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INTRODUCTION.

That the cereal crops are subject to attacks by various
Fusarium species, which in some years and localities may
decrease materially their yields, has been known almost for
a century, but it was not until the appearance of SCHAFFNIT’s
work on the so-called ,,Snow mold” in Germany, NATMOFF’s
work on ,Intoxicating bread” in Russia, and ATANASOFF’s work
on the Fusarium-blight of cereals in the United States that
the first light was thrown on this so complicated and econo-
mically so important problem.

At the same time these works not only placed the study of
this problem on a purely scientific basis, but also formed a
sound foundation for the further investigations of this disease.

The data included in this paper are the result of writer’s
gtudies and observations on this problem during the last six
years. These studies have been conducted at the Department
of Plant Pathology of the University of Wisconsin, United
States and were continued at the Central Institute for Agricul-
tural Research at Sofia, Bulgaria; the Biologische Reichsanstalt
fiir Land- und Forstwirtschaft at Berlin-Dahlem, Germany, and
the Ingtituut voor Phytopathologie at Wageningen, Holland.

Part of these results have been already published in form of
a preliminary report three years ago {13)?). However, writer's
subsequent studies and observations on this subject made at
various places in Europe, have added waluable contributions
towards the betfer understanding of the Fusarium disease of the
cereal crops, so that a second publication in a somewhat mono-
graphic form seems desirable. This is further justified by the
fact that in Europe, inclusive Holland, the Fusarium blight

1} Reference iz made by number to “Literature cited,” p. 102,
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of cereals though economically a vei'y important disease, is
generally overlooked or ignored as a whole.

The European literature and especially the rich German
literature on this subject has made valuable contributions
towards the understanding of: the effect of this disease on the
germinating power of the grains, the seedling blight, the snow
mold and the poor overwintering of fields planted with infected
seed, the foot rot phase and the seed disinfection as control
measure against this disease. Yet the most important phase
of the disease, namely the blighting of the heads, which is by
far its most destructive form, and which gives rise to the other
phases of the digease, has been generally overlocked. It is
indeed difficult to understand how it could be possible for all
of the European students of this problem, who have studied
the effect of the fusarial infection on the seed and who often
speak of 50 or 70 9, infected seed, that they should not have
seen the blighting of the heads of the crops during the period
of filling out and ripening, since before we can have 50 or 70 ¢
infection in the newly harvested grain we should have had no
less than 50 or more per cent decrease in yields. Bat of such
decrease in the yields there has never been question in the
European literature; this is true of Holland also.

The further aim of this monograph is to emphasize for the
gecond time the intimate relation which exists between — or the
identity of — the various injuries of the cereal crops caused
by Fusarium spp, which injuries represent only links in a closed
ring,

Whether the cereal crops are attacked in one or several ways
by Calonectria graminicola [ Fusarium minimum (nivele)] common
in Germany- and the. Scandinavian countries; by Gibberella
saubenelti common throughout the wheat growing section
of the United States, Holland, Bulgaria, and Southern Russia;
bij Fusarium avenacewm common in Northern Russia, or by
Fusarium culmorum, common in Holland, Germany, Sweden,
France and Oregon U. 8. A, or by the numerous other Fusarium
spp., the symptoms and pathologic effects are identical in all
cases, under all conditions and in all countries.

Separating this disease into seedling blight, snow mold,
foot rot, stalk rot and head blight {(wheat scab) as has been
done up to now as the result of our limited and fractional know-
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ledge of this problem as a whole, is no more permissible, unless
these forms are meant as different stages of the same disease.

The cereal crops, wheat, rye, barley, oats and spelt, as well
as some of the grasses, are subject to attacks by a large number
of fungi belonging to the genus Fusarium. In a considerable
number of cases, the same Fusarium species will attack each
of the above crops in at least two different ways, producing
two distinet pathologic conditions. The first is an attack on the
underground portion of the young (,seedling blight”’) and later
on on the full-grown plants (,foot rot”), producing rotting of
the roots and bases, weakening of the plants and possibly
partial or entire wilting and death of some of them. The second
condition is an attack on the fully grown plants above the ground.
This may be a spotting of the leaves; rotting of the nodes, found
on rye, wheat and barley; or blighting of the heads of wheat,
rye, barley, spelt and, in some cases, of ocats and the various
grasses. In all cases the various atlacks on the same host are entirely
independent of each other. A wheat plant may be attacked under
the ground, or on the head only, or both on the roots and the
head, and in some cases even on the nodes, but in all cases
these infections are entirely independent one of the other and may
be caused by the same or different Fusarium gpecies. An infeetion
of the roots does not presuppose an infection of the head or
nodes, or vice versa, though in very rare cases the infection
of the roots may reach the first or second node, or the infection
on the head proceed down to the first or second upper node. An
infection of the middle nodes may cause the wilting of the part
above the point of infection, but it never reaches the head
nor will it extend down to the roots.

Though independent from each other, the various forms of
the disease in most cases may stand in direct relation to each
other: The head infection gives us infected seed, which upon
planting give rise to seedling blight. The plants that have sur-
vived the seedling blight when growing under unfavorable
conditions during the winter and early spring may again succumb
to. the disease, in this stage to root rot; same plants may show
later on, when fully grown, the foot-or stalk-rot form of the
disease; the conidia formed on the plants attacked by footrot
or stalk rot may cause blighting of the heads, thus completing
the cycle and giving us again infected seed. Fig. 1.
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Fig. 1. Dia.g:n';matic presentation of the various stages of the Fusarium-blight
o cereals and the interrelation of the various forms of this disease, — also of
_the relation of soil infection to the various forms of the disease.

Up to the present time these forms of Fusarivm attack have
received but slight attention and whenever any attention was
given to them they have been generally considered as different
diseases, caused by one or more different or usually unknown
species of Fusarium. The results of our work prove, however,
very conclusively, as has already been shown, partially at least.
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by other workers, that these different pathologic conditions are
nothing but different phases of the same problem.

Though a comparatively large number of Fusarium species have
been found by the writer associated with both root, base, and head
attacks of the cereal crops, it is his belief that a more thorough
and more extensive study of the Fusarium species associated with
the disease, a study coveriny oll regions of the world, as this paper
does not pretend fo do, will increase the number of species concerned.
Especially will it point out their relative distribution and im-
portance throughout the different regions.

