Sherwjn (11)

for effecti veness i n determÌ nì ng react i on to some fol i ar pathogens. It

was found that an excellent infectjon was obtained in the greenhouse

with drjed inoculum of Rhjzoctonia on Lotus spp" and Bromus inermis;
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wjth Sclerotinia homeocarpa on numerous species of grasses, and with

Cercospora. sojjna and Corynespora cassj'icola on soybean in both green-

house and f .ield. The drjed inoculum was prepared as fol'lows - cultures

of each pathogen were grown on wheat-oat mixtures, then the material was

dried at room temperature, ground and stored at 5oC' Host plants were

jnoculated by dusting the finely puiverjzed inoculum over moistened

1 eaves,

Various methods for use in the productjon of artificial inocuium

of H. sativum were tested by Ludwig et a1. (18). These tests have

shown that a cornmeai inoculum jnduces unjform plant disease development

when thoroughly incorporated wjth the plantìng medium" The medium for

the cornmeai inocuium was prepared by mixíng 5 percent cornmeal with

95 percent sand and moistening this mixture with a nutrÍent solution

msde from inorgânic salts in Czapsek's medjum. Thjs medíum was inoculated

with spore suspension of H" satjvum'

Hami 1 ton et a1 . (1 0) studied the reactj on of barley varietjes

and selections to root-rot and seediing blight incited by 1" sativum,

using cornmeal inoculum as a soil infestation. A total of 600 varieties

and selectjons was tested, 0f these, 51 were classified as resistant.

The var jeties Anoid'ium, Br. 3962-4, Lenta and Opa1 B were rated the

highest, In 1962 two hundred and seventy-two entrjes were tested by

Loi sel i e (16) f or react j on to l" t¡t1wt. Fourteen entri es utere

classified as resistant to H' sativum"
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MATERTALS AND METHODS

iSOLATES OF HELMINTHOSPORiUM SATTVUM

Thirteen isolates of !" satjvum were obtained from the Canada

Department of AgrÍcu1ture, Research Station, l,linnípeg. Their origins

are shown in Table I" All isoiates were grown on VB juice agar and were

sub-cu1 tured when necessary by transferri ng si ngle conidía produced on

water agar; cornmeal inoculum was prepared from each isolates to test

the relative pathogenicíty of the thirteen isoiate.

VARiETiES AND STRAINS OF BARLEY

The foi lowing selections of barley were tested:for reaction to

H. sativum in the seedling stage¡

(") Approximatei y 51560 entries f rom the U.S.D"A" llorld Barley

collection" Seed of these entries was obtained from Dr. K. W.

Buchannon of the C.D.A. Research Stati on, W'inn'ipeg,

(b) 160 lines numbered 001618 to 001778 from a U.S"D.A. collection from

Peru. Seed provided by Dr" S, B, Helgason, UniversÍty of Manitoba,

(c) 143 lines numbered 011336-0011479 from the United States. Seed

provided by Dr" S. B" Heigason, Unjversíty of Manitoba"

(d) 300 lines from the cross !. polystichum x Parkland" Seed provided

by Dr, S, B. Heigason, Universr'ty of Manitoba.

(") I strajns of H" spontaneum co1 lected in Israel (fabte Ii). Seed

provided by Dr. J. Moseman, U"S.D.A.

(f) 35 lines of miscellaneous Hordeum spp. and genetic stocks (faUle II),

Seed prov'ided by Dr. S. B. Helgason.

II.



TABLE T

gRicIN 0F THE ISOLATES 0F Helminthosporium sativum TESTFD FOR

tt t^t-a--t*tt
_ 

*t*_

Tsol ate Date i ni ti a i Oí i VB Medi um

Number isol atíon

499 Lesjon on basal sheath of 30*10*62 5*11*62 12-2-63
Meríon blue grass WÍnníPeg

501 Bent grass roots from 30*10-62 1*11-62 12*2*63
Wí nnì Peg

514 Bariey, Manìtoba 30-10*62 5*11-62 12*2*63

533 Barley, WÌnkler, Man'itoba 30*10*62 5*11*62 12*2*63

599 Vantage leaf spots, 22*10*62 26*10=62 12*2*63
Chri stie, Maní toba

606 H"t" 22OO Barley 30-10-62 5*11*62 12-2*63
Gl enl eau Mani toba

607 H,N.2242 Barley 30-10-62 5*11*{2 12*2*63
Gienlea, Manitoba

626 Exeter oats Quebec 21*9*62 1^10-62 12^2*63
Normandí n

629 Phalaris cananary grass 2*10*62 12*10*62 12*2-63
Morris, Manítoba

641 Barley Elyakím Israel 4*1*63 12^2*63

642 Bet Gami Í a 1 , Is rae 1 4 -1 *63 12*2-63

671 U. of Man, Co*op 1 *10*62 12*2*63
Betzes seed R"K"

627 Parkiand, Quebec Normandin 21*9*62 26-9*62 12*2*63
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TABLE it
SPECiES AND GENETIC STOCKS

Rl H" disticon nudum
2 H" polystichum 2H6
3 H. intermedium rjmpaui
4 H. spontaneum 2H1 8
5 H. spontaneun 2H24
6 H" deficiens triceros
I H. nudi defi ciens
I H" nigrinudum
9 H. defi cíens steudel í i

i0 Ho vulgare eth'íops
11 H" vulgare nÍgrum
12 H" distichon angustisp'icatum
13 H, intermedium subcornutum
14 H. vulgare pailidum
15 H" trifurcatum
16 H" horsfordianum
17 H. distíchum rÍmpaui
18 H, distichum vimpani
19 H. distichum pamella
20 H" distichum nìgri laxum
21 H, distichum nudum
22 H. distíchum laxum
23 H. intermedium haxtoni
24 H. intermedium mortoní
25 H" intermedium atricornutum
26 H. Íntermedium nudihaxtoni
27 H. intermedium cornutum
28 H. i ntermed'ium nudimortoní
29 H. intermedjum subaethíops
30 H" deficiens sublanum
31 H. defi ci ens decortj catum
32 H, deficiens nudideficiens
33 H" defìciens tridax
34 Geneti c K Bl Ye 1 1 ow head
35 Brachyti c

Group of Hordeum specíes co1 lected in Israel

Pr 2682h2
Pr 249983
Pr 227301
Pr 227091
PT. 268244
Pr. 283423
cr. 6912
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( g) 1 0 varieties or I ines on which the reaction to

had been reported (faOl e iII).

i nfect i on by H. sativum

DiSEASE TNDUCTiON

Two methods of í nocui at j on were sel ected f oli nduci ng the di sease

caused by H" satjvum jn the seedling stage of barley"

(1) Sand-cornmeal - Nutrient sait inoculum

descriptìon is based on their studies. One part by weight of corn-

This inoculum was described by

studi es of the seedl i nq di sease caused

meal was mixed wjth 20 parts, clean,

mixture h,as dispensed into 500 ml. Er

1y 200 grams per fiask. This was moi

based on Czapekrs medium:k and sterii

Each flask was then inoculated with a

Ludwig et a1" (18) in their

by H. sativum" The fol low'ing

1000.00 gms.
2.00 ¡l

1"00 r.l

0.50 t.l

n Ãn lt
".r"
0.01 rl

H. sativum prepared from 7 to i0-day

dry, white sand, and the

lenmeyer fiasks at approximate-

stened with a nutrient solution

'ized by autoci avi ng f or I /Z hour .

heavy spore suspension of

old slant cui tures and was

incubated for 10 days at 2l+o}.

