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INTRODUCTION

Historical review

This disease appears to be relatively new to science al

though it is probable that it has existed, without recognition,

for a considerable length of time. At first, attention was drawn

to only the leaf spotting phase of the disease, when Pammel (19)

in 1909 first referred to it. In 1910, Pammel and his co-workers

(20) described the causal fungus, naming it Helminthosporium

sativum. Bolley (5), however, was the first to point out that

fungi such as this were present in soil, and tended to accumulate

in wheat-sick soils following a period of intensive cropping.

This observation was confirmed by Beckwith (4). Stakman (23)

found that li. sativum attacked not only the leaves but also the

stems and roots of barley and rye, causing a seedling blight and

a root rot. She found the fungus would attack the leaves of cer

tain grasses as well. The studies of Christensen (6) showed that

li. sativum had a much wider host range than that formerly recog

nized and there were marked differences in varietal susceptibility

to attack. Henry (13) found that li. sativum commonly occurred in

discolored seed of wheat.

The fungus has since been investigated in detail. Christensen

(6) studied its growth habits in artificial culture and found that

isolates from single spores, or from different other sources, varied

with respect to their cultural characters, spore dimensions, and

pathogenicity. He found that new types arose spontaneously from

the parent types, -- often several new types arising from a single
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paren�. ��evens l25) showed that the fungus flourished on a wide

variety of substrata and that the environment influenced its cul

tural habits. McKinney (17) studied the effect of soil temperature

and soil moisture on the pathogenicity of the fungus to wheat.

Dosdall (8) investiga'ted various factors effecting the pathogenicity

of Helminthosporium sativum, concluding that the most severe injury

to the host from the fungus occurred when the former was grown in

an environment unsuitable to itself.

Nature of the disease

As already pointed out in the preceding section, Helmintho

sporium sativum may invade anyone or several parts of a host plant.

The most obvious symptom of the disease appears on the leaves where

infection is followed by the formation of an enlarging, brown or

dark-brown, oval or elongate spot bordered by a yellowish halo.

The coalescence of several such spots, or the undue enlargement of

one, may result in the �ithering of the entire leaf. Several attacks

may result in complete defoliation of the plant. The stems may be

attacked as well, and when infection of the stem occurs toward the

upper part, the resulting lesion resembles the ones developing on

the leaves. When, however, the base of the stem is attacked, a

condition known as foot-rot results. The tissues of the root

crown beco,me dark br,own, tillering may be completely suppressed,

and, in sev�e oases, the entire plant may be killed. The base

of the plant may be attacked at any period during the life of the

host plant, the amount of injury appearing to increase wi�h in-



creas�ng ear��ness of attack. In seed, the fungus causes a creosote-

brown, diffuse discoloration, generally in the region of the embryo.

Seedlings from discolored seed are said to be usually weak and

dwarfed, often dying before reaching the tillering stage of growth.

Geographic distribution

Drechsler (9), in his monographic study of the graminicolous

species of Helminthosporium, observed that Helminthosporium sativum,

or species described under other names but likely to be �. sativum,

caused a disease of cereals in various parts of the United States of

America, as well as Canada, Argentine, Australia, Italy, Sweden, and

possibly Java. Therefore, since the fungus attacks a wide range of

hosts it is probable that its distribution is much wider and it only

awaits recognition.

Economic importance

Stevens <'25) accused Helminthosporium sativum of being the cause

of a very destructive blight of barley from Iowa to Saskatchewan.

Hamblin (12) suggested that, in 1921, lie sativum foot rot caused more

damage to wheat in Australia than did the take-all fungus, Ophiobolus

graminis Sacco Christensen (6) reported that in 1919 many wheat

fields in Minnesota were plowed down on account of severe damage

from this disease. The loss for North Dakota for 1922 was estimated

to be in the neighbourhood of 10-20 per cent. Bolley (5) claimed

that the contamination of wheat soils with H. sativum was rapidly
.

-

becoming a limiting factor to wheat production in North Dakota and

that "wheat sickness" was rapidly spreading in the soils of that state.

-4
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Ae�a�1ve�y �1ttle is as yet known concerning the economic impor

tance of the disease in Canada. After being found in Eastern Canada

in 1911 (11), the fungus has been isolated many times from diseased

plant specimens originating from each of the three Prairie Provinces.

In Saskatchewan, the disease, the leaf-spotting or the foot-rot stage,

or both, may be found wherever wheat or barley is grown. The future

trend of the disease in Canada is quite uncertain.

Synonymy

According to Drechsler (9) there has been some confusion with

respect to the nomenclature of fungi isolated from diseased cereals

in various parts of the earth and appearing to be identical with

Helmihthosporium sativum. In 1890, Sorokin isolated a fungus

attacking wheat and rye spikes in Russia and, in 1891 someone

(anonymous) named it lie Sorokinianum. The description of the fungus

strongly suggested its identity with g. sativum. Similarly, Lindfors

(15) gave the name g. acrotheci6ides to a fungus isolated in Sweden

from barley seed although its resemblance to [. sativum appeared to

be striking. Helminthosporium inconspicinum of Peck (21) and Atkinson

(1) and H. gramineum of Johnson (14), Massee (16), Palm (18), and

Bassi (3) Drechsler also considered to be synonymous with�. sativum.

The confusion was increased further when Bakke (2), one of the co

namers of li. sativum, subsequently regarded the fungus as a ferm of

lie �.
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Moses of dissemination

The fact that Helminthosporium sativum attacks a wide range of

hosts, and can grow on a wide variety of non-living substrata suggests

a wide natural distribution. Its transfer from infected areas to non

infected areas may therefore be partly accomplished by a single

transfer of infected plant material from place to place, that is by

shipments of straw or infected seed. Similarly, its ability to

thrive in soil suggests that soil drifting or the shipment of soil

from place to place may disseminate the disease as readily as the

movement of infected straw and seed. Finally, the fact that the

fungus sporulates freely on exposed infected plant material sug-

gests that spores of the fungus may be disseminated quite widely

by winds. The latter mode of dissemination has been d emcnstrated

(22).

ORIGINAL INVESTIGATIONS

Morphology of Helminthosporium sativum

Spores of li., sativum germinated in hanging drops of water in

Van Tieghem cells or on the surrace of potato-dextrose agar in Petri

dishes germinated regularly by the protrusion of one or two polar

germ tubes. Lateral germination, such as is common in spores of H.

