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POTATO WILT CAUSED BY FUSARIUM OXYSPORUM

% 3 3 3 I I 33 H %

HISTORY.

The Fusarium wilt of potatoes was probably
present in this country for many years beiore the casuse of
tne wilt was determined, The tirst note of the patnological
condition caused by this disease in this country dates only
as far back as 1895 when G.P. Ciinton reported the disease
in Illinois, Since that time it nas been widely observed but
until recent yeare it has probably been more or less contused
with the other wilts of the potato., In moast cases simply tne
presence of the condition caused by the organism: was noted
and very little attempt was made to determine the cause of
thie pathological condition., It war not until aobout 1904
that the disease came into prominence, when it tirst assumed
economic importance in this country. At tnis time there
appeared a bulletin by Smith and Swingle (1904) describing
Fusarium oxysporum as the cause of the wiit of potatoes
noted i1n Micnigan and the District ot Columpia,

no important epidemic periods or epochs in
tne‘nlatory of tbe dieease are found; this is vroobavly owing
to tne slow and insidious nature of the infection of tne

potato.crop, not ceueing a ravid rot of the plants but slowly

(1)






undermining tue seed stock and gradually decreasing the
yield.

Very little work was done on the disease in
this country after 1904, until a widespread occurrence of
the direase wae reported in California in 1908, which was
studied oy Orton (1909), wno also studied the diseases of
potatoes in various parts of the country in 1909 and 1910
and abroad in 1911, He found Fusarium wilt to be very wide-
spread in America but not recognized in Burope, Since that
time very valuble work has been done by Dr. Wollenwebper,
especially on the morphology and rlassification of this
especies of Fuesarium, and inoculation exrerimente nave been
conducted by Manns in Onio.

The diseare was first noted in Micuigan in
1899, (8mith and Swingle 1904) and since that time very little
has been done with the disease in tnis state. It was reported
by G.H. Coons (1914) and was studied by the writer in various
vrarts of the state during the past season and found to be of
widespread occurrence, &nd while strictly speaking it has
not caused an epidemic as yet in thie state it is certainly

assuming great economic importance.

PREVI(US WORK.
The literature on the taxonomy of the genus

Fusarium has been in a very cnaotic etate until recent years,
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‘and necessarily that part of the literature in reference to
the pathological conditions caused by these organisms has
been in no better condition,

In regard to Fusarium oxysporum in particular,
the literature nas been very confusing, principally because
no reliable cultural and morphological studies and inoculation
experiments have been conducted with reference to the path-
ological conditions noted in the field.

Fusarium oxysporum had long been regarded as
the cause of the dry rot of potatoes, even up to 1904 wnen
Smith and Swingle 1.c. wrote on the subject. In tuneir bulietin
the authors deseribe a species ot Fusarium. which they identity
with t.e Fusarium oxysporum of Schlechtendal (1824) and
wnich they report as causing a dry rot as weil as the wilt of
the potato Qlant. No inoculation experiments were made and it
is very probable that they were working with more than one
species, in the i1ignt of tue recent studies of Worlenweber
wno has shown that F. oxysporum is a vascular varasite causing
wilt and wintering ovef in the stem ends of the tubers but
not producing a decay of the tuber.

Wilecox in 1912,(VWilcox, T.ink and Pool 1912,)
working with a Fusarium causing the dry rot of the tuber
compared his epecies with that which Smith sent him as
F., oxysporum and found that the two were not identical. The

F. oxyeporum caused a wilt but not a decay, while his species



which he calls F. tuberivorum (sp. n. Wilcox and Link) was
a saprophyte incapable of infecting any part of the potato
rlant except the tuber.

In fact previous to 1910 no reliable work
had been done on the genus. In that year a publication by
Wollenweber and Appel (1910) appeared which was the first
authoritativepurclication giving a systematic treatment of
the morphological characters and laying the foundation for
the seperation of the speesies,

Wollermwever in 1913%* deacribed F. oxysporum
as a"vascular parésite causing the wilt disease but not the
tuber rot of Solanum tuberosum.in the United Statee of
America, possibly also in Soutnern Europe and the potato
districts of South Africa, Australia, etc. Arso found on
various hosts, such as Solarum lycopersicum, Vigﬁa, Pisum
and Ipomoeo. The disease associated with the fungus has been
confused with " leaf roil" a disease called "Biattroll-
krankheit® in Germany."(A fulier discusion of tnese two wor:s
is given under morphology.) Tne final result of Dr. Woilerweber's
study of this gemus will undoubtedly «traigften out and
s1mplify the chaotic condition of the present classification
of tnis gems,

Tunis description and classification is
considered autnhoritative and is used as the basis for the

following work.,

* Worlenweber, H.W. Pnytopath., 1913, p. 24.
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It is not the purposé of this article to
discuss the literature in regard to classification,
nomenclature and morvhological chacteristice which are
fully covered in Wollemweber's work as well as in Smith and
Swingle's, where comvlete bipbliographies can be found. The
account which follows concernes itself with the publications
upon the pathologi~al aspect of the wilt in the field and
the presence of the disease as noted in different sections
of the country.

Provably the first note upon the pathnological
condition caused by this disease in thie country was tnat by
Clinton in 1895.% He descibes a condition found in the tubers
whicn ne cails ® burdle blackening®. " Tnis is a fungus
trouble of stored potatoes which snows as smairl aots or lines
a short distance from the surface---------- Tuese bundles
originate at tne stem end and send off a few bundles to each
of the eyes. The fungus gains entrance, probab.y after tne
potatoe= are gathered, through the aead stem, and nroceeds
from this througn the bundies cauring them to turn biack as
the result of its attack.”™ He goes on to say that, " tane
fungus is quite similar to the one causing the followihg
trouble.” He then descripbes a condiiion of the tuber which
he calls ® dry end rot"., " It affects all the tissue as it
slowly advances forward, until, pernaps, the wnoie tuver is
destroyed. Ae in the preceeding case the trounle begins at
the stem end, the fungus gaining entrance after the rupture

* Clinton, C. P. p. 139, 1895,
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of the tuber from the clant.” He believed that thne latter
disease was due to F, solani. In none of his observations
has he connected the patnological conditions in tne fieid
with the conditions he notes in storage, and he has probably
" confuesed the bundle blackening of the wilt with the stem
end rot caused by another Fusarium,

Stewart in 1896 writing on"Another Stem
Blight of the Potato"™ describes a wilt of the potato and in
his paper says he was doubtful if any organism was responsible
for the trouble, This has been considered 1n previous
literature to nave been one of the first reports of the
F. wilt in thie country and was thought by Smith and Swingle
to be probably the same disease they were working on, but
according to Orton # "The disease descrived by Stewart (1896)
and tnought by Smith and Swingle to be probably the same,
was stated by Prof, Stewart at a recent meeting of the
American Pnytopathological Society to be not due to Fusarium,®

Clinton in 1904*reports from Connecticut that
"*many vines wilted before the midale of July" probably
caused by F., oxysporum described by Smitn and Swingle 1l.c.
He connects the wilt with the umusual amount of burale
blackening and rotting found in market potatoes, He apparently
reports a condition simiiar to that descrived by Smith and

# Orton, W.A. 1913, p.3.
* Clinton, G.P. 1904, p. 349.
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Swingle in wnich he has contused the wilt with other
organisms causing dry rot of the tuper.

Smitn and Swingle l.c. in 1904 give the first
accurate description of the syptoms of the disase, and it is
to tnem tnat we owe much of the present knowledge of the
Fysarium wilt in this country. In snite of the fact that
Vollenweber has since proved that they were probably working
with more than one organism, their conditions of the path-
ological cdnditions found in the field is atill standara as
well as much of tneir cutitural work. It is well to note tnat
the tiret tubers Smith observed and on which ne worked were
from Hubvbardston, ~ichigan,

Tne next report of the disease comes from
Maryland, Norton in 1906 * reters to a dry rot as causea by
F. oxysrorum. * The disease is indicated by tne Lignter
colored and more or less rolled up condition of the leaves.
When dug the potatoes may appear sound, but internally snow
black or brown streaks, and later are destroyed at least at
one end by the dry rot.® Here again we find the confusion of
the wiitted condition of the plante with the dry rot of the
tubers.

Tne next report is by Orton in 1909 # from

California and is probably the tirst report of the disease

* Norton, J.B.S. 1y06, p. 67.
# Orton, W.A. 1909, p. 4.
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on the Pacific coast. He says, " Tne principal cause of the
marked decrease in the yield of old potato land is the presence
.of a fungus disease, tne wilt or dry rot- Fusarium oxysporum
Schlec., He gives a description of the wilt and dry rot
gimilar to that by Smi th and Swingle.

Again Orton in 1911 * aqescribes tne disease
in regara to 1i1ts geographical distributién, ne says " the
disease descrivbed by Smith and Swinglee-ee==--- cemmm- is now
coming into prominence as one of the most wide spread and
destructive maladies of this crop. It appears to occur
throughout the United States, but is more injurious in the
irrigated sections of the weet and in the soutnern half of
the potato belt." His description is the same as nis previous
one, ’

xorse in 1909 # revorts tne disease from Maine,
Qaying,' Fusarium ary rot caused by the fungus F., oxysporum
Schlect. has been fcund for the firest time in lMaine during
the past summer.® He reports it as not being very widely
distributed through inaine.

Loundsbury in 1909 ** desrcibes & dry rot of
the potato tuber found in Cape Colony as caused by Nectria

solani, He says, * the infection is introduced into tne soil

* Orton, W.A. 1911, p. 751.
# Morse, W.J. 1909, p. 2.
*#* Toundsbury, C.P. 1650y, ». 42.



9.

with diseased tuvers and it remains there from season to
season, 80 that a crop from perfectly healthy seed may get
infected if grown on tand that previously bore an aftected
crop. The disease generally enters at the stem end. The
fungus developes most rapidly in the vascular ring.® From
his reference to the wilt symptoms shown by affected vines
it eppears that ne has confused the Fusarium wilt with
another species causing a rot of the tuber,

Tidewell in 1910 describes a dry rot and wilt
of the potato in Few South Wales, which he says is caused by
F. sclani, an organism which he claims should be more properly
called F. oxysporum, He also makes refererce to the wiliing
ot the tops, blackening ot the vasculur regions and root
infection, showing that ne probably confused one or more
other diseases with the wilt of the plant.

Manns in 1911 pubiiened a buliewun on tnis
disease 1n Onio, He descrives a e¢vndition in the fieid and
gtorage similar to the one that Smith and Swingle reported.
He goes a step further, however, by saying that tne Fus=arium
found in the vlackened vascular ring is identical with the
Fuesarium of dry rot. This he proved by isolating the organism
from the two sources, and carrying them through artifieial
cultures and inoculation experiments, They were identical
and both brought about wirting in the field. These i1noculation

experiments are probably the first reported in this country
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and according to Orton (1914) cultures of the Ohio strain
have been studied by Df. H.W. Wollenwever in comparison witin
a Large rnumber of others and proved to be what we stiil call
F. oxysporum,

However according to Wollenweber's work iLams
must nave been dealing with a dry rot organism in connection
with the F, oxysmorum whieh he had. The only point in his
infection experiments which might be open to criticism is the
fact that most of his i1noculation experiments were conducted
by growing healthy plants on baaly infected soil, and ne draws
the conclusions that ® The disease comes on much more definetly
under the sick so0il conditions than it did where artificial
cultures had veen used.” There is a possibility that a great
deal of the poor stand he speaks of in the sick soil may have
been due to other organisms, because in carrying out an
inoculation experiment, in order to draw definite ana reliable
conclusions, it would be necessary to use realtny seed grown
in sterilized so0il that had been iniected with tne direase
artificially.

The next report of the wilt comes from
Minnesota, Stakman in 1912 reports tne wilt as one of the
worst potato diseases in that state. He associates the wilting
of the plants and the browning of the tubers with the storage
rot , but says, " It is doubtful wetner this rotting is

caused by the same tungus which causes the wilting ot the
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vines, If it ie not identicalr with the wilt fungus it is very
closely related to it.*

Jones in 1912* makes note of the disease in
Wisconsin and describes it as a wilt and ary rot, which hne
reports as not occuring seriously aﬁywhere in Wisconsin,

* It seems most frequent in the southwest part of the state
where the so0il is warm and early potatoes are grown," He

also mentions in the same paper a =slight browing of the stem
end of the tuber which ies not caused by the wilt. "Apparently
due to late autumnal growth or other cause, wnich interferes
with the full normal matureing of the tubers."

Wollemwevcer in 1913 ** published another
article on the gems Fusarium, wnich he divides into sections
on the basis of 1orm of conidia and other morpho:ogical
chacteristics, F. oxysporum he places in the section Flegans
wnich contains all the vascular parasites causing wilt, and
differenciates this section from the other Fusaria,

Wollerwecer 1n 1913 l.c. als0 publisned in
Pnytopatnology, the results of furtner work on Fusaria, 1n
this he refers to the unreliability of the stroma as &
taxonomic character owing to the variation of forms on the
défferent eubatrafa. He describes in detail the morphol ogical
characte¢ristics of this species, which will be taken up latar,

* Jones,L.R. 1912, p. 4.

** Wollenweber, H.W. Ber. d. deut. Bot. Ges. 1913.
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and also states that tne potato is the nost of 30 different
forms .of Fusaria. This article refers to many inoculation
experiments and also contains a complete bibliiographny.

The latest article in print on this subject
is probably the one by Orton (1914) in which he takes up a .
general discussion of the symptoms, cause of the disease
and control measures as well as the geograpnical distribution
of the trouble, which né claims is found in all tne potato
growing districts of the Umited States and he also beleives
that there is no evidense that tne American wilt disease

occurs in Europe.
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GEOGRAPHICAL DISTRIBUTION,

In tne first extensive work aone on this
diseare by Smith and Swingle l.c.*they report after examinati on
of tubers from District of Columbia, Michigan, Virginia,
Kansae, Nebraska, New York, Florida and Wiscorsin that ,
®* 1t seems rafe to s:=y tnat Lnie disease extends north to
Canada, east to the Atiantic, south to the Gulf of rexico
and west to Colorado. How much wider ite distribution is in
this country cannot be stated at the present time, but it 1is
almoet undoubtedly beyond the limits from whicn it nas been
so far reported."

This laiter statement was soon proved by the
wideepread reports of the disease in sucsequent years,
espegcially from Califernia where the disease had not been
reported at that time,

Orton(1914)* after a study of the occurrence
of the disease in the United States, concludes that * It is
certai.n that tne Fusarium wilt is a nation wide problem and
one that will have a marked infiuence upon American agriculuure."
He 8lso states that aftera study trip througn Germany, Austria
and England in 1911 he beleived tnat there was no evidence
tnat the American wilt occurs in Furope. Reports of such
occurrence have been confused with the leat roll disease.

* Smith,E.F. and Swingle, u.B. 1904, p. 52

** orton, ‘". An 1914, p. 16.
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Dr, Wollenweber in his moronoiogical studies of Fu<aria
has been able to differemciate the F. oxysporum caueing

American potato wilt from the Furopean form,

CLIMATIC RELATIONS.

Most of the Fusaria causing a wilt discase of
other crops are apparently dieseases of tne wariier cliaates.
The Fusarium wilt of potatoes ies undoubtedly more serious
and causes more loss in the soutnern statees than in tne north,
In fact Orton (1914) states that rusarium izlt ie avparently
& disease of warmer climates. The soutrern states with high
summer temperatures seem to suffer more than the northern
states. New England and iew York are reported comparitively
free from the disease, wnile Marms in Onio reporte a very
wide distribution, Going west the tungus is found furtaer
north, many cases having veen observed by the writer in the
irrigated sections of Idano and in eastern Oregon.,

whe resulte of a months study of tne uisease
in iichigar sanowed the vresence of the wilt even as faf north
as Houghton, and several sections of the Upper Peninsula.
were found to pe neavily infected;, the same amount of infection
was found in the southern part of the Lower Teninsulag, 80
that in the opinion of the writer the temperature conditions
do not affert tue distrioution of the disease to any arpraciable
amount in the state of ricnigan and provbably a closer

inspection of potato crops in mary of the other norihern
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potato growing st ates would reveal the presernce of the
wilt in many cases.

