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Stuclies on

thê Pathogenlclty of SBeeles of llrsariì¡m

TNTROÐ'UCTTON

The most wlclespread. and. lmportant root d.i sease of
smaIl grain crops ln western canada 1s Hel-minthosporlum -
Susariun Root Rot, or Common Root Rot. ft is present

every year throughout the grain-growlng area of the three
prairle provlnces, and, affeets all cereal cropsr This

root illsease may be eaused. by severa]- d.lfferent solL-

lnhabltlag fungl although lfel*nlnthospo¡iir¡m sattvuu. p.Kr

and. 8., Fusarlum cul¡noru¡n (WrG. fu. ) Saoc. , and. other
speeies of Fusarium, are nôst eommonly assoclated, with
it. These fungl llve in the soll and. attack the roots,
erow,ns, and, lower pontions of the stem of cereaL pLants.

Certain of these fungi are, however, also capable of
attaeklng the leaves, head.s and. seed.s of d,lfferent grain
cropsr causlng cliseases whlch are eonnonry referrecl to
as trreaf spotstr, lrhead. bllightsn and. .tlseed. d,iscclsrationsn..

The greatest loss, however, rron theàe fungi usuarly oecurs

through d.emage to the unclergrournd. parts of the plants.
Common root rot attacks both seed,Ilngs and, mature

prants. å.s a seec[11n9 blight it nay be very d.estructive,
k1lrlng off a rarge number of seed.rlngs. .a.ffeeted, prants
that survlve the seed.ring stage usuarry rack vigour ancl

falL to tlLler properly so that stand.s of affecteel crops

are usually thin and. weecly. rn attdltlon to causi,ng serlcrr,s
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d.irect Losses ln yield anil graln qual1ty, the d.isease is
also responsible for very lmportant lad.ireot 1osses.

the nature of the d.lrect loss from @o¡rnon root rot ls
twofolcl. First, there 1s a loss in yleltt d.ue to red.ue-

tlon ln the number and size of kernels in the head.s of
graln¡ and. second., a loss in graln quallty due to the

Brod,uctloa of m.aIl shrunken kernels of inferlor quaÌltf,r

It is lmportant to polnt out that these inferlor kernels,
when sown, prod.uce weak seed.lings that are likely to be

easlly anil serlously lnjured. by root-rotting fungl lnhablt-
lng the soll.

The total aotual iloss ilue to com]non root rot is
somewhat d.iffieult to estlmate. Jud.ged by the .results

obtaÍned. ln experimental plots at WinnlÞegr üraigle (5)

has estLuated^ that the annual loss lu wheat, oats, atrù

barley is not less than flve per cent. 0n a basis of five
pof cent loss ln yielcl the annual eash loss ts Manitoba

aLoao fo¡i these three erops amounts to $ar470r000. d.eeord-

lng to Broaelfoot (e) and, Slmmoncls (51), slni].ar i.mportant

annual losses are caused. by eonunon root rst ia saskatehewan

anel Albe"!u, The investigations of Eenry (19), Dosd,alL

(8)r Ghristensen (61 and. McKlnne¡r (e5), have áemonstrated,

the great eeonomie lmportanee of root ctfseases i¡r cereal

croB prod.uction.

.4. J.arge number of pure-culture lsola:tions from the

roots of eereal B}ants eolleetecl ln variorrs parts of the
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three pralrle provlnees of Canacta by Eenry (191, Simmoucls

(51), Broadfoot (g)¡ Greaney and Bailey (f5i and. Sanfozd

and.-Broad,foot l}gl, showed, that fungi beionging to the

genus fusariun were veqf wid.ely and, eonsistently associated.

with root rots 1n Ïlestern Oanad,a. These investigators

earrlecl out extenslve pathogenlelty tests to d,ete:rmlne

whether speeies of tr.lrsarium fsund. associated. with the

roots of eereal plants wero saprophytic, weakly parasltle,
or capable of causing severe injur'5¡ uniler certain environ-

mentâI coniLitlons. Sanforcl and. Broad,foot (egl studied. the

relative patb.ogealcity cÉ nutrerous leolates of T\¡qarir¡n
culmorum obtained. from wheat rpots ancl found.- that the

maJorlty of iihem w'ere only veqf weakly pathogenic. SamueL

and. Greaney l?'7l. anil Greaney and. Johnston (fO¡ studleð

the prog'ressive lnvasion of the roots and. crow:rs ct wheat

plants by fungl and. founcl that Fusarlum cu1g'orun, and.

other speeles of Fusarir¡m., were eornmonLy assoeiatett with

wheat roots and. generally present in the soil, althourgh

ln a nunber of eases they exerterl no appreoiable parasitie

affect on the wheat plant.

Gord.on (1e) has made a taxsnomie study of t.he opecles

of tr\rsarlum iound. to be assoelatecl wlth d.iseased roots

and. stem bases of wheat, oats, barley and. rye 1n Manltoba.

.4. stucly of approxi"nately 41100 isolations of these fungl
lncllcateel that twelve species and, nlue varietles represent-

1ng seven seetions of the genus Fr¡,saritrm were present.
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Stuðles on thc u.lcroflora of the solI of, peruanesb grain

Blots macle at lYlnnipeg ln 1956 ancl 1957 lndleateel that

fungl of the genus tr'usarit¡n constitutod, an appreciable

pereentage of the total solI fu.ngus flora of grain plotso

In L956, 151850 lsolations of fungl ruere mad.e from orue

serles of plots and. Fus.arir¡m spp. accountecl for ].1498 of

this nrm^ber, or approxlmately IO.8 per cent. Speeies oû

Rrsariun were founcl to eonstltute L8.? per eert of the

total fungus flora lso1ateil from the sarno serles of graln

plots in 1957. Accord.ing to Gord,on (12) the varioruLs

Ísolates obtalned, fromthe solL in 1956 anil lg3? conrprised,

many species, varletles and. forns of 4\rsarium. belonglng

to eight seetions of the garüsr

0w1ng to the fact that Ftrsar"f!"Um culmorl¡¡r, and other

speeies of Fusarlun are so comnonly associated. with the

roots of eereal- plants ancl so generally present ln the

soll, lt was consiilered. essential that soinê attempt be

mad.e to d.eters,lne thelr pathogenlcity. It was therefore

d.ecld.ed. to earry out a eoaprehenslve serles of greenhouse

and field, tests to d.eternine the relatlve parasitlc

behavlour of the pretlomlnating species, varieties ancl

form.s otr Fusarium lsolated. from d,lseasecl parts of cereal

plants and from the solL.

Ehe antagonlm. ef mlcroorganims ln eulüure med.la,

1n the host plant, and. in the soiL has been observed. for
nany years, but it was not until more recently that th.e

fulI slgnlfleance of this faetor in the study of root



;5

diseases came to be appreeiated by prant pthologlsts
and. soÍI mlcroblologists. The i.mportance of the reaetiæ
of one organis üpon another, not only ln culture, but
also ln 't!;he soil itself Ís now weII established.. A

revlew of the literature on the subJect has been mad,e

by Fawcett {9)r Machaeek (221t Greaney and. Machaeek (l?)r
Vùlendling (55)r Sanford. and. Broadfoot (g0)r The rela-
tlon cÊ blologlcaL antagonisr to infection by a eereal

root-fnfeetlng fungi has been studiecl, by Stmmond.s (Bl),
Broaclfoot (3i, Bisby, Janes and. Timonin (I), and. Greaney

and, Maehaeek (17)c Blsby, James, and. Timonln showed. that
und.er greenhouse cond.ltions .Trlchotl,eru,a L{Snon¡m suBpressecl

the virulence d ,ï'usarium eulmon¡n. and. HeLminthosporlum

satlvum. Greaa.ey and. Maehacek d.emonstratecl that ln pot

eultures the trrathogeaicity of HeLu.lntho sporium sativrrs,

rsas srlppressert by the antagonistf.c action of c?phatotheelu¡n

roseum.

The lnportance of soil temperature in reLatlon to
cereal root-rotting fuagi has been lnvestigated. by MeKilney

(24l, , Dickson (7 | ¡ Sanford (eB) , Eynes (e0 ), ancl othersç

The resurts of these.stud.ies indicate that soll temperature

is an lmportant factor in the d.evelopment of seed,Ijr*g root
rotç In some cases, lnfeetlon was aceeLerated. wlth an

increase in soiL temperature, in others d.epressed,, d.epend,-

ing on lbhe host ancl fuagus stud.ied,.

.4. ntunber of lnvestigators inelud.irg ÐosdaIl (8),
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Eenry (I9), McKtnney (24.1 , Mltra (25)r Ðf ckson (71, ancl

E¡m.es (80), have stud,ied tlre influence of soil moisture

upon lnfeetion of in'heat seed.Llngs by parasitic fuagi.

The results show that both s,olL moisture and. tenperature

are varlable in t,heir effect upon the pathogenlcity of
cereal root-rotting fungl. Further investigations are

necessaly to d.etermine th.e aetual effeet of æ11 moisture

ancl temperaiure on the occurrence of serere outbreaks of

root rot of wheat und.er field cond.itions in lÏestern Canad.a.