�, was never observed. One germ tube usually protruded directly

from the apex of the spore while the second protruded.from the basal

cell, slightly to one side of the hilum. On potato-dextrose agar,

growth of the germ tubes resulted in a network of br&nching, septate,

colorless hyphae lOu to l2u in diameter. As the culture advanced in

(
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s thickened and became brown in color, with some of

the cells swelling into chlamydosporic structures. Occasionally,

there was a massing of hyphae near or at the surface of the substrate

into stromatoid bodies resembling immature perithecia.

The mycelium of the fungus, as observed in plant tissues, does

not differ much from that formed on potato-dextrose agar except that

it is much more restricted. Three types were provisionally recog

nized. One type, called Parasitic mycelium, was found to be color

less, with thin walls, and with granular or vacuolate, highly re

fractive protoplasm. The diameter vafied from 5u to l2u and septa

were infrequent. In passing through the host cell walls, the

hyphae formed callosities at the �oints of entry. Staining with

Pianeze IIIb showed dark granules, several in number, within the

cytoplasm of the hyphal cells. The second type of mycelium,

provisionally called Saprophytic mycelium differed from the type

just described in that it was brown in color, when mature, and in

that it seemed able to pass through cell walls without inducing

callosities. These hyphae seemed to possess relatively thick walls

and did not form hyphal aggregates within the host cells as some

times was the case with parasitic mycelium. Fruiting hyphae also

seemed to arise predominantly from the saprophytic mycelium but not

from the parasitic types. A third type of myceli��, called for

want of a better name Clump mycelium, appeared occasionally on dead

wheat seedlings on potato-dextrose agar in test tubes. The clumps

arose from loose aggregations of aerial hyphae, the aggregations

becoming denser with increasing age until they became stromatoid
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Stevens (25) recognized only two kinds of mycelium, living and

in structure. In these structures, the hyphae had lost their identity

and the cells appeared to be polygonal in shape and filled with oily

droplets.

The progress of senescence was followed, by the present writer,

dead. The change from the first to the second he described as the

process of senescence. This senescence was characterized by a felt-

ing of mycelium on the surface of artificial media, the felting

being accompanied or followed by the collapse of individual cells

in the component hyphae� The degeneration continued until the stage

when the mycelium broke down to a gelatinous, plasmodium-like mass

was reached. This senescence occurred first in the oldest part of

the culture and progressed outwards.

on media such as potato-dextrose agar, steamed wheat grain, and auto-

claved mats composed of dead leaves and stems of different cereals.

The conidium appears to be -the only kind of spore thus far asso-

In staining the senescent hyphae with a stain such as Pian�ze IIIb,

the dead cells stained a deep blue while the living cells stained

scarcely at all.

ciated with Helmlnthosporium sativum. Conidia of this fungus are

formed at the tips of fruiting hyphae (conidiophores) arising from

the surface of parasitized plant tissues or from mycelial ma�s on

natural or artificial substrates. Only the more mature parts of a

mycelium appear to be capable of fruiting.
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The first indication that a conidium is about to be formed is

given when a slight swelling appears at the tip of a conidiophore.

This swelling gradually enlarges into an obovate, balloon-like

structure slightly constricted where it is attached to the conidio-

phore. The structure, after reaching its maximum diameter, continues

to elongate until a cigar-shaped spore 80-90u long and 12-20u broad

is formed •. Cro�swa11s (septa) are laid down during the period of

jeep brown shade. This coloration appears to be present only in

growth until 8 or 9 are formed in conidia produced on artificial

media and 10-15 are formed in conidia on parasitized tissues. As

the conidium matures, it becomes darker in color until it reaches a

the outside shell or epispore of the conidium, for the protoplasts

and protoplasm within the brittle epispore are perfectly hyaline.

Viewed by reflected light the surface of the conidium is a glossy

mahogany-brown, with highlights of bronzy-green.

In nature, mature conidia appear to break away readily from the

conidiophore,_ leaving a circular scar showing where the conidium was

attached. In culture, however, the conidium is not detached as soon

as it matures, but is pushed aside by a,slightly lateral growth of

the conidiophore apex and a new conidium is formed to one side and

slightly above the base of the older conidi��. This appears to con-

tinue for some time, and in culture, loose clusters of conidia are -

attached to the conidiophore which after conidial formation shows a

I

series of geniculations at the top.
.

I
I

I
Free air appears to be necessary for conidial formation. If

pieces of parasitized tissue are placed in a drop of water on a



'.......0;'"'.., "':Z;"'ULQ '""lU----ol,.. �

/

-10

g�ass s�1ae ana �nen a glass cover slip is placed on both, it will be

found that hyphae grow out from the tissue towards the borders of the

cover slip. The conidia are then formed on the protruding hyphae.

Light exerts some influence on conidial formation. In ordinary

laboratory cultures on potato-dextrose agar, sporUlation of [.

sativum generally occurs in a series of concentric zones, the zones

being formed, apparently, at daily intervals. Stevens (25) sug

gested that the alternation of day and night had very little effect

on the intensity of spore formation, but an experiment performed by

the writer appeared to' refute this suggestion. For instance, when a

laboratory strain of lie sativum, producing marked concentric zones

ordinarily, was grown in total darkness, no zones were in evidence.

Furthermore, when a culture already showing well-developed zones

of sporUlation was placed in darkness, growth did not cease but no

further zones developed although those already formed remained un

changed.

In artificial culture, occasionally some conidia were found

that differed in shape from the usual. Thus, an occasional coni

dium was genicula�e, warped, or otherwise deformed. Even less

often could be found conidia with double apices, that is, the

conidia were forked in the upper part. These abnormal conidia

appeared to be formed more frequently in some strains of the

fungus than in others, but their deformity in no way influenced

their ability to germinate.
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linated best on moist substrata exposed to free air.

When sunken in a fluid medium, conidial germination was irregular

and usually delayed. Optimum germination occurred at 20-24oC.

Cultural studies

In an attempt to determine the rate of growth of Helmintho

sporium sativum on different media, the fungus was cultured in two

different ways. In the first, 5 cc. of potato-dextrose agar were

put into each of a series of 25 cc. test tubes and small bundles of

dead leaves of barley or Western rye grass, or dead culms of barley

or oats, or green leaves of wheat, oats, corn and clover were inser

ted into the tubes so that the bottom of each bundle came in contact·

with the nutrient agar. After autoclaving for one hour at 15 Ibs.

pressure and cooling to room temperature, the agar at the base of

the tube was inooulated with spores and mycelium of a strain of [.

sativum. The upward growth of the fungus was measured at daily

intervals. The average distance travelled daily from the .point of

inoculation is shown in Table 1.

