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STUDIES ON THE PHYSIOLOGY OF
- FPusarium lini

BY

- YOSHIHIKO TOCHINAI-, , = . - . v
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Introduetmn

‘There are three species of fungus as the causal fung1 of the ﬁax-wﬂt
disease, Asterocystis mdzczs De wild, Fumrmm lzm Bolley and Colleclotrz-
cum linicolum Pethybndge et Lafferty. The most general and destructlve

wilt dlsease 1s caused by Fusarzum lzm Bolley . i

The flax-wilt dlsease caused by Fusarzum has become an 1mportant
problem in Japan and Amerlca In Europe, crop rotatlon has been practlsed
habitually for flax cultivation for centuries, and as a consequence the flax-
wilt disease did not present §6 virulent a form as to attract the attention of
farmers and phytopathologists. But in Japan and America, where farmers,
without knowing the real cause of the crop rotation adopted by European
cultivators as the result of bitter experiences from ancient times on the ra-
vages of this dreadful disease; cultivated it -at ‘first without paying any atten-
tion. to the necessity - of rotation of crops. - Consequently; the wilt disease
appeared in most sévere forth and even ‘annihilated “oﬂ*en in 'many places the
whole crop of the flax field. - : ‘ BN

- In. Japan the.disease was first. noticed at ‘the: énd. of the mineteerith
century.  Prof: Dr: K. Miyabe discovered-in 1892, that:a speties of Fusarium
is concerned in the wilt. diséase of flax.” The hext:yeat Dr.-N. Hiratsuka
investigated this disease in our phytopathological institute under the direc-
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tion of Prof. Miyabe and affirmed that the flax-wilt disease is caused by
Fusarium, and to control the disease a long interval of rotation of crops is
absolutely necessary. Before thxs, in America, Prof’ o Luggar carried out
a valuable investigation of this" dlsease, but he did not succeed in finding out
its causal organism. In 1901, Prof: H. L. Bolley discovered quite inde-
pendently without knowing the result of the researches by Dr. Miyabe and
Dr. Hiratsuka, the causal fungus of the flax-wilt disease, and named it
Fusarium ling,

In recent years the disease of plants caused by the spec1es of Fusarium
have assumed great importance from an economic as well as from a scientific
standpoint. A large amount of work has been done on the taxonomy and
prophylaxy of these fungi and on the diseases they produce, but there have
been comparatively few studies in regard to the relations of physiological
characters of these fungi. About the physiology of Fusarium lzm W H.
Tisdale has reported on a temperature study.

I have carried out an investigation on some physiological characters of
this fungs for the further investigation of the wilt disease of flax.

The writer wishes to expfeqq here his sincere thanks td :Prbf Dr. K.
Mxyabe for his kind direction, and he is also indebted to ]:’rof Dr. S. Tto
and Dr. T. Hemmi for the many valuable suggestions. |

L General Cultures
L Apricot-juiée agar

Steep 200 grams of seedless dried. apricot in 500 cc. of distilled water

for 24 hours and filter through filter paper.. Melt 30 grams of agar in 500

cc. of distilled water in boiiing water bath and precipitate the impuritics

~ with white of egg and strain through cotton. Mix these two solutions. Fill

10 cc. of the fluid in to each test tube. ~Sterilize them in Koch’s steam

sterilizer for 20 minutes twice with one day’s interval. Then incline them
and let them set as agar slants.
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This medium has acid reaction and is cream yellow‘ colour. - The medium
-was inoculated with the conidia or a bit of the myccliur'n,xand was incubated
at 25°C.

The growth of the mycelium ‘is good, But'riot rapid.  The :;erial myce-
lium grows vigorously: after few days’ with’ white Cottony appearance.

‘ The conidia aré formed. abundantly, and the mictoconidia are more

numerous than macroconidia. In old cultyres many chlamidospores appear.

The colour of the medium changes to reddish brown.

It is one of the .suitable cultural media for- the fungus.'

2. Flax decoction hard agar"

Young flax plants 50 grams
Agar . L 4.5 grams
Distilled water 300 cc.

Cook the stems and leaves of flax plants for an hour in a water bath,
and straining through filter paper add agar and melt Then strain through
cotton and pour into test tubes. Sterilize tHem in the Kochs steam sterilizer
for an hour. The colour of the medxum is pale ochre green

Inoculate with a bit of the‘mycel_lum or cenidia, and incubate at 25°C.

Development of the mycelium. is, fair, and aerial mycelium is present.
Macro- and microconidia are produced equally. Chlamydospores are formed
- ‘very abundantly. Thg colour of the medium rgmains unchanged.