Neither 40 the us01sture conditions present
ény detinite distinction on the severity of infection, as
many of the fieilde examined in the Upper Peninsula had been
exposed to excessive raine in the iater part of the summer,
while fields simiiarly infected nad been through a comnaritively
dry field in the Lower Peninsula., There is however,an affect ,
that the various moisture conditiors would nave on the
severity of infcction by means of weakening tne vnlants and
predisposing them to infection or by causing a preaking down
01 the tissues in the plant and making them more suceptible

. to invasion by the fungus.
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ECONOCLIC IMPORTANCE.

The economic importance of the disease in the

United States varies greatly with the comuitions found in tne
various localities, but it is undouotediy much greater than
was previously supposed, and the disease will contirnue to
spread until more tringent metnods are used for its control.
According to Orton (1914) the disease in the
soutnern states wnile of possiply greater severiiy, is of
minor importarnce owing to the fact that in most districts
tue Irisn potato is a minor crop, while in the trucking
sections of the soutn the main crop is the early one grown
1or northern markets and the infection of this cron is
relatively slignt compared with that of the fall crop. .ln thne
irrigated sections of the west the disease plays an important
role because of the necessity for a longer rotation of ~rops
less remunerative than the potato. In Caliiornia the wilt is
tne princpal factor in causing a reduction of tne yield in the
San Jouquin Vailey, (Orion 1909). It is also serious in Oregon
and a few otner wostern states, In the middle west Ohio and
Michigan are badly infected and recent reports would show
that there is also a great deal of infectiun in Wisconsin,
AEatimates of the money losses causcd by this
disease are necessarily very nard to ootain owing to the
peculiar nature of the disease, and the small amount of

imormation availabie., Tne lo0ss is occasioned principally by
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@ reduction in the yieid, and there are so many otner factors
whicn may cause a reduction of the yield that it is almost
impossible to determine tne exact amount of i1oss caused by the
witt, |

Manmns of the Ohio station reports in 1911 tnat
the sick scil conditions may reduce the crop in mary cases
50 ¢ or more of the average yield. Their exp:c<riuents on
infected fields show a yield of 69 bu. per acre, while the
average for the county was 186 bu.. Tne nreceeding four years
average for the station was 1¢0 ovu, and the county 101 bu.
This shows the large amount of injury to the yieldrcaused by
tne wilt, and fuguring that only 5 & of tne Onio fields were
infected, he would estimate that the loss would amount to over
870,000 obu. for the state.

In this state the loers could not be accurately
acertained from the field data, fhe fieldes &xa=wined showed an
average of 30 % siight infection and 1.5 % serivus; clearly
inuicating the large amount of 1088 due to the aisease in tnis
state. In many cases where the infection was bad the y.eld was
reduced to under 100 bu. per acre, while there were very few
other fungus ﬁroubles found in the same fields, The average
given nere is probably low for the entire stvate as this was
taken from the best fields growing notatoes for seed purposes,

The disease is more important economically in

this state in the seed growing section, The serious infection
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found in the state during the last year was not large enough
to bpe of great economic importapce, but the fact that the
high percentage of slight infection is present, is of vital
interest to the seed grower as even the slight i1nfection of
the tubers wi?hout materially decreasing the yield for the
present year would disqualify tne potatoes for seed.

‘The widespread occurrence of the wilt in this
state makee it undoubtedly one of\the worst enemies of the
potato grower, especially as it is hard for many growers to
realize, that while the present years crop m&y not be badly
damaged, by planting the infectec tubers the following year
tne stand will probavly be very poor ana the yield materially
reduced.'

Thus it is seen that tne disease is of tne
greatest economic importance in this state especially in
those sections whnere the growing of potatoes tor seed is
being conducted, and it should be considered as such, vecause
of the great ditficulty in eradicating the trouble from the

fields after it has once gained a foot hold,
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FIELD OBSERVATIONS.

Rarly last fall it was decided to conduct a
system of potato seed inspection and certification in this
state by the cooneration of the Michigan State Potato
Association and the Michigan Agricultural College. The writer
attempted to conduct this work and during the month of
September and October many of the w08t important seed potato
producing centers were visited personally, in both the
Upper and Lower Peninsulas.

A general surve& of the potato diseases in the
state were obtained in this way and the widespread presenceof
the Fusarium wilt was noted and the particular condition of
the infectedsfielde was observed by tne writer and accordingly
was made the subject of special study in the field and the
continuence of the work on the »roblem during tne winter,

Tne following data were ocvtuined by tne writer
during September and Ociober, one examination being made just
betore digging time, Only tnose :1ields were examined that
were being grown for seed, 80 that the nercentage of diseace
taken trom these fields would pfobably not be as high as an
average of the entire potato ecrop of the state, It was
impossihle to make examinations of all tue pdtato growing
sections in the state bu. those counties which were examined
are'probably a fair avcrage for the entire state., Two counties

were examined on the Uvper Peninsula; the principal potato
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growing sections in the northern part of the Lower Peninsula
as well as St., Clair county 1n the southeast and several
isolated fields of the 1arger'growers in the central and

western sections,

METHOD OF TABUT.ATION. .

Tne percentage of infection in a one- nalf
acre field was obtained by a close examination of about 300
tops, a short examination of the entire field, and by digging
up three or four groups of 10 consecutive hiils in various
parts of the fild to obtain a good average. In all the hills
dug up a cross section was made of the stem end of tne tuber
and aleo of the main stem of the plant a short distance
above fhe tuber, and sections furthcr up the stem were made
to determine how far up the stem the fungus advarced. On
larger fields a greater mumber of plants were examined, in
propor.ion to the size of the field.,

Tne percentage of slight irfection does not
relate to the depth of infection in the tuber but indicates
tuat the plant was fully matured, all tubems tormed, no
wilting of the tops occuring and no material damage to the
crop could be seen, although the browing of the vascular
system in the stem and tuber was present,

Tne peroenﬁage of serious 1nfection indicates
that ihe plant had wiLted and died before the tubers had

matured thus greatly decreasing the yietd.
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Total infection indicates that all hills in
the field showed infection, either slightly or serious as
indicated in the tables. This is simply an approximation
and would vary trom 85 % - 100 %.

In all the examinations the entire tield

was taken as the unit and not the acreage.
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ALPENA COUNTY.

%

%
slight serious other frost date
NovAcres-Variety-infect.-infect.-disease-killed-inspection.

Late Ii:
I.- $-Petosky-- trace-= =----- <glight- no-- Sept. 2I.
Rural .
2."1#‘ N-Yo - » " » " " .0
3._1*_ " 2% [} L] L n L
Late
4,-8 -Petosky-- 5 % " " " Oct. 25,
o=l I " " " Sept. 12,
6._3_ [ 4 " " [ L] n LI
7e=2= " cece= L] " " L) "
8- - ® 8 % . moderate " " ".
‘9._t - ] ] ] slight L] " ",
Rural
10-3 - N.Y. 4 % " serious " " "
Late
Il-4 -Petosky " " moderate " " ..
12«4 - " 10 % . serious " " ..

DMITA C( :U I- rJ.‘Y .
Sir walter
I- 13- Raleigh- 15 %=- 25% moderate no Sept. 31I.

ANTRIM COUNTY.
.ate '
I-19 -petoeky =- 3%  ==-- moderate- yes Sept. I0.

2-3% - " 2 " " serious no " ",

3_10 - LJ I LJ L] " LJ " ﬂ.
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IRON CuULTY.

g o

elight se;ioua otner 1rost date
NovAcres-vgriety-infect-infect.~disease-k1lled- 1nspection,
Sir Walter
I - 4 -Raleigh --15 %-- 2 % slight yes Sept. 2I.
Rarly
2.~ 1 -Mackinaw--20 " ——-- " " . 23.
3- %+ -S.W.Ral.-- 6 " 2 % " " " 18.
4 - - " 3" ==-- moderate no \J 17.
5- ¢t - " I5 " 3% serious " " 23.
6 - ¢ - 5 » I " slight  yes " 18,
7- - " 6 " 4 " moderate " " 19.
8- - 7% 6" elight " " I8,
9 - I- ® 15 » 5 " " " .
10- 24 - * 100 “- - moderate " " 23.
II- 14 - » 7" 2 4% serious no " ..
12- 1/8- » 20 " 6" " yes " 21,
I3- I - " 100 *  ---- " " " "
14- ® - " 6 " 3 4 moderate " " 18.
15- 1 - * 9 6 * serious " " .
16- 3 - " 8" <--- moderate " . 19.
17- % - 5" ———— serious » " 17.
18- ¢ - " 8 » 3% . no " 18,
19- 4+ - * I5 " . » yes ~ 21,
20- 4 - " 35 4" . » " . .,
21- 2 - ® 6 " 3%  elignt " . 19.
22- I - * 8 4 " . no " ..
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% %
slight serious other trost date
No-Acres-Variety-infect.-infect.-disease- killed-inspection,

23- 4 - S.W.Ral.- 35 %- ----  slight yes Sept.23.
. 24- } - . g » " serious " . 17.
25- 2 - " 6 " " moderate " . ..
26- 2 - ° | 28 2 slight " » 21,
27- 14 - ® 20 * " " no .~ 21,
28- 14 - " 3 ' moderate yes » 18,
29- Iy - ® 100 * " . " .22,
30« 1 - ® 2 " " siight " . 23,
3I1- 4 - " 8 2¢ serious " * 19,
32« % - " 30" ece-- moderate " " 21,
33- 1 - " 20 * 4 % slignt " " .,
34= I = " 4 " D" . no " 19.
35- 2% - » I00 * <==- serious yes » 21,
36- % -Carmergf 3- 2 * " moderate " ~ 17,
37- 4- Rural N.Y.- I8 =  ® . " "~ 23,
38-23 - " 5 2% " " . ",
39- 2 -S.W.Ral, - I0 " e--- . " . 17.
40- I - . 100 * " 8Eerious " " " .
41- % - . 2" " elignt " . 29.
42 = } - " 6 " 2 " " " LI
43- I - " 4" 34 moderate " " .
44« % - " 30" 4" serious . » 21,
45- 2 -Rupal N.Y. g " 3" moderate " " " .
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% %
slight serious other trost date
No-Acres-Variety-infect.-infect.-diseases-killed.-inepection.

pre—

46- %—fﬁ:ﬁ:ky-- 8 - 1 %~ moderate- yes- Sent. I9,
47- $-S.W.Ral.-- 20" 2 " serious . . 21,
48- - 5 I slight . . 18.
49- 2 - 35 " " mod@&rate " " 2I.
50- 2 - " 20 " 3% . no . ..
5I- I - . 10 * 2" slight . . 23.
52- 2g- " 4 * ---- gerious  yes . 17.
53- 1 - » IoO ® . slight " . 22.
54- 3= 0 ® 6 " " | " " " 18,
Green

55- 5 -Mouftains- 2§ " . serious no Oct., 1I6.
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HOUGHTON COUNTY.

% %
slight sericus otner frost date
No-Acres-Variety-intect.,-infect.-diseases-killed-inepection,

I « I-Irieh - 15§ & ee-=. moderate no Sept.25.
Cobbler

2 - 2 . 40 ° . siight . . "

3~ {-S.W.Ral. 20 * . —ewa yes " ".

4 - § * 100 * » slight " " ..

5 - I/ ] 30 [ L) L] no [ L
Rural

6 - 2 N.Y. o 25% L) n L) LI
IRISH

7 - 2 Cobbler 10 F e--- " yes L

8 -2 \ 20 % " " . . " 26.

9 -1 ° 100 * 10 % . " " .

-

10- £-S.W.Ral. 100 " c——- " " " ",

II- 4 Rarly Ohio- I00 " 34 " " " ..
Beauty ot

12- Hebron 5" 2" . no " ..

I3- 3 S.W.Ral. 100 " cee= . yes " 27,
Irish

I4- I-Cobblers 4 " .- n " n ..

15« $-S.¥W.Ral. 30 ® " moderate  no " 28,

16-18 -Rural N.Y.- -=-= 8 % slight " ..,

17- 3}-S.W.Ral. IS% 30% serious yes . ..



27

ST. CLAIR COUNTY.

%
slight serious other frost date

No-Acres#tVariety-infect.~infect.~-diseases-killed-inspection.

Green
I - 44-Mountains- II % «==-=- moderate yes Oct. 3.
2 « 1 " 5 » " » " ] 4,

Rural
3= 10 Russets I00 * . slight " " ",
4 - 2 Gr.Xount, 100 " . moderate " " ..
5= I Irish Cobbler * " . " " ..
6 - 1 Peach Blow- 100 " ” slight " . ..

: Early
7 - %-Bureka 100 *® " " . »~ 5,
8 ‘I/d Rural N.Y. Ioo % » it . " 'o
9 -I0 Gr. Mount. 8 » \J slight . . .,
10-I0 Carmen #2- 100 ® . serious " . .,
II- 4 Early Mich, 100 " " slight " ..,
12- 5-Gr. Mount, 17 » " serious " L
13- 4 " 6" " slight " "o,
I4 -4-Rural N.Y.- I00 " " serious " " ®
15« 4= Gr. Mount,~=e=-- . slight . . ..
16_ 2 [ 24 " " [) [ ] (] 7.
BARAGA CUULTY.

1 - I}- s.¥.Ral. 8% 15 % slignt yes Sept.25.

2.- 6-Carmen #3.- 8 " . no - " ",




SUMMARY OF DATA.

28,

Av

erage
for

ALPEMA- ST, CLAIR-HOUGHTON-IRON-State,

No, 1ields examinedeeccceccec--

Total acreage-- covocscconecen

Aver. acreage per field=~=--

Aver ¥ slignt inf, per field.

N
XS

L} L] » acre=-
" getious " " field-
» " " acre--

% tields with total inf,----

over 10% slignt inf.

» ®* serious " ,
slight & " "
total infect. sl.& ser,

serious infection,=--

ceoe =

16-
56.
3.3
60, %
17.3"
56, *
75. *

17s-
49.5
2.9
40.5%
13.9°"
4,5"
1.5"
29. "
76. *
3.5 "
3.5 "
40, *
35. *

55%- 100,
84.75-212,
1.5 2.6
21.8%2 30. %
14.2" 11. "
1.6 1.4"
b 6"
10. * 23, "
49. " s0, "
cacn ek
5. " 13.3"
-e-- 10. *
52, * 21,7"

DISCUSSION OF DATA.

It appears from the above data that there was

a large amount of Fusarium wilt present in this state during

the past season and that the greater part of it proved to be

a slight 1nfection which showed as a aistict browning of the

stem and tuber in the vascular system, Tnis infe~tion showea
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when the tops were still large, green and vigorous, but did
not appear to materially injure the yield.

There is an average slight infection- taxen
with the tield and not the acre as the unit- of 30 % while the
average serious infection was only 1.5 %. Practicaitly all the
fields nad some slight infection while only 21.7 % of the
1ields nad any serious infection, and two of the four counties
visited proved to be entirely free from ang serious infection.
The percentage of the fields having a total irfection of a
slignt nature was 23 %.

This peculiar condition i.e. the large amount
ot slight imection has been made the subject of investigations
conducted in the laboratory during the past winter.

N¥any of the plants infected with Fusarium early
in the year appeared to have wilted down and then in the
subsequent wet weatner, a bacterial decay set in and caused
a rotting of tne stem and main root down to the tuber, so as
to resemvle black leg, yet distinquisnapnle from it in most
cames as the rotting was not as black as in the typica' black
leg and there was no rotting of the stem end of the tuber,

In all of tne fieids examined the soil conditions
varied so greatiy that no conclusive resuits could be opbtained
as to the effect of different soils and fertilizers on the
amount of the disease present.

