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Introduction

In thevpre\‘rio‘us paper (1), the writer 'te?orted the influence of | cd.ltufal
conditions upon the conidial characteristics of Fusarium solani (MART.) APP. et
WR., with specialvrcfere&e td'the«uin’fldence of the concentration of th’e‘ constituents
of ‘the medlum, temperature and duratlon .

‘Since the concentratlon of the medlum is-one of the 1mportant env1ronmental
factors which affect the conidxad cha.racterlstl‘cs in culturmg fungl, he wanted to
clarlfy the effect of the concentratlon of the medium upon the con1d1al charact-

eristics of th1s fungus, and pursued followmg exper1ments

Exp_ertments and Results

As for a rnediurh, usual BROWN’s “ synthetic potato dextrose ” agar was used.
The c0ncentrat10n of thls medlum was regarded as the standard which was
expres’«‘ed by N, and then the concentratlon was modified so as to have the grade
of N/10, N/a, N/2, N, 2N, 5N, respectwely The concentratlon of agar was fixed
to 2 per cent in each case.

The,med‘ium' of each concentration was poured into Petri dishes and autocl-
aved. 'Af ter sterilization, Fusarium solani, previously cultured from mono—sporoué
origin, was inoculated and kept at -23°C. On the 20th day, a part of fungus'

colomes grown on each plate was taken and was stained by ruthenium red. In
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éVe'ry case, the position from which the samples were taken was confined to about
1 cm. apart from the inoculum 2’).‘ |

Tﬁhi's fuhgus prodﬁced a great many .1-, 2- and 3-septate conidia on these

média. Fifty of septate conidia were sampled at random from each colony that
were férmed in each concentration of fhe medium and the rate of appearance of
1-, 2- and 3-septate conidia among them were calculated, respectivaly, and the
measurement of the size of the three-kind septate conidia were carried out. The
count of the conidial septation was repeated 5 times. Furthermore, the obser-
vation regax;di‘ng to the variation of the shape of conidia appeared by altering the
concentration of thé medium was performed. |

" These results are shown in  Tables I-VI and Figures I-1il. Since 2-septate
conidia show intermediate characteristics between 3-and 1-septate conidia in the size
and shape, the estimation of the signif i;:ant difference in the rate of appearance
of 2- septate conidia and the measurement on the size of them, appeared en the

medium of each concentration, were not carried out.

Table. 1. Naked-eye dbservations on growth forms appeared
under various concentrations of 'the medium. (At
7th day after inoculation).

Conc. of the‘mediu‘m . "Growth forms
N/10 & N/5 Fungous colonies thin; aerial mycelia sparse; the color of
. mybelia white. ST
N/2 Fungous colonies relatively thick; aerial mycelia plenty.
N Fungous colonies thick: blue to violet colored sector appeared

in some plates; aerial mycelia white, plenty.

Fungous colonies thick; colorations under the surface of fungous
2N & 5N colonies yellow to dark brown; sectors appeared in almost all
the -plate. : :

Table. T. The rate of appearance of 3-, 2-and l-septate conidia
produced under various concentrations. :

a. -3-septate conidia.

Conc. 0&- The rate of appearance obtaipcd in each time.

the medium Ist time \ 2nd. } 3rd. dh. ‘ 5th. { mean
N/10 40 - 40 33 34 32 36.8
N/5 22 20 12 20 16 18.0
N/2 g .| 12 4 6 | 18 11.6
N 8 u 10 16 10 11.6
2N ' 16 18 18 | 22 20 18.8
5N : 30 32 32 32 28 30.8




b. 2-septate conidia.
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Cone. of , The rate of “appearam:c obtained in each time.

the medium Ist time 2nd. , 3rd. ‘ 4th \ 5th. mean
N/10 ' 0 8 100 6 12 7.2
N/5 6 8 ‘ 4 8 6 6.4
N/2 0* 2 2 2 2 2.0

N 4 2 6 2 6 4.0
2N 3 2% 8 6 8 7.5
BN : : 16 ‘14 12 10 8 12.0
* Rejectable

c. l-septate conidia.