‘3. Cooked flax stems

Take flax. seedlings, about 3 inches in height, in the test tubes, and
heated them at 100°C. with - moisture. for an hour Inoculate them and in-
cubate at 25°C, ‘ ,

Aerial hyphae develop moderately in a cob—web like manner. Produc-
tion of conidia is very good: On this medium the typical macrotype conidia
are produced much more than the micfotype conidia. Later chlamydorspores.
are produced, buried in the tissues. - : Cw

On the living flax stems this fungus produces sporodochia scattered, but
on these cooked stems the development of the mycelium is very rapid, im-
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mediately covering all over the surface of the stems and producing the spores
on’ every part in diffuse manner and not in spore clumps. <.

4. Potato cylinder

It .was prepared as in the method of ‘bacterial culture. Inoculate with
" a bit of the mycelium or conidia, and incubate at 25°C.

The mycelium develops well, ‘and - the aena.l mycelium .appears thick
and cottony. .

The spore formation is very good. Macroconidia ‘and microconidia are
~produced almost in equal quantity. Chlamydospores are comparatively rare.

The colour of the medium is at first white, but changes later to ochre

yellow.

5. Corn mea.l agar

This medium was prepared as the Cook’s formula

The mycelium creeps in the substratum, and the aerral mycehum grows
onrly m a cob-web like manner
' Comdlal formation i is poor, and chIamydospores are produced abundantly.

- The colour of the medlum remains unchanged

6 Bean aga.r

Boil 200 cc. of ordinary soup bean in 500 cc. of dlstrlled water for half'
an hour until they become plump, and strain through cloth. -~ Melt 15 grams
of agar in 500cc. of distilled water. Mix these two solutions, and strain

_ through cotton. Place the mixture in test tubes, 10 cc. each, and sterilize
for two hours in Koch’s steam sterilizer twice with -one day’s interval.

Inoculate with-a bit of mycelium -or éonidia, and incubate at 25°C.

The mycelium rlevelbps fast and vigorously, the white aerial mycelium
covering all over the meditm in 3 to 4 days after inoculation. =’

" Conidial formation is good, and macroConidia - are prodiced much more
-‘tha'n microconidia. Chlamydospores are produced moderately.

The colour of the medium remains unchanged but a- putrnd smell is
generated Gk S RO '

“This is orie of the good media far this fuagus. - <S¢
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7. Potato dec{)ction hard agar

Boil 500 gfams of péeled potatoes in 1000 cc. of distilled water for,an
hour in a water bath,'. and strain through filter paper. Add 100 grams of
cane sugar and 20 grams of agar to 1000 cc. of this-filtrate, melt the agar
with boiling and strain through cotton. Distribute this medium in test tubeé,
about 10 cc. each, and sterilize in Koch’s steam sterilizer for two hours twice
with one day’s interval. .

Inoculate with a bit of mycelium or conidia, and incubate at 25°C.
Colour of the medium is white and semitraﬁsparent. .

White cottony aerial myceiium grows thickly, covering all over the
surface of the medium. Afterward the mycelium present a light pink colour,
especially when the culture is exposed to light.

Conidia are produced abundantly, and microconidia are-more numerous
than macroconidia. Chlamydospores are produced poorly.

Colour of the medium remains uuchanged. » o

This medium is suitable for the growth of. the " mycelium and also for
the conidial formation of this fungus.

8. Soil decoction

Steep 1 kilogram of soil in 2000 cc. of distilled . water fof 24 hours,
then boil it for an hour and filter. Thus may be obtained 300 cc. of trans-
parént soil decoction. Take 50 cC. o'f‘ this decoction in each Erlenmeyer’s
flask having 200 cc. capacity.l Sterilize them in Koch’s steam sterilizer for
two hours twice with one day’s interval. The colour of the fluid is light
yellow. Inoculate with a bit of mycelium or conidia, and incubate at 25°C.

Mycelium 'develops poorly, and produces no aerial mycelium.

Formation of conidia.is also poor, but éhlamydosporés are produced
abundantly. The colour of the medium remains’ unchanged.

The medium of the following formula is generally ‘suitable for the cul-.

ture of the soil organism.
Soil decoction /. 1000 cc.
Cane sugar 20 grams.
Potassium biphosphate -~ .+ © Q.5 grams.
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- This solution has weak acid reaction. Development of the mycelium is
good. The aenal mycelium is produced v1gorous]y on the surface of the
solution.

Formation of the comdla is poor, the chlamydospores are produced also
poorly o
' On the hard agar medxum of these two solutions the fungus develops

in a similar manner as in the solution.

9. Mlyoshls soy agar:
The formula of this cultural mednum as produced by Prof M Mlyoshl

is as follows :— '

]apanese soy ‘ v ‘ 20 cc.