THE DISEASE.
GEQOGRAPHIC DISTRIBUTION

In the United States the Fusarium-blight of the cereals is
more or less common throughout the cereal growing sections
of the country. It has been reported by the Plant Disease Survey
for 1917, 1918 and 1919 from the following states: Maine, New
Hampshire, Vermont, Massachusetts, Connecticut, New York,
Pennsylvania, New Jersey, Delaware, Maryland, West Virginia,
Virginia, North Carolina, South Carolina, Georgia, Alabama,
Tennessee, Kentucky, Ohio, Indiana, Michigan, Illinois, Wis-
consin, Minnesota, lowa, Missouri, North Dakota, South Dakota,
Montana, Oregon, and. Oklahoma. It was looked for, but was
not found in the following states: Washington, California,
Wyoming, Texas, Arkansas, Kansas, Louisiana, Mississippi,
and Rhode Island. It has been reported alse from various parts
of Canada.

In Europe, the disease has been found in England, Holland,
France, Italy, Bulgaria, Austria, Germany, Denmark, Norway,
Sweden, and Russia. In Holland this disease is as widely spread
as in the United States and in some years causes great losses.
While in Russia it is common throughout the wheat and rye
growing sections, it is also very common in the Usurian provin-
ces on the Siberian Pacific coast. The disease has also been re-
ported from Australia (151) and South America (79).

“Though the geographic distribution of the various Fusarium
app. causing this disease is. practically the same as that of
the disease itself, it must be pointed out that their quantitative
distribution varies greatly in the various regions of the world,
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i.e. in certain regions certain Fusarium spp. predominate while
in other regions other Fusarium spp. are commonly the cause
of the disease.

. ECONOMIC IMPORTANCE

The Fusarium-blight of cereal crops injures the plants in
several ways and is generally considéred as one of the important
diseases of these crops. It decreases the percentage of germination
of the seed and causes dying off and weakening of the young
seedlings in fall and spring and also wilting and dying of full grown
plants; it partly or wholly blights out the heads, thus preventing
them from filling out and greatly lowers the quality of the grain.
The severity of the blighting of the head varies from thefrac-
tion of one per cent to one hundred per cent, and the loss due
to decrease in yield in individual fields and localities may
vary from zero to over fifty per cent.

The data concerning the economic importance of the disease
are incomplete, inadequate, and for some phases of the disease
and for most of the crops and countries they are entirely lacking.
What little information we have on this subject is found in the
Plant Disease Bulletin issued by the Plant Disease Survey,
Bureau of Plant Industry, U. 8. D. A, This covers only the losses .
caused by blighting of the heads of wheat alone and only for
a number of the states where the Fusarium disease iz known
to be present and common in this form. No information is
available relative to the loss due to decrease in germination and
due to killing of seedlings and grown plants.

" Below are presented the data by states as gathered by the
Plant Discase Survey and no attempt whatever is being made
to draw conclusions or to interpret results.
~ The reports of the American Plant Diseases Survey are given
here in extenso for every state as they make apparent the regional
distribution of the disease and expréss in ciphers the great
losses which the agriculturist suffers annually from the Fusarium
blight of cereals. The percentages given here indicate the loss from
the total production of the respective states.
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DerLawarg: 1917, Disease is very common, there being one or more
per cent loss,

GroreIAa: 1918, Not especielly severe in the state. A trace of the disease
has been obrerved oh the experimental plots at Athens,

Irvivois: (ANDERsoN) 1918, Unusually severe. It is one of the most
serious, if not the most serious disease of wheat in Illinois, I judge the
loss to be about five percent.

(W. L. BuriisoN, G.H. DuxeEeN) 1919, Particuldrly serious in this
searen: in many fields will cut the yield more than 50 9%. The dizease
has been reported very generally all over the state. Some county agents
have estimated that from one-half to three quarters of the crop isinfected.
It has developed very rapidly during the past week or ten days and the
loss wlll be much greater than was anticipated a week ago.’

Inpiana: (M. W. GarpNER) 1918 'Wheat scab iz the most serious
wheat disease in Indiana and hes been reported from all parts of the
state. Infection varied from 0 to 100 % and the yield was greatly
reduced in many cases.

MagyLanr: 1917, It is reported as occuring on wheat to the extent
of three to five percent.

MicuIGAN: 1917, The disease has been observed on wheat, barley
and rye, causing 10 percent loss in some cases.

MinwEsoTa: (Brsey) 1918, Quite widely distributed on spring wheat,
but did not cause any serious losses,

(E. C. STaARMAN) 1919, One of the worst diseases of wheat this year
was, by all odds, scab. It is infinitely worse than it has been since 1916,
and especially in the southern third of the state. It is remarkable, that
it becomes less severe in travelling north through the wheat region.

Missourr: (ReEap) 1918. Generally distributed, usually less then one
percent infection, but occasionally damage is two to five percent.

MoxNraNa: (Jennison) 1918, Doing much demage in certain localities.
In one district visited the week of August 4—-10, 50 percent damage
was found in all varieties of spring wheat.

New Jersey: (Coox) 1918, The most prevalent disease is scab,
which is very abundant.

NowrrH Darora: 1917. Fusarium culmorum and other species of
Fusarium are less abundant than last year, Last year it ran epidemic
in the Durum and Marquis wheats, almost destroying these corops in
some sections before the rust came, This year the disease showed up
at seeding. time, preventing sprouting of a percentage of seed and pre-
vented proper stool formation throughout the sesson. :

(H. L. Boriey) 1919, Scab caused great damage in Marquis, Fife,
Blue stem and most species of durum throughout the state. It was
destructive at all stages, particularly on old crop lands under constant
cultivation and often on new lands where scabby seed was used.

OH1O0: (STOVER) 1917. A good many fields have from 10 to 30 percent
of the heads affected and some fields show as high as 75 percent.
Usually only a few spikelets in the head are diseased, but sometimes
the whole head or the whole upper half of the head may be badly
injured. :

(SELnY) 1918, Percentage of affected heads run from less than 1 to
30 percent. Damage will probably average 3 to § percent of the erop.