ÏI. OBJECTS OF TNVESTIGå,TION

The princl.pal objeets of the present lnvestþation
were: (1) to Aeternine the relative pathqßenlcity to
wheat of five species of Fusarlrr¡r, anit a number of,

eultures of Tussriìrm culrl|on¡m origlnally lsolated either
from d.iseased. parts of eereal plants and. grasses on from

graln soils; (81 to stud.y the influenco of soiL moisture

ancl ,temporature on tb.e pathogenlcity of eertain speeies

of Fusarii.r¡m; and. (5) to d,eteru.lne the effect of eome conmon

soil--inhabiting fungl on the pathogenlcity of Fusarirrm.

culmorum and Fusariun reclolens Wr.

The

of

TIT. På,frTOG,HIICTTY STUDIES

Greeahouse Experlments

results of prevlous g:reenhouse

cereal root-lnfecting fìllngl by

tests of pathogen-

Greaney and Ball-eylc ity



(15), Greaney and. Machaeek (fZ¡, and. others, l4ve 
'l

emphasized. the lmportanee, if rellabte and, reprod.uoible

results are to be expectecl, of control-I1ng factors in-
fruencing the soll- environment. rn the present investi-
gation,, therefore, ever:Tr effort was mad.e to stanilardlze

the cond.ltions und.er which the varlous greeum.horuse pot

tests were mad.e.

Material ancl Methods

Greenhouse pot tests were mad.e to determine the

rerative pathogenicity of twenty-four culturos of Fusarf,.r¡¡n

eulmorum lsorated, from Èhe dlseasecl parts of cerear and.

grass plants. "{ Ilst of these ieolates, togeth.er wlth
inforuation coneerning the d.ate and. souroe of .!þei3

isolation X.s given in fable l.
rnoculrrm. of eaoh isorate of F. ctrlmorun was prepared.

by growlng the fungus on a sterirized. sand. ancl cornæal_

mixture for about 15 d,ays. Thls med.ium gave excerLe.nt

growth of all isolates andl specles of rlrsarlus,¡ when

eompletery overgrown ¡ulth t,he sporurating mycertr¡m of, the
fungus, the sand.-cornmeal lnoeurum was mixed. with auts-
eravedl sol]-, one part of inocurum to 5o parts of soil by

weight, and, plaeed, in 6-1neh pots. All soil for a given

experiment was prepared. at t.he same time. rn crd.er to
aLlow the varlous fr-urgi to become well e:stsbrished. 1n

the soil to which they were ad.d.ed,, three d.ays were aLrowed.
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lab.Le l-. Iilunber eßô source of lsolates of &ggå@, cuLnon¡m

Iso]-aÈe No. Te¿¡¡ isola.tecl BoEt Locatlon

58

1A65

1040

95''I

856

854

IUtg

].a80

L500

1195

1¿0Ê

1J.58

l l11

LLg¿

1I97

59

19A

t9B

19c

e85

5?9

6

15

108

19se

1955

n

R

tr

B

I

tl

tl

n

ll

n

n

ll

ll

19õ?

1950

r

t

1956

19õ5

19$6

ll

ll

Drn¡n uheat

Rewa¡il r

Cowtoa n

Dun¡s

Beçartl n

Barley

Oats

Maro.uig ll

Relsaral rr

trlaro,uis rr

Copmon tt

Duniln rl

Ceres

Dun¡g r

Gonmon rl

0atE

Conmon tt

Brome gra-sg

üa¡quis wbeat

Gopr¡oa t

Rhocles, l[an.

Bow6nanr üan.

Brendon, n

PiJ.ot &orrnGlr tr

Ilhitewaterr n

Enerson, rr

MeütÉ¡. R

Grisrold, tl

Pípestoner r

Foxwa¡ren, n

Sboa-l Lake, r

Blnscarth, o

Clee^mater, n

Deloralne, o

Virclen,

Rhoeleo¡ tr

Sasketoon¡ Saok.

nü

Itü

nr|

Wiraipeg, Han.

Poper r

Sew üor"nay¡ AJ.ta.

Rotbansteê¡ England.



to eLapse between the time of soir preparation 
""a ]"1" ",

sowlng of the grain.

lhe seed. used, was Marquis wheat, selected by handl,

for uniforæ.Íty and, slze. rt was snrfaee sterlrized by

rinsing ln 95 per cent ethyr arcohor, lmmersing for Èhree

minutes ln 0.L per cent mercurio chrorld.e soLutlôn, rlns-
lng 1n aleohoL, and then wadring in sterile water, Before
sowlngr the s¡rfaee-stertlized. seed. was inocurated., where

requirecl, by d.ipplng lt into a suspension of spores ancl

mycelial fragments of the specles of 4\¡sariup to be tested..
The eontrol seed. was dlppecl in sterile; water. Tmroed.latery

after treatment, the seecr, was sown ln the prepared. soir.
rn eaeh fungus,serles there were 4 pots, twenty-five

seed.s belng sown ln eaeh pot. The complete test ïrith
84 organisms and P,4 controL pots of r¡ainfested, soil sown

with uninoculateil seed. consisted. otr 1p0 pots. Ttre test
was repJ.lcated. four tln-eso Durlng the course of each

test unifonar eonditions of light, moisture and. temperature

prevailed.. The moisture g@ntent of the soll was malataÍ.ned.

at a unifors level by addlng sterire water at tv,ro-clay

intervals to bring the pots up to their original weight.
To mlnimize plaee effect, the pots of eaeh test were

completery rand.omlzed. on a rarge beneh in the eentre of
the greenhouse.

Gem.lnation was usuarly conplete lz itays after sorriïìg

at whlch tlme the number of emerged, prants per pot were

counted.. At the end. of the experlmentaL peridt (29 d,ays) ,
non-energed. pLants as well as the young seed.lings were
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Ilfted. from the pots, washed. free of solI, exa¡rjned,

indiviètlally, and. the extent of inJpq¡ due to pr€-ê&er-

genee bl1ght, seeiLring brighü and. root-rot ïuas record,ed..

The classes and. numerlear ratlngs used, to record. the
lntensity of d.lsease infectlen on ind.ivlduar seecLrings

and. the methoel of computing the d.lsease ratlng that was

used. to errpress the extent of the diisease on the plants

ln eaeh series of pots are gì-ven ln Table 2,

*{fter the dlsease d,ata had. been secured, the green

wÞlght of the plants of each inoeuratect ancl unlnoeuÌated.

serles Ìyas recorcled,. rn all experiments herein reportect,

plant emergenee, d.isease, and. yield data ïvere anaryzeil

accord.lng to the proced.ure d.escrlbed by n'isher (lA) as

the analysis of variarrcoo To estimate the odcls of sig-
nifieahce, however, the direct ratio of the variances
(the F vaLue of Sneilecor (5e)) was useel. The methoès

usecl in all greenhouse experimepts with you-ng plants
herein reported Egre essentially slmilar to these d.eseriþed.

abgve.

In additioa to the seed,ling test of pathogeniclty
with various isorates oû Frrsarlrrn curmorr¡:n, the parasltlo
behaviour of five different species of tr'r¡sarirrm to aôrlt
Marquls wheat pLants was stud.ied.. The species of Fusarir¡¡nit:: .'r Lvulrqur¡t w.ßeatr pIanTS wAS Sltl(tled. The SpeCieS Of FUSafiU¡n

... :.:. - 
. . . :

tested. were strain No. 58 of [. culmorum (Inr.G. sn.) sacc.,

E. red.olens Wr.¡ F. avenaceuu Fr. (Sacc.), F. o¡ryspÞI'ttui

Schlo v. aurantiacum (tk.) ¡{Tor aad [. equiseti (Caa.¡

Sace. fn" *"thod.s ¡¡sed. 1n these tests were briefly as



Table 8. Classes and. numerlcql ratlngs usecl to record, the
' d.egree of lnfeetion caused by Ïusarlum, cgþ9rrrm

on wheat.

-11

Sun of nu¡aerleaL ratlngs of individuaL Blantsr 100

Number of plants x 5

Disease ratlng _

CIass Ðeeree of infectlon on lnd.ivid.uaL plants
NUmerLeaI
ratim

I

2

5

4

5

6

No infection

fuaIl, scattereit neerotic lesions
suberown internod.e, or roots.

sheath,

Distlnct d.ark l-eslons on basal parts, partie-
ularly on suberown internod.e anci roots.

targe necrotle lesions on crown, subcroune
internode, and. roots¡ with l-oss of plant vigour

Severe rottlng of,' basal parts; plant chJ-orotle,
often stuntecl¡ so&e eulms cl.ead..

Plant d.estroyed. after germination, but before
emergenee. Dead. plant.

I

z

3

4

5
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forl-ows. surface sterilized Marquls wheat was sown in
sterile quartz sand.. when the hearthy seed,rings ïÍere

slx ilays old they were transplantecl from the sand to
6-inch pots of sterilized, soll contalning lnoculum of the

fungus to be tested.. At the tlne of transplantlng, the
entire root system of each seedJlng was inoculated. by

dlpping it lnto a vrater suspension of spoïìes and. myeelium

fragnents of tho respeetive fungl. Five seecllings were

pLaeed. in each pot ancl grown to maturity. .A,fter the plants
had. been transferred,, ühey rúere lnoeulatecl at regular
intervals during the growlng periocl. (at I0, ZO, 50, and.