In some of the fields especially in Hougnton

County the disease arpeared in the field in streaks and patcnes
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giving an indication that there is a possibilityof the

disease being spread by means of cultivation,

FROSTING.
The question was brought up oy many growers
as to the effect of frost on the percentage and seriousness
of the infectbn,
FIELD DATA. Average

for
Alpena-St.Clair-Houghton-Iron- State,

Aver. slight inf. before troste 4, % -=-= 17.5% 2.3% 5.9%

. serious . » . ceme e=-=e 4,3" 2" 1.1"
. " "  after "  ecec =ee- 4.,7" 1.3" 1,5"
" sllght " " . --=- 60.% 6). ®" 19. " 35. "

The plante examined after frost appeared to have
only the foliage killed, in mo-t cases the main stem was still
in a green condition,

Fielde examined in August vy Wm, Stuart and
i.E.Jonnson on tneir ~otato inspection trip in t.e Upper
Peninsula and declared to be free :rom Fusarium wilt, were
latter inspected by the county agent and all plants snowing
any symptoms of the disease on the tops were pulled out,

When examined by the writer a tew days after frost they showed
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practically a tvotal infection with Fusarium. The probability

is that the above mentioned men had not dug up any of the plants
and so had not noticed any of une prowming of the stem and
tuber, wnich may not nave been accompanied by the wilting
condition., In other fields examined by them and declared to be
free, and examined vy tne writer bel ore i1rost there was a

large amount of slight infection not accompanied by tne wilt,

In the above data we tind that tnere is 35 %
of slight and k.§ 7 of serious infection found when the exam-
ination was made after the plants had been wilted by frost,
against 5.9 4 slight and 1.1 % serious infection found on
Plants exanined before.frost.

There are several conditions and possibilities
that should be considered berore definite conclusions can be
drawn from these data.

From the first two counties we can draw no
detinite conclusions as in Alpena county the t1ields were all
examined before frost, while in 8t, Ciair county tue entire
examination was conaucted after frost, In Houghton and in
Iron counties the examination of the fields were made at
practically the same time in the resvective counties and the
1ields not frosted were due to their particuirar i1ocation and
elevation, In these tields we 1ind an average slight infection
of 61 £ in Houghton and 19 % in Iron county after frost,
against 17.5 € and 2.3 & resvectively vefore frost,

Tue next consideration is that tne percentage
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of infection be compared with that of thne field from which the
seed was obtained. This could oniy be dore in Alpena and in
Iron counties and the fields in Anirim and Delta'counties
from which the seed was obtained were examined in the same
condition relative to froast as those in the former counties,
and it was found that the percentage ot infection was about
the same,

The most imvortant condition, that of the land
on waich the crop was grown was not a constant factor in any
of the above mentioned 1ields.

In order to draw detinite conciusions it
wouid be necessary to examine crops from t1ields on wﬁich no
potaitoes had been grown for a long enouéh period to 1nsure
againet the possipbiliicy of soil infection, Tne seed should
be obtained from the same source and the fields should ve
examined at the same time, some being frosted and otners still
in tne growing conuition, As the conditions were not constant
in ary of the examined fielde no detinite conclusiors could
be drawn,

There is also the possibility of the frosted
condition weakeni g tne plant s0 as t0o make it casier i10r the
enterance of the organiem, but as all the fields were examined
within a short time after frosting it does not seem pomsible
for.the organism to have mede its appearance in such a short

space of time.
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The writer knows of no condition in which the
trost, only killing the toliage of the plant, could cause a
browning 1n the vascdlar system of the main stem for onLy a
enért distance above the surface of the ground and also in
the root and stem end of the tuber, shown by the presence of
F. oxysvorum in tissue cuitures taken from these tubers. So
the possibility of frost being responsible for the large
vercent of slight infection found in this state has not been

considered in the following investigations.

VARIETAL SUSCEPTIBILITY.

FIELD DATA. Average
tor
Alpena-St.Clair-Houghton-Iron- State.

Rural New York,slight infect- =2=-- 100. % 12,5 % 10. % 31. %

. ®« ®» gerious " 4,5% -=== 4. " 1.6 1.4
Late Petosky, slight " 2.3% e==- cee= 8, " 2,5"
Green Mountain " . ceee 21, " cpr=  25,-" 11.4H"
Irish Cobbler " " eeee 100, * 17.8% =e-- 29.4"
Carmen . . -=== 100, " cee- 2. " 25.5"
S8ir Waiter Ral, " " I 58. * 23. * 20.2"

» . * serious " c—ee ee-- 4,2 1.7 1.a4"

In regard to the susceptibility of the ditterent

varieties grown in the examined 11elds no reliable data could
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be obtained from which definite conclusions could be drawn,

In order to obtain definite results on varietal
susceptibility it would be necessary to have plots of the-
different varieties to be tested growing in the same infected
field under the same s0il and atmospheric conditiona, all seed
being free from .he disease and the examination conducted at
the same time on all the plots.

It is not poesible to ontarn thnis data so0 no
conclusions are drawn as to varietal suscentibility, but tnis

is a tield 1n which very imnortant results could be obtained.

SUMMARY OF FIELD OBSERVATIOXS,

l. There ia a large amount of Fuearium wilt
in the state that appears l1ate in the season causing no wilt
of the plant and no onservable decrease in the yield.

2. A much smailer vercentage of sericus infection,

3. Fumerous tields showed a condition indicating
a soreading of the disease througnh tne s0il by mesns of
cultivation,

4, no detinite conclusions could be draw:n as
to the effect of frosting, varietal susceptivility, or soil

condi tions upon the amount ot infertion in the field.
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SYMPTONMOLOGIC ASPECTS.

DESCRIPTION OF DISEASED PLANTS,

The most characteristic symptoms of this diseace
are a change in the color of the toliage accomnmanied by a
rolling and wilting of the leaves, causing a premature death
death of the foliage; and the occurrence of the fungus F,
oxysporum in the vascular systems of the lower part of the
stem and of the roots and tubers,

The tirst noticaple indications of the disease
varies greatly with the seriousness of infection., In case very
badly diseased seed stock has oéen used, the germination is
poor and the stand is unevem, Although all the plants may
appear above the ground they will vary in size and vigor,
the disease progresses as in the following description but is
more rapid owing to the early infection before the plants
have obtained a good growth,

The more common occurrence of the disease is
found nowever,in tubers not so seriously imecteds the early
growth may be retarded slightly, but the disease tirst becomes
noticable to the casual observer when the plants have attained
the height of 8-14 i1nches, In many cases the nlant does not
show any marked symptons till midsummer, and often wilting o1
the plants does not occur until a short time, two or three

weeks, before the normal death of the plants,
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In all of these serious types of infection
the witting of the top is the first symptom to be observed.
This avpears first as a change in the color of the foiiage,
usually to a lighter green than that of the healthy plants,
varticularly in the lower leaves, This lighter green appearance
gradually changes to a yellow or brownish color, entirely
covering the infected vines and giving the fieid a mottlied
appearance; Or in cases where the infection is found in
patcnes there will ve a very conspicuous yeirlow patch of
diseased hille contrasted against t1e normal green foliage of
ihe nealthy vlants, In some varieties having a dark green
foliage, ine changes in color are not so prominemt. This
yellowing of the foiiage is accomvanied by a rclling ot the
leaves from the midridb upwarde and inwarde, The lower leaves
-0 tne plant are tne 1irst to die, they wilt over and remain
attacned to the main stem by a emall strip of the stem, The
upper leaves then roll up and wilt but do not drov; they
appear very limp and die in a snort time,

When the vop of tne plant nas been entirely
wiited the discase has usually rrogressed tar enougn to
materially weaken the stem and the plant often droops over and
lies on the ground, especiarly it the soi1l has not been
hilled up. ¥sually when the plants reacn this condition
they can be - nulled up very easily, the rooia being very

prittle and friaonle.,
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Thii premature death of the plant shortens
the 1ife of the orop from two to six weeks, thus materia'ly
decreasing the size of the tuvers, which have not as yet
matured, and appreciably decreasing the yield.

. Another tyve of the disease which nas appeared
to a g;eat extent in Ilicnigan during the past year is
characterized by a late or slight 1rfection of the nlants.

In this case the early symptons of yellowing, wiiting and
premature death of the vlant are not observed. Tne disease
does not anpear until atter the entire plant nas matured, and
there are no visable symptoms of the disease in the parts
above ground. However when the plant ie dug the cnaracteristic
browning of the vascuiar systems in the stem and tubers are
found. This condition ~annot be observed by a casual examination
of the tops but can only be deterwined oy diggirng the plants
and cutting across the stem and the tuver, It is probabply due
to this fact that tnis stsge of the disease has not been more
widely noted, and the subile and persistant nature of this
manner of infection more seriously considered by plant path-
oclogists.

Tnis condition was briefly refered to by
Smith and Swingle * wno write, " In case the plants are not
attacked untii the stem and leaves have nearly reached maturity,
the early symptoms of curiing and dwarfing of the foliage

do not appear. Even in such cases,however, if the roots are

* Smith,BE.F. and Swingle, D.B. 1904, p.l4.
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entirely destroyed beofre the tops nave died down there are
the later symptoms of wilting, but often the fuﬁgua grows
into the tuber without causing any visable symptoms in the
parts above ground.®™ Apparently the same condition was
noted by Orton * who states, "™ It is not uncommom to find
prematurely dead hiils in infected fields which show compar-
atively slignt vascular browning, wnile others remain living,
‘yet wnen examined they prove to nave both stems and tubers
neavily infected with F. oxysporum, Tnis apparent resistance
may be exvlained by the fact that sucen nills were either
accidental admixtures of other varieties, or bud sports,
called'run out nills', In either case they are plants that
remain in an active vegetative condition longer and thus
resist the effects of the wilt, Stiil other nills are found
which remain nealthy till the normal time for maturity and
are also free from fungue infection, thereby supporting the
hope that resistant etrains may be dcveloned by selection.”
.He goes on to state however, that in cases where selection
had been made, they were all attacked by the wilt the
following year,

The same condition can be noted in potato
plants attacked with Rnizoctonia af ter reaching maturity,
in wnienh case the tops have a normal green color, and remain
green even after the rest of the nlants nave died down, while
the stem may be entirely rotted off a short distance pelow
the surface of the ground and can be pulled up easily,

*Orton, W.A. 1914, p.6.
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It would appear in the light of our‘preaent
knowledge that there is a great posaibility of this condition
being due to a late infection attacking the plants after the
"tubers have matured. But it may also be nossibly due to the
presence of resistant strains or to a comvination of both,

Wetner this late i1nfection is due to a slight
infection through the seed stock or to an infection through

the roote from the soil has not been determined as yet.

OCCURRENCE OF THE CAUSAL FUNGUS IN THE STEM.

The presence of tne mycelium of the organism
is shown in the vascular ring of the stem as a characieriatic
brown discoloration, This extends through the entire under-
ground portion of the plant, and a short distance, several
centimeters, in the above ground stem. The mycelium does not
nowever extend up into the upper stem and Leaves. Cultures
made from the upper stem and foliage o1 i1nfected nlants
showed no presence of F,oxysporum nor did a micrscoonic exam=-
ination snow the presence of any hyvhae. However many cultures
were made from the vascular ring in the stem, slightliy below
the suriace of the ground, and at ditferent points extendiné
down to the tuber, inese cultures yield almost always, a
single species of fungus, Fusarium oxysporum, altnhough other
organiems are often present as may be expected.

By means of thnis cistinct brown discoloration

of the stem for a short distance above the surface of tne



ground and exte;ding into tne roote, we are able to distinguish
clearly vbetween the Fusarium wilt herin described and the
varicus other wilts and leaf rolls of the vnotato plant., In
the case of verticillium wilt the brown discoloration extends
up 1nto the top of tne plant and is the cniet means of
distinquisning the two wilte wnich would otnerwise be easily
confused., The amount of nyvnae present am the depth of
discoloration varies greatly.

In mary cases not all the shoots in the same
hill ehow infection, and it ie not unusual to find some
shoots in a hill uvright and healthy , whiie others have
wilted and died. In the scme manner we ofter find a mumber of
potatoes in a hill sr:owing infection wnile others are entirely
free from the fungus. Tnis fact would indicate tnat much of this
infection comes through the doil and enters the plants tnrougn
the roote and gradua:ly invades the stem aleo working back to
the eeed piece but not rapidly enough to spread it to thne

otner shoots in the hill,

OCCURENCE 1IN THE ROOT.

Ag stated sbove the fungus is evidently able
to gain entrence to the plant through the sma:tler roots as
well as through the seed riece. This entrance is usually
made through wounds and is shown as a brown discoloration

of the vascular system. Mumerous cultures were made from tuese
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discolored portions and in nearly all cases F. oxysporum was
obtained, It is often accomvanied by other species of fungi
causing & white or pink growtn of mycelium on the affected
roots. The infected rootes are usuaily much more orittle than
normally and can be easily broken between the fingeres, instead
of being nliavle as in the normal roote. Tne main root is
also much more tender and brittle than normaily. The fungus
is also found extensively 1n tne underground stem on which
tne tubers are borne, and extending into the tuber, but these
portions of the plant do not appear as orittle as the roots,
The diseased condition of the root hairs and
secondary roots is probably recponsible for only a slight
part of the checked developement and death of the tops, althougn
possibly causing the first siages of the disease.
Undoubtedly the greater dsmage is due ratner to
tne invasion of the water conducting tiesue of the plant by
the mycelium of the fungus, or to a poisonous byproduct of

the fungus or a combination of both,

OCCURRENCE 1IN THE TUBER.

Tne presence of the fungus in the tuber can
always be observed by the distinct browning of the vascular
ring shown by cutting across the stem end of the tuber.

The depth of the brown disccloration varies
80 greatly that in the cases where only a very slight discolor-

ation is found it is hard to iadentify it as F., oxysporum
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without the cultural studies or the accompanying symptoms

on the tops. In nearly all cases tried where the brown ring
extended for only 2-3 mm, into the tuber it was possible to
obtain cultures of F, oxysporum. In the few cases which did not
show the presence of the orgsanism, bacteria or other fungi

were always found, and had probably entered the tuber for a
siight depth through tne diseased stem,

The mycelium advances slightly into the tuber
in storage., Smith and Swingle observed c¢ases where the fungus
advanced the entire length of the tuber, but during the past
winter no cases were found‘here where the infection snowed
as a brown discoloration for more than half the length of the
tuber, and the fungus did not appear to progress very rapidly
tnrough the tuber in storage.

Tubers of all sizes are attacked often snowing
the presence of the furgue betore the tube: is mature,

The affectea potatoes t0 all outward appearances
seem perfectly sound, and the flesh inside and outside the
vascular ring is white and perfectly normal. Such potatoes
pass in the market and are often planted by the grower who is
not familiar with these signs of the disease.

This tuber imection and the stem end rot
condition were coneidered identical by Smith &nd Swingle but
recently Woilenweber(1913) haes proved that F. oxyeporum is a
strictly vascular parasite incapable of attacking the tuber

through wounds or of producing a rot of the varenchyma.
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ETIOLOGY

PRESENCE OF THE CAUSAL ORGANISM.

The fungus Fusarium oxysporum has been repeatedly
isolated in tne laboratory from nlants showing infection by
tne characteristic wiitting of the tops and vas~ular discolor-
ation of the undergroumd portions of the plant.

The isolations were made from the .ubers as
tollowe:- The suspected tubers were firet washed with water
thoroughly and then soaked in 1-1000 solution of HgCl, for
about 10 mimutes, A not spatula was then used to sear the

surface of the tuber where the cut wasr to be made, then by
means of a hot knife the tuber was cut part way trnrough, then
broken across the reet of the way. With a sterile scalpel,
small piecee avout 2mm, in lengih were then removed from the
im ected vascular bundles on the broken surface, This piece
of tissue was then transfered to a poured nlate of agar,
Usually potato agar was used and sometimee mutrient agar,

The same met ods were used 1n making isclations from the stem
and roots, From these plates the tungus was then transfered
to tubes of steamed potato plugs.