{8ELBY) 1919, Generally severe, especially in western and northern
Ohio and where wheat followed corn. Maximum percent of head attack
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8 9. Low percentages in southern Ohic, Estimated maximum loss in
yield scarcely exceeds 33 9%,

Iowa: (A. Z. BAREE) 1919, Very common throughout the state. Most
destructive disease of wheat in state,

Oredow: 1917. Very little seab this season.

PenNsyrLvania: (Omron) 1918. On the average the crop may have
suffered eight percent at least.

SovTs Caroriva: (Sear) 1918, Reported as causing serious losses
in a few cases, but, in general, seems to be of liftle imnportance.

Boura Daxora: 1917, Comperatively little this year, Last year it
destroyed one-third of the crop in eastern South Dakota and about one
fifth in western South Dakota.

TeENNESSEE: 1918, This disease has been by far the most important.
Damage as high as 50 percent i claimmed for some sections in eastern
Tennessee, while in the middle section it is probably 10 to 25 percent.

(8. H. Essary) 1919. Heaviest damage known. SBerious damage. Loss
estimated 10 to 90 9%.

Virainia: 1917, A general average for the state would probably
be about 1 to 2 pereent reduction in yield. In a number of counties
reports indicate that the yield will not be more than 50 to 75 percent
of a full crop.

Wemst Vircinia: 1918, Scab is more prevalent than we have ever
noted previously, the percentage of diseased heads being in some cases
far above 80, '

{(N. J. Gippinas) 1919, This, I believe, is the most serious disease
of wheat in West Virginia. Last year it was very prevalent and the wheat
was refused at somne mills on account of the scab infected grain. This
year it is quite generally reported and is likely to be as destruective at
it was last year.

It ig further stated that: ,,Numerous cases were observed and
many others reported, particularly in Illinois, where scab (blight)
was 80 severe on Marquis wheat that large fields were left
unharvested. Others were harvested at least in part, and when
threshed yiclded as low as five and six bushels to the acre where
thirty-five or forty bushels per acre were expected before the
disease developed.”

The Fusarium seedling blight was reported for the first time
in 1919 {from Minnesota, Wisconsin, Illinois and Indiana:
. The seedling blight was particularly severein Minnesota where
it is reported as follows: ,,The seedling blight was very prevalent
in the Red River Valley and some other parts of the state in
the latter part of May and early June, the wheat scab organism
was isolated from many of the diseased seedlings, particularly
the macaroni wheat, though Helminthosporium was often
present also. The disease often appeared in spots causing a
complete failure in the diseased area. Many fields were plowed
and planted to flax.”
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According to the estimations of the Plant Disease Survey
the total loss due to the blighting of the heads of wheat alone
by Fusarium spp. amounted to 10.620.000 bushels in 1917.
The writer (13) basing his judgement upon the estimates of the
Plant disease survey and his own observations came to the
conclusion that ,the total loss for the whole country caused by
the various phases of the disease is probably close to 20.000.000
bushels.”

That even this estimation was a very moderate one is shown
by the fact that for the year 1919 the Plant Disease Survey
estimated the loss due to this disease only for the middle
Western States as being several times higher than the writer’s
estimation for the year 1918. ,Particularly in south eastern
South Dakota, Southern Minnesota, Southern Wisconsin, Towa,
linois, Indiana, Kentucky and Tennessee wheat scab (blight)
waas, by all odds, the most important factor in shrinkage of
yiélds and lowering of quality of wheat in 1919. In these
States alone there was, according to estimates made by the
Bureau of Corp Estimates, a total shrinkage of 88.509.000
bushels of all wheat from the June 1 forecast. While in this
group of States stem rust was responsible for considerable of
the shrinkage from June 1 forecast in South Dakota, Minnesota,
and Wisconsin, scab was the one big factor in the other
States named, thatis, in Towa, Illinoig, Indiana, Kentucky and
Tennesgee”. The loss due to decreasing the quality of the
grain is mnot known and must certainly run into many
millions of dollars.

With the exception of the very fragmentary reports found in
the official German ,Berichte iiber Landwirtschaft”’, there is
no definite information concerning the importance of the discase
in Europe, especially in Russia where it is known to be one of
the most important and destructive cereal diseases. BaAvDvys (293)
and STRANAK (295) report that this disease is the mostimportant
cereal disease in Szechoslowakia. In 1920 it decreased the yield by
20 9%, In some cases the loss was as high as 80 %, and even
higher while in still other cases it did not pay to harvest the in-
fected fields. For Holland also there are no definite data regarding
the importance of this disease. The short reports of RiTzEMA
Bos (200-203), WESTERDITK, (284) and DoYEr (45) regarding
the poor germinating power of the cereal grains in some years '
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as a result of fusarial infection, which represents only a very small
fraction of the actual and total loss, show that this disease can
become in some years as destructive in Holland as it is in the
United States and Russia. '

Though it has not been possible for the writer to examine
many fields in Holland and Germany, he feels however fully
justified, from what he has already seen, to state that the Fusa-
rium-blight of the cereal crops is as important in these coun-
tries as it is in the United States, and this in spite of the fact
that the most destructive phase of thisz disease, the blighting
of the heads, has been generally overlooked in Europe.

REVIEW OF LITERATURE.

Fragmentary descriptions and brief notes on Fusarium species
and fusarial diseases of plants, and, in particular, of the cereal
crops, date as early as the first quarter of the last century. In
each case, however, either the description of the disease or
that of the ‘causative organism is lacking, so that it iz not
quite certain whether a certain Fusarium species occurring
on wheat, for instance, is pathogenic or whether a certain
condition or disease of the crops was due to certain Fusarium
species.

For the above reasons the early works on this subject, though
of some importance, are not reviewed here but are included in
the bibliography. As such may be mentioned here the works of
Link, Nees, Freis, Thienemdann, Drejer and Liebman, Corda,
Unger, Fee, {rsted, Pakorney, Fuckel, etc.

In 1883, MarTurpws (165) reports that during the malting
season of '1879-'80 the guality of the majority of samples of .
English-grown barley was decidedly inferior. His attention was
directed to the frequent occurrence of so-called ,red corns”
among the couches of a small malthouse where various samples
of English barley were being worked up. Upon microscopic
examination of such red barley keérnels, he found that the colo-
ration was due to the presence of a fungus, which, according
to Dr. Hansew of the Carlsberg Laboratory, Copenhagen, was
either Fusarium graminearum or some closely related species.
MarTHEWS obgserved a similar condition on other cereals in
England. Judging from his fine and most carefully executed
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“illustrations of the fungus he had to deal with, there is little
doubt but that it was F. herbarum.