In another trial, 250 cc. each of steamed wheat grain of sev

eral different varieties, as well as steamed oat grain, steamed

rice, and ordinary potato-dextrose agar were put into separate 1-

litre Ehrlenmeyer flasks. The flasks were stoppered with absorbent

cotton and autoclaved for one hour at 15 Ibs. pressure. When cool,

each flask of medium was inoculated at its central part with the

strain of lie sativum used in the preceding trial. The daily in-

crease in radial growth of each culture was then determined.

also shown in Table 1.

This

. I
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Table 1. The rate of growth of Helminthosporium sativum on

different substrata

Container
for

medium
Substratum

Test tube

Mean daily growth
(10 days) from point

of inoculation
(em .. )

Dead wheat leaves
.. I. stems
"

rye grass leaves
" barley leaves
It " stems

Green oat leaves
" wheat leaves
n clover leaves

Flasks

Potato-dextrose agar
Wheat grain (var. Marquis)
" .. (.. Kota)
" "(.. Kubanka)

Boiled rice
Oat grain (var. Banner)

0.38
0.44-
0.27
0.47
0.41
0.59
0.43
0.38

0.52
1.08
0.70
1.01
0.60
0.95

L
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Aside from the differences in rate of growth as shown in Table 1,

there were also marked differences in culture cha�acteristics of the

fungus on the different media. Zonation was observed only on the

potato-dextrose agar in flasks, mycelium was abundant but sporula

tion sparse in the test tube cultures, sporulation was abundant

on steamed wheat grain but very sparse on oat grain, on rice the

fungus grew very slowly and became dark green in color, and green

plant tissue fostered non-sporulation.

Stevens (25) ahowed that Helminthosporium sativum could grow

on a far wider range of media than those tried by the present writer.

He obtained growth on agars made from tap-water, cornmeal, wheat

straw, beef extract, beans, Brazil nuts, oatmeal, apples, apple

bark, starch, and prunes. The fungus would also grow on media

such as boiled rice, boiled pearl barley, steamed navy beans,

almond integuments, cornmeal, cornstarch, potato plugs, carrot

plugs, sweet potato plugs, onion bulbs, radish root, celery

stalks, onion stems, green peas, pea pods, rhubarb stems, bean

broth, old wheat straw, and cooked green wheat or barley leaves.

r .

Variation in Helminthosporium sativum

The existence of strains or biotypes in Helminthosporium

sativum seems reasonably well established. S,tevens (25) found at

least six qistinct strains, while Christensen (6) worked with at

least four.

In this investigation, seven apparently different strains of

H. sativum were isolated and studied. They were differentiated on

\
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the basis of differences in habit of growth on 3 per cent potato

dextrose agar and on a soil decoction agar, and on differences in

pathogenicity to several varieties of barley. The potato-dextrose

agar was prepared by adding 30 grams of dry agar shreds to a litre

of a decoction made by simmering 500 grams of peeled and sliced

potatoes in each litre of tap water. The soil decoction agar was

made from a fluid left after soil and water (ratio of 1 to 4) had

been heated together in a double boiler for one hour. This fluid

was decanted from the settled soil, filtered, and concentrated to

one-fifth of its original volume by heating in the double boiler

just mentioned. This concentrate was finally added to some of the

3 per cent potato-dextrose agar described above in the proportions

of one to ten. In each case, the completed agar was sterilized by

autoclaving for one hour at 15 lbs. pressure. When used for cul

tural studies, melted agar was poured into Petri dishes at the

rate of 15 cc. of agar to each dish. Determinations regarding

rate of growth for the fungus were based on averages for duplicate

cultures. In the case of spore measurements, 100 conidia were

taken at random in a microscope field and measured to provide an

average. In determinations 'of pathogenicity for the different

fungus strains compared, l4-day old barley seedlings grown under

greenhouse conditions were first sprayed with sterile water and

then the spores were applied to the leaves with camel's hair

brushes. After inoculation, the potted seedlings were placed in

a moisture chamber for two days and then on a greenhouse bench

for another eight days. At the end of this period the seedlings

t
"
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were examined and the severity of lesioning on the leaves estimated.

The apparently different strains of Helminthosporium sativum

compared here were somewhat different in origin. Isolate no. 1 was

derived from darkened barley seed, isolate no. 2 from a lesion on

a wheat culm, isolate no. 3 from a diseased barley root, isolate

no. 4 from a lesioned barley culm, isolate no. 5 from a lesion on a

came

barley leaf, isolate no. 6'1 from a sector appearing in a Petri dish
'\

culture of isolate no. 3, and isolate no. 7 was from a section in

a culture of isolate no. 6.

The characteristics of the seven isolates are tabulated in

Table 2. The tabulation shows some difference in conidial measure-

ments, and considerable differences in the amount of sporulation,

in zonation and saltation, and in rate of growth. There are also

striking differences in pathogenicity. It is particularly note-

worthy that isolate no. 7, derived as it was from isolate no. 6,
I

was much m�re pathogenic to barley than its parent and also grew

from isolate no. 3, the progenitor of both.

mueh faster. Both'isolates were different in several respects

Longevity of Helminthosporium sativum in culture

stevens (25) obtained good germination of a. 'sativum spores

obtained from dry wheat straw presumably several months old.

Christensen (6) found that spores obtained from 23-month old

cultures germinated relatively well.

The short time allowed for the present investigation pre-

eluded any extensive studies of longevity. However, 43.6 per cent
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Table 2. Characteristics of seven isolates of Helminthosporium
sativum

Isolate no. r
Characteristic

...

1 2 3 4 5 6 7

Spore length u (310 P.D.A.) 75.8 67.5 79.2 77.5 86.7 65.6 63.2
" " u ( " ) 25.1 22.1 23.8 22.1 25.5 24.8 22.1

Sporulation ( .. ) +++ +++ +++ ++ ... + +

dark very dark pale dark dark pale
Colony color ( .. ) olive dark brown olive olive ye1- green

olive low

Zonation ( .. ) +++ 0 +++ ++ ... ... 0

Saltation ( .. ) ++ 0 +++ 0 + 0 0

Colony margin ( " ) irre- irre- re- re- re- irre- irre-

Aerial myce1ium(
gular gular gular gular gular $u1ar gular

It ) ++ 0 + +++ ++
.