Cane sugar : ' " 5 grams. A
Boiled onion juice ' o 25 cc.

Agar ' 1.5 grams.
Distilled water o " 50 cc.

Distribute this medium in test tubes, and stenhze them in Koch’s steam
sterilizer for an hour and let them set. Inoculate them with a bit of myce-
lium or conidia, and incubate at 25°C. Colour of the medium is reddish
black and semltransparent

Aerial and creeping mycelium grows vxdorously, covering all over the -
surface of the medium in a short t1me ' )

“The formation of conidia is falr, the macro- and microconidia are pro-
duced equally. Chlamydospores are very rarely formed. Colour of the

medium remains unchanged.
- 10. Synthetic solution

I have used a nutritive solution. of the following formula :—

Ammonium nitrate (NH,NO;) ©  10.0 grams
Potassiym biphosphate (KH,PO,). 5.0
Magnesium sulphate (MgSO,) 25 -
Cane sugar (CgH,,0q) : 50.0.

. Iron chloride (Fe,Clg) ©a trace

Distilled water (H,O) . . 10000 6C.
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- This solution is colourless and transparent, and -has.an acid reactibn.

- Take 50 cc. of this solution in' .each Erlenmeyef’s flask which has 200
cc. capacity. Sterilize the flasks for half an. hour in Koch’s steam sterilizer
twice. When sterilization is too long, this solution change its colour to yel-
low. Inoculate with a bit of the mycelium or conidia, and incubate at 25°C.

The cottony aerial mycelium grows vigorously, covering all over the
surface of the solution. Afterwards the mycelium presents a- light plnk
colour, especially when exposed to light.

- Conidial formatlon is very poor, and chlamydospores are produced moder-
. ately in the old cultures. g o

Colour of the medium changes to yellow gradually.

Lack of iron salt is almost indifferent to the.growth of the fungus.

This is a good medium for this. fungus, especially suited for the hyphal
growth.

~ 1. General cultural characters

From the results of these cultural studies vw.it'h the ten kinds of cultural
medium, the following conclusion may be drawn. ’ ' ’

In saprophytic condition: Fusarium lin€ seems to be. bm'nivoroué, and on
the several kinds of cultural media it develops vigorously and produces
conidia.

“The mycelium has ordinarily aerial habit, and white cottony appearance.
On the corn-meal agar medium it develops, however, creeping mycelium.
On a diseased flax stem, we find mostly macroconidia, but on the artificial
cultural medium the mic‘roconidia are geﬁera]ly rather more . numerous than
‘macroconidia. The conidia in artificial cultural media are not formed on
sporodochia as on the flax stem in natural condition, but they are produced
on loose hyphae. Therefore, we could not recognize a pink colour of. the
spore masses on any artificial cultures, but on a certain kind of cultura.l .
_medium, for example, on the synthetic solution, the mycelium present a lnght
pink colour, especnally when the cultures are exposed to light. This colour,
however, is' not caused by the spote clumps, but. by some pxgment formed
in the mycelial cells. = Gl ‘
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In old tultures, the fungus produces brown coloured chlamydospores.
Sometimes in some mycelial cells the wall thickens and turns brown by
the deposition of a brown pigment. They are known as “ Dauelmycel.”

I have never found higher fruiting bodies of this fungus on my cultural
media, but the results of the further experiments tell us that the fungus has
very strong resistance to the unfavorable outer conditions, especially the
chlamydospores ‘may be said to be almost absolutely insensitive to any
,irhaginable natural bad conditions. In an unfavourable condition, the myce-
lium forms chlamydospores or *“ Dauelmycel,” the cell of the conidium itself
changes to a chlamydospore, or the conidia by germination immediately
produce chlamydospores or “ Dauelmycel.” '

For such strong adaptability and resistance to several food conditions
and unfavorable influences, the lack of higher fruiting bodies is no disad-
vantage to the life of the fungus in nature, and it causes an obstinate soil

disease.

II. Tannin Culture

The effects of tannic acid on fangi have attracted.the attention of many
authors and considerable work on this problem has been done. Tannin has
been supposed to be a byproduct of the metabolism of plants, and it serves
more or less as a protective agent against the attacks of organisms.

Pfeffer (1897) says that tannins are undoubtedly produced for definite
purposes, and are not'a mere byproduct produced under all circumstances.
Cook (1911) also says that tannin serves no doubt as a protective agent.
Clinton (1913), who studied ZEndothia parasitica and Endothia gyrosa,
noticed that these two fungi can use tannic acid, at least in dilute solutions,
as food. T. Hemmi (1915), who made studies on Valsa japonica, says in
his summary that the fungus grox;vs more luxuriantly on ‘cultures containing
a low percentages of tannic ac1d than' without it, but hxbh percentages of
tanmc acid inhibit its growth entirely.