W. G. SmITH (246), in 1884, gave us the first reliable descrip-
tion of blighting of wheat heads. He attributed the cause to
Fuysisporium (now Fusarium) culmorum, which he was the first to
describe. F. culmorum izt now known to be an important parasite
of various plants and one of the causes of blighting of the heads
of cereal crops. ,It attacks the ears (heads), chiefly perhaps
of those plants which have been more or less invaded by corn
mildew or other cereal fungi.”” SmiTH deseribed also under the
name Fusisporiuwm hordei the fungus causing the ,red corn”
of barley, previously studied by MarTHEWS. Though he obtained
the material for this description of F. hordei from MATTHEWS,
he was dealing with a different species from that illustrated
and described by MATTHEWS as Fusarium graminearum. Here,

" too, ,the fungus is said to chiefly invade barley of poor quality
and ill-conditioned crops and ears, seldom or never appearing
on good sound barley.” ,It is clear that no badly affected grains
ean possibly germinate. In both wheat and barley the fungi
when present give the grain a peculiar and disagreeable taste.”

E. F. SmrtH, in 1899, basing his judgment upon extensive
studies, reported that Fusaria live and overwinter in the soil
and attack the plants from the earth. A soil once infected with
any of these resistant fungi becomes worthless for growing plants
subject to attacks by these organisms for many years.

This fact has been confirmed since by numerous workers.
For the cereal Fusaria this was done by SORAUER, SUHAFFNIT
~ AranasoFr and others.

T. D. CresTer (29), in 1890, gave the first description of
blighting of wheat heads in the United States. He reported that
the disease had been serious in Delaware for some years past.
It frequently occasioned the loss. of more than one half of a

-normal yield. The causative organism he called Fusarium
culmorum, but his illustrations picture the conidia of Gibberella
squbinetti. He found the mycelium of the fungus in all parts of
the grain, including the embryo.

WEED (279, 286), in 1890 described blighting of wheat, at-
tributing the cause to Fusarium culmorum. His fine and detail-
ed illustrations show beyond doubt that he, too, dealt with
the conidial form of Gibberella saubinetts.
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Devracrorx (35), in 1890, isolated and described Fusarium
schribauxi Delac. from germinating seeds of Triticum sativum. -
This species may be the sameas F. culmorum (W. G. 8m.) Sace.

PaMMEeL (176, 177), in 1891 and 1892, and ArTHUR (11), in
1891, described briefly the blighting of wheat heads in Towa and
Indiana, respectively, and both thought that the causative
organism might be . culmorum. ARTHUR observed that the
disease was worse on the late maturing than on the early
ones and that certain French varieties were particularly sus-
ceptible to it.

Woronin (191), in 1890, pubhshed two short articles on what
is known in Russia as ,intoxicating bread’. He reported that
the grains produced in the south-Usurian provinces, Siberia,
show marked toxic properties when used as food by both men
and beasts. He was sent to Siberia to study this question and,
in 1891, he published the results of his investigations. Upon
studying the causes of intoxicating bread, he found a number
of fungi on grains possessing such properties, the most common
of which was Fusarium roseum Lk. with its perfect form Gib-
berella saubinetii Sacc. He considered this fungus as being occasio-
nally responsible for the toxic properties of the cereals, but
he believed the extremely moist atmosphere of the country
to be more often responsible.

The recent Russian works (63, 163, 165) on this subject have
shown that the Fusarium blight of the cereals, due to Gibberelia
saubinelii and F. gvenacewm is the actual cause of the toxic
properties of the grains in Russia and Siberia.

ParcrEVSKI (175), in the same year, also attributed the toxic
properties of the grain to Fusgrium roseum.

SAROKIN (251) observed, in 1891, that in the Usurian provin-
ces the heads of the cereal grains were often covered by a pinkish
fungous growth, which is one of the marked symptoms of wheat
blight. This pinkish fungous growth he identified as Fusarium
roseum. He noted, also, that in many cases perithecia were
formed on these pink colored heads, which he identified as
Gibberella soubinetii, and considered the latter as being the per-
fect form of F. roseum.

Erikson (51), in 1891, described Fusarium tritici (Liebm.)
now F. minimum Fuck, on Triticum durum in Sweden.

PriLLievx and DELACROIX (189), in 1891, studying the intoxi-
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cating properties of rye in France, noted that the grain possessing
. toxic properties usually showed the presence of Siromatinia
temulenta while some kernels developed rich fusarial growth.
This fungus they describe as F. miniatum. While concluding
that the toxic properties of the grain were due to §. temulenta,
they were not certain that F. miniatum did not also have some
relation fto it. ' :

BriosI et al (25), in 1892, reported Gibberella saubinetii Sacc.
as occurring commonly on rice, in Italy, especially when nitrogen
fertilizer had been used, but apparently causing no injury.

DerMERS (40), in 1892, reported blighting of wheat heads
from Ohio.

FraNk and SORAUER (57), in 1892, obtained from Kiel heads
of rye which were covered with what they described as Fusarium
heterosporum. In prolonged wet weather one whole field was
entirely destroyed by the fungus. This is the first authentic
report of the occurrence of Fusarium blight in western Europe.

Hickman (80), observed that defective drainage evidently
increased the blight, and that everything which tends to weaken
the plant or retard its ripening renders it more subject to
attacks. '

BuckHOUT (28), in 1893, reported blighting of the wheat
heads as being widespread in Pennsylvania.

BEerLESE (16), in 1897, and Saccarpo and BErLESE (216), in
1895, described a new disease attacking the culms of wheat
in Italy. The cause of this disease they attributed to Sphaero-
derma damnosum Sacc. et Berl., with its conidial form Fusarium
culmorum (). In spite of most intensive and careful studies
of F. culmorum by many investigators in recent years, also
by the writer, no one has been able to produce, or has even
suspected, the existence of any perfect form of this fungus.
It is very probable that Sac0arRDO and BERLESE were either
working with another Fusarium species or that their. cultures
were impure.