70 d.ays) by means of water suspenslons of, sBores which

lvere ad.docL to the soil of each pot.
. A complete experiment eonslsted. of flve pots (25

plants) of eaeh species of Fusarir¡m and five uninoeulatecl,

controL potsi soil *or"rorJlãt was maintained. at a

eonstant reveL in aLl pots. throughout the experiment. The

cornprete experiment was carriecl out at two d.ifferent times.

At'uaturltrr the intensity otr d.isease on ind.ividuaL plants
was recoriled. aecord,ing to the method.s d.escribed by Greaney,

Machacek and Johnston (18).

E:perlnental Resrlts
The clata of the tests wlth isolates of r'. cu]-moru.m

were examlned by the anarysls of variance method, (Table ã).
The resu.lts of the analyses 1n Tabte 5 show that the twenty-
four lsolates of F, culmonrm tested. differ greatly 1n their
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Table 3. Complete analyses of varlance for percentage
of plants emerged,, ilisease rating, andl green
weight of, young Marquis wheat plants.

Varlance dlue to
I,egrees

of
freeclom

sun
of

squares
Mean square F îfo

point

Replieates
Isol-ates
Error

Plant Tìmergenee

g
29
gfl

4895.16
15691.85
45Ie.59

L63l.YZ
541¡ 09
51.86

10.46 Ì.60

TotaI 119 e5099.60

Repli cates
IsoLates
Error

Disease Rating

6
z9
8rl

4e9e.65
20816.59
59õ4.81

1430.88
717.80
45.45

I5.79 L.60

[otal 119 29065.85

Replicates
Isolates
Error

Green Ulelgbt

3
29
a7

1,26840.66
16557.68

6900.78

4P,e80.22
570.26
79.31

7.19 L.60

TotaL 1,19 150e79.06



pathogenic behavlour. In everSr instance, for plant

emergence, clisease ratlng and. yield, the varlanee for
organlffis greatly exceed.ed the error variance. The

complete resuLts of the experJmentr wlth the stand,ard.

errors associated wlth the factors stud.ied, are sunm&T-

izeel ln Tab1e 4.

It is evidl,ent from Table 4 that a wide variation
exists tn the virulenee of the 24 strains of, Fo eülmorum

stud.led,. 0n the basls of the stand,arcl error a signifi-
eant necessatTr differenco in d.isease ratig between the

organisms 1s L0.1,. usl4g this as a basis for elasslfiea-
tion it wa-s founil. that the vari.ous lsolates of F. cr¡lmor¡u¡n.

could. be d.lvld.ed, into three classes; namely, strong
pathogenic, mod.erately pathogenlc and. weakly pathqg en1e.

The great maJority of those tested, were only verìr weakly

or weakly pathogenic to Marquls ufueat. Bhese res.llts con-

firæ the findings of sanford and Broad.foot (ag) who tested.

the comparative pathq.enicity of sonne Ê1g cultures of

E. eurmorum isolated. from the roots and. crowns of rrheat

plants eolleeted. from widely separateÖ fields in ¡A,Lberta.

In ühe final- aaalysls of the experiment, diisease

ratlngs and. total green weight of the plants of the ind.ivid-
uar pot series were correlated.. The signif,icance of t he

correlation coefficlent obtalaed. rvas d.etermined by the

method. cleseribeè by Goulden (Ig). A hlghly significant
negative eoefflclerrt of -0.94_59 was obtalnecl. This resurt
substantlates the work of tLvingstone (21) wh.o studied. the
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Table 4. Tbe rel,atfve patbogenieity-of- seiiðiáI, isolates of &ggglg
enlnon4q to lIarquiE wlreat eeedlLogs.

Fusarj-rrm culnor¡¡t_-i so-retaTtl
Percentage of plants

emersed.
Degree of i¡fectlon Green ireight of

nl,snts l-n s¡grnmeg

58
1?65
1040:

93?
856
854
108

Lr19
1¿80,
1500

6
198

1195
L?OA
Its8
lLLL

15
t9c

529
lleP,

ã9
19A

?85
LLg?

Coatrol Â
ControL B

4l.o
51.2
59;¿
59;8
60;P
61;¿
6l;8
6õ;0
6õ;e
65;O
64:O
64;5
65;0
66;O
66:2
6?;2
67;5
68;5
?0;0
1?:2
74.9
,15;2

'7aa'78;5
88:?
90.6

64;O
55;8
25;8
55¡9
20:6
24:6
2?a8
e5;I
P.4;4
e?;?,
zg;8
16;8
eut
¿e;5
?r2:4
19;5
2¿:9
w;?,
6;E

ït:0
tL:g
Tß:4
ro:o
It;6
P;8
5.0

42.6
65.4
62.4
60.9
67.6
66.9
68.5
6?.5
?0.o
68.5
69.0'
,15.5

66.?
61.Ð
71.6
7L.?
î4.6
6¿.5
go.5
?6.7
78.5
78.O
79.O
84;0
91.;?
92.r

Sta¡tla¡d errcr ! 5,60 + 5.5? t, 4.45

reLatlon between growth of roots and. tops ln wheat, ancl

founÖ that poorly ileveloped. wheat tops were assoclatecl

with poor root cievelopment¡

The results of the matune plant stud.y with trive spe eies

of Fusariqm. are given in Tab}e 5. To eeonomize spacet

the complete analysis of varlance tables for cllseese rat-

ings, ueigb.t of plants anil grala are not glvenç Howevert



Table 5. The rolative pathogeaicity cf five d.ifferent
. speeies of Fusarium to mature plants of Marquls

wheat ln grëe pot tests.

U Plants first inoculated. when I0 ilays old,.

the results of these analyses establlshed, that the d.ifferences
in pathogeaicity observecl between organlsms in the experiment
were o:"y great. The conplete resurts of the experiment in
Table 5 show that of the speeies of l'usarium tested, F. eulmorun

Organi m.
I Degree of
I root-rot
I lnfeetion
Dl sease Ratlng')

Í[e ight d
root and tops

of plants
(æ.)

Yield
of

Grql" n
(9.)

Fusarium
@
F o:rysponrm

F equisetl
ä *o""*r*,*
tt culmorum
." -ffi'-ã'v
Control

(no organisu.)

15,6

18.9

26.9

52.4

59.0

L3.6

1å5.6

119.9

L?'4.4

115.e

gg.4

le6.1

19.a

18.7

16.7

L5.0

11.1

23,5

Stand.arit error L 6.73 ¿ +.22 I 2.05
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(Isolate No. 58) was exeeed.ingly pathogenie to wheat.

Fusarlum equiseti and. F. avenaeeum were weakly pathogenic,

while F, oxysporum and F. reclolens were aoü pathogenie to

ùlarquls wheatç The esmparative pathogenlcity cf these

flve fungl to young wheat plants 1s diseussed, ln a later
section of this paper. Fron TabLe 5 it ls again evident

that the lntenslty d root rot lnfection causeä. by species

of I'usari!¡s is negatively assoclated. wlth yield in Wreat.

FÍetd. Er¡lerlments

tr'lel-d. tests to deternine the relative pathogenicity

of five specles of Fusarlum; namely, F. eulmorum., I'.

reelolens, F. .9g,gg¡gg,r I. avenace¡¡m, F. equisetl and. of

nine isslates of F. culmorruo to ad.ult wheat plants were

made in 1938.

Method.s and Materlals

Seecl of Renovnr wheat lnoculated by the sporê-suspen-

slon methocl was planted. ln artlfieially-lnfested soil-

(600 orer of oat-hull inocuh;m. per rod.-row where requlred.).

One part of oat-hull inoculr:m was used. to nine parts of

autooleved. so1I, by volume. This soil lnoeulum was

lncubatect for 15 days ar¡d. then applied at seed. IeveL at
the rate of 600 g¡co per rocl-Towr

The eomplete experÍm.ent eon sisted. of four repllcates
of L6 pJ-ots each. Each plot contained. two rod-rowsr orÞ

ln which 100 seed.s were spaeecl ln the row fsr estÍmatlng
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the amount of d.lsease and. in the secontl row a weighed.

amount of seetl was soml for trurnishing Ëhe yield, d.ata.

Ðata on energence were taken 24 days after seed,lng and.

notes on the incid.ence of root rot and. ylelct were

reeord.ecl rater. Details concerning the technique of
infecting the sotr of flelet prots with cereal root rot
fungl, ancl of record.ing the amount of infectlon on

mature prants used. in the present lnrrestigatlons have

arread.y beea given by Greaney, Machaeek,gncl Johnston (lg).

Experlrnental Results

lhe anaryses in Tabre 6 establlsh significant
itlfferences between organlçms, with respect to pLant emer¿

gence, d,lsease rating and. yierd.. The conprete results of
the fieId. eræeriment showing the relatlve pathogenicity
of d.ifferent species and, forns of Fusjrrlum as indicated.
by pereentage of plants emerged, d.egree of r¡oot rot in-
feetlon and, ylelct, are s;Lrmmarlzed, in Table Z.