+ +++

Rate of growth on 3% P.D.A.(cm./day) 0.63 0.15 0.61 0.40 0.64 0.36 0.75
tt It " .. soil dec. agar ( ") 0.40 0.15 0.44 0.38 0.41 0.30 0.45

Lesioning of barley leaves -

var. Smooth Awn +++ +++ +++ +++ +++ 0 +++

It Success + +++ +++ +++ + + +++

" Imp. White Hull-less + +++ + +++ -++ + +++
.. Nepal + +++ +++ +++ ++ ++ +++

It Hog ++ +++ ++ +++ +++ 0 +++

It·
.. O .•A.C. 21 ++ + + +++ ++ + +++

.. Manchuria + ++ ... +++ ++ 0 +++

.. Canadian Thorpe +++ + ++ ++ ++ +++ ++

.. Bark's +++ 1+++ .>.+++ +++ +++ +++ +++

NQ1!:

cm./day = rate of growth in em. per day
o :: none
... = slight
++ = moderate

+++ = heavy
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of the spores germinated when gathered from dead barley leaves ex

posed to winter weather for 4 months. Only 22.5 per cent of the

spores germinated when optained from a dry, 8-month old culture in

a test tube. In con�rast, spores from a newiy developed lesion on

a living leaf of barley germinated 87.3 per cent. No effort was

made to determine the longevity of mycelium, but the fungus was

isolated from discolored wheat seed which v�s at least two years

old.

Parasitism of Helminthosporium sativum and its host range

Any part of a susceptible host appears likely to be invaded

by this fungus. The writer has been able to produce, by artificial

inoculation, lesions on roots, root crown, culm leaf sheath,- leaves,

glumes, awns, and seed.

As far as can be determined, host tissues are invaded by a

dil"ect penetration of the infecting hypha through the cuticle and

epidermis. Stevens (25) observed that this penetration occurred

the most often at points of junction of adjacent cells, and that

penetration occurred only after .the infection hypha had travelled

some distance from the germinating spore. Penetration occurred

only when the infecting hypha formed an appressorium which attacked

the hypha to the host. The host was entered directly beneath the

appressorium.

To observe the phenomenon of infection, the writer dusted

spores of Helminthosporium sativum over the leaves of a suscep

tible variety of barley (Bark's) and then placed the inoculated

L
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plants into a moist incubator. On the next day, and again on each

of the two following days, some of the inoculated leaves were re

moved from the plants and placed in a killing solution made up by

mixing equal volumes of 95 per cent ethyl alcohol and 10 per cent

glacial acetic acid. To this mixture mercuric chloride was added

at the rate of 2 grams HgC12 to 100 cc. of the mixture. The killed

and preserved leaves were subsequently cut into short lengths,

stained for 10 minutes in a 10 per cent alcoholic solution of

Pianeze IIIb and then dipped into a 1 per cent solution of hydro

chloric acid. This procedure produced a mount in which the fungus

mycelium and infecting hyphae were pink and the host tissues were

blue.

-18

The series of preparations just described showed the progress

of tissue infection quite well. Inoculated leaves incubated for

one day produced mounts showing germinating spores and some pro

duction of superficial mycelium on the hos� tissues. The two-day

incubation period showed the formation of appressoria, several of

which were sometimes formed along the length of an infecting hyphae.

No internal infection was observed although there is no reason to

doubt that it did occur. The three-day old incubation period pro

duced mounts showing distinct hyphae within the host cells. As

Stevens (25) noted, infection seemed to occur at the junctions of

cells, possibly for the reason that the surface of the host was

slightly depressed at these points and more mechanical support was

afforded to an appressorium than could be provided on a plant sur

face. Furthermore, although in many instances the course of an
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��ec��ng hypna was observed to be directly over the openings of

stomata, in no case was the hypha observed to enter.

Paraffin sections of lesioned wheat and barley leaves showed

·that in the older parts of each lesion the host cells had collapsed

and were filled with hyphae. In such stages of tissue deterioration

the hyphae of the pathogen seemed able to pass from cell to cell

quite easily, with only a slight construction of the hypha as it

passed through the cell wall. No wall penetration was observed

in the younger parts of lesions and all hyphae appeared to be

strictly intercellular.

The rate of growth of Helminthosporium sativum within the

host could be roughly judged by the daily increase in extent of

the lesions produced. The rate varied greatly with the variety.

In some instances, where a yellowish halo was formed around the

lesi�n proper, the fungus spread with considerable rapidity.

Where-a lesion was not bordered by a halo the spread of the fun-

gus was more restricted.

The lesions caused by �he fungus studied here seemed to vary

a great deal, differing in size, color, and in the condition of the

surrounding host tissues. In barley, the lesions were usually

medium brown and in some varieties there was a network of dark

lines within the lesion suggestive of those often found in lesions

caused .by Helminthosporium teres. The lesions vat�;u-y:;a�,\
.

1: /;.�,
linear in shape, and, in some varieties, they wer

o r-!,��und6d '-:qy a,t-'\.,
yellowish halo. In leaves of wheat, the lesions w�·f;:-�'���;�llY�,. ),'0'/'- 0,,-,\

.....

z--;
j L::. \�, , .... ,,'.

dark brown, smaller than in barley, and with less prominen�'��-���'
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g�naL halos. ln some varieties of wheat, also, the inner part of

the lesions was paler than the border in color, this producing an

Weye-spot" effect. In oats, the lesions on leaves were reddish

brown in color, indistinct as to border and with no halo. In rye

and resistant varieties of grasses, the lesions were small and

,

very dark. In susceptible grasses, the lesions usually resembled

those occurring on wheat.

The host range for Helminthosporium sativum appears to be

quite wide. Christensen (6) obtained infection on at least nine

varieties of wheat, one variety of oats, five varieties of barley,

two varieties of rye, ·£our varieties of corn, and eighty species

of grasses.

In this investigation an attempt was made to assess the sus

ceptibility of different plants by artificially infesting the soil,

by artificially infesting leaves and inflorescences-with spores and

mycelium, by culturing and infecting seedling plants in test tubes,

and by making a survey of kernel discoloration in cereal seed.

To infest the soil, an isolate of Helminthosporium sativum was

grown in Ehrlenmeyer flasks on steamed wheat kernels. When the fun

gus had thoroughly permeated the medium, the latter was broken up

into fragments and mixed with autoclaved soil in the proportions

of one part of inoculum to nine parts of soil by volume. Before

the seed was planted in the mixture, it was surface sterilized by

immersion in 1/1000 mercuric chloride for 30 minutes. Plant leaves

and inflorescences were inooulated by spraying with sterile water

followed by a brushing on of spores and mycelium of the fungus with
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I-hair brush. The inoculum in this case was ob-

tained from cultures on potato-dextrose agar in Petri dd.shes ,

After inoculation, the �lants were put into moist incubation

chambers for two days before being put on a greenhouse bench for

observation. In trials with maturing plants of which the inflor

escences were inoculated, large inverted test tubes, supported by

clamps, were used to serve for mois.t incubation chambers. Moisture

in these chambers was maintained by frequently wetting with water

the cotton plugs inserted into the open ends of the test tubes

around the peduncle of the plants.