The fungus was isolated in thies way from a
large mumber of tubers obtained in various parts of the state
and varying greatly in the depth of infection., In practically
all caeee the fungus appeared in a few uays as a white

mycelial growth, sparse at first, growing directly out of the
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inmfected tissue and quickly epreading out into the media,
All of these rumerous isolations produced the same morph-
ological characteristices in culiure,

In a few cases bacteria appeared along iich the
fungue, when the tissue was taken from the extreme end of
the tuber, the bacteria probably entering through the diseased
stem in the same way as the fungus, Usually the fungue slowly
overgrew the bacterial colonies and it was poesivle 0
transfer the culiture to steamed potato rlugs.

Many isolations were attempted from the tiseue
on eitner side of the discoLored vascular bundle and also
from the vascular system immeaiately in advance of the‘brown
discoloration, but in no case was fungus growth opbtalined,
while isoiations of the discolored bundles even in cases of
& very eiight discoloration only a few millimeters deep
produced a good growth in a few days.

Microscopical examination of sectiona of the
vascular bundle showed the abundant presence of mycelium,
while sections made from the tissue on either side, or in
advance of the discoloration or even at the extreme end of
tne discoloration did not reveal tne presence of any hyphae.

The same results were ohtained by isolations
made from the stem. These facts inadicate that the fungus does
not proceed in advance of the brown discoloration, but that
the brown discoloration may oroceed sligntly in advance of

the fungus, Also that the fungues aoes not spread out from the
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bundles into the surrounding nealthy parenchyma tiesue,

PATHOGEMICITY.

The pathogenicity of the organism worked with
war proved by isolating the fungus from the tuber as described
above, it was then grown in cul.ure on steamed potato plugs
or stems and later inoculated into neaiLthy plante in various
ways, ( 1nfection experimente p ) Tne characteristic
browning of the vascular system was produced and the fungus
again isorated and grown 1n culture where the same morphological
charactere were observed as berore,

The stock cutture used in all the following
experiments was obtained by tissue cu.tures made as descrived
above,1rom potatoee showing only a slignt intection obtained
from farm near Paw Paw, Van Buren County, Micuigan, Tne fungus
was then transfered to potato agar siants and a single spore
was traneferea to a poured vliate of agar, Tnis was done on
vlates to make it possible to examine it unaer the microscope
and determine that c¢nly one spore nad been transfered. Tne
single spore was obtained with a very fine platimum Loop from
the agar slant, observed under the mic:oscope, This culture
after a few days was then transfered to potato plugs, several
sub cultures made and teo of there sent 10 the Laboratory of
Plant Pathology, Buresu of Plant Industry at Washington D.C.

for identification, They were identit ied as Fusarium oxysporum,

Cultures#3377 and # 3378.
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MORPHOLOGY.

The fungus is found to grow resdily on a wide
variety of media but the form and density of ﬁhe growth as
well as the morphological characters of the spores vary
greatly according to the subetrata,

In the infected vascular bundle the mycelium
" shows as a slender colorless hypnae, irequently septate and
only slightly oranched. No spores were found in any of tne
sections examined.

Wollemweber * describes the fungus as tollows;
* 8porodocia and a reduced pionnotes present, in masses
salmon colored, the conidia of both being 3 septate up to 100%,
2Y-45 x 3.25- 4.5 microns; 4 septate up to 25 %, 5 septate up
to 10 & where tney are 40-50-x 3.5- 4.75 microns in size,
Sclerotia biue on steamed potairoes., A slight 1ilac odor on
steamed rice, milk, etc., *

These chasracteristics were ovserved in the
cultural estudies made, the mogt characterisatic growth veing
obtained on ateamed potato stems,

All the following observations made on morph-
ological cunaracters and spore germination as well as the
drawings on Plates 1-6, were obtained in every case from a
"Hoch=Ful tur® which has been observed by Drs. Wollerwever
and Appel (1910) to be the most characteristic form vest
suited for measurement and study. In their work tney show

#*Wollemweber,H.W. Phytopatn. 1913,
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that it is necessary to nave a pure culture stage which shows
the normal stages and if possible all the stages ot the fungus,
Thus in their classification of the genus Fusarium they
difterenciate the different cultures as tollows., ®"An-Kultur "
is the original culture obtained by imolation from the diseased
rlant, a transfer of this culture produces the "Norm=Kul tur®
which can be kept by repeasted transfers until a change or
degeneratiop sete in which they term the "Ab-Kuliur®, Again
the "rorm=Kuliur ® is divided into tne ®"Jung-Kuiture " which
has conidia of abnormsl size and form, unaﬁltable for stuay,
the"Hocn-Ful tur® which forue after 8-14 days; in this culture
the greateet uniformity is prdauced and will iast for a mumber
of ieeke, from thie form we have the pceorly develoned later
forme known as the "Alt-Kuliur®,

In the following studies the "Hoch-Fuluiur® form
was used and was grown on potato stems unless otnerwise notea,
In a study of the comparison of the difrierent cultures describped
above, it was found that in the"An-Kuitur " conidia were
nroduced very svaringly although there was an abundant mycelial
growth, The transfer from this showed abu ndant sporification.

In a study on poured plates of potato agar # 20,
it was found that the spores germinated in about 6 hours. The
mycelium waes produced rapidly, the co+oniee being about 1 om,
in diameter at the end of 48 hours. The margin as a rule ie
circular or near.y £0. The diameter graduaiiy increases until

when the colony is about 2 weeke o0ld it will almost entirely
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1il1] the plate., Examining the colonies from the under side of
the plates they appear to be formed by concentric rings of
growth; tne center of the colony anpears as a rather dense
tuft of mycelium apbout 2-3 mm, in height, surrounding the
central tuft ie a zone of mycelium with very snort aerial
hyphae which 1s iteelf surrounded by another zone of slightly
taller hypnhae than that in the center; cutside of tnis is
another one of short aerial hypnae made up of several concentric
rings, each ring being marked cy somewhat taller hynrhae,
Finally the entire cchony is covered with this t-11 groth of
mycelium,

Tne mycelium appears as somewhat slender
colorless nyphae, many septate and much branched excevt at
the extreme edges. of i1he cecolony wnere the nypnae pusn out with
1ittle branching and no production of svnores. The mycelium

ies denesely fi1lled witn gramular cytoplasm, Microconidia

are proauced both aerielly and in the substrata, macrospores
being produced in the oider hyphae and only aerially, and the
cnlamydospores are forued a little later,

On «teamed potato pluge # 3 and a few other
vegatable media, blue sclerotia are formed in about one week,

The growtn on all agar appeared white, wnile
on poteto vlugs kept.in brignt daylight a faint ealmon color
was rroauced, On borled rice the rharacteristic pink coiora-
tion was ovserved and a slight lilac odor, and when a little

alkaiie was added the color of the growtn turned a deep blue,
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On boiled prrunes, the reduced pionnotes formatiom was found,
very little or no aerial hyphae being nroduced with an
abundance of svores and cnlamydospores. On marny plates of

mutrient agar tne piornnotes form was itound to ococur.(Plate # ¢.)

MICROCONIDIA,

The formation of the microconidia was best
observed in nanging blocks of agar or liqu.d medis, ueed in
Van Tieghem ceils. The microconidia are produced in about
24-30 hpurs after the spores have gernirmted and the young
mycelium formed.

Trnne first si1gn of spore tormation is a sligut
swelling along tne hypnae at various points,(Plate #5 ) it
was observed ususlly in 24-34 hours. These small sweilings
rapidly elongate until the normal eize of the microconidia
nas been obtained when it is cut off and immediately the
hyphae oegins to push out past tne ncily formed spore and the
same proceaa'is repeated. In many cases tne microcunidia
seem t0 be cut off the end of small lateral brancues by &
constriction furrow, or the same process may take nlace on
the terminal hypnae. The entire overation trom tne cutting
off of one spore to the next usually does not take longer than
one hour and in many casea it nas been observed to take '
place in 45 mimtes,

The microconidia formed are usually more or

less oval in shape, tnin waliied, one celled and of ten sligntly



20,

curved, They avry in size from 5.5-15.5 microns in length,
and from 1.7 - 5.5 microns in width. The most common size
observed on potato stems was about 7.6 x 3.8 microns,

The time required for germination varies
greatly in the different media and also for the different
individuals in the same medium., This is snown on the taovcles
following, Usuaily in 7-8 nours 50 % of the conidia nad germ-
inated but the hypnae are snort and not branched. In 30 hours
the brancning was observed but not extensively.

In all the exsminations conducted on the
germination of conidia it has been observed that on all mediea
there are always a few microconidia, up to 25 % that do not
germinate even aftcr 48 hours. It would thue seem that many

Aof the microconidia cut otf are incapable of sending out germ
tubes and producing nypnae under the average cultural conditions
cited below.

The germiration of the microconidia ies very
simnle, (Plate #3.) they 1irst swell a little and in some
cases become slmoet sherical, the .erm tube is then pushed out
usually from the end, althnough in some cases it wae observed
to take rlace from the side and frequently from both ends,
altnough wﬁen they are sent out from both ends they are found
to start at diiferent times, lLater tne nypnae branch out and

become septate,
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MACROCONIDIA

Tne macroconidia are found to vary greatly on
different media and also different individuals on the same
medium, On potato atems they usuairly appear as 1-5 septate,
moetly 3 septate. They are also found to vary in size On
this medium from 9,5- 38 microns in lengtn and 3.5 =7 microns
in widtn, the average for the 3 septate comidia being about
27 x 3.8 microns, the 4 and 5 septate averaging lsrger and the
two and one =entate be. ng smaller, Tne conidia vary in shape
from nearly straight with slightly blunt ends, to a much
curved form with one end blunt and the other with the charact-
eristic foot, or p;dicellate base. This type of conidia,
slizghtly curved, 3 septate , more or less sickle shaped, ana
with the characteristic pedicellate base is the characteristic
conidium used in the ciaseitication of this sreciee, All the
spores are thin walled.

Tne macroconidia were never observed being
borme below the surface of the media and therfore éhe Obser-
vation of the metrod of toruation was very ditticult, As far
as could be observed the formation tzkes place at the end ot
short laierz1l brancunes, the ends of wnicn are cut ott by
conmstriction turrows, Several hours fier being cut off the
septa begin to 1orm,

The time of germination of the macroconidia
varies greatly on difrierent media and from uiit ferent mecia.

In sterile dietilled water germination usually begins in
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about 4 hours and in 7-8 hours practically all were germinating.
Thne germination of the macroconidia is more

complicated than that of the microconidia. Usually the end

cells germinate first but not always, sometime the germtubes

being sent out from the side‘of the spore, from the middle

cella, Any of the cells are cepacvie of sending out one or

more than one germ tube and in many ~ases 2ll of the cells in ,

a 3 septate conidium have been observed to germinate, usually

however only two germ tubes :'re sent out and sometimes three.

The cell begining germination slightly swells and pushes out

a germ tube which rapidly elongates and in 7-10 hours is

about 20 microns long, septation then tzkes place and in 32

hours conidia formation stzrtus,

CHLAMYDOSPORES.

Chlamydosnores are found as large, one or two
celled spores, uaually epherical, smooth with a heavy wall,
and a brownish color, They are borne either ter:inally on the
main hyphae or on its lateral branches, often intercalated
witnin the mycelium and sometimes within the conidia.( Bl.# 6 )
Seversl of them may be formed aiong the same hyonae in chains,
Tne contents appear as heavy rounded masses of cytopiasm,

‘ne formation of the cnlamydospore is first
seen as an enlargement of tip of the nypnae or as a large
swelling in the hynhae, usuaily at the point of septation, The

swelling continues until the large characteristic form ks






53.

attained. It is cut off from the hypnae by orose wells before
it reacnes ite mature form but does not always drop off., They
vary in diameter from 6-11.4 microns, the usual size being
7.6 microns,

The number of chiamydosrores produced varies
greatly wiih the different media used, but on favorable media
they are produced aburdantiy. The germimation of the cniamydo-
spore is simialr ir process to that ot tne microsnore, a simple
germ tube being sent out eitner from one end or from both, and
it then proceeds the s-me as the hypnae from the other spores,
In distilled water the gcermination gegins in abwt 5 nours, at
the end of 30 hiours they were 8iigntly brancned and as in the

case of i.icroconidia mary of tnem failed to ;-rminate at all,

8CLEROTIA.

A nodule like mass of plectenchyma with a rougn
surface was tound to grbw on various of the vegetapble media.
On potato plugs they were found as bplue green sclierotia and
also on boiled white beans, sweet potato plugs and carrot plugs.
In the latter they appeared more greenish, Iney develope at
the surtace of the kxedium and are partly covered over with
- the -hite myceirial growth., Examined under the microscope they
appear only as tightly woundmasees of my-elium, seeming to

tunction as the resting stage.
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CULTURAT, S{UDIES OF VARIOUS STRAINS.

This experiment was conducted with thé
following objects in view,
l. A study of the cultural characteristice of F, oxysporum
on different media,
2.‘A comparative =tudy of the difterent strains of F, oxysporum
isclated from potaioes suspectec of rusarium wilt which were
 obtained from tielde examined in different parts of the state,
to show that the organism was identicalin the mumerous fields,
and to substantiate the diagnosis made in the field from
which the data on field obervations were comvniled.
3. A comparative study of cultures isolated from tubers showing
a deep infection and from tubers snowing a slight discoloration
of the vascular ring i.or only a few miilimeters.
4, A comparative etudy of culiures ieolated from tuoers having
a white mycelial growth on the outside of tuber infected
with F, oxysporum and cuitiurer tzken from the vasrcular ring.

In the following data all the media is numbered
and formulae of them is given on v». All culitures were kept

at room temperasture in a norinern light.

METHOD OF OETALRING DATA.
The size of the spores was taken by observing
several fields in each slide, several elidee being made from

each cul ture, The size of the snores varied @0 much that it
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wae impossivie to obtain a tsir average that would be a true
indication of the size of the spores on the various media,
theretore only the maximum and minimum length and thickness

is given. in the same way the mumber of macrospores which are
one, two or three septate is not given in percentage as it

was not possible to make large enough counte to be able to

give a definite percentage. However by observing three or

four fields on eacn slide under 1ow power it was tound possible
to make a fairly accurate estimation of tne ~redcminunt

method of sevtation, accordingly they have been comvariti-ely

estimated in the foliowing data,

SOURCE OF THE DIFFERENT "TRAILS USED.
1., Isolated from notatoes ovotained from farm near 'aw Paw
Van Buren county. Tnese showed & slight infeciion, the brown-
ing of the vascular ring being only about 4 inch deep.
2. Isolated from slightly infected potatoes on College tamm,
browning oniy 1/8 inch deep.
3. Isolatea from poiLatoesg from the same field as 1 but with
a deep inrection,

4,1s0lated from potaioes trom Stonington, Delta Cournty. .nese
were infécted with late blight, a ary rot stage had set in,
and wnite mycelial tufte were developed on the tubers when

kept st room tempetrature.
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5« Cultures made from the witncred roote of infected
potatoes that had been sterilized in HgCl, and sprouted in

sterile sand in large moist chambers in tne lavoratory.

The ages of the various cuitureef used 1n t is

work varied greatl)y, they were as 1o0llowe:-

#1.-14 days old grown on media # 3- Potato plugs.
2.~ 4 months, 9 days-- ” . " "20- " agar
J.- 4 4 ® " . " w3
4.-3 » " wm o

5'_ 2 n 24 n L} L} [} ] 3.
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NUTRIENT ACAR # 1.

Height
No--Growtn-- Density-- Coior in lignt-- Remarks,

I-- 2.5 om.- moderate-- white growth slow,feathery.
2e- 8. ® very dense- . . faster, "

e W " " )

4-- . moderate " .

o== 7 wm,- y " "

No-- Microconidia-- Macroconidia-- Cnlamydospores.