The pl ants under test were groÌ^/n f or 21 days 'í n a mi xture

of 9O percent white sjlica sand and 10 percent inoculum as the

pianting medium, contained jn wax coated paper cups 3,!'inches w.Íde

and 2,5 inches deep. Water was added as required to bring the

moisture content to an optimum 1eve1. Ten seeds were planted jn

each cuÞ.

:-'Czapekls medium
Distiiled water
Sodi um ni t rate
Potassium dibasi c phosphate¡r chl ori de
Magnesí um sul phate
Ferrous sul phate

Na N03
K2HP04
KCI
MgS04 .7tt2o
FeSO/a "6H20
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Varieties

TABLE ÏiÏ

CHECK VARIETTES TESTED WTTH CORNMEAL TNOCULUM

Reaction to H. sativum

Anoidium Resístant to root rot [Hamilton et al, (10)l

N,D,BI i2 Resistant to spot blotch lMorton (21) l

Husky Resistant to root rot [Hamilton et ai" (i0)l

Swan Intermediate resìstance to root rot lHamilton et a1 " (10)J

0l 1i Suscept'ib1e to root rot [Hami 1 ton et al . (10) J

Parkland Susceptible to root rot fHamilton et ai, (10)]

Br" 39624 Resi stant to root rot lHami 1 ton et al " (1 0) I

Br" 7212-10-2 Fíeld resÌstance to root rotic

It il

II II

Br, 7212-39-1 rr rl

Br " 7212-42-1 i' i'

t'c D,R" Metcalfe C"D"A" Experimental Farm, Brandon, Man"
. (personal communication)
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(?\ Powder Inoculum

Powder inoculum or dried grain inoculum was tested by

Kreitlow and Sherwin (11) and described by them as a method which

offers certain advantages over other methods for screening large

numbers of clover plants for resistance to foliar pathogens" The

necess'ity of testing this type of inoculum arose when hundreds of

varieties and selections were to be tested for resistance to

H. sativum, Powder inoculum prepared as followse was tried in

this work and found satísfactoryr

Approximateiy I 10 grams of barley grain were dispensed

jnto 550 ml, Erienmeyer flasks, soaked for an hour in water, and

then sterilized by autoclaving for one hour. The grain jn each

flask was then inocuiated with a heavy spore suspension of

H" sativum from a slant culture and incubated for fourteen days

at 24oC. After the incubation period, the infected seeds were

dried on biotting paper f or 2-3 days, and ground in a Wi iey m'í 11

to a powder which would pass a 20 mesh sjeve. This was mixed

wjth Talcum to increase the volume and to absorb any mo'isture present,

Ten kerneis of each bariey variety to be tested uJere sown

in a sand bed, and the surface of the seeds was inoculated by

scattering powdered inoculum of the 514 isolate of H. sativum

over them. The amount of powder jnoculum for 10 kernels was

approxÍmateiy 1 "8 grams. The inoculum and seed were covered by

one j nch of sand. In each bed, !00 entries ì^rere tested. In

addition to the inoculated entries in the bed, un-inoculated
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entries were used as

- rfTfl ^^^E: ^,,"-tiOnd | 9 Lvlll lgul q

control . The cont ro1

in each bed as shown

s were arranged

in Fig. i0,

to form

IV. DISEASE EVALUATION

(1 ) Disease Evaluation jn the Powder Inoculum Test

The entries in the powder ínoculum test, also referred to

as the screening test for resistance to H" sativum, h,ere classjfied

(2)

for reaction to root-rot by means of a visual comparison between

the height of plants from inoculated seed and that of the un-

inoculated controls, and also by means of the number of seeds

which emerged out of a totai of ten kernels" Entries jn which

! or more of the seeds emerged, and the.height of the first

leaves was 50 percent or more of the controle h,ere ciassified as

resistant in the screenínq test.

Disease Evaluation in the Cornmeal Inoculum Test

At the end of the growing perjod jn the planting medium

containing cornmeaf inoculum, the seediings were removed from the

planting medium and washed free of sand and inoculum" The length

of the roots and first leaf of the jnocuJated piants was compared

with that of the un-inoculated controi. Entries vúere ciassifÍed

as resistant when the iength of the first ieaves and roots

exceeded 50 percent of the control " When less than 50 percent,

they were classified as intermediate or susceptible. The fi rst

test uras made wíthout repiication, but those entries classifjed as

resistant or intermediate in the first test were retested until

reljable information was obtained on theír root-rot reactions.
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V. MEDiA AND METHODS

The foi 1 owi

crossing program i

the perfect stage

ng description of the

n this study are based

of H. sativum (24) 
"

FOR THE CROSSTNG PROGRAM WTTH H" SATTVUM ISOLATES

/11

(2)

media and methods used for the

on the studies by Tinline on

Medium for Perithecia Development

Barley grajns were soaked for 1 to 4 hours ín water,

surface steri I ized with 1 percent HgCi, 'in 10 percent Javexu

washed with sterile distilled water, and bojled in water for

one or two minutes to kjil the embryos; the seeds were piaced

on Sachrs nutrient agar (s.N.A.) in petri dishes, and inoculated

by Ímmersion in an aqueous suspension of conidia from isolates

of the required mating type, The piates were h,rapped in paper

to eiiminate 1ight, and the cultures r¡rere incubated for 7 days

at 24oC. and for an additional 14 days at 20oC.

Method for Isolating the Spores from an Ascus

The method used to isolate all tfle sÞores from an ascus was

as follows3 Perithicia that were freed of debrís and adhering

spores by rolling them across an agar surface, were crushed in a

water droplet. If examination showed abundant ascospores, the

materjal was washed from the sljde to an agar surface'in a petri

dísh, an ascus conta'ining spores was seiected and moved apart

from the perithecíal material. The ascus wall was ruptured with

a sharp needle" The spores were withdrawn from the ascus casee

uncoi'led, and distributed singiy on a free agar surface in the
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dish. After spore germination (4 to 12 hours), blocks of agar that

contajned individual spores were transferred to a fresh med'ium in

petri dishes" Fol lowíng further Íncubation, single conidía from each

isoiate were transferred to VB aqar slants.