In the trials with seedlings in test tubes, the seed used was

first surface sterilized with mercuric chloride in the manner des-

cribed above and then the kernels were placed iri pairs on slants of

potato-dextrdse ag�r within the tubes (50 cc. of agar in each 500 co.

test tube). Four days later, after the seed had germinated, the cul-

tures were examined and all those showing fungus growth were elim- I
inated. The residue ot the seeded tubes was then inoculated, in

duplicate, with Helminthosporium sativum in the immediate vicinity
,

of the kernels within. :Ten days later the amount of disease develop-

ing on the seedlings was recorded.

The comparatiye susceptibility of some different species of
,

plants to root and root crown decay, as measured by the peroentage

of plants attacked, is shown in Table 3. Of the wheats, Triticum

dicoeeum and !. spalta appear to be strikingly resistant. Of the

otller plants, oats and corn seem to be highly resistant and clover

and alfalfa are immune. Several of the grasses tested were quite



Table 3. Comparative susoeptibi1ity of the root crowns of
different plants to He1minthosporium sativum

Percenta.ge of 1esioned
plants

Host

Infested soil Control

Triticum vulgare 92.8 0.0
It durum 89.3 0.0
It

turgidum 64.3 0.0
It

po1onicum 55.5 0.0
.. compactum 82.1 0.0
II dicoccum 21.4 0.0
.. monococoum 59.4 0.0
" spelta 8.6 0.0

Hordeum distichon 96 .. 0 0.0
.. $I (hull-less) 55.8 0.0
.. hexastichon 87.5 0.0
" " (hull-less) 51.6 0.0

Secale cerea1e 39.1 0.0
Avena sativa 5.0 0.0

.. nuda 4.0 0.0
Zea mays indentata 10.4 0.0
It " indurata 5.2 0.0

Ph1eum pra.tense 7.5 0.0
Poa pratensis 42.1 0.0
Bromus inermis 67.8 0.0

Agropyron tenerum 63.3 0.0
Trifolium pratense 0.0 0.0

Medicago sativa 0.0 0.0
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A study of the resistance of'individua1 varieties among dif-

ferent crops showed (Table 4) that Spe1t and Emmer wheats were highly

resistant .to the crown rot and root rot caused by Helminthosporium

sativum, while Garnet, Little Club, and all the durum wheats tested
, , ,

were very susceptible.
-

With barley, the variety Hog wa.s the most

suscept'ible and White Hull-less was the most resistant, although

still· quite susceptible. With oats, all the varieties tried were'

relatively resistant. With rye, the variety Prolific was almost

immune, while other varieties were moderately susceptible. The

corn varieties tried were either immune or highly resistant.

Table 5 shows the severity of 1esioning, caused by Helmintho-

sporium sativum, on the leaves of different crops. Among the wheats,
,

Little Ciub, Arnautka, and Kubanka were found to be susceptible and

Red Fife resistant. The barleys tested were all susceptible, while

infection on leaves of oats and rye was very light. Leaf 1esioning

among grass species was very ,variable, some of them becoming severely

1esioned, while others were almost immune. TWo unidentified sedges

were also resistant.

Test tube cultures (Table 6) with different crops confirmed

in a general way the .findings from the just-discussed experiments

with infected soil and with leaf inoculations. In these test tube

cd1tures the amount of disease on the base of the stem often closely

approached that occurring on the roots, but occasionally differed

greatly. The amount of lesioning on the leaves seemed to vary inde-

pendently of the amount of lesioning on stem bases and roots. In

view of the limited population of each variety or species that was
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Table 4. Relative susceptibility of some "Wheat, oats,
barley, rye, and corn varieties to foot rot
caused by Helminthosporium sativum (pot cul
tures in greenhouse)

Percentage of

Crop Variety plants with
foot rot

Kota 73.8
Red Fife 75.0
Red Bobs 65.5
Marquis 72.4-
Kanred 50.0
Pioneer 44.0
White Fife 69.6
Taylor's Wonder 87.5
Prelude 31.3
Preston 66.6

Wheat Garnet 96.3

Ruby 65.2
Kitchener 81.8
Little Club 93.8
Club 80.7
Kubanka 86.2
Arnautka 95.4
Pentad 93.8
Kahla 94.7
Polish 25.8
Einkorn 65.5

I Emmer 17.6

Khapli 55.2

Spelt 8.5

Hannchen 87.7
Canadian Thorpe 84.0

Hog 100.0
O.A.C. 21 96.0

Barley White H.ull-Iess 60.0
Smooth Awn 65.5
Bark's 69.2
Manchuria 75.8
Success 73.3

Nepal 90.3

-----"--
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Table 4 (continued)

Percentage of

Crop Variety plants with
foot rot

Banner . 5 .. 0
Oats Gold Rain 10.0

Alaska 10.0·

Liberty 4.3

Prolific 4.3

Rye Common 39.1
Rosen 40.0
Dakold 35.0

Gehu 18.7

Improved Squaw 0.0
Corn Dakota White Flint 5.2

Alberta Yellow Dent 12.5
Northwestern Dent 0.0

11111....

••

I

_----- _---�)�.-



-26

Table 5. Relative susceptibility of different cereals and

grasses to leaf lesioning caused by Helmintho

sporium sativum

Variety Severity Lesions

Crop or of

species disease
Abundance Size

Einkorn M Few Small
Emmer M .. ..

-Khapli M+ ft Medium
Little Club H Many ..

W'.aeat Red Fife S Few Small
Kanred M- It Medium
Red Bobs 11 .. tt

Arnautka H Many Large
\

Kubanka H- " M

Hannchen H+ Many Large
Barley a-.A.C. 21 H- .. "

White Hull-less H " ..

Alaska T Few Very small

Liberty S+ Many Small
Oats Banner S- Few Very small

Gold Rain T Few "

Common S Few Small
Dakold 5 .. ..

Rye Rosen S .. II

Prolific S If ..