From Table 7, it is evid.ent that alr of the lsorates
of F. culmoruq tested. were und,er the cond.itions of th,e

test ln 1958, nore or Less pathogenic to Renowa wheat.
Again, increases in the a¡nount of, root-rot infection brought
about corresponding decreases 1n yierctr 0f the other four
specles of Fusarit¡m testecL F. eqqisetf and {r avenaceull
werer when compared. with the eontrols, only sltghtly path_
ogenie to Renonnr wheat, whlte [r red,olenp and F. oxjrsporum
gave results that d'id not dlffer srgnificantly from ,oî,,
uninocurated contrors. rt 1s interesting to polnt o,rtrthut
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ilab1e 6r Complete analyses of variance for percentage
of plants emerged., d.isease rating and. yield.r
(lTlnnipeg Field Experiment, 1958)

Varlance d.ue to
uegrees

of
freeclom

swn
of

sc¡uares
Mean square F 5/o':'

point

Repllcates
0rganfsns
Error

Plant Tth.ersence

5
15
45

1Þ05.56
]Lr?49.9&

L'.IZA.44

555.r9
985.e6
38.88

25.68 1ó9I

Total 65 1807 6.94

Replleates
0rganl m.s
Error

Di sease Ratlns
g

L5
45

447 t73
8?.4.46

1144.95

L49.24
54.96
25.44

2.L6 r.91

Total 65 e4L7 ,LZ

Repllcates
0rganisms
Error

Ylelcl

5
1,5
45

+39.33
l-655.68

920.45

L46¡44
108Ò9L

20 ¡45
5.3?, l.91

Tota1 65 e995.46
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Tab1e 7. ReLative pathogenicity of flve speeles of Ft¡sarlt¡m and.
of severai lsslates o-f Í\rsarir¡m ôurnorum tõleffiE
wheat grown und.er flerdffioñmf-Eînnlpeg, Man., in 1958.

Fungus Isolate
No.

Percentage of
Plants emerged.

Ðegree of
fnfection

(Disease Rstlne

Yield Ber
aere

) bus.

F. culmonrm

E.

F.

F.

F.

F.

g.

g,

g.

F.

F.

g.

E'
F.

tl

n
--.-.-'+

tr

n

tt

It

----equisetl
aveBaeeum

cullnoSÌxo

rec[o1ens

orrysporum

-

euunorulll

-

ControL -
Oontrol - B

937

L9a

529

1265

58

e85

t0E

198

15

19C

37

Ê8

30

a0

69

34

55

6A

õz

5g

29

64

61

48

oo

6',1

43.4

+3.e

4L.4

4L.1

41.0

40.9

.59.2

59.0

58.6

58.0

56.9

36.9

56.7

34r6

5L.0

50.9

29.4

27.4

?!.2

2ä^.4

2õ.0

26.3

26.5

á2.7

55.0

26r8

z&.5

,54,6

s6.3

54.I

55.9

58.L

Stand.ard. error L 5.09 i 2.5e t z.26



the field. results were

obtalned, in greenhouse

(Table 5 ).

-eL
ln accord,ance with the results
pot tests with ad.ult plants

rVO TNELIIENCE CIX' ENVTBONMENT¿,T" ¡'AOTORS

ON PATHOGENTCÏTY

SolI Molstuxe

series of experfments ïrere carried, out ln the green-

house to dietermlne the effeet of soil moisture on the
pathogenicity of F. culmoru,,, F. equisetl, Er avenaceurtr,

F. Ied.olens"ancl F. oxyspcurium to Marquls wheat. The soil
inoeuration methiod.s used, were those eniployedL in the path_
ogenlcity tests wlth lsolates of g. culmorum previously
d.escribed,. .a,t the conmencenent of an experi.ment the soil
ln one half of the pots of each f*nguÀ was ad.justeil to 60

per cent of its molsture holding capacity (high moistrre
serles)¡ the soiL ln the remalnd.er of the pots was ad.justed,
to a moisture hord.ing eapaeity of 40 per eent. (J-ow

utolsture series). The moisture eontent of the soil $/as

maintained. by weighlng the pots at two-day intenrars and,

ad'd'ing sufflctent water to restore them to orlglnaL weight.
The two moisture serles were tested at eaeh of the f,ollow+
ing temperatures, I0o, lbo, pOo, ild eãoc.

At the end' of an expenimental period, of thirty days
noa-emerged' prants, as werÌ as the young seed.lings, were
llfted from the potsr ard the extent of damage due to pire-
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Table 8. Complete ana}yses of variance for plant emergeneet
d.lsease rating and. green weight of plants.
(So11 Moisture Stud.ies, Experluent I)

Varlance ilue to
ljegrees

of
freedom

stùII oI-
square s

a¡uteaa
souare 3'

Ðlo
polnt

ReBlieates
SolL moi.sture
Soil temperature
Organlms
So1L M. x So11 T.
So11 trfi. x 0rg.
Soil T.x 0rg.
So11 M.x soll T.x

Error

Plant Eme

t
I
3
5
5
5
I

.9
3L

4l-0.04
56.00
50.56

1412.56
20.88
20.58

L87.32
39.',14

654.96

410.04
56.00
I0.l-8

470.85
6Ò96
6.?9

20.81
4.42

e0.48

I.76
?2.99

-
1.08

.4.r5

e.90

e. 19

Total 65 ?,792.44

Ropll cates
SolL moisture
SolL temperature
0rganlsns
Soil M.x So11 T.
Soil, M.x 0rg.
Soil T.x 0rg.
Soil M.xSolI T.xO

Erron

Disease Ratlne

I
L
3
4

5
g
I
I

51

0.5e
0.0e

580.55
7r,84A.70

188.51
38r92

5õ5.89
L14.65
609.r6

0.5e
0.0e

L96.52
?.46L3.56

62'.77
l.,z.g7
97.32
12.,74
19.65

9r85
1e52.59

5.19
0.66
1.90
0.65

a.õo
2.90
2.go
2.90
2.L9
z.L9

Total 65 767A8.VO

Repli cates
So11 moisture
So11 temperature
0rganlsins
So11 M.x SolL T.
So11 Mix 0rg.
Soll- T.x 0rg.
SolI M.xSoiI T.x0

Error

Green Yireleht

L
I
5
3
6
6
I
I

51

a692.9?
108.42

6797.86
zgLo+.64

414.99
L5.90

1869.77
?4.40

6454.55

3632.97
IO8.42

?265.95
7'l oL.54
I58.ã5

5.50
207.75

8.2'l
408.20

10.88
56¡ 99

t'

0.99
t

zleo
e.90

ô

e.19

TotaI 63 41535.50
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emergence bllgbt and seedlling blfght wê.s record.ed. ln
the usual waSr

The resurts of, the analysis of variance tests for
percentage of plants emerged, amount ct d.isease and green

weight of plants for the organisms, F. culmorum, E,
equisetf. and, l'. aveaaceum apBear 1n Tabre B, wh1lo those

for the fungi E, culmonm., F. oxl¡tsporum and [, red.olens

are given 1n Table g.

rt is clear from Tables I anð g that tho d.ifferences

observed. between solr moisture eontents in these extrerri-

ments were not slgniflcant. rn no instance did the F.

varue exceed, the 5 per cent polnt. There was, hcnmever, a

very slgnificant d.ifferenee between organisms in these

tests. Begard.ing the effect of temperature on the develop-

ment of the speeies of Fusariqm testecl, lt is evid.ent from

Tables I and. 9 that temperature markectry lnfLuenced the

itegree of pathogenicity exhiblted by varlous species of

Fusarlum on Marquis wheat seed.lings. The ecmplete results
of the moisture experlments are suumarlzed. in Tabres r0
and. 11.

The evidence presented 1n Tables L0 anit 1l show that
sotl- moisture dld not significantly lncrease or di-eerease

the vlrulence of any of the qgecies of Fusagllrm stud,1ed..

In many lnstances, however, there was a tenclency for Low

soil moisture content to increase the pathogenicity of
these fungl, but the d.ifferences observeil were not slgnlfl-
cant statlstleally.
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Table g' Complete analyses of variance for plant emergence, d.isease
rating and. green weight of plants.