vt" PREPARATI ON

ALTERNARTA

OF HTLMÏNTHOSPORÏUM 9åflv-9r' HELMINTHOSPORiUM TERES AND

TENUÏS EXTRACT

The necessity of preparíng extracts of H" sativum, H. teres Sacc"

and Alternaria tenuis Nees, ârose when the unjnoculated control seeds

in a sand bed were found to be infected by Pythium spp", v{hile seeds

planted with powder inoculum of H" sativum v{ere not" This suggested

that a H. sativum toxin behaved as an inhibjtor to Pythium spp. To

test thjs hypothesÍs the Pythium h,as isolated in pure cultu,re and

transferred to V8 medÌa containing an extract of one of the three

mentioned orqanisms. The extracts of H. sativum. H. teres and Alternaria

tenuis were prepared as fol lows-

Indivjdual lots of potato sucrose 1íquid medium were inoculated by

heavy suspensions of H. sativum, H. teres or Alternaría tenujs, and

incubated for 5 days at Z4oC" After the incubation period, each lot of

inoculum bras transferred to a l*/aring blendor to cut the mycelium, and

to get a homogenous substance" Us'ing suction, the extract was obtaíned

through a miilipore filter, which did not perm'it the spores and cel1s to

pass through.
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Relative Pathogenj ci ty of Thi rteen Isolates of H" sativum

Selectìon for resistance in the host requ.i res that hi ghiy

pathogenic isolates be used. The thirteen isolates from the Canada

Department of Agriculture Research stat'ion, }linnipeg (ra¡le I) were

increased on vB medja and cornmeal inoculum was prepared from each

one. Three varieties, Anoidium, Husky, N"D.Bl 12, were jnoculated to

determine the pathogen'icity of the isolates. The results showed great

differences'in pathogenicity between the isolates (fa¡te IV)"

The resuits presented clearly demonstrated an advantage for

ísolate 514 in making further tests for resistance among variants of

the host. Isolate i14 represents the most pathogenic type obtained in

Manitoba" To broaden the scope of the tests the most pathogenÍc

isoiate used in 0ttawap No.680, was obtained from Dr. R. v. c1ark, of

the Genetics and Plant Breeding Institute, Subsequent cornmeaf tests

for verifying the resistance among entries selected by the screening

test, were conducted by using the two isolates 5i4 and 680"

of Inoculum for Testin Root-Rot and Seedlin B1 i ght

The reliabilíty of the cornmeal inoculum method of inducinq

disease in the seedlÌng stage of barley was tested. The seedling

reactjons were evaluated by the means previously descrjbed. It was

shown that the reactions of the varieties urere constent ín the repiícates

within an experiment but were not constant between experiments as shown

in Tabie V and Table IX"
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TABLE iV

RELATTVE PATHOGENICTTY OF THIRTEEN ÏSOLATES OF H. SATIVUM

Isolate Reaction to seedl ing root-rot
Number Anoidjum Husky N.D,BI 12 Pathogenicity

514 S"'- S S Highly pathogenÍc
626 mS mS mS Pathogeni c
629 mS - mR mS - mR mS - mR Moderately pathogeníc
607 mS-mR mS-mR mS-mR tr rt

501 mR mR mR Sl ightly pathogenic
533 mR mR mR tt ¡l

671 mR mR mR rr |t

627 mR mR mR ¡r rt

599 R R R Non-pathogenic
606RRRfr
499RRRI.,
641 RRRU
642RRR'.¡

* Þesignatíon referríng to seedlíng reaction of host vanietíes to pathogen
i sol ates "
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TABLE V

REACTIoN 0F ANoIDIUM, HUSKY AND HERTA IN Tt^/o

CORNMTAL INOCULUM OF iSOLATE'

TESTS IN DUPLICATF USING

N0 " 514

Varieties Rea ctí on

¿

rn lest I

TÏ

Reaction i n

I

Test II

II
Anoidíum

Hus ky

He rta

Entries which showed resistance greh/ faster and greater height and

root length, than the susceptible entries in all the replicates wjthín

one experiment (Fígs, B and 9)" This result confjrms that obtained by

Ludwig et a1' (18)r who stated that considerable reliance can be placed

on treatment comparisons within an experiment, but that comparisons

between experiments are much less accurate. The r¡ariabiIity among the

experiments in the cornmeal test could be due to (1) varjation in the

progeny of the isolates, as h,as found by wood (2gr 30)s Q) variation

due to the environmenti ß) the influence of H" sativum toxin on the

response of the seedlings Ìn cornmeal ìnoculum as was shown by Ludwig

et al" (18) and clark et al, (n. Moreover, cornmeal jnoculum was

found to require much labour and time for preparation, and the number

of tests possible with the jnocuium whjch could be handled in one

experiment htas smal 1. To overcome these difficultjes powder rich in

spores was prepared and tried for itrs abi 1 ity to differentiate

ò

mRR

K

Þ
mR

ò
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varjetal reaction" The test showed that the powder inoculum was more

severe than the cornmeal inocufum in affecting the host, Most of the

entries failed to emerge as js seen in FÍgs. i0 and 11" A high

proportion of entries which dÍd emerge proved to be escapes when

re-tested ín the cornmeal test. Howevere some of these have shown a

reasonable resistance to the pathogen as seen ìn Table IX, The

powder inoculum is easy to prepare, can be prepared jn large amountse

and may be kept'in a refrigerator for a long period of time, The

last test for reliabiiíty of the spores in the powder inoculum was

done recently. Most of the spores germinated after a seven month

períod in a refrigerator.

In this work, the two methods were used to select Þlants

resistant to H" sativum, using isolate !14 in the powder inocuium,

and isoiates 514 and 680 in the cornmeal inoculum, The powder

inocuium was used in testing hundreds of entries ín a iong sand bed

as shown in Fig, 10, Thís test was called the screening test for

seiecting for varietal resistance to H. sativum" The entries which

showed resistance in this test were selected and re-tested with corn-

meal inoculum. The tests in cornmeal Ìnoculumwere repeated tÍli

rel iable classifications of the seedl ins react'ion to root-rot were

obta i ned.

ComParison of Temperatures for Testìng Barley to Root-Rot and Seedling

Blight Caused by H. sativum

fln experíment \^ras

80-B2oF, and 86-BBoF", and

conducted at temÞeratures

at a relative humiditv of

of 54-56oF., 72-76oF.,

100 percentrusÍng
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cornmeal inoculum of the thto isolates 680 and 514. Four varietíes

were used as indicators of the relat'ive pathogenicity: Anoidium,

Husky, Parkland, and 01 f i. Tests were made in dupljcate" From the

data jn Tables VI and VII it appears that at 54-56oF., the pathogen'icity

of isolate 680 was more severe than at the other temperatures. This

may be due to s i ot^J germj nati on and growth of the host pi ants at th j s

temperature which subjected the seedling to a longer period in the

accumulati ng toxin, as suggested by Clark and Djckson (1) " At B0-82oF"e

the pathogenicity of jsolate 514 was sf ightly more severe than at the

other temperatures. In generaI, there h,as no obvious variatjon jn either

the pathogenicity or the relative viruience of the 514 and 680 isoiates

associated with temperature leveis"

A comparison of the un-jnoculated controls at each temperature

showed that the extreme temperatures had more effect on the plants than

on the pathogen" Thís experiment confirmed the resuits obtajned by

Wood (29r 30) and Clark et ai. (7). The average heíght of both controls

and the jnoculated plants at 7Z-76of. I^ras comparatively greater than at

the other temperatures, As a result of this test, subsequent experiments

for detecting resÍstance among varieties h,ere conducted at the 72-76oF,

temperature, and relative humidity of 100 percent.