It seems to me somewhat unlikely that the tannin production of plants
has any ecologicel meaning. ‘It would seem much more natural and rational

to think that tannin is produced in the bodies of plants merely. as a bypro-
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duct of metabolism or is produced by the irritation of parasitic organisms
without any ecological meaning. We must consider about the physiology of

tannin formation instead of trying to imagine its ecological meaning.

EXPERIMENT 1.
The effects of tannic acid on the hyphal growth of the fungus.

For standard medium I have used a solution having the following formula.

Ammonium nitrate NH,NO, . 100 g.
. Potassium biphosphate KH,PO, 5.0 g
Magnesium sulphate (cryst.) MgSO, 2.5 g.
Cane sugar C,H,,0, 500 g.
Distilled water H,O - 1000.0 ccC.

Portions of the stan_dard nutrient solution, 50 cc. each, were placed in
a number of Erlenmeyer’s flasks. To these tannic acid ‘.was added in. vary.-
ing percentages, three flasks of ~each different peréent_age being prepared.
"They were sterilized in chh’s steam sterilizer for' half an hour twice with a
~ day interval, and inoculated with a bit of myceiium‘ or conidia. If the spores -
could easily be separated from the mycelium, the result would: be more
accurate, but as it was very difficult to do, I have followed a simple method
of inoculating it with a mixture of the mycelium and conidia. Then incu-
- bated them at 25°C,, and after ten days compared their growth. ‘

(a) At first the cultures which contained tannin lower than 0.49% were
observed. To compare the degree of their growth I have adopted a method
of weighing their mycelium after ten days from inoculation. For this purpose
I put the filter papers in a desiccator and dryed them absolutely, and then
weighed every one of them. Through these filter paper the cultures were

filtered, and after. three or four times washing with distilled Wate}' the mycelium
~ retained in the filter paper as a packet. Evaporate the moisture of the
“packets in a boiling hot water desiccator, and then kept them in a calcium
chloride desiccator for some days, and weighed them. By subtracting the
weights of the filter papers from the obtained weights of the -packages, the
weight of the mycelium developed in each culture was found. But in this‘
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method, there may be so many sources of inaccuracy as to make one. accept

the results: of the experiment simply as relative and not as absolute.

Serial
number

I.

10.

© ® N O ke b

94 of .

tannin
0.00
0.01
0.05
0.10

0.15

0.20
0.25
0.30
0.35
0.40

Average weight
of mycelium -

0.787
0.521
0.512 -
0.517
0.519
0.504 »

© 0.32%

0.300
0.240
0.222

Aprearance

very good
very good
very good
good
good
good
moderate
moderate
fair

fair

" There occured occasionally abnormally good or poor development of the

fungus in some cultures.

I have omitted such cultures.

(b) In. the second series, the cultures which contained tannin higher

than 0.459 were observed. The greater part of the cultures did not

develop so well as to enable me to weigh the mycelium. I have, therefore,

classified thém by the appearance of the cultures.

. Serial No.

II
12

13

14
15
16

17

18

19 -

20
21

22

tannin

0.45

'0.50

0.5%
0.60
0.65
0.70
0.80
0.90

- 1.00

Percentage of

‘ Development of

mycelium
fair
a little
slight

trace
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In the cultures No. 11, and No. 12, the growth of thin aerial mycelium
took place on the surface of the cultural medium. In No. 13 and No. 14
only a little aerial mycelium was seen. In No. 19 there was no aerial myce-
lium, and the fungus appeared as a small brown mass in the bott\c)m of the
solution. This brown colour was caused 4b)‘r the chlamydospores and
“ Dauermycel ” which have brown thick wall and granulated cell contents.

In No. 20 to No. 22, there was hardly a trace of mycelial development.
The mycelium of the fungus appeared as only a very small brown mass,
which may probably be a little larger than when it was inoculated. After
three weeks, such a brown mass was taken out of the tannin solution, and
~having been washed with sterilized distilled water “several times, put in a
nutrient lsolut.ion and incubated, then immediately it began to grow and
produced aerial mycelium vigorously, covering all over the surface of the

nutritive medium.

EXPERIMENT 2.

The effects of tannic acid on the germination of the conidia.

s

In this experiment I have used the same cultural medlum as in the
preceding experiment, and adopted the drop culture with the Van Tieghem’s
cells.