Table 5 (continued)

Variety Severity Lesions

Crop or . of

species disease
Abundance Size

Agropyron tenerum H Many Small
..

repens H+ " Medium
" Smithii M Few H

Agrostis stolonifera M+ " Large
Avena striata S+ Many Small
Bromus inermis H " Medium

.. latiglumis H- If Small
" ciliatus H- tI ..

Beckmannia sp. M- Moderate "

Calamagrostis canadense H+ Many Large
u

sp. S-. Few Small
Grasses Deschampsia cespitosa M .. Medium

Elymus canadensis H Many Large
" curvatus H- u ..

Festuca elatior H+ " If

n viridula T Few Flecks
Hordeum jubatum H- Many Medium
Koelaria gracilis M Few n

Lolium multiflorum M+ n ..

Phleum pratense S- tI Small'
Poa pratensis M .. Large
'n

compressa S+ .. Medium
" gracillima S .. Small
Torresia odorata H+ Many Large

Sedges Carex sp. I S- Few Small
" " 2 S+ tt Large

� 0 = no disease
T = trace of disease
S = slight disease
M = moderate disease
R = severe disease

-27
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Severity of disease
Crop Variety

Roots Stems Leaves

Einkorn R H 0
Emmer 0 S 0

Khapli 0 S 0
Kanred S If S
Arnautka S :as: T

,

Alaska S M 0

Marquis M. M 0
Pioneer M S 0
Pelissier

,
M M 0

Wheat Club H H T
White Fife 0 M 0
Preston M H 0
Kitchener 0 M S

Taylor's Wonder 5 S M
Red Fife S .M 0

Ruby 0 H 0
Prelude H M T
Pentad 0 M T
Garnet H ,5 0

Kahla 0 5 0
Polish S :as: 0

O.A.C. 21 H H 0
Hannchen 0 H T
White Hull-less 0 H 0
Bark's S M T

Barley Smooth Awn H M 0
Manchuria 0 H 0
Success H S 0
Canadian Thorpe 0 S 0

Hog U Ii 0

-28

Table 6. n1e relative susceptibility of different plants to

Helminthosporium sativum in test tube culture
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Table 6 (continued)

�

Severity of disease

Crop Variety

Roots Stems Leaves

Common 6 S 0

Rye Rosen 0 H R
Dakold M M 0
Prolific S M 0

I

Alaska 0 S 0

Liberty 0 0 0

Oats Gold Rain 0 0 0
Banner 0 5 S

Dakota White Flint 0 0 0

Squaw 0 S 0
Corn Gehu 0 S 0

A�berta Yellow Dent 0 5 0
Northwestern Dent 0 0 0

Agropyron tenerum S H S

Agrostis palustris 0 M 0
Bromus inermis H H M

Grasses Festuca elatior 0 0 0

Phleum pratense 0 M 0
Poa pratensis 0 M S

Amber cane sorghum 0 0 0
Miscel- Sudan grass 0 M 0
laneous Siberian millet S H 0

Common " S H 0

"

o lie no disease
T = trace of disease
S = sligh� disease
M = Moderate disease
H = severe disease

I
I
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tested, no attempt is made to evaluate them with respect to their

resistance or susceptibility.

On account of the scarcity of suitable plants, the brevity of

available time for experimentation, and the difficulty of providing

suitable incubation chambers, the experiment dealing with suscepti-

bility of host inflorescence to Helminthosporium sativum "head

blight" was necessarily limited. However, the data obtained are

summarized in Table 7. Kbapli wheat appeared to be extremely

susceptible to this stage of the li. sativum disease, as the lesion-

ing on awns and glumes was extremely heavy and all the kernels

formed were discolored. Emmer, Little Club, and Arnautka were

relatively resistant. Barley plants were somewhat susceptible,

but oats and. rye plants were attacked only slightly.

Relation of Helminthosporium sativum to kernel discoloration

Bolley (5) found -black-pointed" kernels frequently in threshed

wheat grain grown on wheat-sick soil. MCKinney (7) isolated some of

the strains of g,. sativum.used in his investigations from discolored

barley kernels. Dosdall (8r also found tl. sativum and species of

Alternaria in discolored seed. Christensen (6) Observed that black-

ened kernels produced diseased, stunted seedlings. Henry (13) con-

cluded that tl. sativum was the most common cause of seed discolora-

tion in wheat but found species of Alternaria and Stemphylium

associated with the disease as well.

Previous investigators observed that the percentage of dis-

colored kernels occurring in threshed grain may be quite high.
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Table 7. Relative susceptibility of some cereal varieties
to Helminthosporium sativum head blight

Severity of disease Peroentage of
discolored ker-

Crop Variety nels in spike
Awns _Glumes or paniole

Marquis S M 0.0-
Red Fife - H 0.0
Kubanka H M 42.8
Khapli H+ H+ 100.0
Arnautka 5 S 6.0

Wheat Kahla JiI
I

H 29.6
Little Club S S 33.0
Red Bobs - M 8�3'
Kitchener - H 14.3
Pioneer M U 0.0
Emmer S

.

S 0.0

O.A.C. 21 H M 4:5.6
Barley. Hannchen S II 12.6

Banner 0 5- 0.0
Oats Liberty a 5 0.0

Common S S 0.0

Rye Prolific S S 0.0
•

o = No disease
T = trace of disease
S = slight disease
M = moderate disease
H = severe disease
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Henry (13) found as high as 34 per cent of the kernels to be dis-

colored in a sample of wheat from Western Canada. Weniger (26)

found as high· as 30 per cent discoloration while Christensen (6)

reported as high as 75 per cent discoloration on some samples of

wheat and barley.

For 'purposes of the present investigation, samples of wheat,

barley, and rye were obtained from several different sources and

examined for the presence of seed discoloration. The findings

from this survey are 'summarized in Table 8. The data in this

table indicate that in the samples examined the percentage of

kernels discolored was relatively small, at least far below the

percentages reported by the writers cited above.

"Black-point" in kernels of cereal crops, particularly wheat,

appears to be due to various causes. It may be due to a fungus

within the seed, to bacterial infec'tion of the kernel tip (7), or

apparently to mouldiness or staining from weeds. In cases where

the discoloration results from fungus invasion, the discoloration

often appears to extend beyond the zone of tissue actually

occupied by the fungus.
,

Weniger (26) reported that in discolored kernels, fun�us

hyphae may occur in the seed embryo or on variou� regions of the

testa. ·When discolored seeds germinate, the fungus may spread to

the plumule and radicle, and occasionally to the aleurone layer.