I-- moderate very few, present,
505‘1303 X 107’5.5“ I "3 aeptate
mostly I *
I1I.4 x 3.8 to
22.8 x 5.2
2-=- many, few few- 7.6 aiam,
7.6 x 3.8 to I-3 septate
I4.4 x 5.5 most I .
905 X 3.8 to
20.9 x 5.5
3-- (] » _ "
4o~ . few I-3 septate "
most I .
g .6x3.8 tp
x 7.
Hew ' 1ew I-4 aeptate .
most I

I11.4 x 3 8 to
18. x







PEAR AGAR #10.
Height

Growthe--Density-- Color in lignt-- Remarks.

characteristic foot.

I - 2mm, - Sparse - White -macro & mi~roconidia equal,
2 - [ ] [ n ]
3- " . " more macro than microconidia,
4 . " " macroconidia large, thicker,
5- . very sparSe " tew large macrosnores.
No., XNicroeonidia---Macroconidig---- Chlamydosnores
I-- mumerous mmerous=26 x 5.5 numerous
7.6 x 3.8microns- many 3 septate
few 2 .

== " " "
3=- " " L]
4-- » numerous 38 x 7.6

many 3 septate

few 2 &1 " "
5-- L fe'- L

many I &2 sepate

14.2 x 3.

few 3 septate
22.4 x 3.8




PRUNE AGAR # II.

Height
No. Growtn--Density--Color in light-- Remarks,
I-- 1 cm.4-ve:y dense-- white few spores.
2«= " . small macroconidia
3o » large .
4= " " larger, thick, straight,
Dew » few sma1l macroconidia.
No-- Liecroconidia-- racroconidia-- Chlamy dospores,
Ie- very few very few numerous,
7.6 x 3.8 mostly 2 & 3 sevtate 7 mic. diam.
- 1205 3.8
2-- many mnumerous-I14.5 x 3.8
7.6 x 3.8 mostly 2 septate
tew I & 3 »
mumerous-28 x 3.8
Je- o mostly 3 septate "
few 2 &1 "
slender,sickle shape
4eu . numerous=30 x 3.5 .
mostly 4 septate
few 2 & 1 .
very tuick
5-- " few=-- 11.43 3.8

mostly I septate none seen,
few 2 & 3 .




OAT AGAR # 12,

heaght

60.

No--growth=-- Density-- Color in 1ignt-- Remarks.

mostly 3 septate

I-- I cm.- moderate- Yhite mostly microconidia
3-- " dense . macro, more rumerous,Larger,
4-- » moderate . . thicker, blunt.
He- 2mm.-very scarce .
No-- Microconidia-- macroconidia-- chlamydospores.
I-- mmerous very few-19 x 3.8 numerous
7.6 x 3.8 mostly 2 sep.ate 8.6 microns diam,
few 3 &1 *
3-- " numerous-28 x 3.8 "
mostly 3 sepsate
few 4 & 5 *
very " 2&1 *
4e- " numerous-25.5 x 7 "
moetly 3 septate
tnick, blunt ends,
no foot.
Hew . numerous-31.5 x 3.8 .




LETTUCR ACGAR # 14.

Height

61,

No-- Growth--Density-- Color in i1ight-- Remarks.

I-- I cm. very dense white
Dea " " "
3-- » " "
bew " " "

yacroconidia tnicker.,

NO=- )Microconidia-- Macroconidia--

Jew nuLerous numerous
7.6 x 3.8 many 3 septate
‘ I x 3.5
2-0 [ ] [ ]

few 4 septate

3_- [} [ ]
p . " numerous
mary I septate
19 x 6

few 2 & 3 "
23 x 7

Cnlamydoepores,
_——*

numerous, terminal
1I1.4 diam,

very mmerous
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STEAMED POTATO STEMS # 2.

Height
No--growth--Density-- color in light-- Remarks.

I-- 4 mm,-- moderate-- white egual no. of micro &
macroconidia,

2-- " » . more micro.tnan macro,

3= * . . macroconidia smatler.

4-- " " " more macro. tnan micro.

slender, more curved.

5-- [} [ ] [ : "

No-- Microconidia-- Nacroconidia -- Clamydospores.

I-- moderate 9.5-38 x 3.8 ‘umerous
I1.4 -5.5 x 3.8== numerous
I-3 septate
most 3 *

2-= . " very rumerous,
most 3 mseptate
few 4& 5 "

few very few,
13.5 626.5 x 3.8
I - 3 septate
most I .

4-- » mmerous-15,2-30.6 x 3 "
mostly 3 septate
slender, more curved.

Hee rnumerous very few, mmer us.
mostly I septate
small.




STEBAKED POTATO # 3

Height
No.- Growth-- Density-- Color in 1light-- Remarks,

I-- I em. very dense--wnite to lignt salmon- blue sclerotia,

o I " L . "
4.- ™ ™ [t ”
Se- " anarse " no scierotia,

No-- Mircroconidia-- Macroconidia-- Chlamydospores.

lea numerous numerous numerous, terminal.
9-7 x 3-3.8 mostly I septate
11.4-22.8 x 3.8

2== » nimerous
aver. 4.3 x 3

5,._ [ ) " few.
mostly 2 septate
few 3 .
I1.4 x 3.8 to
22,5 x 7.4
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BO.LED CARROT. #I3.

. Heignt
No--Growth-- Density--Color in light--Remarks,

spore production profuse

J-=- I cm,--very dense-- wnite-- green-blue sclerotia,
macroconidia small
"

2-~ " » [}
3= " dense . "
bea " ] L L]
macro, Larger, thick,straignt,
Gee W " " ® long, narrow, curved
8cLerotia present.
No-- Microconidia-- Macroconidia-- Chlamyaospores.

I-- very rnumerous-- very few-I4.4 x 3,8 present,

7.6 x 3.8 mostly 2 septate
2==- » " »
3-- " " "
4 " numerous-21 x 7.6 .

most 2 septate.
thick blunt end.

H=- many mmerous 3I x 3 »
mostly 2 septate
long, thin, with
a distinct foot




No.-
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BOILED CORN MEAL # 4,

Height
Growth-- Density--Color in light-- Remarks,

I cm.-- very dense- light pirk-- mycelium very gramlar
no typical macroconidia,

L] ] L LJ
] " LJ ]
» » " more mcrocomidia, tnicker,
L . red "

Miecroconidia-- iacroconidia-- Chlamuydospores.
numerous very few very few,
5.57.4 x 3.8 I- 3 septate
most I *

II1.4-26.2 x 3.8

. most I septate .
[ J ] L]
" numerous "

I-3 septate
most I "

aver. 19.6 x 7.6
very thick,blunt ends.

. same as #3
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STEAMED BEAN STEMS # S

Heignt
No--Growtn-- Density-- Color in iight-- Remarke

Jes 4mm, dense-- wuite
o JE [ ] ) n
3-- » » "
4-- 2mm, moderate .

No-- Mieroconidia-- Macroconidia-- Chlamydospores.

I-- mmerous numer ous mmerous
7.5 x 3.8 1I-3 septate
most I *
II- 19 x 3,8
straight, blunt.

2e= . » "
3= » » 1ewer,

4= tnicker numerous "
most 3 septate
26 x 7.6
few 2 septate
18 x 7.9

few I septate
11 x 7.6
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BOILED WHITE BEBAXS # 6

Heignt
No--Growth-- Density-- Color in light-- Remarks.

I-=- I cm. very dense white blue green sclerotia,
Dee ® » " "
Jam @ " " "
b4oe " " " "
Se= 5§ mm, socarce . .

No-- Mieroconidia-- Macroconidia-- Chlamydospores.

lew mumerous few rumerous
7.6 x 3.8 most I & 2 septate
few 3 .
15 x 3.8
2__ [ L] ]
3-- . . .
4-- . mmerous, thick few.
many 2 septate
few 3 & 1 "
2.1 x 6.5
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STEAMED TUTPIXE SPRUWTS # 7

Height
No--Growth-- Density-- Color in light-- Remarks,

l-e 2mm, moderate white
2-- " aense .
3-- ] " ]
bae " "
Hoe * scarce "

No-- ticrocomdia-- Lacroconidia-- C hlamyaospores.

I-- numnerous numerous very few,
1.6 x 3.8 I- 3 septate
most I »

15 x 3.8
2w [ ] »
3-_ L] L] "
4-- . . occasioﬁal
most 2 septate
21 x /.6

5-- few very tew none e-<en,
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STEAMED PARSNIPS # I5

Height
No=- Growth-- Density-- Color in iight*¥* Remarks.

Jee 4 mm, moderate wnite myceiium with many
vacuoles,

2-- 1 cm. very dense " .

3-_ ] [ ] [ ] ’ »

P . L " " "

5-_ [ ) [ ) [ ] L]

No-~ Yicroconidis-- Lacroconidia-- Cnlamydospores,

I-- mame < ous mmerous noderate
7.6 x 3 mo=tly 2& I septate
I9 x 3.5

Dew " " rumerous
3__ L] " [ ]
baa [ L)

tnicker 19 x 7 .
Gew . 3 septate

26 x 3 slender .
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BOIT.ED RICE # 16.

Heignht
No-- Growth--Pensity-- Color tn Light -- Remarks.

I-- I.5 cm. very dense pink 1itac odor, pi:k tunns
blue when alkalie is
added.
2-‘ L] L] L} [ ]
3-- L} [ [ ] ™
4-- LJ L] ] [ ]
5-- [ ] " [ "

No-- Microconidia-- Macruconidia-- Cniamydospores.

Je= numerous very few : numerous
7.6 x 3 mostly 2 septate many terminal
19 x3
== . numerous very numerous
3-- L] L] [
4-= . many, thick, .
mo:tly 2 septate
25 x 6

Sea " same as # 2.
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STEAMED SWEET POTATO # 17.

Height

No,- Browth-- Density-- Color in tight-- .lemarks.

4 mm, very dense

redd.sn gray

No-- Microconidia-- Macroco:i1dia-- Clamydospores,

I--

miuerous

7.6 x 3

tew, 19 x 3.8

mostly 2 septate

few 3 & 1 .

numer ous b

few .

ma:y 3 septate
19 x 6.

sa.e as # I,

rmerous
mary terminal
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BOILED TUPINES # 8.

Height
No.- Browtn-- Density-- Color in light-- Remarks.

Jee 2 um, scarce white

3-- " " -

BOITED PRUNES # 9.

{-= 2 mm, dense brownien white-- profuse pionnotes
gramulated cytonlasm.
2_ - L] L] L] "
3- - n » [ ] "
No-- kicroconidia-- nacroconidia-- Cnlamydospores.
l-= numerous numerous none seen
7.6 x 3.8 most I & 2 septate
few 3 "
I15.x 3.8
cigar snane
8-~ . . present, many terminal,
PRUNES.
I-=  nmumerous few, most I reptate m..erous
Y6 X 3 Il x 3.5
[ [ ] ] )

3-- » LJ (]
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DISCUSSION COF DATA,

From the above data it appears that all five
cuitures are identical, While they vary in some extent in the
mumber and size of the microspores, macrospores and chiamydo-
spores, it is safe to say after a careful study of ihe
ditferent cultures in wnich the mycelial growth, spore
production, color of growtn and especially the average size
of the.eporea and their torm, noting the presence of the
characteristic foot oresent in the macrospores; that these
various straine are all identical witn culture # 1 which
was tne qtock culture of F.oxysoofum. What small diferences
are found can be accounted 1or .o some extent by the great
error possible in examining such a large number 0f spores
comparatively , especially when only tne maximum: and minimum
size is given., Tne color of all the cultures was the same on
all tne resvective media, ‘

According to Wollenwever L.c. F. oxysvorum
produces a characteristic pink color and lilac odor on boiled
rice, tnis was found to be true in every case. When a strong
alkali was added to this mediup the pink coior of this
mycelial growth cnanged to a brignt blue,

The blue =clerotia ouserved on potato nlugs
were tound in every case. These were also observed on Sweet
potsto plugs as well aes carrot plugs and poiled wnite oeans,

Tue few ditterences that are observed vpetween

the several ~uliures are probably accounted for to some extent
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by the great variation in the age of tne cglcures from which
the tramnsiers were made, the variety of the media the original
cuitures were grown on, as well as the possible difierences
in the moisture content and the composition of tne suvstrata.
There is also a possibility o1 ditferences in culiural chnar-
acteristiocs being produced depending on wetner tne culture
was started from mycelium, microspores or macrosoores, in
most rases probably a1l three were used.

The study of the results obtained by growing
the s=me strain on difterent media bears out conciusively the
statements made by Wollermeber l.c. and Smith and Swingle l.c.
that the fungus grows readily on ; wide vuriety of media. It
.varies greatly in density,color, height of grdwtn, and the
number, eize and torm of microspores, macrosvores, and chlamy-
dosvnores according to the sulhstrata and environnent. The
growtn on vegatable media seems L0 be the most favorable for
a profuse growt: and characterlsﬁic sporification, Potato
pluge and especially notato stems are proovapnly the best media
for this fungus,

The cultures made in the above exper.ment
were isolatea from potatoes that varied greatly in the depth
of infection from 1/8 of an inch to a very deep discoloration,
The possibility of the slight discoloration being Fysarium
wilt has been questioned many timea’ but the above results
point out that the organisme obtained from both the slight

and. the deep infection were the same, The same resultis have
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also been obtained 1n a study of other cultures isolated

from such slightly infected tubers, a large number of these
have been made in the laboratory from tubers obtained from
fields where the actual field conditions had been observed,

and in practically all cases these cultures proved identical
with the F. oxysvorum, In the few cases where it was impossible
to obtain cultiures from the slightly infected tubers the chief
cause was the presence of otner organisms which had worked
their way into the stem for a few milliueters,

When these slightly infected tubers were
examined in the field work they were diagnosed as F. oxysporum
if accompanied by a browning of the vsscular ring of the stem,
However mumerous sets of two tubers esch, from two infected
fielde on the college f-rm, one of whicn snowed a slignt
intection and the other a deep browning of the vascular ring,
brought back greatly varied answers when sent out for diagnosis
to patnologists at otner stations. This wae done in an effort
to determine how the difterent depths ot browning wouird be
diagnosed in the ditferent sgates,

| While there is undoubtedly a grave cause for
doubt when only a slight browning of the tubers is found, it

appears to the writer that when accompanied by the charactgr-

isticbrowning of the vascular ring in the stem for only a
few inches above the surface of the ground and extending

downwards to the tuber, these symptoms may be safely aiagnosed
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as Fusarium wilt caused by F. oxysporum, This statement is
based on the large number of isolations maue from such slightly
int ected tubers from varicus parts of the state, all of which
appear identical with those given in the apbove data,

In examining Culture #4 we find that the same
morpnological characters are present as in the other cultures,
while this culture was isolated from the white mycelial tufts
on the outside of the tubers and the others were isolated trom
the vascular ring,

Tuis would appear to bear out the statements
made by Smith and Swingle 1 .c. that the fungus is ~apable ot
Penetrating from the vascular ring of the potato tuber to the
epedermis o1 tﬁe tuber.

' According to Wollenweber l.c. F. oxysvmoru. is
strictly a vascular varasrite, yet this work would indicate
that there is a possipility of the tungus spreading through
the tuber to the surface and then producing the white mycelial
growth in a case where the tuber is attacked by another
disease which produces a decay of the tissues between thne
vascular ring and the epedermis,

Simijar resuilts were obtained as the result ot
cuirtural and infeciion experiments by Manns 1l.c.

In any case it will take a gooﬁ deal more
careful investigating with particular study as to the nrogress
of the mycelium in the tuber as well as careful cultural and

inoculation work to prove that this fungus sends its mycelium

theough the tissue to the epedermis.
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SPORE GERMI "ATION AT DIFFXRENT TEMPER.U KES.