MoAvPINE (151), in 1896, described blighting of wheat heads
as occurring in Australia and being caused by F. culmorum
McAlp. He is the first to report that this organism attacks not
only the heads, but also forms salmon colored patches on the
stems, especially on the nodes of the wheat. McALrPINE changed
the name of SMITH's organism Fusisporium culmorum to Fusarium
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culmorum. This, however, had been done earlier by Saccarpo.

Bessey (18), in 1898, reported blighting of wheat heads from
Nebraska.

SELBY, in 1898, briefly described blighting of wheat heads
in Ohio which he considered to be due to F. rosewm Lk. with
its perfect form Gibberella saubnietii Sacc. The latter, in culture,
always gave a fusarial growth. His efforts to inoculate plants
in the field with this Fusarium were unsuccessiul. In the affected
fields he found the Gibberella perithecia upon fallen glumes,
straw, ¢orn stalks, stubble, etc. He reported, also, that the badly
infected kernels of wheat are able to carry the fungus over
in the Fusarium stage. It is not clear, he says, that the
infection passes from corn stubble or corn stalks to wheat.”

Preerior (181, 182} in 1900 and 1901, reported, for the first
time, the occurrence of blighting of the wheat heads in Italy
{Tuscania), which he called ,,Golpe bianca’”. He attributed the
disease to F. roseum.

SORAUVER (247, 248), in 1901, gave a detailed description of
the snow fungus on rye, barley, and wheat, its cause, and the
effect of various weather and cultural conditions upon the degree
of infection. SorRaUER first described the causal organism as
a Fusarium, and changed the name from Lanose nivales Fries to
F. nivale Sor.

Scania (219), in 1902, reported blighting of rye heads from
Sicilia, which he attributed to F. heterosporium.

Ferraris (58), in 1902, found @Gibberells saubinetii on the
peduncles of rice in Piemonte, Italy.

Hexwives, P. (79), in 1902, reported Gibberella tritici P.
Henn. now @. sgubinetii, on the glumes and awns of Triticum
spelta in Sao Paulo, Brazil.

SORAUER (249), in 1903, in an extensive paper on frost injuries
on cereals, discusses the kind and effect of frost injury and the
diseases which follow as a result of the partial killing or weaken-
ing of the plants. In this connection he, also, discusses the
snow fungus. The causative organism F. nivale Sor., is a sapro-
phyte, according to SORAUER, and becomes parasitic only on
such plants whose assimilation activities have been decreased
because of one or another condition, snow pressure, for instance,
ete.

R11ZEMA Bos (200), in 1904, reported the interesting fact that
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the Fusarium present in the seed obtained during the rainy
year of 1903 caused a considerable decrease in the germina-
tive power of lhe seed and that the young plants were
killed either before breaking through the seed coat or before
reaching the surface of the soil. _

JacHEvskl (121-122), in 1905-1907, confirmed the earlier
observations of some Russian plant pathologists that the
intoxicating properties of cereals, especially of rye, are due to
F. roseum Lk., which attacks rye in damp localities and in wet
seagsons and is apparently spread by rain, wind, and inseots.

Borrey (19), in 1904-'05, described an interesting blighting
of wheat plants, which he attributed to rotting of the roots.
An attempt to isolate a definite organism proved unsuccessful,
we shall see later on that this blighting of the wheat plants
is known to have been due, at least in part, to Fusarium
species.

FREEMAN (59) in 1906, gave a short description of blighting
of wheat heads in Minnesota. He was the first to observe that
the infection proceeds from the head down, as will be pointed
out later on.

Rrrzema Bos (202), in 1906, reported briefly the occurrence
of fusarial blighting of wheat heads in Holland, but did not
determine the species of Fusarium causing this blighting.

MuTH (162), in 1907, studying the effect of fungous infection
of seed on the germinative power of the same, found that
Fusarium roseum decreases more or less the germinative power
of some seeds, particularly of grasses. He made no experi-
ments with cereals.

DvucoMeT (48), in 1907, described a disease of barley caused
by F. hordearum Ducomet. The symptoms of the disease are
very much like those of Helminthosporium teres Sacc. on the
same host.

HILTNER (82), in 1907, basing his judgment upon data obtained
through a guestionnaire addressed to the farmers in Bavaria
and upon his own personal observations, came to the following
conclusions concerning the parasitism of the snow mold F.
nivale. The attack by the snow mold was most common (1} on
rye; (2) in localities where there was plenty of snow on unfrozen
ground for long periods of time and late in spring; (3) kind of
goil seems to have no effect; (4) autumn fertilizing with stable
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manure favors the snow fungus attack because of the higher
temperature on the surface of the soil; (5) time of planting
important in rye, especially in Zeeldnder rye, the late sown
suffering severely from the snow mold; (6) the causative organism
F. nivale, is perhaps introduced into the soil by the seed; (7)
foreign varieties suffer more from snow fungus than native
varieties.

Beginning in 1808, HILTNER alone and in collaboration with
Korrr, IBssEN, Lane and GENTNER, contributed many short
papers on the effect of environmental conditions upon fusarial
attacks on cereals and, primarily, upon their control through
treating the seed with corrosive sublimate.

As early as 1907, HiuTNER suspected and later on claimed
that the cereal grains may be infected with Fusarium, and,
when guch grains are used for seed, some of the young seedlings
are killed before making much growth. He found that the Fusa-
rionm mycelium is present in the outer layer of some kernels
and, in some cases, throughout the endosperm and evenin the
embryo. But, in spite of the presence of the Fusarium in and
on the seed, the seedling will succumb to the attack only when
grown under unfavorable conditions. The rye variety Zeelinder,
the seed of which was infected with Fusarium, was heavily attacked
by the snow fungus early in spring, while other varieties in the
same field remained healthy. Even this variety, however, was
free from snowmold attack when sown early. It is very probable
that infection of the grain takes place during the period of seed
formation. Since, according to them, there are during that period
no conidia of Fusarium in the air (sic), they believed that infection
took place with ascospores of the Fusarium in question, though
the presence of such was not known at that time. They reported
that not only rye, but wheat, barley, and oats, are also attacked
by Fusarium, and that the degree of infection of the seed of the
graing may be from 1 to 100 per cent.