Caver glasses were washed very carefully with acetic acid and caustic
soda and at last with redistilled water. ' ‘

The spores were obtained from a bean agar medxum which had grovvn
for two weeks in an incubator at 25°C '

The number of cultures was seven which contamed different percentages
of tannin. Every number was duplicated. They were inoculated with the
conidia and incubated at 25°C.

The results were as in the following table.

Serial number 9§ of-tannin Germination of conidia
24h. ’ 48h. y2h.
I - 03% o+t R T
2 06 SR CH+E 4+

3. - o7 T
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4 0.8 . N
NS T 09 + 0+ S
6 10 . - s e
7 1.3 - oy +

In the culture No. 1, after 24 hours many of the inoculated spores.
swelled and enlarged. The contents of these spores became homogeneoue
and nearly transparent. But only a small number of the spores. germinated. .
Some.of them shrank and their contents became granuldr, and died. There
were spores in which some cells shrank while the other cells swelled or
germinated.

- After48 hours many of them germmated Germ-tubes had grown to
the length of fo to 150 microns, and some of them branched.

After 72 hours, the mycelium had developed to such an extent that it
could be seen macroscopically. At this time the vigorously branched mycelia
-produced the microtype conidia at the end of the side branches. Chlamy- ’
dospores were produced in large numbers. The shrunken spores remained
:as before without swelling. \ T

In cultures No. 2 to No. 5, after 24 hours I found very few germinated
spores. The swelled spores were less in number and the shrunken spores
were more, the proportion betv;reen ‘them’ varying in 'accordance with the
increase in the percentage of tannin.

© After 48 hours, a small number of the comdxa germmated and in the
cultures No. 5 germinated spores were still more rare. -

After 72 hours, some of the well developed mycelium had branched and
produced a very few microconidia which are transformed directly into
, chla"mydospores, the cell-wall of the conidia becoming thick and Brown in

colour.

In cultures Nos. 6 and 7, after 24 hours none of the spores had gerrm—
nated. Only 1/3 of the inoculated’ spores swelled more or less, there being
almost no spores in whlch all of the cells composing them swelled. ‘

After 48 hours a very small number of the §pores germinated.

After 72 hours there was observed neither branched mycelium niér conidial

formation. Chlamydospores were fairly produced. . Almost all of the germi-
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nated spores immediately formed chlamydospores.'

If such a shrunken spore was sown in a nutrient solution, it did not
germinate at all. . ' -

From the results of these tannic acid cultures, the following conclusions
may be drawn: .

1. This fungus can not.assimilate tannin even to a slight degree as
food material, and its hyphal growth is retarded proportionately according ‘
to the degree of the concentration of tannin. » : | .

2. .When the concentration of tannin becomes more than 19, the
hyphal growth of the fungus is almost prevented.

3. In tannin solutiQné‘. of over 19§ concentration the germination of the
“conidia is retarded heavily and many of the spores are killed.

4. But even 3% concentration of tannin is not fatal to this fungus.
The conidia can' still germinate and produce chlamydospores. Moreover the
fungus which was kept in this solution for three weeks, ﬂha's_l maintained its
vitality. ' ’ . - .

5. Tannin retards the growth of the fungus and thereby causes the

formation of the resting spores.

III1. Citﬁc- acid culture

After the experiments with tannic acid cultures, I undertook to investigate,
whether or not tannic acid has special effect in preventing the attack of the
fungus, compared with other acids which are generally found in the 151an_t—
body. - T have used citric acid for tfle\comparisoﬁ, .as it ‘is ordinarily used
for such experiments. For the standard nutrient solution, both the synthetic
‘solution as in the preceding formula, and potato decoction hard agar were

- uéed, in order to show what influences of standard nutritive media may have
‘on the ‘relation between the growth of fungus'and toxicity of chemicals:

- EXPERIMENT . 1I. .

' Cultural media were prepared. as 'in the case of tannic acid cu.ltures'.'

"They ‘were -inoculated ‘and incubated at.25°C. Four cultures were used for

each: percentage. The perceritages and ‘results are shown in following table.
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Serial number . Percentage of ) Growth of the fungus . -
citric acid after 10 days :
I o -+ very good -
2 0.r0 moderate
3 '0.50 B a little
4 1.00 ' slight '
5 1.50 - trace ?
6 2.00 none
7 3.00 »
8 4.00 ’
9 : 5.00 . -

In the control culture, No. 1, aerial mycelium grew vigorously, covering
:thick all over the surface of the nutritive solution.

In No. 2 aerial mycelium grew far more poorly than No. 1, covering
thinly and deficiently over the surface of the nutritive solution.