(So11 Molsture Stuclfes, Erperlment IIl

Variance clue to
uegrees

of
Freed.ou.

squares
sum o ¿ Mean

square F 5/o
point

Repl icates
SoiI molst¡rr€
SoiI temperature
Organi ms
Soil M, x SolL T.
Soil M. x 0rg.
SoiL T. x 0rg.
SoiI Mo x Soil T,x 0

Error

Plant rÌn¡ergence

|1,lr
l5lsl5lsle.9
I 51-

1L90.25
16.00

LAg.L2
48,28.87

78¡8rl
60.37

LQ?.26
55.e6

L364:76

1190.e5
16.00
-41'37

1609.6A
2,6r29
e0.13
11.gL
6.L4

44.04

õ6.56 2.90

Total 65 7885.75

Replleates
SoiI moisture
SoiI temperature
Organisms
So11 M. x So11 T,
SolL M. x 0rgl
8o11, T1 x 0rg.
So11 M. x Soil T.x

Error

Ðisea¡re Rating

I
I
5
5
3
g
I
I

51

3.66
66.64

996.57
6ç658.47

69.15
463,L+
446.56
z2g.a4

L8gg.74

3.66
66.62

3g2,Lg
8e886.L5

2?,.7L
154.ãg
49.6I
2^5.44
60.9e

1.09
5.45

375,.67

2.53

+.L5
2 r9O
2, rgo

2.90

Total- 65 728.20.96

Replicates
Soil moisture
Soif temperature
0rganim,s
Soil H. x Soil T.
SoiI M. x 0rg.
So11 T. x Org.
SoiI M. x So11 T.x (

Error

Green trïeieht
I
I
$
5
6
,z

9
.9

5L

ä'töi4.ÐÍ5
2.90

754,39
7171.56
l_41.0I
50.98

5&2.89
l28o5e

1179.9e

z'tö2.D6
2.80

e51.46
2390.62

47.00
10.e9
58.09
L+.28
58.06

6.60
62.80
L.23

1.00

¿.90
e.90
2.90

2.L9

Total 65 L2534.52
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Table r0. The influence of soil moisture on the pathogen-. icity of Fusarlum culmorum, l\rsarium equiseti
and. Fusar

Ætrl

0rganlsm
Iemper-
ature

On

Percentage of
þIants emergecl

Ðegre e or
infection

(i[sease ratlng)
Green wei_g&.t
of plants

( graunes )

High
moÍsture

tow
moisture

Hlsh
mo1 sture

tew
uiolsture

Higb
moigture

Low
moisture

Fusarium

@rgs

10

15'

zo

e5

s6

37

58

g6

4L

42

59

38

80.8

97.4

96.6

88.1

66.2

8?.5

89.4

90.e

2..7

5.0

L0.2

8.8

9,5

9.5

9rI
1.4

Ilrsarlum

equiseti

L0

L5

20

a5

45

46

48

48

4?

45

49

5A

2.7

5.0

4.8

2.8

e.z

4.2

9.1

8.5

25.5

Ln.o
62.7

66.4

tr?.4

54.2

65.1

57.9

Fusarlìrm' I

-l

I
aYenaceu&

10

15

20

¿5

4:5

51

49

48

45

5L

46

50

7.4

8.6

9.1

1l-.1

2.9

7.?

Lo.0

L7.4

25,2

u?.9

59.0

64.2

54.O

60.0

uu.á

55.4

control 
Ilno organ

'*l I

L0

15

-80
e5

5;2

49

+9

50

55

51

50

54

3r2

4rQ

9.6

OoO

,.?
5.6

"5.1.

8.¿

2?,2

46.6

63..5

65.L

55.8

55.6

67,0

56.1

Mean of organlsnå 45 4l 45.7 e5.g 39.5 42.O
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Table 11. The influence of soil u,oisture on the pathogen-
icity of Fusariun culmon¡mr lusariu¡n red.olgnqr
and. Fus ar@afriüï8ffi'eãF--

(Experlment Iï)

OrganÍm
Temper-
ature

oC.

Percentage of
pl-ants emerged.

uegree or
lnfect ion

(ctlsease ratlng)
Green weight
of plants

(grames )

Hfgìr
mol sture moi sture

H].gn
mol sture

'LOW
moistuie

$r.gn
mol sture

I¿OW
moi sturt

Fusariuln

culmorum

L0

l-5

20

å5

40

51

ã0

g6

gz

28

51

30

75.2

79.8

88.L

82,6

86.4

88.8

92.4

86.0

5.L
' 7.O

5.Q

4.2

4.1

zrg

L.B

5.1

Tusarigq
red.olens

10

L5

e0

z6

57

55

5e

51

55

5g

52

54

r.6
15.4

r5.8

21,.9

1.2

5.e

6ç7

L3.2

iji,.6

93.8

26.4

28.9

a,?-.5

â5,.2

36.9

zL.9

Fusarium

oxysporün

10

15

20

a5

54

51

51

46

5e

5o

59

+9

1.5

L0.4

rg.4

19.5

1r4

4.4

1rr6

l-2 .5

eo.4

51.1

e9.8

27.9

21.1

35rZ

55.0

22..A

Control
(no organ

isn

10

15

20

e5

55

55

5Z

49

5e

51

52

5+

lrB
7.8

L6.5

1r.5

0.8

61?,

7.9

10.6

z2.g

5I.9

29.5

zY.2

2.5.5

'tr.5.5

56.0

a4.2

I

Mean of organlsne 48 47 P g.e 27.2 eI. g 22.9
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Soil- Temperature

Another series of ex¡reriments were macle to d.eter-

mine the direct effect of temperature on the pathogenicity

of the five species of Fusarium mentioned. aboveo Four pots

of each fungus containing thlrty seed.s of Marquis wheat

each tvere placed. ia each of four their:rostatically controlled.

temperature tanks maintatned. at 10o, 15o , ZOo, and z5o C.,

respectlvely. A unlform moisture content of 50 per cent

of the total moisture-hotding capaclty of the soiL s¡as main-

tained in all po ts. Each temperature experiment was carried,

out in d.uplicate, an:.d- the method.s used. for record.ing and.

analyzing the experjmental- d.ata were essentially similar
to those eraployed. in previous greenhouse tests.

The data of two complete temporatu-re experiments were

examined. by the analysis of variance method (Tablesl2 and. lE).
The results of i;ire analyses in Tabl-es 12 and. Iã show that
the effects of temperature on the pathogenicity of specles

of, &g!¡g to wheat are very great" -A.Ithougþ temperature

d.id. not marlcedly.influence plarit emergence, it ha.d e very

signifieant effeet on the incid.ence of d.isease and. on green

weight of the pla.nts. In no instance in the experiments

was the interaction of teraperature and. organisms signiff.cant.
I'rom Tabl-es I2 and. 15 it 1s evid.ent that highty significant
d.ifferer:ces exist betv¡een the degree of pa.thogenicity

exhibited by various orgaaisms tested. The complete results
of the exloeriments, with the s'Ua-ndaid. errors associated. wlth
the various factors stud.ied., are suffiÊerLzed in Tables 14

and. 15"
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Table L?,. Complete analyses of varianee for plant
emergence, d.isease rating and greea. weight
of B1ants. (So11 temperature Studie.s,

rìrtrreríment I)

Varlance d.ue to
Degrees iàf

freed.om Sum of squares Mean squa
IreF
I

5/o point

Repllcates
Tomperatures
Organiscrs
Organim.s X îemp.

Efror

Emergence

5.
5
5
I

45

455"06
50.56

1413Ò 56
l.87,3e
7A6.94

I51.69
L0. Ig

470.95
20.91
15.71

zs:,ss
L.32

2 Ò81
2.09

To ta1 66 279e.44

Rêplicates
lsmperatures
Organlsms
Organisms X Wemp.

Error

Ðisease Batine
4o
¡z

5
I

+5

P9.11
590.56

73940.70
555.99
923.45

I o37
l_95.58

246L3.57
õ7 .32
20.5e

g r4.5
I199.49

L.8a

e.81
2 .91
2,09

Total 63 75708.70

Replicates
Temperaturos
Organisms
0rganisms x ûemp,

Error

Gre_e! Welght
t7

5
5
I

45

e-810.07
6797.86

23]-04.64
1869.7?-
6950.96

956;69
P265.95
770t.55

2,Q7.7-5
154. 46

L4a67
49.86
I.34

g. g1
P.91.
å.09

Total er3 4Lõ93.30
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Tabre L5. conplete anaryses of variance. {o"_prant emergenee,
cllsease rating and green welght of-plants.

(Soil Temperature Stud.ies, Experiment III

Variance d.ue to
Ðegreos

of
Freeclom

Sum of
Squares

Meen
Souare

$ 5/,
point

Repllcates
Temperatures
Organisms
Organisms I T.

Ernor

Emergence

5
3
g
I

45

Ie15.25
L?,4.LZ

48.?g.gfÍ
LO? .26

L5500Aô

405.09
4L.3'T

1609.6¿
11.91
34.45

r.e0
46i7?.

3¡81
2.91

Total 65 7825,-76

Replicates
Temperatures
0rganisms
Organl sYns x T.

Erron

Disease Rating

3
5
5
I

45

405.9I
gg6.5g

68658.47
446.55

1965.54

134. 60
5ã2.19

å¿986.16
49.62
43.63

.'l ,61
5e4.55

1' 14

e.gL
2.81
e.0g

TotaI 68 7?468.95

Repli cates
Tenpezatlrres
Organlsme
0rgani om.s X T.

Error

Gqeen_ lïeieht
g
3
3
9

45

2790;66
7,5,4.59

7l-71.56
34Z.gg

].475.OZ

930.2?-
e5L.46

P.390.52
ã9.10
92.79

?.67
72.95
1.16

e.81
e.g1
8.09

TotaI 63 L2534.õ2
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From Tables 14 and. 15 it is evid.ent that temperature

had. a marl<ed. effect on the virulence of species of,

Fusarium. 'Èith al-l organim.s, the greatest ámor-urt of

lnjury to }Åarquis wheat seed.lings occurred. at the higher

temperatures, that is at ZOo C. and. a5o C. ft may be that
the effect of tehperature on the host is more important

tlran the effect on -che fungi. Dickson (?), for instance,

obtained sirnilar resul-ts to these obtained. in the present

stuôy 1n his work on the seed.Iing blight of rqhea_t caused.

by G-ibÌel_g1la saubinetii (itriont") Saecn, but the reverse

wi-th the seed.llng blight of corn caused. by the sane organ-

isn. ïIis e4periinents lead. to the co:rcLu-sion that the

plants are bLighted. most severely at iemperatures which

serve to preilispose the respeetive plants to disease,

ihat is, relatively high temperatures for rqhea.t and. low

for corrrr Ti:.e present raoisture and. temperature studies,

the results of v'¡hich are given in Tables 10, 11, 14, and

15, ind-icate the importarrce of tempere.ture on the occurrence

of outbreai<s of seed.ling blight a.nd root rot of wheat caused.

by specles of Fusarluq. It is possible that soiL moisture

way aJ-so be an important factor 1n the oceurrence of d.es-

tructive epi d.emics of these root-inf ecting fungi. Further

exporlments are necessary to d.etermine the signi.fieance of
of thls factor.