To HiLrner is due the credit for emphasizing the fact that
Fusarinum is present in the cereal grains and that it injures
severely their germination. He did not know, and seemingly was
not interested in, the nature and life history of the organism
or organisms concerned, but his work has stimulated wide
interest in this question throughout Europe, attracting the
attention of both plant pathologist and practical agriculturalist.
2
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Concerning the control of the seed-borne Fusarium with
corrosive sublimate, the first experiment with which was under-
taken in 1907, HILTNER claims that it not only controls Fusarium
infection of the seed, but it gives a better stand even when healthy
seed is thus treated. Furthermore, mice do not then eat the
planted grain. HILTNER and GENTNER (99), in 1912, went even
further, recommending the treatment of the healthy rye seed
before planting with corrosive sublimate (0.01 for 45 minutes)
to protect it from fusarial attacks when planted on Fusarium-
infected soil. It protects, they claimed, not only the seed,
but also the young seedlings.

The use of a combination of corrosive sublimate and formalde-
hyde {0.01 of each) for the control of Fusarium on cereal grains
has also been recommended by HILTNER.

The corrosive sublimate treatment as a control for seed-borne
Fusarium diseases of cereals, as worked out by HiLTNER and his
collaborators, is quite generally accepled and used in Germany
- and, to some extent, in Holland and other European countries.

HiLTxER’s treatment against Fusarium has been repeatedly
tried by many other workers with widely varying results. Some
have found it to be quite effective, others decidedly ineffective.
The reason of this lies in the fact, as we shall see later, that
Hioryer was fundamentally wrong in interpreting his results
and that no known chemical disinfectant is in position to free
the internally infected cereal kernels from the fusarial infection.
HILTNER’s apparently positive results with mercuric chloride
are the result of very superficial experimental methods and
the error that the better resmlts from the treated grain was
due to their being freed from the internal infection and not
due to the external disinfection of same, or due to the
stimulating or other effects of the treatment. Something which
he himself has claimed (29).

APPEL (5-6), in 1907 and 1908, showed experimentally that
when rye, wheat, barley, and oat seed, infected with Fusarium,
is germinated, part of the young seedlings will be killed, while
most of them will continue to grow, their bases only being partly
rotted and discolored. Later on they appear exactly like plants
attacked by the foot rot disease as described by Frank. In the
light of these results, according to APPEL, it appears questionable
whether or not foot rot of cereals is entirely, or at least largely,
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due to Ophiobolus herpotrichus (Leptosphaeria herpotrichoides)
as claimed by some. The external conditions influence largely
the degree and severity of infection in this case.

Kriiger (141), in 1908, who succeeded Frawk in his work
on the so-called foot rot disease of cereals in Europe, published
an extensive paper on this subject. He attributed the disease to
Leptosphaeria and Ophiobolus spp., but he noticed, in some
cases, the association of a Fusarium species on wheat plants.
that were attacked by foot rot. The inoculation experiments
(only two in number} to establish the pathogenicity of this
Fusarium species and its relation to the disease gave, however,
very uncertain, if not entirely negative, results. More recent
workers contradict the results of KriiGER and some have even
expressed the opinion that Fusariun spp. are one of the important
causes of foot rot of cereals. In this paper KriiGER gives the
bibliography related to the foot rot disease as caused by Lep-
tosphaeria and Ophiobolus spp.

ScHANDER (230), in 1908 reported a severe attack of Fusarium
on rye, wheat, and barley, in some cases the germination of
the grain from infected plots being 40 to 50 per cent lower than
that of the healthy seed.

SoEGYEN (285), in 1908, described briefly the occurence of
the snow mold and Fusarium blighting of the rye headsin Norway.

Linpav (146}, in 1908, in SoraUER’s Handbuch der Pflanzen-
krankheiten, stated that there oceur on cereals several Fusarium
species, all of which are not to be considered as parasites. They
are found most commonly on the ripe heads, especially in moist
weather, and may become injurious to the grain. The most
common species is F. heterosporum Nees, which forma the rose-red
crust on the chaff of the cereals and numerous wild grasses.
Together with this species are found also F. miriatum Sacc.,
F. schribauwzii Delacr., and F. avenaceum Fries. This opinion
expressed at a time when most European workers were consid-
ering the numerous Fusarium spp. as innocent saprophytes,
which opinion has been later upheld by ScmarrniT (221) for
a number of the cereal pathogenic Fusarium spp. led the Euro-
pean researches on this disease in a wrong direction and has
been the cause of the fact that the most important phase
of this disease was overlooked in Europe.

VOLEKART {277), in 1909, observed that cereal seedlings delayed



No. 4. 20

in their development are often attacked at their bases by
. Fusarium. He observed this condition on wheat, spelt, barley,
and oats and reported it as being widely spread throughout
Bwitzerland.

OorTwiyN BoTIEs (170), in 1909, observing that in Groningen
the spring wheats usually give a poor stand made some experi-
ments to establish the cause of this fact. Planting 50 kernels
in sand he noticed that most of them did not germinate
and that even those that did germinate gave only weak and-
sickly plants. Same experiment was repeated, except that in
stead of sand filter paper was used. In this case he observed
that a far larger number of the seeds germinated, but that the
young plants were soon overgrown by a white fungous growth,
becoming in some places brown colored and rotted. This fun-
gus was identified by Prof. QUANIER as Fusarium. OorrwIIn
BorJgs then treated some of the seed with warm water, the
result being a complete elimination of the fungus growth, high
germination and healthy plants; similar results were obtained
also with coppersulfate.

WESTERDIJK (284), in 1909, reported that in the winter of
1906-1907 a great portion of the winter wheat in Groningen was
destroyed by Fusarium. An examination of several wheat
samples showed that they were also infected. Such seed upon
planting germinated, but the young seedlings were soon killed
by the fungus. She treated some of the seed with 0.1 9 forma-
line solution for 3 hours also with copper sulfate solution but
the results were as bad as in the case of the untreated seed.

TuBEUF (265), in 1908, reviewed briefly the literature on
Fusarium of various hosts and gave a more detailed description
of F. lolis W. SMiTH.

JACHEVSKI (124), in 1909, reported attacks of F.roseum Lk.,
F, secalis Jach., and F. heterosporum Nees on rye heads in the
province of Kostroma, Moscow.