22

TABLE VT

REACTION OF TSOLATE, 514 AT DiFFERENT TEMPERATURES

Isolate 5i4

Tempe ra tu re

No. of dupi i ca te

54or. -564r .

T IT

720 - 760F

I II

8oo -

I

82oF

tl

860 - SBor

ï ïï
Varieties

Anoi di um

Hus ky

Pa rki and

01i i

s

ò

ù

mR

mR

ò

mR

ò

ò

mR

mR

ò

ù

ò

mR

ò

ù

mR

mR

ò

ò

t

ò

TABLE VIi

REACTION OF TSOLATE 680 AT DTFFERENT TEMPERATURES

t''

Isolate 680

Temperature 54o- 56of 72o - 76oF B0o - 82of

No, of dupl icate I TI I II I II

860 - BBor

ï ïI

Varieties

Anoi di um

Husky

Pa rki and

011i

mR

ù

ò

mR

ù

S

ù

mR

mR

mR

ò

mR

mR

mR

ò

mR

mR

mR

mR

mR

mR

ù

mR

ù

mR

ù

mR

ù

mR

ò
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Results of the Screening Test

Approximateiy 6200 entries were tested

satjvum using powder inoculum of isolate 514"

for resistance to 
,H,

Out of the 6200 entríes,

one hundred were ciassified as resistant in the screening test" The

names, CI numberse sources and entry numbers of these strains are

listed in Table VIII.

As was mentioned previously, the powder inoculum was more

severe than the cornmeal inoculum. The seed avajlable of most entries

was limitedu and sufficjent for only one replicate. Moreover, the

viabi 1íty of the seeds of some entries r^ras lowo and as a consequencee

some of the entries that were classifÍed susceptible in this test may

in fact have some resistance.

Results of the Cornmeal Test

The test usíng cornmeal jnocuium in sand was applied to one

hundred entrjes classified as resistant based on the screening test,

and to the check entries listed in Table III. The cornmeal inoculum

uras prepêred from the th,o isolates 514 and 680, and the test for

determi ni ng seedl i ng reactí on was made to both i sol ates. The seedl ì ng

reaction of the varieties is shown in Table IX" Out of 110 entries

evaluated by cornmeal inoculum from 1 to 4 times, only seven entries

showed a considerable resistance to 680 and 514 ísolates in a

consistent manner" It was found that six entries among the seven

were different sources. The source of the seventh was unknown. These

resui ts suggest the possibi 1 i ty that these resistant entries may
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TABLE VÏiI

LIST OF ENTRTES CLASSIFIED AS RESISTANT TO ROOT ROT AND SEEDLING BLÏGHT

iN THE SCREENiNG TEST

VarietY c"I" Sou r ce Entry number

Gol den Grai n

Ki tzi ng
Çheva1 ier
Gol dthorpe

Va rde
Cheval ier II
Pri ncess
Shed

Mah r i sohe
Cruzat
P1 rOl I ne

Bohemi a

Ba ronne
Isaria
I raDuf

588
1134
1142
2264
7270
2339

1 0033
200
529

1389
2531

921
6482
oqqR

9692
6423
1837
8295
7 595
5055
2550
3378
3341
3664
3668
3701
3737
3558
3562
1216
239+
4356
437 5-1
5tug
R1 ?o

8149
8239
BszT
Sszg
85zg
RcLo

I
15
16
)'1
4g
55
92

't zl'tla
11F

196
205
230
262
291
304
365
l+q q

519
598
802
825
Q?Q

Rol-r

o71

974
983
995

1040
1043
1 058
1096
1210
1237
1307
2067
2A77
21 55
2185
2186
2187
2206

Engl and
il
t.l

t.t

En g 1 edow
Norway
Sva 1 of

II

Denma rk

Ge rmany
il
tl
l.l

Pol and
Bohemi a
France
Austria
N. Afri ca
Al geria

tl

EgyPt
Mariout Egypt

¡l

¡l

l.l

Mi nja Egypt
ll

Eth i opi a
il
tl
t.l

I urKey
II

ll

Hank

ffi:yssjnian
Abyssj nian

ll
t.l

r.l

tl

Contrd
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CONT ' D Tabl e VIII

Classified as Resístant to Root Rot and
in the Screening Test

List of Entries
Seediing Bi'ight

Variety Sou r ce Entry number

Nus he ra

Bande r

Hayakiso No.
Bakata No. 2

Forrajera de
I nvi o ruo

York
Early whi te
Turkestan

8622
8643
BTzo
87zt
8740
8742
QQ7?

sggl
7101
3347
5627
5631
5634

10241
10242
i0i60
10163
3406
4217
4624
5023
7644
7645
7693
2354
4012-3
4954_2
4gse
5760
5764
4422
4t+71
Rolrlr
sgag
6198

Bt sg
4zo8
o-7bA

507o
6090

3095

2277
?297
2373
2374
2389
2391
2440
2468
2685
)72 E

2756
2760
2763
3007
3 008
3021
3023
3060
3074
30Bi
3082
3145
3146
?10i
3570
3607
3660
3662
3g+3
3w7
4372
I+l+27

4947
4gça
5082

5099
Ãl?Ã
51 50
521 0

5223

5300

I urKey
il

I.I

'.'
t-l

t.l

Il ql.l

Çaucasus
Kubanska

¡l

il

Afganístan
tl

Paki s tan
ll

India
fl

t_t

¡.1

tl
r.l

¡l

Russ i a
tl
il
t-l

Valkie
il

Mançhu r i a
lf

L,oPqrr
. tl

Argenti na

ll

Venezuei a
Guatama i a
Canada

¡l

Caiífornia

Cont td
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CONT ' D Table VIII

Classifíed as Resistant to Root Rot and
in the Screening Test

List of Entries
Seedl Í ng Bl i ght

Variety c.ï. Source Entry number

Tenn. Wi nter
smooth awn
B5-14

Mornoba rb
He ro
Ruff 1 yn
Gem

0tis
Lonha 1 s

Spartan

6570
6lzo
46oz
6374
7243
7557
1343
2578
5027
5287
5322
h <Âh

5418
5422
5435
2355
9530

Tennessee 5458
Maryl and 5472
Hybrid USDA 5551

" Was.h " 5622¡.' Idah o 5649
ll Col orado 5677r.t Mí nn. 5741
1r Mj nn " 5782,.' Mi ch. 5834

t"1" t:t . 41,'6 5871
5906¡.r r.l ,, 5938r.r r.r r.r 6001l.r ¡.r tt 6005r.r r.r '.' 60l B