Tnie data was obtained by germinating the
spores in distilled water in Van Tie ghem cells. The various
tempe?turee were obtained vy usging the same apparatus as
that used tor the determination of maximum and minimum growth,

Spores were obtained from a stock culture on Potato stems,

No- Temp.- 7 hours-- I0 nours-- 24 hours.
I-- 8 C. -po growth-- no growth no . rowth
2--10 " . . few macroconidia
3--14 * -50% thacro. 80% macroconidia all macro
I0 micro, §0 microcomd:ia most micro,
tubes short germutubes 20 microns.
4--18 * . . longer growth
G--24 " » " much branched.
tubes 20 mic. tubes long
6--30 " no growth no growth few macroconidia
7--38 » » » no growth,

It is seen from the above data that from I8 to
24 degrees C. ies tne most favorable tempe%?ure for the best

spore germination, With a graadual decrease above and below.
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GERMINATION OF SPORES ON VARIOUS MEDIA.

All svporees obtained from a atock culture on

potato stem and germinated in Van Tieghem cells at room temp.

Hours. ‘Condition at the ena
Medium Kind of spores- I10%-50%-All1- of 24 hours.
Single distilled-Macroconidia-4- 5- 6- Many ricroconidia not
water Mieroconidia 4- 7---- germina.ed, 8erm tubpes
short,
Double " Macroconidia 4= 6- 9- Germ tubes of macro,
I’ieroconidia 4~ 9---- much branched, with
spore tormation,
Tap water xacroconidia 4- 6- 9 .
Mieroconidia 4= 6= --
Giycerinated xacroconidia 6= 7- &- " no
Mutrient agar Kicroconidia 6= 9---- spore tormation. $5%germ.
Glyceri rated Macroconidia 5- 6- 9 spore formation
Beer oroth ¥ieroconidia 6= Qe-=- 75~ germ,
Beef broth waeroconidia § $ ¥ not branched epores
Microcomdia 6 7 ---- 75% gerh. formed.
Mmtrient agar pacrosonidsa § 6 8 muech cvranched, spores
Microconidia 6  ==-- 75% germ. tormed
Synthetic agar Macroeonidaa 6 7 & . » no spores
#2% Mi~roconidia 6 7 ---- 1ormed.
Synthetic media Macrocunidia 4 6 7 " v '
#26 Microconidia § 7 e---
Oat agar wacroconidia 6 g 8 ' spores
Microconidia 6 .—- tormed,
Hard Potato Xacroconidia § 6 7 1ittie no spores
agar Microconidia 6 7 --- branching 1omed.
Cucumber agar kacrooonidia § 6 7 much brancned-spores
Microconidia 6 7 =-- formed.

v
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The epores were obtained tram cultures on

various media 5 weeks 0l1d, germinated in distilled water

q
in Van 7iegnem cells, at room temperture.

¥edia

Hours.

Condition at end
Find of spores-10%-50%Z-All- of 24 nuurs

Nutrient sgar-

Pear agar

Prune agar

Oat agar

Cucumber agser

Boiled prunes

Boiled rice

Potato stems

Potato agar

Carrot plugse

Bteamed potato

Macroconidia 6- 7- 8

Microconidia

maeroconidia
Xiecroconmadia

Macroconidia
Kicroconidia

xaocroconidia
X¥icroconidia

l'aeroconidia
Microconidisa

yaeroconidia
Xicroconidia

raecroconidia
Xicroconidia

i;aeroccnidia
Microconidia

Macroconidia
Microconidia

waeroconidia
Microconidia

¥acroconidia
Kicroconidia

Mucn brenched

6 1l-- Mary not germ.
4 6 7 si1ight brancning
8 9 ---
7 11 24 .
9 24 ---
5§ 6 9 X¥ucu brancned
6 26 ---
6 g .
7 & -2
8 9 »
4 7 -e--
5 6 9 .
6 7
4 5 6 "
4 7 --
6 8 "
7 8 -?-
6 8 9
7 11 -=- "
6 8 9
4 7

spores

1 oraied.



80.

SUNMARY OF SPORE GFERNMINATION TESTS.

In the preceeding tavles it is hnown that the

germination of spores from difterent media vary as well as
spores on difterent media, ‘

The spores taken from potato stems seem to
have the greatest power for rapid germination, both for eariy
and total germination. In most _ cases the spores taken from
vegetable media seem to have greater vitality than those
from agar.,

In the data on gcrmination on various media
we find that for the most rapid germination once distilled
water is the best while liquid symtnetic media # 26 starte tne
germination of macrospores at about the same time but the
total germinstion is a little slower,

Since this exveriment waﬁ conducted it nas been
found that Knudson's full mutrient liquid meaia # 27 will
produce tne same Or perhaps slightiy bette: resuLte tnan
dietilled water, also caucing a more rapid growth of the

germ tubee and the produrtion of conidia.
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KAXI:UM AND MNINILUNM TEMPERATURES FOR GROWIH.

The range of temperatures at which tne organ-
ism groes best was tested by growing the fungus on potato
rlugs and nutrient agar as follows:-

BExp. 1. 8 test tubes were used containing rutrient agasr. In
each was placed a sterile thernometer to record the actual
temperature, the bulb of the thermometer being vlaced near
the point of inoculation on the agar. These tubes were placed
in an apnaratus consisting of a galvanized tin box about 2
incnes deep filied witn water, one end being in contact with
the ice box the other with a simiiar box containing water
kept at a constant temperature by means of an electric heater.
The cultures were thus kept at a 1airLy consiant temperature,

witnin an error of 1 uegree 1n 6 hours.

Temperature -- 2 days 3 days 4 days.
l.- 249 Ce slight medium abundant
2,- 28 » very " elight mea ium
3._ 30 [ " ] ] )
4,- 33 L] L ”» ] L]
5.=34 ® no. growtn very " elight

" 6.- 36 " " no growtnh very "
7.- 38 " [} " []

)

Other cultures were tried at nigner.temperatures

but no growth was oobtained in any case,
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Bxp.# 2. The same test as the above was also conducted
using potato plugs as the meuium. Tais was carried on in a
smalier anparatus than the previous test but with a greater
range ot temperature, 1t consisted of an air chamber ahbout
6 1inches deep and 3 ft. long, throughly insulated, one end
oeing in contact with an ice box the other with a similar
box contain.ng water kept at a constant nigh temperature,
The air chamber was divided 1nto 9 comnartments each about
3 inches in widin, The tubee stood upright, each with a

tnermometer rext to it, All tubes were of the same size and

tnick ness,

Temperature 3 days 5 days 1 week.
#1. 7° C. no growth no growth no growth
2. 9 * . slight slight
3.-12 " . " medium
4,-18 slight medium abundant
5._24 L] » L 0 L]
6.-29% " very slight slight slight
7.-3? L} L] L] "

None of the cultures placed at nigher temperature

produce: any growth,
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Exp. #3. The same test was agin repeated by usi ng potato
stems, each tube being kept at a con«tant temperature in

incubators and thermostats,

Temperature 2 dayse 4 days 1 week.
1.- 5 °c. no growtn no growth no growtn
2,-14 " » slight " medium
3.=-23 " meaium abundant abundant
4,-29%4 * very slight slight medium
De=34 " " . slight
6.-37% no growth no growtn . no growth,
RESULTS.

All three of these experiments snow practvicalLly
parallel re-ulits, We find that the tfungus groes best in culture
at a temperature of from 18-24 degrees. At 14 degrees the
growth is slow, gradualiy decreasing with a decreaze in the
tenperature until at 9 degrees there is very slight growth,
Tne fungus was not oonzerved to pgrow at all at 5 degrees.
Above 24 degrees the growinh became aloqér and siLower as the
temperature was raised, reing stow at 30 degrees with only
a very siignt growtn at 34 and 36. At 37 degrees the culture
did not grow in any case.

Tne Low temperadure at which tnis fungus
ceases growtn may possiply be the cause of the i1inability of

the fungus to penetrate into the tops of the plant.
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THERMAL DEAIH POLNT.

The thermal death point of the organism was
determined as follows.- Test tubes of equal size and thickness
18 x 150 millimeters, with thin walls were used containing
nutrient agar # 1. A large water bath was used, the temperathe
being kept constant by regulating the flame of the ne ater
with a thermo regulater, The water in the bath was kept at
an even temperature by revolving fan kept i1n the bottom of
the water batn and connected with a small motor, Two test
tubes were always used together, one being used as a check
on the temperature. A thermometer was placed in the agar in
tnis tube and the temperature tnere ouvserved was taken as the
temperature of the inoculated tube placed adjacent to it.

The oheck tube was of the same thickness as the testea tube
and contained the same agar. The second tube was inoculated

by transfer from a stock culture, after tne agar 1n the tube
nad remained constant at t.e temperature 10 be tested for

10 minutes, Tne tube was then supjected to the temperature

to be tested for 10 mimtes and then poured into a petri disn.
The first tubes to be teasted were sunjécted to a temperature
of 36 aegrees, and the temperature was then raised one degree
for each successive test until a temprerature was reached that
would kiil tne fungus.

RESULTS: - It was found that wnen the svoree were subject ed
to a temperature of 614 degrees C. for 10 mimutes, gerczination

uid not take place.
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POISOxOUS BY PROIUCTS OF 4inx FUNGUS.

Owing to the fact tnat-marny cases of tne wilt
have been ovserved where ihe foliage was entirely wiltied,
witn only a slight trace of mycelium present in the stem and
'roota, the nypotnesis was brought . orward tnat the wilt may
be due to a mecretion of the fungus as weil as to the
invasion and blocking up of the water tubes by the mycelium.
Accordi ngly tests were conducted zs follows,

A suspension ot the fungus wae made by grinding
up a stock cuiiure of the fungus in water, this was then
filctered through a Berkfeld filter. About 30 c.c. of the
filurate was then vlaced in l:arge teet tubes 1.x 8 i nches,
and the tops of healtny branches were cut and nlaced in these
tuces of liquid to be tested. In the s me way similar brzncnes
were inserted i1n tuves containing sterile w~ater and another
set in tubes contaimu ng a sterile water suspension of the
tungas. All the tuves were kept 1in the greennouse under the

same condicione eacn vel v tig.tly plu..ged,

3 days 1 week.
l. Filtirate sligntly wilited badly wilted
2. n L] n

3. spore suspensian- badly wi!ted--- completely wilted.

4. L] . L] "
-5« Sterile water no wilt no wilt
6. " [] ‘u.

It is seen that in three deys the brancnes

im:ersed in the spore suspension snowed the first aigns of
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wilt ciosely folliowed by tne tubes containing the fiitrate,
the checks remaining nealthy and upright., At tne end of one
week the brangnes in the spore suspension were completely
wilted ana dead, while the ones in the filtrate were badly
wil ted and'arooned over, tne checks 8till remaining healthy.
In ten days the cnecks had also wiited down owing to the water
in the tubes having been completely taken up by the transnira-
tion from the leaves, At this time ihe amount of iliquid in
the tubes containing spore suspension haa been but very
slightly reauced, wnile i1n the tubes containing the tiltrate
less than half of the liquid remained.

Upon examination the checks snowed no presence
of fungus growth, the wilt being entiely due to the drying
out of tne water in tne tube:, The branches in spore suspen-
sion when cut open showed the presence of the mycelium in the
water conducting tisesue for an inch above the level ot the
liquid, tne loss of the liquid probaply being due to the
transpiration of the plant before the my~relium in the water
itubes had berome dense enough to entxrel& Plug them up; but as
the wilt began earlier and was more rapid tanan that of the
til.rate it would seem that it was caused by a combination
of both the mycelium i1nvasion of the water cormucting tissue
and a poisonous byproauct secreted by the fungus,

In the branch kent in the fiitrate no fungus
presence was noted and as tnere was still a large auount of

liquid in the tube after tne top had completely wilted, it
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would seem that the wilt was probably due to some poisonous
secretion by the organism,

Yore complete work with this problem is to
be carried on as it appears to open up a new fieird of experiment
with tne Fusarium wiltt,

V.H.whetzel nas reportead veroally to Dr. BE. A,
Bessey that in working a similar experiment using the fungus
that causes the Verticillium wilt o1 tuat particular piant
ne wasvvorxxng with, the Ginsing, that ne obtained resuite

similar to the above mentioned experiment.
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INFECTION EXPERIMENTS.

While a great deal of study nas been given in
the 1a8t few yeare to Fusarium oxysporum very few artii icial
infection experiments r.ave been reported.

Smith and Swingle l.c. report the injuries
to the plant caused vy a Fuesaria in the vascuiar ring of the
seed piece, but they do not report inoculation experiments,
althougn their work has ofien been s0 interpreted and has
even been referred to in literature as such, for example,
Duggar* says, " 8mith and Swingle have by careful cultural
and 1 noculation experiments demonstrated the causal connection
of a Fusarium with these Lypes of the discase.®

Wollenwevber ¥**estaviisned the patnogenicity of
the fungus stating, in reference to F. oxysporuh, that, " The
patnogenicity of tnie fungus estapiLished by Smith and Swingle
has been confirmed oy thies author gor the strain upon wnicu
the diagnosie given above is based."

Manna***renortQ sucessful inoculatione uy
wounding the roots, but ne aleo staitee that " Tne organism is
however, produr~tive of 1rreriion 1n the apnsence of ary root
disturbance or stem injury, as wae shown by a number of
exneriments.® rut he s.ates that inoculations vy means of

* Duggar, B.M. 1909, p. 317.

** Wollerwever, H.W. Phytopatn. 1913, p. 42.
¥x% Manns, T.F. 1911, p. 317.
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injuries brougnt about the most rapid infectian, His 1/fection
experrments however were conducted by nrowing the plant in
" gick s0il " which he repor.s prodﬁces a greater infertion
tnan tne use of pure culiuree, He states "™ The di-ease came
on much more detinitely u.der sick soil tnfeetions than it
did wnere rure artificial cuirtures were used witnout inecisions
or root injury. The great difference between sick s.i1 infect-
tion and that from pure culiures or even internal seed
infection, is that in the use of sick soil the roots are
attacked at practicaily every point, wnile witn pure cultures
or seed internally i nfected, tune fungue attacks only i: cLose
proximity to the main root wnile most of the secondary and
root naire remain healihy.”

The chief oujeciion to these experiuwents is
the fact that the ® sick =0il ® will provably contain é great
number of organisms otner than that of tne fungus in question,
In the following infertion experiments in the greenhouse,
these poseibly u:idersirable conditions have veen elimninaved
by ueing tnorougnly steril.zed soil and inocurating it witn
F, oxyvsporum, leaving the sick ®#0il exneri ente to be conducted
in the field.

Tae experimemts were conducied using various

methods of inocuiations, as follows,

l. Inoculations of seed linge on heal thy aﬂd injured roots,
2. Inocutation in soil of pure cuiture with roots sound.

3. " " " " . " " " injured.
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4, Inoculation in so01l of pure culture with roote =sound and
8le0 with the addition of Rnizoctonia,

5. Inocuiatea oy wounding the stem and inserting mycelium
and spores of a pure culture.

6. Inocuiate by plucing the atem end of infected tuvers in
the pote witn sound roots,

7. » ® 1njured roots,

INFECTION OF SEEDT.INGS.

Tnis exveriment was conducted to deterwine
the abiility of the fungue to invade sound roots of seediings.

In using seedlings it was real.zed that the
natural conditions of the fieid were not obtained, but there
were several distinct advantages in Lhis meunod, such as tne
exclusion of all fungi from the seed by more effecient
sterilization than could be obtained in using mature tuvers,
as well as the 5Qrfect sterile conditions of the soil that
could be obtained vy using iarge test tubes 1 x 8 1nches,
and also the prevention ot injuriesa to the roots,

For tnese experimerts potato seed were obtained
trom Wm, Stuart, Urnited Siates Deptartment of Agriculture,
from Houlton, iraine., various methodes of sterilization were used,
as it was found to be very diiticuiLt to obtain nearly perfect
sterilization without injury to the seed.