V, IN¡"I,IIENCE 0F ASSOCIIITIOIT CF 0TTüR -SOIT, fü-l{GI

ON PJJHCI æìNICITY

Pot culture tests rvere mad.e to stucly the pathogenicity

of Egfiarium. culporr.m. end rugIæ red.ole.ns alone, and in



stand.ard. error of organlms - prant emergence r I t.ste
Diseaserating =f2,P6?
Greenwelght =/6.2L4
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Table 14. The influence of temperature on the Bathogeniclty
. of Fusari.uq c.glnoqgnr Fus?rium equlsetl and. I'usari.um

avenaceruc to n{aro^uls wheat.
(Exderlnent I)

Temperature
oc

ï"usarium
CUI mofum

Fusarlum
eouisetl

-

Fusarlum
avene,ceum

Control
(no organisL,*".o

Percentaee of plants emereecl

1o

15

e0

z,ã

59

/l ,\tt.,

59

37

46

45

4?

50

44

5t

48

49

52

50

50

62

nr
46

46

47

Degree of infeetion (Disease Ratinp)

10

15

e0

å5

'12.5

87 ,4

89.0

89.2

2.4',

4..6

6t5

5.7

5.1

'l .8

9.5

L4.5

2.8

4,;L

4.8

7¿4

20.7

26.O

27.2

zg.z
Stand.ard. errc r f2.267 fz.zo7 y'e.zøv /z.zaz ft.tse

Green wel€þt of plants (æ)

1o

15

e0

e5

6rI

7.L

9.'I
g.L

29.o

51.6

65.9

6å.0

29,:6

õ5..4

68.8

59.g

50.5

50.1

65.2

59.6

2.5.9

41'1

50.4

4l ,4
I

Standard. error /ø.2L4
.l

fø.zt+ /o.zt+ /o,zt+ /s.Loz
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Table r5. The lnfruence of temperature on the pathogenicity
. of fifqallq4 qulmorum, R¡sarium red.oléns. ándtr'usãTlñ-Ey '

Temperature trl¡sarlt¡m
eulmorum

Fusariun
-...-E-re(tol-ens

Fusarlum
oxysporum

Control
(no organism

Mean

Percentage of Blants emergedl

1o

15

å0

P5

36

g0

5L

5g

56

54

?e

55

55

50

5å

48

54

54

53

50

47

47

46

Degree of infeetioq (Disease Retlne)
10

1ã

PO

e5

78:9

gg.4

85.8

æ.6

1.4

9.5

1l.e
16.4

1.5

7.4

14.1

16.0

I.3

6.9

Ll.g

18.1.,.

2@.8

ã8.0

50.8

32.2
Stand.ard. error /s.$o {s.so y's.so /s.Bo I:-.ø5

Green weight of plants (e,¡n)

10

1.5

e0

85

4.6

8.6

4.4

5.6

zz.6

34.5

51.9

e5.L

EA.l,

gg.2

'5.2.4

e4.g

Pã.1'

gz.7

3g.g

85.7-

17.9

?5.8

25,e

L9.g
Stand.ard, *r"J

I

* ¡a.eá lz.ao n.eÀ ¡e.d'ø t-u
organisms - pLant emergence

Ðisease ratlng
Green weight

rl

=/

=/

2,gs

3.34

2¡86

Stand.ard error of
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association lvith certain comrnon. soil-inTrabiting f\rngi.
The methoos of soiJ- infestation, planting of seed.,

harvesting, and of record.ing and. analyzing e:rperj¡nental

d.ata used h¿i.ve alread.y been d.escribed. in a previous sÊc-

tion of this paper. fn the present erperiment, hcrw,ever,

wherever association effects lrere stud1ed., the totat
quantlty of inoculum incorporated. into the soil r¡as d.ouble

the amount used. v¡here a fungus vias tested singly. The

soil :fungl used. 1n the investlgatiorl r,rere isol¿*ted, in
1956 and. 1937 from rlre soil of permanent gra_in plots at
lïinnipeg, Ilan.

The particular pathogen investigated, was a strain
of rruse.ritun culmorum (No. 5B) lvhich was ori-gina.lly lsola-
ted. in L932 from d.i-seased roots of d.rirtun v¡heat" The

pathogenicity of this fungus on r",'heat rras established by

previous greenhouse pot tests (tafte 4). The strain of

Fu-sarium rqd.olens used. was isol-e.ted. in lg35 from wheat

roote.

ïn the first experiment (Experiment I.) Fusarium

cuLngquq (No. 58) ¡ Pyronema coafluens (pers. ) Tul. and,

Trichod.erma lignorlm (Tode) F,arz vrere studied singty;
while r,bsari,um cr-rl-m,onun I P_. confluens, Fusari_up culmorurn
/^i g. Iignof'um and. P, confluens / T. ligno.riìg vÍere stud.ied.

ia combinationn

Fungi tested. singly in the second. eryeriment

ment II)were, namely, Fusarium gr-rl_morum, Fu.sa.rrum

(;trxperf.-

red.oLens



TabIe 16. Complete analyses of varlance for plant emergence, dfsease
, rating, and. green weight of plants.

(Assoelation Stud.les, Experiment I)

Varianee d.ue to
uegrees
. ,of

Freeclom
Sum otr
squares

Mean
Square

F 5f"
polnt

Ìeplleates
[emperatures
)rganisns
)rg. X Temp.

Error

Plant ìTmergence

5
L
6
6

59

1.L37 .5?
. 4,.57

10958.25
140.18

1615.45

579.19
+.ã?

L8.26.3?
23.36
4L.37

+4.15 2.34

TotaI 55 15854.00

Repllcates
Temperatures
0rganlsms
0rg. ï Temp.

Error.

Ðlsease Rati

3
-1

6
6

39

2P,4.7L
185.42

89566.85
266.79

1117.96

74.90
185;42

L4927 .80
4+.+:6
28.66

6.47
520.95

1.55

4.09
2.34
?.54

Total 55 9L.56L.7á

Replleates
Temperatures
0rganisms
0rgr X Temp.

Error.

Green [fei eb.t

6
1
6
6

59

110I ï65
1¿156.96
3908,3.06
8892.19
27 64.79

.367 .ZL
12156.96
5515.94
l+42.a5

70.99

L71.4g
77 a78
e0.90

4.08
2.34
2.34

Total 55 57998.58



Table 17. Complete analyses of variance for planü energence,
disease ratlng, and. green weight,of plants.

(Association Stud.ies, Experlment If )

55

Variance due to
uegrees

of
freeclom

Sum ctr
squares

Mean
souarea

F 6%
polnt

Replicates
Tenperatures
Organisms
0rg. X Temp.

Error

P1ant M.erEence

5
I
I
I

51

1070.89
10e.79

1r8ã9.70
506.55

37ZO.L0

556.96
l-02 .79

L479.96
38..32
72.93

1.4I
20.29

4.03
4.15

Tota1 7L 17040.00

Replleates
Temperatures
0rgani sms
0rg. X Temp.

Error

Disease Ratlns

6
I
I
I

51

884.48
1855.4e

84198.06
2747.L5
ee05. Bg

294.93
L855.+2

10584.?5
343.99
+3.25

42,gg
?!3.35

7.93

4r03
2.J_3
2.13

Total 7L 91890.98

Replicates
Temperatures
0rganS.sms
0rg. X Tem¡.

Error

Gree¡r Weieht

g
I
I
I

51

LOgg.4?
353'.1 .BL
7299.66
e08e.0g
2066.57

966.49
3557.91
9L2.46
360.26
40.5P

87.51
. 22.52

6.42

+.ø3
z.Lg
z.L3

TotaL 7L 16085.60
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-a.spergirlus fravipes arid. penicillir¡m intrÍcatu+; whire
tlrose stud.ied in combination were F. eiålmorulq / þ,
flavipes, S. cu,Imorup. f p_" i,qtricatup, F. redoleur.s /
Å" fravipes and g. red.olenF / p. lntricatum. An ad.equate

num.ber of pots of uninfested. steril-o soil planted. nith
surface--sterilized. seed.s of Ïvïaro.u1s wheat served. as con-

trol-s in each experiment. The various erperiments !Íere

ad.equately rep l_ic ated .