Unknown 6089
Hyb. Wyo. 6115Hi I and

R2 Hordeum-
þo.Iy* õ--um
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REACTION OF ENÏRiES

cHECK VARIETIES )T0

TABLE ÏX

CLASSÏFIED AS RESISTANT IN

TT'IO ISOLATTS OF H. sat i vum

SCREENTNG TESTS,AND THE

]N CORNMEAL INOCULUM

Entry number
!'14 Repl i cates

Ii TTÏ
680 Repl i cates

ÏI III ÏVIV

I
15
1/lo
27
4g
55
Q}

t -tl'tla
175

205
230
¿o¿
291
304

4ls
519
598
802
825
838
894
o'7 1

974
oRa

995
1040
1 0{+3

1 058
1o9o
i2l0
1 2?7
1307
2067
2077

'1EE2185

J
ù

S

ò

ò

J
mR

s

mR

mR

ò

S

ù

R

R

S

R

mR

mR

mR

mR

mR

mR

ò

ù

mR

S

S

ù

mR

mR

mR

mR

mR

ò

ò

ò

S

K

R

mR

mR

mR

mR

ù

S

ò

mR

R

)
ò

J

ù

mR

mR

mR

S

ù

ò

ò

mR

mR

mR

)
ò

ù

ù

ò

S

5

mR

mR

ù

ù

mR

S

SmR

ò

R

R

mR mR

R

mRmR

mR

R

mR

SmR
R

mR

mRmR

mR

mR

mR

Contrd
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CONT'D

Reactíon of Entries

Check Varieties to

Tabi e IX

Classified as Resistant in

Two Isoiates of H, sat'ivum

Screenjng Tests and the

in Cornmeal Inoculum

Entry number
514 Repl i cates

]I ÏII
680 Repl i cates
iï ïïI IVIV

2186
2187
2206
?)77
2297
2373
2374
2389
,?q1
2440
2468
2685
2725

2760
¿ to5
3007
3 008
3021
3023
3060
3074
308i
3082
alLq
3146
3191
3570
3607
3660
3662
3g+3
3e47
4372
4427
4947
4958
5082
5099
5135
51 50
5210
5223
5300

ò

mR

mR

mR

S

ù

mR

ò

ù

R

R

ò

mR

ò

R

K

mR

mR

mR

mR

ò

ù

mR

R
ç

ù

S

mR

mR

mR

mR

mR

ò

ò
n

mR

5

R

mR

S

S

mR

ò

mR

mR

mR

mR

mR

ù

mR

5

ò

ù

ò

S

R

S

S

ò

mR

mR

mR

mR

mR

mR

ù

ù

ò

ò
ù

mR

S

R

mR

ò

R

mR

mR

mR

mR
Þ

mR

R

mR

mR

mR

mR

mR

mR

mR

mR

R

mR

mR

mR

mR

Cont Id
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CONT ' D

React'ion of Entri es

Check VarÍeties to

Tabl e lX

C1 assi fi ed as Resí stant i n Screeni ng Tests and the

Two Isolates of H. satìvum in Cornmeal Inoculum

514 Rep'lj cates
II III

680 nepl i cates
IT TiI iVIVEntry Number

5458 R

5472 mR

5551 mR

5622 mR

5649 mR

5677 mR

5741 R

5782 s

5834 mR

5871 mR

5906 mR

5938 mR

6001 mR

6005 mR

6018 R

6089 R

6115 mR

Anoi di um S

N.D"BI 12 mR

Husky mR

Swan S

011i S

Parkl and mR

8r-39624 S

Br-7212-10-2 mR

Br-7212-39-1 mR

Br-7212J+2'1 mR

R2 mR

mR

mR

mR

R

mR

mR

mR

mR

ù

mR

Þ

Þ

mR

mR

mR

ò

mR

S

mR

mR

mR

mR

mR

mR

mR

S

mR

mR

mR
Þ

mR

mR

mR

mR

S

mR

ò

ò

mR

ù

ò

ù

mR

mR

mR

mR

D

R

mR

mR

mR

mR

)
ò

ù

mR

mR

mR

mR

D

K

R

Þ

ù

) SS
mRS
SS

SS
SmR

mR
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contain different genes for resistance to H. sativum, The reaction

of these entrjes to root-rote thejr entry numberu C.I. numberu and

source are submitted in Tabie X,

C,I. 10241 has been found resistant aiso to net blotch (H. teres)

by Buchannon and l',lcDonald (Personal communication).

Helminthosporium sativum Toxin as InhibÌtor to 0ther Fungi

It was observed, during the screening test, that the un-inocuiated

seedlings of control plants were infected by Fythium spp" Ìn one of the

sand-bed series, The fungus was isolated in pure cuiture and transferred

to petri plates, containing V8 agar media to which extracts from

H. sativum, H. teres or Alternaria tenujs had been added" The resuits

showed that the PythiuT spp" grew normally on the check containing

only V8, on VB containing H. teres extract or Alternaria tenuis extract,

but was inhibited by H. sativum extractras shown in Fig" 12, The

Pythjum spp. isolate was identified by Dr. T, c, vanterpool, universr'ty

of Saskatchewan, as a Pyttrium arÍstosporum Vanterpool.

In 1957 an evaluation H" satjvum toxin effects on barley was

made by Ludwíg (19)" He found that many symptoms characteristic of

seedling b1ìght, such as stunt'ing and chlorosis, were produced by the

applicatjon of toxin culture filtrates to seedlings" The toxin also

was shown to predispose the p1ênt to ínvasion, In thís study, the

extract of [" sativum acted as an inhibjtor of growth ín pythium

aristosporum Vanterpool, but thjs does not necessariiy imply that the

same substance hras responsible as that which Þroduced the toxíc effect
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TABLE X

ROOT-ROT REACTiON OF SELECTED ENTRIES IN

NUMBERS, VARTETY NAMESg

SUCCESSÏVE TESTS SHOI,{TNG CI

AND SOURCES

1T

Numbe r
Sou rces Varìety Name Reacti on to

514
Isoi ate Number

680

2550

8873

10241

Bgtg

1343

qlraq

)?EE

Ai gería

I u rKey

Afghani stan

Ja pan

HybrÍ d Mi nn.

c.c. sel" 4116

unknown

Bakal ia No.