In No. 3 the fungus appeared as brown masses submerged in the solution,
and aerial mycelium scarcely grew from these masses on the surface of the
nutritive solution. ‘

In No. 4 and No. 5 the fungus was recognized only as small brown
masses sinking to the bottom of the solution, and there appeared on aerial
mycelium over the surface of the solution. |

In the cultures containing higher percentages of citric acid, above 29, °
I could not find the hyphal growth of the fungus macroscopically. |

The conidia were produced very sparsely in all of three cultures.
Chlamydospores were produced richly in almost all cases except No. I.

In the cultures of No. 3 the greater part of the inoculated conidia shrank
and did not germinate. When a conidium germinated, the hypha did not
grow long, but its cell contents became granular, and the wall of the cells
thickened, coloured brown, thu§ changed into “ Dauermycel” or chlamy-
dospore. The brown colour of the mass is due to the chlamydospores and
“ Dauermycel.” Such a chlamydospore-formation was demonstrated even
in the cultures of No. 9 microscopically.

If such a brown mass of the fungus-hyphae be taken out and washed
well, and then brought into a new culture medium, it begins to grow and
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covers all over the surface of the medium with ‘the aerial mycelium.

The fact shows that a comparatively higher concentration of citric acid
does not injute the fungus so severly as to casue its death, at least of its
chlamydospores.

As the synthetic nutritive solution itself has somewhat weak acidity by
the potassium biphosphate (KH,PO,), the addition of citric acid intensifies it
greatly. ‘

In this experiment I have observed, that citric acid retards the growth
of the fungus in nearly the same manner as tannic acid, especially in higher
concentrations. Comparing the tannic acid cultures with the citric acid cultures,
it does not seem that tannin is more toxic than citric acid for the fungus in
this synthetic solution.

Flax is a non-tannin-bearing plant, therefore Fusarium lIni may be
considered to have no adaptation to tannin in its natural condition. Then
it must be sand that for such a fungus tannin 1s no more toxic than citric
acid. I do not think it reasonable to give an ecological meaning to the

 tannin production of plants and to regard tannin especially as a toxic or
preventive substance for parasites generally. But tannin production is merely
a characteristic of a species or genus of plant, ’dnd tannin is no more than

a physiological product by assimilation or metabolism of a plant.

EXPERIMENT 2.

~ In the present experlment I have used potato decoctlon hard agar for
the standard cultural medlum in order to investigate the effect of the change
of a cultural medium contammg different percentages of citric acid upon the

growth of the fungus. . - .

The standard. medlﬁm was prepared in the ordinally method ' ~The

formula of the medlum is as follows

Potato decoction 1000 cc.

< .
Cane sugar » 100-grams
Agar = 20,

The medium was sterilized in a Koch’s steam sterilizer for half an hour

twice with one day’s interval:
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- The cultural media which contained above ©.5% of citric acid did. not

salidify. = The. cultures Mo. 1 to No. 3 were used as slamts in test tubes and

those above No. 4 (0.5% citric acid) were used in liguid form in Erlenmyers
_ flasks. ,

They were inoculated with a bit of the mycelium or conidia which were
produced in a culture grown two weeks in an incubator at 25°C on apricot
agar medium. ’

The results of the cultures after 10 days were as in the following table.

" Serial Percentage of Development of Formation Formation of

number  citric acid. myceliom., | of conidia. chlamydospores.
1 0.00 ~good very good slight

2 0.06 very good very good slight

3. 0.10 very good good slight

4 0.50° very good fair slight

5 1.00 ‘moderate ‘ fair a little

6 1.50 fair a. little a- little

7 2.00 a little slight a little
8 3.00 slight slight - fair

9 5.00 none none . slight
10 apricot agar good good moderate

for control

Twenty-four hours after inoculation, the cultures No. 1 to No. 3. showed
the visible growth" of the mycelium.

Two days after inoculation, in No. 4, No. 5 and No 10 (dprxcot agar)
a visible growth of the mycelium had begun. No. 1 to No. 3 produced
conidia already a little.

After 4 days, No. 6 and 7 began to show a v151ble mycelial growth.
At this time, in No. 1 to No. 4 vigorous growth had taken place, the aerial
mycelium covering all over the surface of the medium. No. 10 was not yet
so good as in No. 1. '

After 5 days, No. 8 began to grow, but in No. 9 the mycelial growth
could not be seen with the naked eyes. No. 1 to No. 5 produced the conidia
richly. In No. 3 and No. 4 the mycelium presented a light pink colour.

This colour was also assumed by many other. cultures afterward.
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. Production of the chlamydospores is generally poor. In the No. g cultures
1:could observe the chlamydbspore-formation microscopically, notwithstanding
the hyphal growth is scarcely detected macroscopically. .