The complete anal¡rsis of variance for percentage of
plants emerged., d.isease rating and. green .lreigh-t of, ptants
for Experiments r and rr are given in Tables 16 and. l?.
An exa¡rination of tre anaryses in these tabl-es shcnrs that
a high degree of sigrif ieance can Ì¡e attached to tire

d.ifferences observed. between the pathogenicity of the various
organiems and corrbinations of organiens stud.ied. in each test"
signifieant temperature differences Trere âlso obtained, in
each experiment for disease rating and. green weight of
praats" The su.:nmarized. resul-ts of tÏre experiments are
given in lables 18 and. lg.

The results in Tabres lB and 1g show that the strain
of {. cul¡aon¡m used in these tests was very strongly
pathogenic to whea.t seed.lings, while {. ted.olens rr'ras

d.ecid.ed.ly non-pathogenlcn The virr¡J.ence of {. red.olens

was not influenced. in the presence of any of the other
soiL fungi. The importent point 1n these ex*oeriments

was the fact that the prosence of th.e flrngi pyrorlema -ry
f].uen.e and. Tqichoo.erua rienorum suppressed., to some degree
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Table 18. The effect of pyronema çp4{Luens ancl Trichod.erna
fiell?r'xf on thelæ'eñïcTf,y E- ¡,osffiïo wrleat seed.rlngs. 

-

(Experlment I, Average of four trials)

0rgan
ad.d.ed

gI1s

to
solL

Percentage ot
plants emerged.

JJegree oï
lnfeetlon

(Dlsease Ratlrg l
of þlant s

(gremmes)

E. coirfluens

T, Iignorum

F. culmon¡n I-P.-õñlmnb
.ë'¡ . culmqr'um I
--'-'-'ïo l]'gnornm
Pî cõã?ffi I
-mi;-rrI].AI1OTÌl[t
Con-t-ff-
(no organi.sn)

L'T

48

48

28

a5

+8

49

16

50

48

¿1

a5

48

48

g6.l

3.4

g.g_

73.6

77.7

2.4

r.g

9.1:5

2.9

3.3
g4.L

87.0

2.4

4,2

1,6

28.5

e5.6

3.2

17 q.
Lt a.)

21 .7

26.2:

+.4

73.6

g1.I

6.0

2.5

ffi.5
8g'"s

S.E. of organlss

Tetperature mean

S.E. of mean of temp.fnsignif;ùearrt / I.OL
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Tabre 19. The effect of As.pergilrus fravipes and. peniciltium
laqicg_lu¡q on ¡usãffi
cul-mõffi-ãnd rusgl¡lr4 rõ¿otens to wffi¿rlngs.

-(nxpelffir;-..[veñ.ge 
ot +- frrãis)- e--

0rganisms
ad.ded to

sterile soll
Pereentage of

plants emerged.

Degree otr
infectioa

(Di sea se Ratirg )

Green weight
of plants

(grarnnes)

looc 2ooc rooc aooc Looo eoog
'lí¡
Ja eulmorum

reclolens

-

flgv].pes

intrlcatr¡m

g.

4.
P.

F. eulmo run /
A. flavipes*

I'. culmorum /
E ¡ ].nf f].CalUrn

^
_¡1a

red,olens I
-1avï.Dãs'

F. red,olens /
-- -Fæ.'.H o t nTr1eafum

ControL
(no organis)

28

51

51

+6

2,4

88

50

58

5t

l"
lnn
lu'
Iro

eo

19

50

49

50

59.1

L.2

L.6

1.0

6L.2

61 .0

0.6

o.7

0.9

gg.5

2.6

Z15

3.5

86.0

89.6

1.9

2.3

I.9

4.7

15.5

L4.4

15.6

3.7

4.2

15.4

L4.0

L4.4

e.g

3+.6

56.0

37,-L

5.5

5.0

56.5

56.2

34.2
| -----=

SoE*.. of organis¡n's y'+,eo
l- !+.2ø {s.ze /ø.ea y'ø.Le # g.1g

Temperature ne&! +z ,4CI a0.g 50.9 10.9 24,g

S.E. of mean of
temperature ïnsignlfieant t l-.09 I 1.06



at Ìeast, the virulence of F. cuLnorum, while

intricatu¡¡. and SlgË€¿f$g flavipes d.id not.
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Penic illium

The resr-rlts of the experiments again established. the

fact that the pathogenicity of Fusarium. sppr is appre-

ciably influenced by temperaturr€o In both oxperiments

g. culmorum,n whether alone or in combination lvith other

fungi, proved. to be more virulent at eOo C. than at 10o C.

The present e4periments. onrphasize the impor-tanee of

the reaction of one living micro-organisn upon, anot her in
the soil, and. conf iru. the eryerfments of Henry (fO¡

Sanford. and. Broad.foot (50), Garrett (1I), Bisby, James

and Ti:nonin (1), and. others, who found that infection of
wheat seedlings b¡r root-rotting fungi was suppressed. by

the antagonistie effect of certain other soil fungi and.

bacteria. l'urther stud.les are still need.ed. to dete::niine

the exact nature of the antagonlsm involved.o

VI. DISOUSSTON

A root d.isease of small gf ain crops, usually referreil
to as coïrmon root rot, is ver¡r öestructive in the three

prairie provinces of Canad.a. Frrsariuq cuL:norum. has been

consistently isol-ated. from tb.e d.iseased. plants, while a
number of other speeies of fusgrlt¡q have been consistently

lsola-ted. frcm. grain soils. These organlsms are wid.ely

dl.strlbuted. throughout the grain-growlng regions cÊ Manitoba,

Saskatchelrarl, aail Âlberta. For many years, plant d.isease
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surveys and. field. observations and. experlments have indi_
catod. that the incid.ence of the root d.isease of cereals
caused. by s;oecies of Fusariup, particularly by E. culmorl.r¡r,

varies greatly from year to year. The cause of ilris varia_
tiou has been generally attributed to such faetors as the
occurrence cf' physiologic forras of the pathogens, to d.iffer_
enees in soil and. climatic cond.itions, and. to th.e associa_

tion effects of other soit-irrhabiting mLcro-organisì1s. The

present investigation lvas undertaken to obtain more d.efinite
information concerning the relative pathogenicity of
severar lsolates of Fusariur., and. to study various environ-
mental factors inf].uencing their pathogenicity to wheat.

und-er the eond.itions of the experiments, the patho-
genicity of the species of Fusarium testeil was fairly
eonsistent' The fungi that attaclced. wheat seedlings s€vêï€*
Iy were also marlcedly pathogenic to adult lvheat plents,
and. those exhibiting ueak or norr-pathogeulc eapabilities
or1 seed.lings vere simiLarly weakly or non-pathogenie to
ad.urt plaats. ftris result does not confirn the results
of sanford. and Broadfoot (e9) who found. in ür.eir stud.y of
a large number of isolates of Fusarii:m_(culmonm t¡"pe)

that no correlation existed between the d.egree otr patho-
genicity exhilrited by these fungi on wheat seed.lings and.

the d.egree of theÍr pathogenicity on ad.ult wheat planrs.
The resul-ts of the present investigation suggests

that virulent straÍns of Fusarirrm do not commonly occu:r

in nature. rt would seeft. trat most isolates of F\rsarirm.

obtained. from plants and. soil are very weakLy, 1f at all,
pathogenic to wheat plants" rf there are only a fow
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virulent strains of 3\rsarirrm occurring in nature, then

the important practical problem of breed.ing wheat varieties
rqsistant to rfu.saririm root-rot is consid.erably sTmplifieiL.

Th-e present eryeriments support the view that tire

natural soil flora has a marked. inhibitive effect on th.e

d.evelopment of cereal root-rotting fungl. The pathqen-

i.eity of a very viruLent strain of F. eulmonrm was marlcedly

suppressed. by the antagonlstic actlon of certain eoiluxorl

soil-irùrablting fungi such as Triehod.ennq. l-ignorirm and.

Pyronena conflueniso These results confirm the inteasive

studtes of this sub ject mad.e by Henry (19), Sanforil and.

Broad.foot (50), Garrett (11), and others, and. emphasize

the i:uportance of the factor of -oiologicaL antagonism in
the fleLd eontrol of cereal- root-rotting fungi,

In the present pot culture tests the severity of
root rot of v,¡hoat caused. by ,qlecies cÊ Fusarir-m was

appreciably influence,l by environmentaL cond.ltions. The

effeet of soil moistu:re a.nd soil temperatrrre upon infec-
tion by these flrngi can apparentry be attributed. to the oon-

biaed. influence on the vigour of' ttre fungus and. on the

resistance of the host. Iíigþer soil t,emperatures aecel-

erated. the grouth of the fr-ingus and. inhibited. the vigour

of the host plant. lt was also ind.icated. that lnfection
wlth E. culmorurn, increased. with d.ecrease of soiL moisture

contentn Througþout the iavestigation 1t was obvious

that tho onset a':rd. progress of the Fusari¡.¡m d.isease are

greatly enhanced. by weakened. plant growth.