Treatment with 95 7 alcohol tor 10 minutes,
concentrated suiphurie acid for 15 winites and 1-200 mercuric

cnloriade 1or 1% -3 minutes resurted either in the death of
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the seed or very noor germination,

The seeds used in this experiment were treated
by soaking the seed oOvernignt in rurning water, wasuning in
distilled and sterile water and tnen dirping in 1-200 mercuriec
cnjoride for a few seconds. .nese were tnen placed on nutrient
agar and allowed to germinate, Practically all gerauinated and
the few seed that showed contamination were removed. Tue
remaining were vnlaced in various tubes and grown in the
greennouse,

Seed were placed in large test tubes 1 x 8
incnes, of svil extract agar # 28 and after a growth of several
incnes nad been obtained they were 1noculated by transiering
a small loopiul of mycelium and spores from a stock cuiture

L0 the surtace of Lhe agar,
Examined 4-19-15-

l.- 1lnoculated 4-8-15, ---=-- ----- the scedlings were all

2. " " dead, with a neavy mycelial
3=- " . growtn covering the stem
4,- " " and great apore tormation,
5 .- " " |

6.-CnecK ==-=-== ecececcccccccccsccenaa- g00d nealt.y ,raown, 3
Tem " inenes in neignt,

8w  ®

9e- "

DISCUSSION OF RESULT:> OF SEEDTI #G. INFECTION,

In Bxperiment # 1 all the seedringe inocu.fted
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with the fungus died inside of 10 days while the checks still
remained heal thy. The roots were not sectioned and stained so
that the presence of the fungus in the vascular system of tne
" seedlings was not determined. It was attempted to cut sections
with the freezing microtome but owing to the profuse myceclial
growtn and the luxurient sporification which entiriy covered
the seedlings it was impossible to get good resui ts,

Tiue deatn of the seeulings may nave been due
to tne invasion of the water conducting tissue , or possiuvly
to a poisonous byproduc§ of tne funéus or simply to the
profuse growtn wnich covered the young and tender sprout.
This condition is paralgel to that found in the field condi-
tions where the tunrgus attarks the mlant when the young and
tenaer shoots are 1irst proauced, causing the early death o1
tne vlant, or to an attack ot Lhe root haire at.a iater period
probaoly nephing in tne tiret wilting of the tops, by means
of a gen ral weakening of the vitaiity ot .he plant caused by

tne invasion of iLhe root sgstem,

INFENTION EXPERIMENTS WITH GROWING PLAXNIS,

Artificial infcction experiment= we.e be gun
in January under greenhouse cunalitions,

Parattined vaskets were used holding aouvut
one cuvic foot of soil., Tuese baekete wer< all wasued 1n

mercuric cnloride after paratiining and were then filled
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with s0il that had been sterilized at 22 1bs. nressure for
2 nours,

iwo nets o1 cnecks weire used and these were
vlaced in various parts of the greemouse with the infected
plants,

In paskets 1-50 inciusive the tubers used
were procured from Frank Lowell, Cardner, Maine and are
known es the L.owell Green Mountain variety, they were obtained
tarough the kindness of Dr, W.J. Morse of the Maine Experiment
Station, All thene'tubers were exam: ned for Fusarium and
found to be free. They were then treated in various wayse
witn formaidehyde and mercuric chioride. This was done for
use in another exveriment on the effeet of disirfection on
the snrouting of the tuvesrs, and then were tnen used for this
infection experiment, if anything they aid in the work as
only tnose tuberswhich produced the most neal tny and vigorous
shoots were uecd for thie experiment, |

All tuvers were planted Jaruary 25 th., iney
were inocuiated larch 1 st, and aug kay 10th,

Tne formaldenyde treatment was as follows;
the scund tubers were was:ed in water utnoroughly and then
soaked 1n a solution of formaldéhyde, ly:nt to 30 ¢aiiouns of
water, using tne 40% fornaldeny@e, for 14 - 2 nours, tnese
were tnen allowed to dry betore planting.

Mercuric chioride treatnent was for the same

length of time 1n a 11000 sclution of mercuric chioride,
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INOCUTLATIOYS,

ine plante at the time of inoculation were ati
arout 1-2 ft., in height, growing vigorously.

Trne spore suspension was made by grinding up
a stock ~ul .ure of F, oxysporum 1n sterile water, this suspen-
sion wae then rut on the @0il, The cut roots were injured
oy inserting a trowel in the so0il at different points thus
injuring and breaking the roots, out not merverly enough to
materially injure the vigor of_the plants.

The Fhizoctonia suspension was made up 1n he
same way. '

Where direased pieces of infected potatoes
were used, tne stem end whicn was deeply irfectec was cut otf
and placed i1n the basket from wnich the so0il had been removed
around the rcotes and Lhe diseased pieces were then p}aced in
crore proximity to tr.e main roots= and the scil put back so0
as not to injure the roots.

Where mycelium wae introdueed i1nto the stem
below the rurtace, the soii was genuiy removed s0 as not to
injure .he roots, the stem waz then washed 1n mercuric chioride
and the myceliuu introduced cty means of a sterile platimum
inoculation erade.

It was tound imposeible t0 make & diagnosis
of the 1cliage 10or wilt symptoms as owing to the crcwded
condition 1n the greehouse the plants were set too ciose

togetner and resulted 1n a spindling prowth, which soon wilted
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down owing to the excessive he t in the greenhouce in the
epring and the changes in moisture conditions, which in some
casee even caused &8 rotting of the seed niece and stem. Tne
tubers produced were very small and scarce and it was impossible
in many cases to diagrose the disease in this way. The :
following data were obtained by observing the condition of
the stem and following 1t down to the roots and tuber if
possible,

Any cases wnich were slight envugh to make
a diagnoeis very doubtful were teken into the lavoratory
and tissue cuiiures were made i1roxr taece and the re-uits

snown 1n the tables,



INFECTED PLANTS.

METHOD OF IFOCULATION SEED TREATNENT
l. spore suspension 1t ormaldehyde
2. sound roots "
3‘ [ ] [}
4. [} n
5'" [ ) L]
6. " mercuric cnloride
7. . "
8. . "
9. " L]
10. sepore suspension 1ormaldenyue
ingured roots
11. "
]
120 L}
[ ]
13. mercuric chiroride
[}
14, "
. _
15. L]
L]
16. L
[ ]
170 L] L]
1¥, mycelium in contact torrsldehyde

with inured roots,
16. F. & Rniz., " .

20, = * s8ound roots "
21 " "
22, " "
23. " "

24, . : .

96

SIZE OF SEED.

single eye

L]

L]

"

L

n
quartered

]

single eye
quartered
"
halved
"
"

single eye

quartered.

halvea.
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LETHOD OF INOCULATIOMX SEED T+EATMENT SINGT.E EYE

25. Check formaldenyde nalved

26, . . .

27. " ~ " »

28. " " "

29, " " "

30. ) ‘ " "

31. " " "

32 . mercuric chioride single eye

33. y . "

34, " " "

35. [ ] " L]

36. " " "

37.placed diseased vieced of--formaldenyde nalved

38, int, plante 1 n pot, ' aingle eye

39. 8%und roots. " ‘ "

40, . necuric chioride qusrtered

41 bt " : "

42, =same se above with : . .
ingured rcots

43, ) " "

44, . » single eye

4s. " " "

46, " " "

47. insert mycelium 1n -tem quartered.

pelow ground
48, » » nalved
49, " » "

50 . ] [ ] L
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RESUT.TS.
DIAGNOSIS TIS:ZUE CUT.TUR-S.

1, Xo browning Uf either stew, roots or tuber.-- no growtn

2. . "

3. .

4, | "

5. .

6. Stem showed wet rot aue to moxsture-cdndxtiOrm- no growth
7. Noinfectiun of stem, roots or tuver, .

8. "

9. y

10. Slight intection of stem «nd tuber-=- good growth,

11, Stem and roots wet roi.ed.
12. "

13. No infection

14, Siight infection of the stem.
15. .

16, Deep infeciion of stem, roots ana iubper.

17. .
18. Slight infection of steme==- e-ecec-a-cea- goud growun,
19. Deep infeci.ion of stem, no Rnizoctora, "

20, No infection, Rhizocionia on sivem and rovtsesjignt,
21, " " no Runizoc, lesions,

22, Vet rot of stem and ruots.

23. "

24, No 1mection, tew slilpht Rnizoc. 1esions on stews and roots.
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RESULTS
DIAGNOSIS CULTUEE.
2. Vet rot
26. Yo infection,
27. .
28 Wet rot.
29. Yo irnfeciion,
30. "
31. .
32, Slight infectionee=e-- e-=-eee g.0d growtn,
33. No 1nfeciicn,
34, "
35. .
36. ne
37. .
38. Wet rot,
39, Very siight browning of stem------ suspected.
40, No infection,
41, .
42, Deep infection,
43 "
44, Wet rot <----- - cemeen- no growtu
4%, Very slight intection, =---- suspected
46, "
47. Siight infection,
48, Deep infection
49, .

50. ] coneacce= cooncen gOOd growtno
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SUMMARY OF RESULTS OF I:sFECTIun EXIER.ILEATS,

In considering the resulte of tnese inocula-
tion experiments, tne difrerent metnodes of cuiting tue seed
pieces and steriiization nave been disregarded, only the
various metnods of i1nocuiations nave veen considered.

‘'ne plantis practicaily all died down beiore
digging, but it was a premature deain caused by the poor
cultural conditiuns in the greennouse and the tuvers were by
no means mature when the examination was made, Thus if the
plants had been grown under better conditions and the growing
oreriod maintained 10r a longer time, 1nfection might have
taken place Yater in cases wnere the inocultations aid not
succeed, or it may nave been rresent very slighily in ine roots
at the i1ime the examlngtion wae made but owing to the poor
condition of ithe plarts for diagnosis 1t wa:- impossible to
ouserve them,

In all cases where the inoculatiun was carried
on by means of using a rater suspension of the spores on tne
sound roots, no infection occured and no cultures made 1in
the laboratory snowed the presence of the furngus, This shows
the inavil ity of the fungue to,penetrate the sound roots of
the plant quickly after a vigorous growtu had been obuained,
It is very poasxblé that 1f'aick s0il ' had been used or evenm
pure culture inocuiations made 1n the s011 vetore the plants
had made & good growth, that the 1urgus would be acvle to
penetrate the smaller roote and bring about the slight infection

whien Manns reports l.c.
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In the case of the epofé suspension used with
injurea roots, infection takes vlace rapiuly and 5 out of &
of Lhe plante enow the cnaracteristic browning of tne stem,
from which culwures were octa.ned in the laboratory., Iwo died
tnrough other causes making 1t impossibie to determine the
presemce of the fungus, and onLy one anowe& no infection,
This ie‘prObably the causé of the rapid spreading of the
disease in the tield either through infected tubers or by
means 0f badly infected soil., The cultivation of the crop
undoubtedly injure= the roots to some extent and the entrance
of tne fungus ie mace much easier.

The object of the exmer.ment wnere inoculations
were made f.rs v with Rhizo;tonla and later wich Fuearium .
was to determine the eifect the Rnizoctonia iesions on the
roots have to ihe entra:ce of Fusarium. However ovrly two out
of six plants showed the rresence of Rnizouctonia 1lesions on
tee roote and theese but sligntly, thus practicaily the same
conditions were found as in the inoculation experiments on the
sound rootes and no infection wae found in a:y -ase,

Where disezsed pieces of i1inte:tec.. potatoes
were used witn sound rcote, only one showed a very slight
browning, suspected to ve an irfcction wnile 4 showed no
no,intection, tnese resurts are -racticaily the same &s in

the other expe imente on sound roots,
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“here the esame metnod as above was used with
injured roots there were 1our infec.ions out of tive, one
aying ot the wet rot, two of these four cases showed a very
deep infecvion, Tnis experiment snows the degree of infection
1o be about the same as . n the case where the srore suspension
was used on injured roots,

All of the plants inoculated by introducing the
mycelium into the stem below the surface of the ground snhowed
infection, a1l but one veing a very deep infection from which

the organism was isolated in the iavoratory.

SUMMARY.

1. The parasitism of the fungus on the seedlLings.

2. The 1nabili.y of the 1ungus to penetrate the sound roots
of tthe plant quickly under the conditicns of the experiment,
3. The rapidity with whicn the fun,us gains entrance through
root inguries,

4, Inocuration witn svore suspension caused thne disesse as
quickly as the discased pieces of 1rfected tucvers,

5. Patnogericity of the orgarisi, shown vy the infection

produced by the inoculation of the mycelius into tne stem.
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CONTROL.

Taking uvr the study of the remedial measures
necessary in the coniror of tnie disease the cnief 1actor to
be obeerved is the metnod of infection, From the preceeding
experiments it can be seen that the fungues enters the plant . .
thrcugh the underground system at &ny time during the season,
and it is shown 1n the following experiments that it is
copable of 1iving over in the vascuiar system of the host and
intecting the young sproute in the svrring. Tne<se two methods
of infection make the disease one of the hardest potato
troubles to control.

It can be readily seen that a spray suca as
Bordezux wixture applied 10 the itops of Lhe plants will have
no arite:t on the progress of the fungus in the underground
system of the plant. In the same way it is aeen‘that the
ordinary to.maldenyde or mercuric chloide dips applied to the
outside of the potato tuber vei ore planuing wiil have absoiutely
no efrect on tne control of ine fungus, Thus we find that a
controlL of this discase mus. be accomplished either by the
eradication, exclusion, or protection from the causal 1actor.
ine forlowing exveriments vere conducted with tnis ooject in

view,

CONTROT, EXPYRINENTS,
Work on the control of itnis di-ease by means

of various metnod- of treatment with tne infected tubers
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w=8 done by Manns ¥ 1.,c¢, wno conducteu nis work under field
conditions. He reports that " The i1ncreased yield brougnt

about by cuiting away the infection and treating the seed
varied just about in proportion to vhe amount and serverity of
the Fuearium infertion,ee=ececccec-- Treatment alone without
cutting away tne inteciion as a rule gave no ve.ter results

tnan ine untrested, snowing that the chier fac.or in reducing
the yield was tne Fusarium infection, wnich was .nternal 1in tan e
seed and the treatment did not reacn it."

In tne forlowing experimente conaucted in the
greenouse the condition the condition of injured roots
caused oy cuirtivation and the possibir ity of spreauaing from
hill to nill is done away with as each vriant was kept in
seperate baskets prepareu i1n tﬁe same way as in tue i1ntection
experiments, usirng steriie 801l in all cases , tuus making
a better controied experisent tnan could pe conductedcin the
field.

The depth of the 1nfection 1n ‘he tuveis used
in this experiment varied very little, usually avout $4-1 1nch
in depth, In all cases where the infection was cut away the
cut was made s far as the brown discoioration appeared. Tue
vreatment with 1ormaidenyde and mercuric cuioride was the

same a8 in the infeciion exvre._imenie. When he stem ends were

re:oved tne treatm ents-with the disirfe tants w=s made af.er
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cutting, If the tube: wae cut in nalf for butt and etem end
experiments the treatment was made beiore cutting and in all
casee the tubers were aliowed to dry before planting.

WVhen the tubers were cut the knife was sterilized
vefore eacn ~ut, preventing the possibility of carrying the
infection 1 rom some of the tubere to the others.

The tubers used were of the Sir Walter Raleigh
variety grown on a badly infected field tnat snowed practically
a total infection with a premature death of the plLant several
weeks eaély.

All tubers were planted 1n ithe baskets Feburary
9tu and examined Mkay 8tn. In most cases tne foliage was still

green and the tubers had not matured.

TREATKENT OF TULERS

L. Infection not cut away, tubers not treated.

2, " "

3. " "

4. L] L]

5. " "

6. . ®  ----- gtem end
7. . " ee-e-- butt end
8. Infected etem end removed, treated HgCl,

9. " "

10. " »

11, . .



106.

TREATMENT OF TUBERS.

13, Infected stem end removed, treated tormaldehyde.

14, " "

15. " "

16. . .

17. Infecticn not cut away------ treated HgCl,

18. " : .

19, * ecee-- treated formaldenyde.