SeLBy and Manwns (239), in 1909, proved that Gibberella
saubinetit causes dying out of young wheat seedlings. They
showed, also, that a Fusarium species isolated from wheat
kernels has the same effect. This species they called F. roseum Lk. -
and considered it to be the conidial form of G. sgubinetii, but
they were not able to produce the perfect form from the conidial.
There is atill great doubt as to whether or not the Fusarium
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species which they isolated from wheat kernels was really the
conidial form of Gibberells soubinetii, since recent work has
shown that there are more than one Fusarium species found
in wheat samples and that macroscopically and physiologically,
ag well as pathologically, they are very similar and can be
distinguished only by their normal conidia, of which SELBY
and Maxxs do not speak. They noticed, also that in both cases
the young seedlings were attacked rapidly by the fungi and
some killed up to the 30th day after planting, but that those
planta that survived soon overcame the effect of the attack,
recovered and reached normal development.

- Jacngvskr (125), in 1810, reported that during the dry summer *
of 1909 no blighting of the heads was observed anywhere in
Russia, not even in the south Usurian provinces, where wheat
blight has always been abundant.

Mivare (157, 158), in 1909 and 1910, reported G. saubi-
netit on the leaves and heads of rice in Japan, but caunsing
no injury.

STORMER (254, 255), In 1910 and 1911, reported that foot-
rot of rye, generally attributed to Ophiobolus and Leptosphaeria,
during the last years has always been caused by Fusarium. He
reported, also, that a certain wheat seed sample showed 60 per
cent Fusarium infection. .

IasseN (120), in 1910, found that the fungus commonly
associated with the snow mold was F. nivale and that Neciria
graminicola, which usually occurs on plants that have been
attacked by the snow fungus, is the perfect form of F. nivale.
He was not able, however, to produce the perfectstagein pure
culture from F. nivale.

BeckwrTH (14, 15), in 1910 and 1911, presented the results
of his studies on the possible causes of decrease in yield of wheat
on the go-called ,, wheat sick’ soils. ,,Quantitative analyses made
from asoil solutions, taken from soil samples from old wheat
lands and from virgin soil, fail to show sufficient difference in
composition to warrant the assumption that deterioration in
wheat yields is due entirely to deterioration of plant food in
the soil.” This being the case, it was suspected that the cause
must be in the accumulation of some parasitic fungi in such.
soils. A study of the fungous flora of such soils showed that
a number of fungi are present in same soils and that the
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following : Fusarium, two species, Colletotrichum, two species,
Macrosporium, Alternaria, and Helminthosporium, are recogn-
ized pathogenes of wheat and other cereals. Check tests
from virgin soil did not show these fungi to be present in any
large amount. A study of the fungous flora found in the nodes
and internodes of wheat from such lands showed that the
above soil fungi are found also in the tissues of the wheat
plants. Tt was also noted that the relative distribution of these
fungi on the wheat plant varies considerably from season to
season and may be influenced by the various environmental
conditions. The same fungi were also isolated from the roots of
wheat plants showing root infection but here too, ,as in the
nodes and internodes, the infection was usually a mixed one,”’
i.e., several of these fungi were isolated from the same plant
portion.

BoLrey (20-23), in 1810, 1911, and 1913, basing his conclusions
upon his personal observations covering a period of many years
and upon the results obtained by BeckwitH (14, 15) endeavored
to explain the complex problem of decrease in yield of wheat
in some wheat growing regions, and, in particular, the Red
- River valley, North Dakota, as being due to the accumulation
of certain parasitic fungi in the soil. He has emphasized the
importance of soil sanitation, among other things, as a control

measure for this condition.

VoGEs (269), in 19810, reported the occurrence of the blighting
of wheat heads in Germany. He isolated the fungus and inocu-
lated healthy and ripe wheat kernels, the result being a rapid
invasion by the fungus of the interior of the kernels. Upon
microscopic examination he found the mycelium of the
fungus throughout the endosperm of the kernels. He did not
determine the identity of the causative organism, but thought
it resembled F. culmorum. Judging from his drawings of the
organism, there seems to be no doubt but that he worked
with F. culmorum.

MoRTENSEN (160}, in 1911, contributed an extensive paper
on the Fusarium diseases of cereals. In the first part of the
_paper, which is primarily a compilatory work, he divides the
various fusarial attacks on cereals in the following way: (1)
injury on the heads and seed; (2) injury on the germinating
power of the seed; (3) red kernels in malting; (4) snow fungus;
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(5) rodbrand (seedling blight); (6) leaf spots on older plants;
(7) foot disease; (8) ,Knaekkesyge (Stolk rot); and (9} ,,Hafer-
hatte”.

In the second chapter of the first part, he takes up the relations
of weather and soil to these diseases, the susceptibility of various
varieties, the infection possibilities, time of infection, control
measures for seed and soil infections, and the importance of
the Fusarium diseases.

In the second part, he gives the results of his own observations
and recommends as control measures the hot water treatment
(56-57° C.) (}) and copper sulphate (1} h. in 0.3 Cu80,).

MorTENSEN did not state, however, which Fusariam species
or how many Fusarium species were concerned in each of the
above pathological conditions, though he mentions the names
of some. He was concerned with the diseases and not with their
causes.

JACHEVSKI (126), in 1912, separated Fusarium roseum, the
common cause of blighting of the heads of cereals in Russia,
into Stromatinia temulenta Prill. and Delacr. with the conidial
form F. roseum, and F. palzewskii Jach., F. secalis Jach., and
Gibberella saubinetii Sace, with the conidial form F. rostratum
Ap. & Wr. However, NaumMo¥FF (165), in 1916, who worked under
Jachevski, stated that there was no sufficient reason to separate
F. roseum into new species. As to the relation of 8. temulenta to
F. roseum or any other Fusarium spp., JAcHEVSKI failed to
produce experimental evidence that this is actually the case.
JACHEVSKI separated, also, F. heferosporwm, which is also
supposed to cause blighting of the heads of cereals in Russia,
into F. heterosporum and F. pseudoheterosporum. The latter is
identical with F. avenaceum (Fr.) Sacec.