T$iË [$#i'#äR$rTY tF b{ÅTi¡TtBA

LItsRAFIY
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Bronn (+), reviewiag Þicksonrs worlç with Gibberella-----
suabingtti.i (Mont,. ) Saceo (3-usarirm gra¡nineanun Schwabe ),
states that a significant correlation exists between

resistanee and a type of metabollsm which i s governed. by

the prevailing temperature, Ile reports as f,ol1ows: rt4

low soil tenperature the starch of the v¿heat end.ospe:m

is hyiLrolyzed. much more rapid.ly than is the protein, with

the result that the seeill-ing is rieh in sugar but poor in
nitrogêTr. The cell wall-s therefore tiricken rapid,ly by

the d.eposit of ce1l.uJ-ose material u.pon the original
peetic fra:nework, and. on that account becane much less

susceptibl-e to fur:gal attaek., 0n the other hand., at high

temperatures both the starch and. the pro tein are rapiùLy

hydrolyzed., the seed.l.ing 1s definite'ly rleher in solubte

nitrogen; growth is much nore rapid and. the cel-l wall_s

remain much longer in the primary pectic conditicrr'.. Henee

the greater susceptibility to fungal attack.tt The e4reri-
ments herein reported. support these views, and demonstrate

that the pathogenicity of species of Fusariixr attacking

cereal plants is markeùLy influenced by so1l teuperature"

Contrary to the results of Sanford. ancl Broad.foot (ZgJ

the present work has indicated that seed.ling blight is.a
very important phase of root rot of' wheat car:,sed by

Fusarirm. cJrlmon-l¡a. The results of the present study¡ how-

ever, substantiate ihe lvork of Rsbertson (26) who made

a histological stu4y of r,vheat plants and demonstrated. that
the eel-l walJ. tlrlckens a*nd lignlfication sets in with
ad.vancing ager reaching a naximum when the plants are

about 40 days ol-d.' This morphologieal change naturalry
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inhibits the invasion of tJr.e roots and. crofi'n't i-ssues of
wheat plants by pathogenic fungln rt appears, therefore,
that the seed.ling stage in v;heat plants is a very critieal
one from the standpoint of root diseases; the primary

roots being quite susceptll¡le to lnjury and. invasion by

fungin

rn ivfaaitoba, seed.ling blieht of wheat, and cf other
cereal-s as wel-l, is nesponsible for important losses in
yield.. Fortunatefnr the seriousness of ti:ese losses are

fu1ly recognized. and. effective metirocs of control are now

t¡¡êll within the polrer of the grovrero

VIï. STÃfrrlART

Greenhouse and. field. studies $¡ere mad.e to d.etermine

ihe pathogonicitlr of five species of Fuparir:m, namely,

ro culmoruq (ïT.G,S¡û.,) Sace"¡ F. avenac,e,rim (Fr. (sacc. ));
F. red.olens lifr.; {. equiseti. (c¿a) $aec. and. F. orysporun
schl" v. a,ur.antiacum (r&.) lYro, and. of twenty-fou-r iso-
lates of r¡u-sarit¡o culnrorun to l\{arquis srheat. The s-pecies

of ïbsarium stu-d.ied. were those most commonly isolated.

fronr the soil of permanent grain prots at ìiinniÞeg¡ ivÏan.

d.uring the two-year period, t9g6 and- r-95?. on the oürer
ha-nd.r {" culmoËr:m has been eonsistently isol-ated fro:n ,r;he

rocts and stero bases of d.iseased. cereal plants. These

species of Fqsarirm, particularþ F. ,cJ¡.Lnorun, are very
wid.ely d.istributed. throughout the grain-growing regions
of }ianitoba, Saskatchewan and. J,lberta,
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fn addition to stud.les oTL the pathogenicity otr

varj-ous s;oecies of Fusarium to seed_ling and- ad.ult v¡L¡.eat

ple.rits, g;reenhcuse e:cperi:nenis l;ere r:l¿:.0.e to c.e'L,e¡:rcj-ne the

effect of eertain e¡rviror:meataL factors on the parasitic
behaviour of these in1;ortan-t soil-irihabiting a.nd. cereal

root-infeeting fungi"

0f the tvreniy-four isolates of Fusaritrm sulmoruln

tested. only olee TVas d.lstinetly pathogenic to wheat in
both seed.ling a.nd. mature stages of plant grorvth. The

other isol-aies of this fungus were either no-b at aLl
pa-t,hogenic, or only very r,ieakly pathogenic to wheat. No

marked. pathogeniciiy rvas exhibited. b¡r the cultures of
g. red.o_lenq, I'. eguiseti, 1¡. avenaceum and. F. ox}rÐolr
tested.. rbom the resul-ts of these stud.ies it v¡ourcr seem

that d.istinetly patkrogenic strains of, fu-ngi belonging to
the genus l|usariun are not commonJ¡r isorated. frour d.iseased.

parts of eereal plants, or from. the soil.
In the present investigati.on it ¡¡ras found. that a

d.irect relation exists betrryeen the d.egree of pathogenieity

exhibited. by species of F:lrsaritm and. temperature. Iiigh
temperatilres alr,vays favoured root rot d.evelopment. Nr.merouS

tests with a vely virurent straln cû' Fo cur.norun ind.icated

that this fungus was markedty pathogenic a.t temperature of
10o, l5o, 20o, and Z5o C.i the d.egree of infection being

most severe at the higher temperatures. ûf the other

species of {usarium tested., g. avenaceuru. was slightly path-
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ogenlc at 35o cor but it was not pathog:enic at temFera-
ti-lres of Ê0o, r5o, or LOo co Ïu-sarir-m red,orens, r. ecìuiseti
anq. {. oxyspor'um'!'Tere not pathogenic at any of the te¡uper_
atures employed.

under the eond.itions of the experiments the pathogen- ,,,,,,.,

icity of, variolls s,Ðeeies of Fusarium was not appreciably
infLuencecl by tho moisture content of the soil. rn no

case r?ere the differences observed. betlve en the high and. ,,,',,

.Ioi¡¡ soil moisture contents used. statistically signiflcanto ,.,
Itwasobserved',howeVer,thattheanourrtofrootrotinfee-
tion caused. by a virulent strain of lr. cuLnorum on ldarquis

-

wheat was greatest utren the soil moisture content was

relatively low, and smal-lest vùren i-t was maintained. at a

fairly high lever throughout the eryerimentaL perioii. Tn
general, the greatest amount of infection with species
of lb.sar.ir'm. occu-rred. und.er conclitions unfavourable for üre
growth of the host.

A comprehensive series of greenhouse pot tests d.emon_ 
,,.,,,,.r,

strated' that th-e pathogenicity of a vln¿leat strain of 1,,, 
,,

;.'.'..:. 'g. cul¡norum was marked.ly suppressed. in the presence of ,.:,'''.

such corlunon solr-inhao-iting fungi as ]Iricho.derma. lignorum
and' Pyrgnema cgnflueqg.. The resurts demonstrated. that
certain cofim.on saprophytie soir-inhabiting organisms are ',
capable of exerting a measure of natural biologlcal control
over Fusarirm culmorurn. The lmportance of certain environ_
mental- factors and. of biologicar aatagonisfir 01L the patho_
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genicity of species

di scussed 
"

of, ffu-sarium, to cereal plants is
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PTATES

P1ate T

-..***.***i**sffigmffim"*s**r.*;.. . ^^. -. -- ---

The relative pathogenicity of five isorates of 
'usariumculmgru¡r to l,,{arquis v¡heat seed]ingsn Growth of prants

at ?,2 d.ays (abo0)* Key to isolate number: .& _ Eg,
B * 1265, C - 1g0Or. D * 9f?, E - 59, F _ Control, no
fungus, sterile soil,
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Pl-ate 3ï

The relative pathogenielty of three speeies of Fusqqiu:n

to Marquis mheatn Growth of plants aI 2& days (25oC.),

.Arrangement of pot seriesS A - Fusarium culmorum

(Isolate No, f8)¡ B - firsar:Lgm ewf_qg_!åo C * Itrserium

ave!.aceu¡n, D - ControL, seed. and. soil not inoculated.,
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Plate III

The relative pathogenicity of three species of trusarirum

to Marquis wheat" Growth of plants at p5 days (e5og, )

4'rrangement of pot series: .a - Fusarlum culmorum,

B"*Fusarium oxLsporum, c - r'usarium red.gtense D - control,
seed. and soil not inoculated"



Plate IV

Effect of soil temperature on

FusarI-um culmorun (No" gB) to

of plants 20 d.ays after sowlng

tempe rature s,

l5"c roc
..-.'- 

--;*"ta

the pathogeniclty of
Marquis wheat, Growth

at four d.ifferent

t$:,
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Plate V

The pathogenicity of FusariuE culmæum. (No" gg) as

influenced. by Trichociema lignoruq in greenhouse pot

tests, Growth of }larquis wheat at pO days (ZOoC, ) "
Arrangement of soil series: "A * lusarium culmoru¡m

aLone in sterile soil, B - Fusarium cul-morum and Trieho-

d.ermq ligno.rum in sterire soil, c * Triehoderma rignoru,m.

alone 1n sterile soil, D * control¡ tro fungus, sterile
soil "
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Plate VT

The pathogenicity oÊ Fusarium culrnorum (No, ge) as
infruenced' by pyroneina confluens in greenhouse pot tests"
Growth of Marquls wheat at z0 days (pooc, ). Arrangement
of soil serles: a * Fusarium culmorum alone in sterire
soil, B - Fusarlu1 eulmorqe and, pyronema confluens in
sterlle soil, c - pyronema confluens alone in sterile
soil, D - control¡ oo fungusu sterile soj.l,