Lonha 1 s

ÞÞÞ

DDmÞÞr\, t\rrr¡r\g ¡\

RrRrmRrR

R, mR, R

ReRrR

R,R,R

RrRrR

ReRrR

R, MR, S, R

mR, S rmR, mR

R, mR, R

SrmRrmR

mR, R, R

RrRrR
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on the hos t í n Ludwj grs exper i ments ( i 9) ,

The Inheritance of Pathogenicity

It was considered useful to obtain information concerning the

genetic control of the high level of pathogenicjty expressed in ísolate

514. To obtain compatible isolatese crosses were attempted between

514 and each of the non-pathogenic isolates (faUte IV)* The cross

wi th i so1 ate 499 produced peri thecí a readÍ I y, The avi rul ence of

isolate 499 was verified jn a test using cornmeal inoculum in four

repl icates appl Íed to the varietíes Anojdium, N"D,B1 l2 and Parkland"

The results are shown in Table XI"

TABLE XT

THE RATE OF PATHOGENICiTY OF ISOLATE 499

Dupi i cate
Varietíes

Reaction to 499 Isoiate
II ]II IV

Anoi di um

N.D,Bl12

Pa rki and

The data shown in Table XI confirmed the results prevíous1y

obtained and presented in Table IV concern'ing the avirulence of isolate

499, Eíght ascospous from a single ascus from the cross 514 xhgg

were jsolated and designated by Roman numerals from I to VIII. Each

ísolate was sub-transferred by si nqle conidia to VB si ants" Cornmeal

R

K

P

R

R

K

R

R

ñ

K
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inocuium was prepared from each isolate and used to infest sand, The

three varietjes, Anoidiumu N,D,Bl 12 and Parkland, were chosen to test

the relative virulence of the progeny 'ísoiates. They were chosen on

the basis of their susceptjble reaction to !i4 as was shown in Table IX

and their resistance to isolate 499 as uras shown in Table XI. They

were inocuiated ín 4 repiicates to detect segregation for virulence

among the ei ght i sol ates,

The resuits are shown in Table XII and illustrated'in Figs"

13-21. The results showed obvious segregation in a ratio of 1s1t121,

which suggested that two genes were involved in segregation of patho-

genic'ity in this cross. Later, the matjng types of the eight isolates

were determined by crossing each with the parent 4!!" Isolate 5,l4 was

arbi trari 1y desi gnated as (+) and the mar'ing type of 499 as (-) . The

eight isolates were desìgnated according to their behaviour in the

crosses with 499" The results are shown in Table XIII.

TABLE XÏIÏ

MATING TYPES OF THE EIGHT ISOLATES DERIVED FROþ4 THF CROSS 514 X 499

Ma t'i ng type

ÏÏ
V]

V]ÏI
ï ï I:'r

I
vti

V

IV

:klsolate III, for an unknown reasone was sterile and failed to produce
,fertile perithecia with ejther parent or wjth the otherisolates, By
elimjnation it should beiong to the (+) group"
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TABLE XI T

REACTION OF THE ETGHT iSOLATES FROM 5 I4 X 4gg CROSS TN CORNMEAL TEST USING

ANOIDIUM" N.D.B1i2 AND PARKLAND AS TESTERS FOR THE RELATIVE VTRULENCE OF THE

PROGENY TSOLATES

Isolate I - Replicates

abc
Tsol ate VI I - Repl i cates

abcd

Anoi di um

N.D.B1i2

Parkl and

R

Þ

D

R

Þ

R

R

K

Þ

R

R

R

R

R

R

Þ

R

R

R

R

R

R

Anoi di um

N.D.8112

Parkland

Isol ate

R

R

R

- Repl j cates Isol ate IV

mR mR

ÞÞ

RR

- Þanl í nrtac

MR MR

mRR

RR

VIII
D

Þ

mRmR

mRmR

Anoi d i um

N.0.8112

Parkland

Isol ate I I

SmR

mR mR

òò

- Þani i natac¡rvt,¡ ¡

mÞ

Isolate V

MRS

mR mR

SS

- Repi i cates

ò

mR

Sò

ù

ò

Anoi di um

N,D.8112

Pa rk'l and

Isol ate

5

- Repi i cates

S

)

Iso l ate - Repl i cates

ù

ù

ïii

S

VÏ

ù

ò

S

J

ò

The resu i ts
I and VII
vllt ano tv
ll.and v
IIl and VI

j ndi cate that:
- avi ru 1 ent
- slightly viruient
- vi rulent
- highly virulent
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Two conciusions may be drawn from Table XITI

(1) The segregatÍon of four isolates (+) and four jsolates (-) or in

the ratio 1:1 indjcates that one gene pair is involved in the

determination of mat'ing type,

(2) The results of the test which concerned the relative vjrulence

of the progeny isolates, showed identicai classìfjcatjon of

isolates VIII and IV, and of II and V. Identìfication for mating

type, which is more positive, showed that isolate VIII and IV beiong to

different groups of mating typei VIII belongs to (+) and IV to

(-). The same was true of Ísolates II and V. Thus neither

isolates VIII and IV nor II and V are identical and the results

of Table XII, whích are concerned wjth the reiatíve vjrulence of

the progeny isolates and their segregation for pathogenicity

can not be considered authentic.

Another attempt to determine segregation for pathogenicity

was made through a neh, crossing program. Isoiate VI, which showed

a high degree of virulence (faUle XII), was crossed with the avirulent

parent, 4p!" Two sets of eight ascospores were jsolated, One set of

eight ascospore progenies was íncreased individual 1y in VB media, and

the eight isolates were designated as A, B, C, Dr Ee Fe G and H, Corn-

meal inoculum was prepared from each isolate and used to jnfest sand

for vi rulence tests. Three varieties, Anoidiumu N"D.Bl 12 and Parklandu

were jnoculated with cornmeai jnoculum in four repi'icates, The results

showed no clear segregation among the e'ight isoiates"
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The contradictory resuits jn segregation of pathogenìcity

could be explained jn a number of ways.

(l ) Segregation uras largely indistinguíshable from normal variation"

(2) As suggested by Tiniine and Djckson (25)t multíple factors control

pathogenicity in H, .#g.

(3) Segregatjon ratios were d'istorted by interference from the toxjn

af fecti ng seedl i ng react'ion"

(4) From the genet.ic viewpoint the varieties that were chosen to

detect segregation ratjos were 'inadequate.

Segregations Tnvolved in the Growth Rate of Isoiates 514 and 499

Single spores from isolates 514 and 499 wure transferred to

petri dishes contaíning potato sucrose agar (p.S.n") wíth duplicates

for each" After seven days of growth, the two ìsolates blere compared"

The results showed that isolate 514 was slow-growing and isolate 499

was fast-growi ng.

The eight isolates from the cross 514 X 499 were transferred

to potato sucrose agar to detect segregation ratios whích might Índicate

the number of genes involved in growth rate" The results are shown in

Table XIV,



37

TABLE XTV

GRoWTH RATEI 0F EIcHT ISoLATES DERIVED FRoM THE cRoSS 514 BY 499 nru0

THE PARENTS

Isol ate No. Growth Rate

514

4gg

III and VI

V and IV

IJ ANq VIII

i and VIi

S1 ow

F¡e t

Very s I ow

Sl ow

Fas t

Very Fast

The results from Table XIII and XIV are combjned for comparing growth

rate and mating type in Tabie XV"

TABLE XV

GROWTH RATE AND MATTNG TYPE OF THE ISOLATES DERTVED FROM THE CROSS 514

BY 499 NÑN rHr PARENÏS

Isoi ate Number Growth Rate

ril,

499
iIT
VÏ
V

ÏV
iï
VTII
fI.