SOHAFFNIT (221), in 1912, published what may be considered
the most important papers on the snow mold of cereals, both
from the taxonomical and physiological standpoints. In this
paper, he -gshowed that what SoravEr described as Fusgrium
nivale Sor. as the cause of the snow fungus was not a single
species, but a number of Fusarium species. He not only determined
and redescribed the real Fusarium nivele {(mintmum) Ces., the

1) The seed is kept at 36—57° . for & minutes perhaps, as is
commonly practised in Denmark.
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perfect form of which (Neciria, later Calonectria graminicola)
he was the first to produce from pure cultures of F. nivale,
. but he listed its numerous synonyms and showed that with the
,,Enow mold’’ of cereals were associated more than one Fusarium
gpecies, the most important of them being F. nivale Ces. (F.
minimum). Ag less important, he listed F. rubiginosum (F.
culmorum), F. metachroum (F. herbarum), F, didymum, F.
subulatum (F. ovenoceum) and F. lolii. Most of these species,
however, in inoculation experiments gave positive results
only by contact infection. F. nivale was found most common
on young rye plants, while the other species were isolated more
commonly from the grain.

Soils infected with F. =ivele when planted with cereals
will produce the disease under favorable conditions (high
humidity of the atmosphere, etc.). He concluded that the
goil infection is the more important, or, at least, just as
important as seed infection. He showed that F. nivale as
well as other Fusarium species are seed-borne and that when
~ infected seed is used for planting it will produce the disease.
A careful study of the occurrence of the F. nivale mycelium
within the kernels showed that the fungus is usually present
in the outer layers of the kernel and only in rare cases does it
ocecur in the inner parts of the seed. He was not able to confirm
the supposition that the mycelium of the fungus develops in
and with the embryo of the seed. ' ‘

ScEAFFNIT showed that F. nivele attacks not only the seed-
lings, in the form of seedling blight and later on as snow mold,
but that it causes also foot rot, usually as a result of wounding
of the plants by mites, insects, or other agencies. F. nivale
attacks, also, the heads of the cereals during the period from
blossoming to ripening of the crop, this he concludes only from
his infection experiments, but he evidently never saw the
disease in nature. In this connection he distinguished primary
infection, which takes place before the ripening of the plants,
from secondary, — during the period of full ripening and
harvesting. Here, not only F. nivale, but also other less parasitic
(?) Fusarium species play an important réle. The primary
infection he considers more fatal to the seed thanlthe secon-
dary infection. SOEATFNIT statesfthat the plants are susceptible
of the various attacks by F.nivale only during certain periods
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in their development and that even then they will succumb to
the attack only if they are growing under conditions unfa-
vorable for their own development, but favorable for the
development of the fungus.

He did considerable work on treatments for elimination of
fusarial infection of the seed and found that not only corrosive
gublimate, as recommended by HILTNER, but also chinosol
1 %/4o solution for 30 minutes, is an effective treatment for the
control of Fusarium on the seed. However, SCHAFFNIT thought
that the treatment of the seed would be effective only where
the soil is free from the fungi, which, according to him, are
present in some soils where they can overwinter, since the
conidia of F. nivale, as shown by him, are not killed even at
a temperature of —25° C.

Rigms (196), in 1911, states in a footnote that he isolated
from fusarium-blighted wheat heads a Fusarium species which
developed the perithecia of Gibberella saubinetii. This is, as
far as the writer knows, the first case where the perfect form
‘of one of the wheat blight organisms has been produced on
artificial media and in pure culture, excluding the work of
AprpPEL and WOLLENWEBER (8) in which they reported the same
thing except that they isolated their organism from wheat
seeds which failed to germinate.

VogEes {270-272) in 1912 and 1913, pointed out as a result’
of some inoculation experiments, that fungi are not the primary
cause of the stalk and foot rots of cereals, but that the latter
become subject to stalk and foot rots when weakened by cold
and drought. Resistant seed and proper cultivation are the
control measures recommended.

As conidial stage of Ophiobolus herpotrichus, one of the sup-
posed causes of the stalkrot, he gave Fusarium culmorum
(271), but in a later paper (274), admitted his error and gave
Acremonium aliernatum Link as the conidial form. Doubt has
been expressed, however, concerning the correctness even of
the second name.

Trussowa (263), in 1912, also reported good results with
corrosive sublimate seed treatment as a control measure for
Fusarium of cereals.

LinDp et al (144), in 1913, reported severe cases of foot rot
of the cereals, which they attributed to Fusarium species and,
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apparently, also to Ophiobolus graminis or Leptosphaeria
herpotrichoides.

. Areen and Fucas (10), in 1913, tried to establish whether
and under what conditions ripe cereal seed can be attacked
by Fusarium,. Ripe rye seed was moistened with water suspension
of conidia of F. subuletum (avenacewm) and F. rubiginosum
(culmorum) so that the moisture of the seed was increased
with 10, 15, 20 and 25 9. The various samples of the seed were
kept at 10 and 20° C. in moigt chambers. A decrease of germina-
tive power resulted in the samples to which had been added
20 or 25 %, of water, this was espeoially so in the cases where
F. culmorun was used. When the infected seed was kept moist
for 4-5 days at 20° C. the two Fusarium spp. decreased the ger-
minative power of the seed far more than at 10° C.

Remy and LisTNER (193),alsoin 1913, showed that F. mefa-
chroum (herbarum) can also infect the cereal seed and decrease
" its germination.
~ BertHAULT (17), in 1914, considered the foot rot of cereals
as all French pathologists have done, whose works are not
reviewed here, as being due to Ophiobolus graminis and Leplo-
sphaeria herpotrichotdes. He states, however, that on plants
affected with foot rot are commonly found numerous Fusarium
spp., F. rubiginosum for instance, and is inclined to think that
the latter may also play some part in causing foot rot of
cereals.

Manein (153), in 1914, distinguished two kinds of footrot,
foot rot proper (black leg), caused primarily by Leptosphacrio
herpotrichoides de Not. and Ophiobolus graminis Sace. and foot-
rot, caused by Fusarium spp., above all by F. nivale.

QuaNnJER and OorTwiIN Bories, (191, 192) in 1914, experi-
menting with various seed treatments against smut noticed
that the warm water treatment apparently did increase the ger-
mination of the treated seed. Similar results but in much slighter
degree were obtained also with seed treated with copper sulfate.
This raised the question whether these treatments do not act
a8 a sort of stimunlant. A further study of the gquestion how-
ever showed that the treatments eliminate the germ-destroying
fungi, thereby increasing the germination of the treated seed,
whereas formaline was not only ineffective, but seemed even to
favor their development. A study of the germ-destroying parasites