Most of the investigators working witJ:. "bLao k-pcd.nt
" have

agreed that discolored seed does not germinate as well as normal

seed. Stakman (23) obtained 77.5 per cent germination for dis-
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lable t:s. the prevalence of "Black-point" in samples of

grain from different localities

Peroentage of
Crop Variety Locality discolored

kernels

Acme Winnipeg 0.72
Arnautka U. S .A. 0 .. 07
Alaska Saskatoon 0.21
Garnet .. 0.01
Kitchener Rosthern 0.07

..
Saskatoon 0.09

Kota 10 Winnipeg 0.05
Kota 11 M 0.03
Kubanka " I 9.52
Kah1a Saskatoon 0.26
Little Club U.S.A. 0.03
Monad Winnipeg 0.02

Wheat Marquis " 0.03

Marq. x Kanred 7 u 0.06
.. .. 8 It 0.05
..

x Iumi1lo " 0.04
Mindum U.S.A. 0.42
,-Polish Saskatoon 0.43
Parker's Sebatin Rosthern

.

0.06
Preston Saskatoon 0.00
Pioneer " 0.00
Prelude " 0.00
Pentad tI , 0.34

Pelissier It 0.04
-

Ruby Scott 0.02
Red Bobs Winnipeg 0.09

Reward Saskatoon 0.08
.

Taylor's Wonder " 0.75

White Fife If 0.63

Hog
" 1.52

Barley Nepal " 0.92

Common It 0.24
Rye Dakold " 0.49

Rosen " 0.16
Prolific " 0.19
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colored seed and observed that the resulting seedlings were

dwarfed and weak. Henry (13) reported 89 per cent germination

in discolored kernels, and Christensen (6) also reported reduced

germination. In each case, healthy kernels germinated much

better.

In the present investigation an attempt was made to measure

the reported reduction in germination of "black-pointed" seed. A

quantity of discolored kernels were picked out from a number of

seed samples of different crops, and these selected kernels were

sterilized by i��ersion in 1-1000 mercuric chloride solution for

30 minutes. They were then planted in lots of ten each in 5-inch

pots of soil autoclaved at 10 Ibs. pressure for four hours.

Healthy seed, treated and planted in the same way, were used as

a control. Ten days after seeding the seedlings were counted and

compared with respect to vigour of growth. The data obtained

from this trial are summarized in Table 9. They show that ker

nel discoloration resulted in reduced seed germination in nearly

every seed sample tested, and that seed discoloration did not

exert any par�icular influence on the percentage of seedlings

that were stunted. Some factor other than fungus infection was

considered responsible for the abnormalities that were observed.

With respect to the post-seedling effect of kernel discolora

tion in the seed, Stakman (23) ob�erved that healthy seed produced

plants which were more vigorous than those fr�m discolored seed.

,Christensen(6) obtained results that were similar to those of

Stakman. Henry (13) found that the growth was less depressed when

-34
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Table 9. The effect of "black-point" of seed germination and

seedling vigour in wheat, barley, and rye

Blaok-pointed seed Sound seed

Crop
-

Variety Percent- Percent- Percent- Percent-

age ger ... age age ger:'" age
mination stunted mination stunted

seedlings seedlings
.

Aome 83 16 86 3
Mindum 80 0 91 2
Polish (nigrobarbat·um)

I

86 21 85 18
Red Bobs 77 6 79 5
Reward 84 13 91 10
Parker's Selection 88 10 86 ,6
KitchJher 19 50 5 71 8
Monad 50 2 64 1
Kota 10 76 10 85 11
Marquis x Kanred 7 72 5 88 6

Marquis 100 16 97 12
Wheat Marquis x Iumil10 12 78 9 81 4

Marquis x Kanred 8 82 4: 88 6

Kubanka 22 80 0 89 3

Kota 11 94 3 97 5
Red Fife 53 7 68 10

Club 50 20 81 14

Taylor's Wonder 21 0 92 7
Kahla 46· 0 82 0

Polish 34 19 100 0

Pentad 40 7 60 0

Kitchener 33 0 72 5

Alaska 53 7 66 3

Kubanka 14 0 24 1
Arnautka 20 0 42 4

Common 54 6 73 3

Rye Dakold 83 0 91 2
Rosen 73 7 75 5
Prolific 80 is

.

82 10

Hog 22 4: 36 5

Barley Nepal 15 0 28 0

Mean 60.3 6.7 75.8 5.4

I

I
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the seed was planted in non-sterile soil than when it was planted

in autoclaved soil. In autoclaved soil the difference in mean

growth of plants from healthy and from discolored seed was 1.93

cm., while in non-sterile soil it was only .06 cm. He found

also that, in autoclaved soil, seed discoloration depressed the

yield of grain, -- the yield from healthy seed being two and

.

one-half times the yield from discolored seed.

There appears to be no uniform fungus flora associated with

seed discoloration, as both parasitic and saprophytic fungi

appear to be present. Bacteria may occur as well. Bolley (5)

found fungi in the following proportions: Alternaria spp. 80

per cent, Fusarium spp. 8 per cent, Helminthosporium spp. 8 per

cent. Evans (10) found as much as 77.6 per cent of Helmintho-

sporium sativum in discolored seed. Henry (13) obtained the

following percentages: !I. sativum 73.5 per cent, Helmintho-

spori� sp. 3.8 per cent, Brachysporium ap. 3.8 per cent,

Alternaria spp. 10.6 per cent, other fungi 8.3 per cent. In

all, Henry (13) isolated three species of Helminthosporium from

discolored seed.

In the present investigation, discolored kernels obtained

from seed samples of different varieties of cereals, but with

all samples from Western Canada, were plated out on potato-dex-

trose agar to determine the microflora within the seed. The

kernels were all first'surface-sterilized in 1-1000 mercuric

chloride solution for 30 minutes before plating, and 10 seeds

were put on each Petri dish. Ten days after the kernels were
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plated out, the fungi growing out from the kernel were counted

and identified. The findings from this trial are shown in

Table 10. These data show that the fungi present in discolored

seed from Canada were mostly the same as those reported by the

workers cited above but they wer� in somewhat different propor-

tions, i.e., Alternaria spp. appeared to be much more abundant

in seed than [. sativum. Whether or not this is a natural con-

dition in Western Canadian discolored seed remains to be

discovered. With respect to undiscolored kernels, a trial with

a few samples showed that Alternaria had invaded some of the

seed but presumably did not progress sufficiently to cause

discoloration.