Production of conidia is vigorous in. the cultures of low percentages of
citric acid.
From the results of these experiments I have drawn the following

conclusions :—

i. Small quantities of citric acid existing in the culture media are

favorable for the fungus. Citric acid seems, however, not to serve much for
nutrition, it rriay only d? so for a carbon source, but as there is cane sugar
present in the culture medium, there may not be any necessity for the fungus
to utilize the carbon .of another carbon-source so difficultly assimilable as
citric acid.

2. Citric acid retards the formation of the conidia. In the acid-free
medium the fungus pr-oduces conidia abundantly. With the increase of the

acid percentage conidial formation become gradually less.

3. In the preceding citric acid cultures with the synthetic solution, the

growth of the mycelium was checked even by 1.595 concentration of citric
acid, but in the case of the potato agar medium even by the 39§ concentration
of acid the growth of the fungus was not checked. Acidity of the standard
medium may have caused such a difference. '

4. Chlamydospore-formation was induced by citric acid. In the acid-
free ccultures the chlamydospore-formation was observed rarely after 10 days
from inoculation. In the cultures of higher acid percentage it was somewhat
vigorous  considering the poor growth of the mycelium. When the cultures
became old, chlamydospores were produced more and more even in the

cultures which contain citric acid in low percentage.

IV. Effects of Temperature on the Fungus

Investigation of the relation between temperature and growth of the
fungus or infection is very interesting biologically, and at the same time

* very important economically.

There are many reports of temperature studies on different kinds of fungi.
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On the genus Fusarium a considerable amount of such work has been done.

Fusaria, as a rule, seem to require a high temperature for their most
virulent attack. ' ‘ '

Jones (1908) says that the damping off of coniferous seedings was
facilitated by a high temperature. '

Wollenweber (1913) says that the wilt diseases, caused by Fusarium,
occur most severely in warmer climates.

Wolf (1910) says that the wilt diseases of pansy, caused by Fusarium
Violae, are found only in July, and then only when the beds in which the
plants ‘were growing has been heavily covered with fresh horse manure, both
of which facts suggest a dependence of the fungus on high temperature.

Humphrey (1914) says that Fusarium orthoceras and Fusarium oxys-
porum cause the tomato blight when the temperature is high. “The optimum
temperature of the fungi is about 30°C. ’ ) -

Gilman (1916), who studied the cabbage yellow and the relation of
temperature to its occurrence, observed that a high temperature (as 25°C)
was favorable to the myecelial growth of Fusarium conglutinans, and the
germination. of the conidia occurred within only three hours at 33°C, and
cabbage seedlings were attacked most severly at 28°C. to 30°C., but in low
temperature (as 10° to 12°C.) the conidia could not germinate.

Tisdale (1917), who studied the relation of temperature to the growth
and infecting power of Fusarium lini, reported that for the growth of this
fungus the minimum temperature is 10° to 11°C., the optimum is 26° to
28°C., and the maximum is 35° to 36°C., on the potato agar medium ; and

the critical temperature for the infection of this fungus is 14° to 16°C.

EXPERIMENT 1I.
Effect of temperature on the mycelial growth of the fungus.

I used the synthetic solution of following formula for the cultural medium :

Ammonium nitrate (NH,NO;) 1.00 gram
Potassium biphosphate (KH,PO,) ' 0.50 ,,
Magnesium sulphate crystal (MgSO,)- 0.25 ,,

Cane Sugar (CppHxO,) " 20.00 ,,
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Redistilled Water (H,O) ~ 1000.00 ccC.

Took 50 cc. of the solution in an Erlenmyer’s flask of the capacity of
200 cc. Sterilized, and inoculated with a bit of the mycelium; and conidia.
Intubated them at the various temperatures. After ten days, strained the
mycelium through pieces of filter paper of known weights, in order to compare
the’growth of the fungus for every temperature in-the dry - weight: Cultures
for each temperature were in triplicate. l

The obtained results are following.

I.: At 3° to 5° C. "(in a cold chamber.)

. No growth. -
But. the fungus maintained its vitality, and by incubating them at
25°C., the fungus grew vigorously.
2. At 10° to 12°C. (in ‘an incubator.)
a trace. - . . .

3. At 13°to 1 5°C (in an ’i,ncubat’or.)
A little.
Dry weight of mycelium. . ..0.007 g.

4. At 20°C.- (in an incﬁbator.)

Moderate. - |

5. At 25°C. (m an 1ncubator)

Good. Aerial mycelxum grew v1gorously, covermg all over the surface
of the medium. ‘
Dry weight of the mycehum. ...0. 462 g.