20. . "

21. " "

22, . : # ecece---stem end
23. . . putt "
24, * eeeea- HgCly treatment atem *
25. " "~ butt "
26, L not treated. atem "
27. " " butt "
28. . . stem
29. . . outt "
30. » . stem *
31. . . putt
32. . b stem *
33. . " putt "
34. " " stem "

35. y . butt "
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CONDITION OF PLANTS NAY 8.

T.ab, culture.
1. Siight infection, few roots, no tupers,
2. "
3. No infection.
4. Deep i1nfection, no tucers, ==e=-evecececcecce-ec-- good growth,
5.Sprout 6n1y 1 1nch in height, stunted.
6. Deep i1mtection, no tubers.
7. No inmtection, growtn of plant very siow,

8. Top wilted, suspected infection, no tubers.-- ro growtn,
L]

9. Top dead, very slignt infection. e--==-e----« guspected.
10. . deep infection, "
11. [ ] L ’ [ ]

12, No infection,

13. Suspected infeciion, no tuierg =====--eec-e-- no growtn,
14, No 1ntection,

15. Stunted esprout, oniy 2 incnes hign.

16. nNo 1ntection,

17. ro » no tubers.

18, Deep infection of stem and roots, no tuvers,

19. 8light infection in tne tubers.

20. %0 1nfection in stem or tubers, stunted rrowth.

21, "

22. Deep infection i1in stem, siight in tubes,=-=-=- 8light growth,

23, Very sitight browning in stem, =suspected.--- no growin,
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COXDITI®Y OF PL-TS,

1.ab, culture,
24, Top dead, no tubers, deep infection in stem.
25, Stunted, sprout oniy 2 inches, no roots.
26, Entire plant dead and rotted, no diagnosis.
27. .
28. No infection.
29. "

30.‘ Deep intection.

31. No "
32. Deep »
33. Lo "
34, Deep "

3%. Wey rot.

DISCUSSION OF RESU:.TS,

Tubers not treated or cut show infection in
all cases,one of these being so badly infected that tne
eprouting was retarded so mucn tnat only a growth a few 1gchee
long was made, (Plate 8) the seed prece remaining sound but
no roots belné 1ormed, Tne same tube¢ 8 snow that tne stem
end of such 1ntected tubers produces a deep infection while
the plant from the butt end ie heal tny.

Wnen the stem end was removed and the tubers
treated witn ngClo we find that the infection was selight in
3 out of § cases, and when treated in the sume way with

f.omaldenyde oniy one infection w-s found, snowing tne better
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fungicidal effect of tormaldehyde, while the cutting of tne
stem ende comrols the discuse greatly.

inese experiments while not conducted on a
large enough scale to give conclusive data on control under - .
1ield conditions, are indicative of certain resulte, and
rarellel exrveriment: will be run in the field tnis summer.

Where HgCl, and formaldehyde were used without
cutting off tne stem end we find that practically 211 the
plants, 7out of 9 show irfection, which clearly shows as may
be expected thatfurngicices applied to the outside of ithe tuber

cannot materially injure the fungus growtnh on the inside.

To recapitulate:-
It is seen that tie cutting oft ot the irfected ende of the
tubers is the greatest ueans of controling the dise:se,
eepecially if a tormzldenyde din is used.

The stem end of tne infected tuber is the
cnief tactor in producing the discase unleas the infeciion
is very deep.

in a tew cases sprouting was restarded to sucnhn
and extent that no topes resulted. This conrdition ir tne field
would greatly injure the crop causing an uneve: stand and a
poor yield, & condition wahich has cften been noted by tne

writer in Lienigan,



s
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{ESTS WITH C:HEMITALS.

It was thougnt that by adding chemicals to the
soil as fertilizers the disease might be controlled in tne
e0il, so0 attempts were made to test this out in the laboratory,

.his was done by growing the fungus on potato
stems,sterilized, to which tne cnemicale to be tested were
added.

rotato steme weighing 2.5 gr.were put in test
tubes with 3.5 cc. of distilled water, to two tubes each were
added .1 gr. of the chemiral to be tesied thus making the

chemical added 1.6 7 of the total substance in each case.

3 daye ‘ 1 week.
1. Potassium cnloride,~-- abundant abundant
2. " suifate =-- vary slight "
3. Flowers of sulfur -- abundant "
4. CneCk - " ]

10 .appreciable differences in the different
growtins were observea, showing tnat the fungue 1s capaole of
growing abundancly in the presence of these chemicals in much
larger amounte than would ordinari.y be found under field
conditions, and therefore it may be concludea that the use
of these chemicals are uselesg in controiling this dis-.ase

in the soil,
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EFFECT OF FUNGICIDES.

The experimente conducted in the greénhouse
inaicated that the disinfe«tantes used in tireating the seed
are capable of controlling the disease to a slight extent if
brought in direct contact with the organism,i.e. by treating
the cut endes of infected tubers. inis work was carried on
in the lavboratory to deterrine jJust wnat effect the disinfec-
tante used nave on tne organism.

An abundant cuiiure of both mycelium anu spores
was obtained by rrowing in a tlask of Krnudson's Fuli nutrient
media #27. Several of the large coironies tormed were then
transferea to tubees of HgCl, 1-1000 sol. and to tgoes of
formaldenyde, 1pt. to 30 gal. water. They were allowed to
remain in these twwvees for 14 houre and tnén the coulunies

were tranafered to tubes 0f nutrient agar snd plates poured.

RESUT.TS.

1. HgClo-- 2 tuves =e-e=--- no growtnn a2t end of w- ek,
2; rornaldenyde-=-- 2 tubec-- "

3. tueck, no ireatmente----- good growti.

Whiie it is i1mpossibie for the disinfectants to
be of armny use in controlling the discase whern a simple dip is
used, owing to the fact that tne tungue is in tne vascular
system of the tuvber, there is no douuvt that a dip used after

the infected ends of the tuber nave veen cut away, will



112

necessarily penetrate a small distance into the vas-cular
system and kill tne fungue vresent, which may nave been
overlooked by ihe grower who is not familiar with the disease
and might rossibly fail to cut deep enough.

inere is also the vossibility tnat if the
disirfectant penetrated the vascuiar system enougu to xilil
the fungus it would also penetrate_deep enougnh to prevent
germination, but the usual time aliowed for dipping has been
used in mary localities afﬁer cutting the seed stock without
great danger, although it is rather a risky practice witnout

further experi:entai data,
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SUMMARY OF CONTROL MEASURES.

After = study o1 the disease in the field
and tne preceeding experiments conducted during tne winter,
tne fgLLow;ng recomendations are made for tne control of tne
disease.in tnis state,

Tne tirst most tundamental and iwportant control
metnod to be recomnended 18 the ex:iusion of tne causal factor.
To accomplisn this the grower must pecome f:uumiiriar with the
symptoms 01 the disease 1n tne field. Tne plants snowing
wilt 1n tne fiei1d snould ve staked out and harvested seperate
from the rest of the crop. Again atv digging time rumerous
tubers snould oe examined to determine the rossibiyity of
the organism being present in the tubers that nad not snowed
any signs ot the wilt on the tops in the field. ln this way
tne percentage of inf-ction 1n the cro» can be ovbatained
and the course to be followed in the next years planting
can be Laid out.

If possible enougn ne=ltny plants snould bpe
selecred 1 rom tne 1nie~ied tield to atart a small seed plot
Lhe next year on land that is free from .nfection, prererably
land tnat nas never been plantea t0 potatoee, The intected
seed shoultd not be sold or used for seea purpuses, out the
infection unless very serious does not materialily injur: tne
tubers for market nurnoses and they can be uisposed oI in

this way. From the seed plot the next year there should be




114.

a large enough yield of healthy tubers to plaﬁt the next
years crop. In tnis way vwotatioes not only free from the
Fu-arium wilt but also from the othsr notato dieeases may
be obtained as well as a metnod of hill «election which
ehould be used to keep un the standara of cuality and to
inerezsc the yield. By using this metnod tne grower 18 enabled
to produce nis own seed and raise the stanaard of his quality.
ihis is greatly to be recommended over the practiwve of
sciling tne entire intected crop and buying new seed from
some unknown source, The amount of Fusarium wilt found in
tnie state, and in the entire countru in tact is 80 great that
in mo=t cases it 1s men sater to select your own seed than
to risk byying it trom otners.
The organism nas been nroved to live over

in the 80il tor a numper of years and thereiore a longer
rotation than tnree years snould be used. Badly infected
1ietas =nould not pe planted acain to notatoes for 6 years
and a longer veriod is bctter., Cultivated crops will naturally
help in snreaaing the tungus tnrough the soil and should not
be used on infected fields. |

] From the few small expes.ments conducted with
chemicalfertilizers 1in the laboratory and from the large
amount of work done along this 1ine by Smith and Swingle L.c.
it appears that the use of adding cnemical fertilizers to

the 80il1 to help control thne suread of the fungusis useless

-
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and no evidence as yet has been presented to show that it

controls the discase in any degree,

TREATLE!T OF INFZIC.ED S-ZED.

If it is necessary to plant seed that snows
a slight infection tine folLlowing metnods are to be recommerded.
All tubers snould be examlned‘by cutting across the stem end
and acertaining tne dcpth -of the infection, This intected
piece snouid be cut awag as tar as the brown discoioration
appears and the tuber then treated with a formaidehyde dip,
1 pint of 40% tormaldehyde to 30 galions of water, for 1%

nhvurs alioved to dry and tnen planted.

Tnere 1s a slignht danger of injuring the seed
germination by treating witn disinfectants after cutting,
and although it is used 1n many 1L0calitlies without any visable
inggury to the stard it is a mev::od that is not safe to advise
witnout turtner experimental data.

If the 1nfection is slight and tne cut made
deep enough to remove all tne prown discoloration, it 1is
better to use the dip vefore cutting, then tne seed may be
dried out and tne deptn of inf ection eagiLy ovserved at tae
time of cutting the seed. Tne cnief objection to tnis metiiod
is the great loss ot treating a large m berof potpées and
then having them tnrown out.

The safest plan in thne controir ot tnis disease

is the use of sound seed on glean =s0il.
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LEDIA FCRMULAE

#1. Nutrient agar.

Diesolve 3 gm. extract of beef in 500 cec. watef, add 10 gm.
peptone, add to 500 cc. water in wnich has been dissolved
15 gm. agar, Steam 30 min., cool to 60°, add- egg albumen,
boirl 10 min., over free flame, filter, tube, autoclave.

#2. Stezmed potato stems.

Potato steme wasned tuorougnly and
rlaced in test tuves with emairl amount of distiiled water,
neated 3 succes-1ive d-ys for 10 min. at 100° C.

#3. Stesmed potato plugs.

Large smooth tubere ih: roug:ly wawned
and pared thnick, cut i1nto plugs 2 1inches 10ng witn knite,
trim to Long s'ant, wach over night in running water,wasu 1n
distiiled water, and rlace 1n tuoces witn s mall amount of
distilled water, Heated 3 succecsive d-ye at 100°C., tor 10 min,

#4, Boiled corn meal

1 incn corn ueat in tuve, add 10 cc.
water, soak over rigant, autoclave 15 win, at 15 1lb.

# 5. Steamed bean stems.

Same as #2.

#6., Boiled wuite beans,

Fill tuve § 1irch, coarcely cracked whnite
navy beans, add 10 cc. water, soak weil, autociave 15¢ for 1Y mi

#7. Steamed lupine sproutse.

Lupi:e sprouts wasned tnorougnly, placed

in tube with distilled water, steam 3 days at 1G0° @,
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#8.

Boiled lupines

Same as # 6.

# 9. Boiled prunes.

Cut orunes in nalf, add water, autociave

for 15 min. at 15 1b.

# 10. Pear s&gar.
500 cc. vear twig decoction, 500 cc. water
in waica was disolved 10 gm. a-ar znd 10 g«. nevtore, steam

for 1 nour, fiiter, tube, sutociave, afi.er adding e;g aburen,

#11.Prune a.ar.
120 gm. prune juice, 1000 cc. distiiled
water, 12 gm. agzr flour, 10 gm. egg albumen, Steam, fi:ter,

tube and =zutoclave.,

# 12, Oat agar.

5C gm. ground oats, 350 ce, dietilled waler.
eteam in cooker, strin tnrough cne es ciloth, 10 gm. agar
neated witn 150 cc. water. iix tnoroug 1y and uvoil in steanmer,

tilter, tube and autoclsve, 15 uin,

# 13. Carrot plugs.

Same as # 3.

#14. Lettuce agar,
1% ¢m. arar f our, 1000 ce. water, 10 gm

pertone, : 1lb. cncored letiu~e, 1lC gmn. e: g albumen,

—_—r
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# 15. Siezmed p-re~1ivpe,
: . Same as # 3.

# 16, Boiled rice.
25 gm clean rice, aad 10 cc. water,

autociave, 15 min. at 15 1lb.

# 17. Sweet potato plugs.
Same as # 3.

# 20. rotato agar,
rotatoes wasued, pared tnick, cut 1n thin

slices, 300 gm. protato, 500 cc., water, Cook 1n =teazmer 10r 1+ hr.
Straip, dissove 15 g ag.r in 500 cc. waterp, mix with infucion

aad 20 gm. giucose, autoctave 45 min, f.iter, tuoe, zutoclave,

# 28, Soii extract. agar,
So1L exirsct 1000 c~. 15 gum. agar, Ko,HPO4

tube, autoclave,

#26 Syrtnetie medium.
1200 ce. w-ter, K&gSO4 .4932 gm.-- KHoPO4 1.362 gm.

N32003 1.061-- Maltase ,7204-- Aeparagin .2644,

# 27 Kmudson'a Full Nutrient.
1000 r~r, waier , 1 gr.HNO3--.5 gr. KHoPO4

.25 gr. MgS0y-- .002 gr.FepCly--5 gr. cane =sugar.

# 34, Cucumber agar.
Grind cucumpers in cnopper, ressout ju.ice,

T11ter througn cnesseclotn, to tnis add 10 gr,., agar disolvea
in 600 cc. water. Add egg a'tumen, steam for hour, 11lter,

tube and autorlave,
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EXPL,LANATIONS OF PLATES.

PTATE 1, Fig. 1. Showing the difterent methods o0t sentation
in macros—~ores from 1 to 5 septace, and the cnaracteristic
torma to2und in 2 weeks 0ld culture on potato stem.

Fig. 2. Average tor.s tourd of miecroconidia,

PLATE 2., Showing different metnods ot germination ot tiie
marcroconidia from tune aame'culcure.

T1g. 1 and 5 , 8 nour old showing metnod of starting
germ tubes,

Fig, 2,3 and 4 , a1l 24 houre o0ld.

PLATE 3. Fig. 1. etnod of miecroconidia germinatior.
Fig. 2. Abnor:a: forize of macrocomdia ocvtained trom

an otd <ulture.

PILATE 4, Shows the growtn o1 the same conidia turougn the
various stages ot growth to tne =pore 1o0ormatiun, snhown on
PLATE 5.
PLATE 6. Fig. 1 Terminal chiamydospore.
Fig. 2 terminal and inter~ralaied in same nyvpuae,
Fig. 3. Intercalated in comdia.

Fig. 4. Chlamydosnor-s gerulirati .
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EXPLANATION OF 'T.ATES 7-10

PLATE 7. Fig. 1. Culture 1 week 0ld, =nowing pionnot=ae
form on rnutrient agar.
Fig., 2. Plate poured in nutiient agar at 56 °¢c

when te=ting for tnermal death point.

PLATE 8. Fig. 1. Badly inferted tubers, 3 months after
planting, in the greenhou-e,
Fig. 2. Tucers snowing tne orown discoioration

of the vascular system in tne stem end.

PLATE 9. Showing cultures in teet tubes,
Fig.1. On nutrient agar.
Fig2. " Dboiled rice.

Fig. 3. " potato =tem.

PLATE. 9. Tissue culiure maae from tuvcers of pia ts
inoculated in the greenhouse witn myceliup introduced in the

etem ,









PLATE 8 Fig. 1.




PLATE 9
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PLATE 10.
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