\

CONTROL OF HELMIN'IHOSPORIUM SATrvuM�FOOT ROT

It is not known where or how Helminthosporium sativUm first

became a parasite of cereal crops, although it is known where it

was first discovered. Possibly, the fungus occurred in nature on

some native host and later was transmitted to cultivated crops,

that is, either the fungus was transferred to cereal-growing areas

by means of dry grass, etc., or cereals were introduced into areas

containing the infected natural host.

In any case, the disease apparently can be spread in a number

of ways. Infected seed may introduce the fungus into newly broken

sod, resulting finally in what Bolley (5) calls "Soil Sickness".
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:lable 10. The relative prevalence of different fungi in
discolored and in healthy seed of wheat and rye

Percentage of fungi present
Kind
of Crop Variety

seed lie �- �- CeFh�.lo-
sativum � ium thecium

-

Acme 11 80 0
-

0
Little Club 0 42 0 0
Arnautka 9 65 0 0
Mindum: 0 73 0 0
Polish 7 84 0 0

Ruby 0 66 0 0
Wheat Red Bobs 8 63 0 0

Reward 0 81 0 a
Marquis 0 87 0 0

Discol- Kitchener 0 88 0 0
ored Monad 0 . 76 9 0

Kota 0 68 0 0
Kubanka 0 75 0 7

-

Common 0 ·100 0 0

Rye Dakold 0 93 0 0
Rosen 0 63 0 0
Prolific 0 87 a 0.

Mean 2.0 75.9 0.5 0.4

r

Acme 0 13 0 0
Wheat Little Club a a a 0

Healthy Kubanka 0 11 0 ,0

Mean 0.0 7.6 0.0 0.0

I

I



-39

This sickness apparently becomes serious only after a succession

of crops of the same kind have been grown on it, and it is caused

probably by a building up of the concentration of natural inoculum.

• Helminthosporium sativum apparently grows readily on dead. plant

residue in soil, and therefore cannot be easily eliminated. In

stead, it ·tends to multiply. Furthermore,�. sativum parasit'izes
a number of different grasses, some of which are native to this

country. These grasses can be found either as weeds within fields

or as normal inhabitants of road allowances, etc., bordering fields

of cereals. Spores and bits of mycelium produced on the surface of

sailor on parasitized grasses may then be spread by means of wind

currents, as has been demonstrated by previous workers (22). Liv�

ing spores of lie sativum have been caught up to the height of 10,000
•

feet. Spores carried to such heights are likely to be disseminated

over very wide areas of land. Soil drifting may, too, playa ,part

in the dissemination of the fungus, for, even if spores are not

formed, bits of hyphae adhering to soil particles may readily be

spread over wide areas.

In view of the wide parasitism of· the fungus, and the many

ways it may be spread, control of the disease. appears to be most

one
difficult. Obviously, sincel\of the means of spreading the fungus

is the widespread use of infected seed, if the fungus could be

killed within the seed without imparing seed vitality, this means

of spreading the disease could be avoided. The fungus is not

easily eliminated from the seed by any known practical method.

As demonstrated in this investigation, even the immersion of seed
.,.
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in a 1-1000 solution 0 f mercuric chloride allows the fungus to

remain alive.

A method of controlling the fungus, more practical at pres-

ent than seed disinfection, seems to be the practice of a suitable

crop rotation. Previous and present work has demonstrated that

some crops are much more resistant than others, that is, oats,

rye, and corn are much less susceptible to attacks by lie sativum

than are wheat and barley while legumes, such as clovers, appear

to be immune. It appears right, therefore, to assume that a'rota-

tion containing resistant or immune crops along with susceptible
II ,1

"cash" crops would prevent, or at least delay, soil sickness and

reduce the chances of crop failure.

The most promising method of controlling the disease under

discussion appears to be the use of resistant varieties of crop.

On the basis of somewhat limited trials, 'it appears that the wheat

varieties Pioneer, Prelude, Polish, Emmer, and Spelt are much

more resistant to the disease than the other varieties tried.

Some of these varieties are quite suitable for cropping purposes

in Western Canada, and others, if not suitable at present, may

be used as parents of crosses possessing immunity to li. sativum

as well as other desirable qualities.

Control of Helminthosporium sativum foot rot of cereals

therefore depends on the adoption, of four agricultural practices

which are:

1. The use of sound, undiscolored seed, or of seed dis-

infected sufficiently well to eliminate the fungus.

'I
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2. The use of cultural practices designed to eliminate·

weed grasses from fields.

3. The use of proper crop rotations in �hich resistant

or immune crops are included.

4. The use of resistant or immune varieties of wheat or

other cash crops.

SUMMARY

1. A study was made of the fungus Helminthosnorium sativum P.K.

and B., which causes a disease of cereals.

2. The fungus appears. to be widely distributed and seems to have

been described under several different names.

-

3. Damage from the fungus is often widespread and severe, and may

on occasion result in total loss of·a crop.,

4. The fungus may invade the seed, the roots, the root crown,

the stems, the leaves, and the inflorescences of a plant

causing a black or dark brown discoloration of the seed tips,

a root rot or foot. rot, and lesions on the stems, leaves,

and inrlorescen�es.

5. The fungus appears capable of existing and multiplying in a

wide variety of natural and artificial substrata.

6. The fungus is viable under adverse conditions for a consider-

able length of time. In seed it may persist for several years,

it survives the winter in soils, and it appears resistant to

desiccation.

7. Only one spore type, the conidium, is recognized thus far.

I'
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rarts or con1diophores or fragments of mycelium may assume

the function of spores in disseminating the fungus.

8. The fungus may be disseminated by means of infected seed,

infected natural or artificial substrata, and by wind cur-

rents.

9. The fungus varies greatly in culture. Growth is affected by
�«.�vt...

temperature, by light, and by the nature of the substructure.
7

10. The species appears to be composed of a number of different

strains, different ones being readily isolated from natural

infected rnateriai, and others arising spontaneously in cul

ture. These strains differ in habit of growth, in amo'unt

of sporulation, and in degree of parasitism.

11. There appear to be at least three kinds of mycelium, differ-

ing in morphology, in reaction to staining, and in the way

they occur on or in the host.

12. Trials of resistance showed that the fungus attacks different

plants with different degrees of vigour. Some kinds of plants

appear to be very susceptible, others comparatively resistant,

and some completely i��une when living. Dead tissues from

inlmune plants are, however, readily invaded by the fungus.

13. Control of the disease is likely to be achieved in four ways,

(1) by using disease-free seed, (2) by eliminating susceptible

weed hosts, (3) by practising crop rotation, and (4) by_ growing

resistant varieties of plants.
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