6. At 28°C. (in an mcubator)

Very good. Aerial mycehum grew vxgorously, covering all over
the surface of the medium. _
Dry weight of the mycelxum. ...0. 5 50 g.

7. At 30°C. (in an incubator.)

Very good. Aerial mycehum grew most vigorously, coverm,, thick
~.all over the surface of the medium. :

' Dry weight of tyhe‘ mycelium....0.610 g. .

8. At 34° to 35°C.. (in an incubator.) :

“Fair. Aerial. mycelium grew poorly, scarcely covering over the
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surface of the medium.
Dry weight of the mycelium....0.004 g.
9. At 36° to 37°C. (in an incubator.)
A trace. Myecelium grew very little and did not produce the aerial
mycelium, sinking to the bottom of the cultural solution.
10.. At 40°C. (in an incubator.)
No growth.
The conidia shrank and did not germinate.
From these results it may be said that in this nutrient solution the minimum
temperature for the -growth of the ﬁ;ngus is 10° to 12°C.,, the optimum

temperature about 30°C. and the maximum temperature is about 36°C to 37°C.

EXPERIMENT 2.

The effects of a high temperature on the germination

of the conidia.

I have adopted 50°C. as the high temperature. The test tubes of bean
agar cultures of the fung{ls were placed in an incubator at 50°C. The conidia
were taken out from these test tubes with an hour’s interval, and were sowed
in drops of the nutrient solution, and incubated at 25°C.

The conidia which were incubated at 50°C. for an hour about half
germinated, and the other half shrank and died.

The conidia which were incubated at 50°C. for two hours did not
germinate at all, they all shrank and were killed.

Above three hours no conidium survived.

EXPERIMENT 3.

Resistance of the fungus to low temperature.

I have used ice and NaCl for the cooling agent. The test tubes of the

vigoroﬁsly growing bean agar cultures of the fungus in an incubator at 25°C.

~were placed in the thermos bottles which contained the cooling agent, and

after a certain interval they were removed and the conidia were sown in the

nutrient solution and incubated at 25°C. . The results were as following table.
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‘Femxpexature. " Duration. of cooling - Guowih of fangus
~12° to -15°C. 1 day +
-17° to —20°C. -1 day +
-21°C. 1 day +
~12° to -21°C. 3 days. +

They germinated vigorously and produced aerial mycelium.
In these results it may be said that the low temperature, as —21°C., does
not harm the vitality of this fungus at least within 24 hours. :

EXPERIMENT 4.
Resistance of the fungus to high temperature.
¥ have investigatéd the resistance with wet heat. The tesf tubes, which
contained 10 cc. of nutritive solution, were inoculated with a bit ofmyceli'um
and the chfamycfospores of the fungus. The test tubes were incubated at the
high temperature in a self-regulating water bath, and with some interval they
were removed .to an incubator at 25°C. 1 have adopted 50°C. and 60°C.
for the hlgh temperatune, and 1 to 6 hours for the mtervals The. results

obtained were as follows :

Temperature l‘nterv'a!sl .

1 hr. 2 hr. 3 hr. 4 hr. 5 hr. 6 hr.
soC. o+ o+ o+ = - -
60°C. + + = = = -
' + shows living. =~ — shows died. i

" + shows some tubes hvmg, some di ed
Every sample. was triplicated. '
The fungus maintained its vitality in this nutritive solution exposed for
three hours to the ‘tempera.ture 50°C. By heatmg at 60°C. for three hours, the
fungus in one tube maintained its v1tal'ity, while that in the other two tubes
was killed. '
Above three hours at both temperatures none retamed their v1tahty

. V. Smnmry :
1. O mt_nzl ldnds of the artificial cultural medimm, this imgm develops
well producing conmidia, and when the culture hwome dd chhmydospores are
formed. :
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2. In the synthetic solution Wthh I have used both - tanmc acid and
c1tr1c acid retard the growth of the fungus. '

3. In the potato agar medlum, citric acid stimulates the growth of the
fungus in a low concentration, while in a high percentage of citric acid the
growth of the fungus is retarded.

4. In the synthetic solution Wthh I have used the mmlmum, optlmum
and maximum temperatures for the growth of the fungus are 10°C to 12°C
30°C. and 36°C. to 37°C. respectlvely o o

5. Wet heat of 50°C. annihilates the geérminating power of the conidia
within two hours. : : :

6. Wet heat of 60°C does not k111 the chlamydospores or « Dauelmycel ?
of the fungus -within three hours. - . - B

7. - At the low temperature of ~—2I°C the v1tahty of the fungus is not

m_]ured _
Botanical Institute

‘ C - Hokkaido Imperi'al‘Univer'sity '
" Sapporo Japan.
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