VÏI

ù
-
V"S.
V.S"
ò

ò
r
r

trtr

+

+
+

'r
+

-From these results three conclusions may be drawnÍ
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(1) The isoiates ciassjfied sÍmiiarly for growth rate are of the same

matì ng type.

(2) The growth rate ratio of 1:1c1:i indÍcates that 2 gene paÍrs are

i nvol ved.

(3) Growth rate and mat'ing type appeared to be inheríted independently.

Another experiment was conducted to detect the segregation 'in

the growth rate of the two sets of eÍght ascospores deríved from the

cross Vi X 499" Each isolate was transferred to potato sucrose agar

medium, The growth rate was determined after seven days" The results

are shown in Table XVI, Table XVII and Fígs.22*23"

TABLE XVI

THE GROI{TH RATE OF THE E]GHT TSOLATES DER]VED FROM VI X 499 CROSSg ASCUS

NUMBER I, AND THE PARENTS ON POTATO SUCROSE AGAR MED]A

Isol ate No, Growth Rate

VT

4gg

tanoL

BandF

AandG

DandH

ù

F

F

F
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TABLE XViÏ

THE' GROWTH RATE OF THE ETGHT ISOLATES FROM VT X 499 CROSS, ASCUS NUMBER

TI AND THE PARENTS

Isol ate Number Growth Rate

VÏ

4gg

SandK

Tand0

PandN

RandV

F

ò

F

F

::

The data from the two backcross asci agreed in showíng a 1:1 segregation

for growth rate" This resuit can be explained on the basís that isoiate

VI, which was very slow growínge carríed neither of the gei", favourable

to growth" The transgressive segregation ín the origína1 cross of 514 X

4gg (fa¡te XV) suggests that each parent earried a gene favourable to

growth, a strong one in499, a weaker one in 514" Hence, monogeníc

segregation ís expected ín the backcross ascí. The results obtaíned from

all three asci are in agreement, supporting the hypothesís of two genes

determining growth rate ín these crossesc
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Perfect stase of Helmínthosporium sativum

Fig, 1. Beaked perithecium X 10.

Fig" 2" Section of perithecium with asci and paraphysis X !4"
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Perfect stage of Helmi nthosPorium sativumÉ

Fig.3.AscusshowjngheljcoilarrangementoftheascosporesX340.

Fig. 4. A ruPtured ascus wjth coiled ascosPores X 240'
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r1g" ,.

t-19" bq

Perfect stage of Helmi nthosporiurn sativum

Two conidia with ruptured

emerging X 340.

ascus which has ascosÐores

Eight coiled ascospores after

ascus X 340"

emerEing from the ruptured





Perfect stage of Hel mi nthosporj um sat,i vum

Fig. 7, Septate ascospore X 560.
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Fig. B" Resistant and susceptìb1e entries

test, with uninoculated check"

i n cornmeal i nocul um

Fí g, !. Resistant, susceptible entries and checku washed free

of sand, in cornmeal inocuium test"
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Fig, 10" Víew of sand bed ín

to Helminthosporium

Fig" 11.

the screening test for resistance

sativum with check¡s formîng

T" configuration.

Sectíon of the sand bed showing the check and

susceptibl e entri es "
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Fig.12. Growth of Pythíum arístosporum on V8 medium with

Helminthosporium satívum extract (top left), on

Alternaria tenuis extract (top rightle nothing

.-".a ,botrilrr) and on Helminthosporium teres

extract (bottom right).





Segregatìon in pathogenicity of the eight isolatesu I

IV, V, VI, VII, VIIi from 514 X4gg cross in cornmeal

test us'ing AnoÌdium, N.D,Bl 12 and Parkland as testers

Fig" 13. Test varieties uninoculated as a check,

, rr, Iïï,
i nocul um
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Segregati on i n

TV, VP VÏ' VTI'

test us i ng Ano'i

pathogeni cÍ ty

VIII from 514

dium, N"D.B1 12

of the eight

x 499 cross

and Parkiand

Ísoiatesu Ie

'i n cornmea 1

as testers.

II, ïïI,

i nocu 1 um

Fig. 14. Reaction of the testers to isolate I avj rulent.

Fig. 15, Reaction of the testers to isoiate VII aviruient.
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Segregation in PathogenicitY of

V, VI, VII' VIII from 514 X 499

nnoÍ åî u*, t'1. D . B 1 1 2 and Pa rkl and

the ejght isolates, I, II, IIIt TVt

cross'i n cornmeal inocuìurn test using

as testers.

Fign 16, Reaction of the testers to isolate VIII slightly virulent"

Fig" 17 " Reaction of the testers to j sol ate IV s 1 i ghtl Y vì rul ent '
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Segregat.ion i n pathogeni ci ty of the ei

Uå VIr VII, VIII from 514 X 499 cross

usíng Anoidium, N"D"Bli2 and Parkland

ght isolates, Iu II,

i n cornmeal i nocul um

as testers.

'|,I I r, lV t

fêcf

Fig" 18. Reaction of the testers to isolate II virulent.

Fig" 19. Reaction of the testers to isolate V vÌrulent"
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Segregation in pathogenicity of

V, VI, VTI' VIII from 514 X 499

Rnoi åi u*, tl. D 
" 

B 1 I2 and Pa rki and

the eight isolates,

cross in cornmeal i

as testers.

Ie II, IIT, ÏV,

nocul um test us i ng

Fig.20" Reaction of the testers to isolate III highly virulent.

Fig. 21 " Reaction of the testers to isolate VT híghly virulent,
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Fig.22" Segregation in

D, Eu F, Ge H,

and the parents

growth rate of the

derived from 499 X

on P"S.A" media"

e'i ght i sol ates., A, B, C,

VI cross, ascus number I,
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Fis. 23 " Segregati on i n

P* R, S, T, V,

and the parents

growth rate of the

derived from 499 X

on P. S.A " medi a .

eight isoiatese K, Ne 0e

VI crosse ascus number II,





DTSCUSSION

Great differences in pathogenicity urere found among thirteen

isolates of H. sat'ivum, from the highly pathogenic isolate 514 to the

non*pathogenic group 599, 606, 4990 692, These results indicate that

selectjon for resjstance shouid be based on an annual survey of the

isolates which are prevalent in the regíon. 0nly by this means can

effective selectjon for resjstance in the host, to the h'ighly pathogenic

isolates which may occur under fjeld conditions, be carried on"

Two methods of inoculation were tested, Both of these require

improvement in order to make them highly effective in selectjng for

resjstance to root-rot caused by H. sativum" The reactíon of the

entries in the cornmeai, ìnoculum were reiatively constant among repl icates

within an experimentu but were not constant in comparisons between

experiments. In cornmeal, various factors can infiuence the reaction

of the entries toward root-rot 'in the seedling stage. The factors

couid be environmental, genetjc variatjon in the progeny of the isolates,

and/or the effect of the toxin on the seedling react'ion, Various devices

could be tried in an effort to decrease the effect of these factors"

The effect of the toxin might be reduced by pregermination of the seed

before plant'ing in the infested sand, as well as by washing the cornmeal

inoculum to decrease accumulation of the toxin, as suggested by Ludwig et a1

(18) " Uniformity of the envjronment should be stressed Ín experiments"

The seed should be sized and tested for vigour of germ'inatjon to reduce

to a minimum the effect of seedling v'igour on the reactjon of [he entries

in different experiments" But even if it were possible to greatly improve



the cornmea'l inoculum method, it wil1 not be appiìcab1e to experiments

on a large scaie. In such experiments, the great amount of labour and

time involved'in preparation and handling of the jnoculum makes this

method impractical. The powder inoculum, on the other hand, 'is

applicabie to experiments on a large sca1e, since jt can be prepared

very easily in a large amounts, and may be kept in a refrigerator for

a prolonged period. However, much improvement js required to refine

the techni ques uti 1 i zi ng thi s type of i nocui um" The powder j nocul um

was very severe, and probabiy many entries whích were in fact resistant

gave a susceptible reactjon due to the heavy jnfection produced by this

type of test. Moreoveru a Iarge number of entrjes were found to have

escaped, as shown by subsequent tests, Precise experiments are required

to determine the most criticai amount of inoculum to be used for

djfferentiating reaction among host variet'ies, and to determine the best

way of apply'ing the jnocuium, Methods to be tested might jnclude

applying the powder above the seed after planting or under the seed

before plant'ing" Alternat'iveiy, the seed could be mixed wjth powder

before pianting or the powder mixed dírectly wíth the sand" Moreover,

the entries could be planted w'ith repiication jn randomized biocks to

perm'i t a more precise estimation of env'i ronmental effects on the seediing

rea cti on "

The effect of temperatures, in the range from 54oF. to 88oF.e on

djsease development jn the seedling stage of bariey was tested, using

Ëhe isoiates 514 and 680, The resuits showed that there was no major

variation in either the pathogenicity o¡ the relative virulence of the

514 or 680 isolates due to temperature" This confirmed the results



obtained by l^/ood (29, 30) and by clark et al. (n. From the data which

concern isolate 680 at the 54-560r. temperature, it appeared that the

pathogenr'c'ity of thÍs isoiate was greater than at the other temperatures"

This may be due to slou/ germination of the seed because of 1ow temperatures,

resultÍng in a longer period of exposure to the accumulating toxin ín the

planting medium. Comparisons between tabies VI and VII indicated that

isolate !14 was more viruient than the 680 tsoiate at ai1 the temperatures

on these testers. Thus the severjty of the infection of isolate 5i4 mr'ght

mask the jnfluence of the accumuiating toxín at the 54o - 560 temperature.

At the Bo-8zor" temperature, the pathogenicity of isolate 5rh was

s1 ightiy greater than at the other temperatures" The s'ignificance of

this variation is in some doubt, and only further experim'nts would

make it possible to determine the consistency of the effect and the

nêture of it"

The effect of H. sativum toxin on disease deveioÞment in the

host was described by Ludwig (19). The toxin was evaluated throuqh a

bioassay techn'ique, using seed germinatjon of barley and spore germjnatjon

of Sclerotinia fructicola as criterìa. The suggestion was made that the

toxin of H. sativum predisposed the plant to invasion. in the present

studies¡ [" sativum extract inhibited the growth of Pyth'ium aristosporum

vanterpool . Further tests wouid be requi red to oua"***n",n"r. ,*
toxin which inhibited the growth of Pythium aristosporum is identical to
the one studied by Ludwig,

Approx'imatel y 6zOO entries were screened us'ing powder inoculum

and i00 of these were retested by the cornmeal inoculum procedure.

0nly seven varíeties showed a desirable levei of resjstance to both of
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the isoiates s 514 and 680" An examinatjon of the resistant entries

showed that the roots were brownish as in the susceptible host varieties,

but had grown longer. It was found also, that the resistant types had

deveioped new white roots in addition to the origína1 ones which had

turned brown" Such roots t^/ere never observed i n the susceptr'bi e types "

This suggests that the susceptÍbie plants were restrjcted by the

presence of the pathogen and failed to develop new roots to replace the

ones destroyed by 'infection" The occurrence of browni ng 'in both types

may indjcate that the toxin of H" sativum, which developes in the medium,

ís non-specific and affected both resistant and susceptible types. This

observatjon js in accord with the findjng of Ludwig (19) that toxin,

even in the absence of the organísm, produced symptoms similar to those

result'ing from jnfection by H, sativum" The exact nature of resistance

to this complex of toxin and pathogen requires further study. It is

not known whether the symptoms on resistant varjeties are caused

entjrely by the toxin, or are partiy due to invasion by the pathogen"

Experiments were conducted to study segregation of pathogenic'ity

jn a cross of the highly pathogenic isolate !14 with the non-pathogenic

isolate 499, It was not possible to estabiísh the mode of genetic

segregation for relative pathogenicíty among the ejght ísoiates from

thjs cross, 0ne possible explanation of this result js multiple gene

controi of pathogeniclty, as was suggested by Tinline and Dickson (25)"

It couid also be due to the differential effect of toxin on the reaction

of the seedf ings towards spec'if.ic isolates" A third possibilìty is that

the genetic constitution of the host varietíes used as testers was

inadequate to reveal the segregation of vjrulence genes of the pathogen.
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Although one or more of these factors may have influenced the resuits,

it is mostly 1ike1y that the range of the variatíon usuaily encountered

in usÍng the cornmeai ínoculum was the main hindran,se for detectíng

segregat'ion whjch would explajn the genetics of víruience in this cross"

The extremes in virulence, hÌgh or 1ow, were differentiated successfu'l iy

in reiatjon to mating type (fa¡te XIIe XIII), The intermedíate isolates

could not, however, be classified correctly, based on the same criteríon,

Ludwìg (19) has pointed out that toxin production in ísolates of inter-

mediate viruience btas less closely related to pathogenicity and more

variable between experiments than jn h.ighly vi rulent straÍns" Sínce

accumulation of toxin is characteristic of the cornmeai inoculum

procedure, this ís likely an important factor jn maskíng the true

vjruience of the intermediate isoiates. It is 1ike1y that a more

sensjtive method of ínocuiation, with adequate testers would have made

possible a more precise classífication of segregates for vi rulencet

leadjng to a genetíc explanation of the segregatÍon" Growth rate classes

appeared to be more readily distÍnguishable. The variatíons whích were

found withín classes were considered to be the normal ones influenced by

envíronment or the segregatíon of modifiers wíth minor effects. Typical

variation are shown by progeny of the cross Uf. X.499 (Fig, 22*23)g in which

the major growth dífferences in the ascospore cultures urere considered to

fjt a is1 ratio" It ís recognized that further investígations are requíred

to establ ish definÌte1y the val ídíty of assumptions concerning the minor

fluctuations in qrowth rate.
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