Cor;c: of ;  ‘The rate of ' a,p[igarance obt‘ainéd in each time. ’

thg mcd%lsxm. Ist time - ’ 2nd. ' 3rd. 1 4th. . l 5th. mean
N/10 60 52 48 60 56 55.2
N/5 72 72 84 72 78 75.6
N/2 92 86 o4 82 80 6.8
N 88 gt | 84 82 84 84.4
2N 76 80 74 72 72 74.8 .
5N . b4 54 56 58 64 -57.2

Table. M. The judgqfnenf (4) (B) of the significant difference.

a. = 3-septate conidia.

1. Significant difference of the rate of ‘appearance by altering the concentration

of “the mediu,m,

SION10) | BON/BY | BN/ | TN Js(2N) | Je(BND
40 22 8 | 8 16 30
40 20 12 14 18 32
38 12 4 10 18 32
34 20 16 16 22 32
32 .16 18 S 10 20 28 Total
184 90 58 ‘ 58 94 154 638
Ty T Ts T4 Ty Te T
5 5 5. 5 5 5 30
Sk, =16542—13568.1=2973.9
$,=16247.2—13568.1=2679.1
Sr(yy=2073.9—2679.1=294.8
Factor SS £ v
J 2679.1 5 535. 82
R(J) | 2048 24 12.4
RT 2973.9 29

F=535. 82/12.4=43.21
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F21(0. 05)from F-table=2.57, n,=>5, ny=24.

Thorefore, the significant difference has been recognized; .

2. Significant difference of the rate ‘of appearance in each concentration.

Conc. Isnfzgle ii(r)r;p(l)é‘ u? F . ();37)3 /w2 Fo J udgerhent
N/10 36.8 5 5.55 | F<6.39| 32.7 81.75 o
N/5 18.0 5 6.0 |
N/5 18.0 5 16.0 | E<6.39
N2 11.6 5 8.2 5.4 8.6 +
N n.e s 108 lpces0| 65 | 162 +

2N 18.8 5 5.2

2N 2.8 3 52 |F<6.39| 343 85.8 +
N/10 36.8 5 5.55 »

6 o3 5 % |F<63 8.2 20.5 ¥

* Signicant in 95% of confidence limit.

b. l-septate conidia.

1. Significant difference of the rate of appearance by altering the concentration

of the medium.

Ji(N/10) J2(N/5) Js(N/2) Ja(ND Js(N) | Je(BND
60 72 92 88 76 54
52 72 86 84 80 54
48 84 94 84 74 56
60 72 82 82 72 58
56 78 20 84 72 64 Tolal
276 378 434 492 374 286 2170
Ty Ty Ts T, Ts T T
5 "5 5 5 5 5 30
Sr.=161938=156963. 3=4974.7
S ;=160455—156963. 3=3491. 7
Srcyy=4974.7-3491. 7=1483.0
Factor SS f Vv
J 3491.7 5 693. 34
R(T) 1483.0 24 61.79
RJ 4974.7 29

F=698.34/61.79=11.30

F71(0.05) from F-table=2.57, n;=5, ny=24.

Therefore, the significant difference of the rate of appearance has been recognized.



2. Significant difference of the rate of appearance in each concentration. |
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Conc. | pample | Ho o0l w1 F | GYW) o | Judgement
N/10 | 552 5 27.2 | F<6.39  14.86 37.15 +
N/5 | 75.6 5 28.8 - . ,
N/5 75.6 5 - 28.8 ‘ ,
N2 g 2 35 | F<6.39| 3.8 | 9.5 +
N/2 6.8 5 37.2 | F=7.75

N 84.4 5 4.8 >6.39*

N osaa 5 4.8 | F<6.39 i 0

2N 74.8 5 10.7 13.96 84.9 +
2N 74.8 5. 10.7 | F<76.39 : i
2N g 5 oz 22.21 55.53 +
N/10 55.2 5 27.2 _
5N B7.2 5 17.2 F<639 0.18 0.25

% N/2 and N do not belong to the same population.

Table. V. The distribution of conidial size of 3- and l-septate conidia

a.  3-septate conidia

produced under various coucentrations.

conc. of o Sff:ale in i‘;he.micrometér*r
the medium. | 17 \ 18 1 19 ' 20 ] 21 ’ 22 ‘ 23_[ 24 | 25 | 2% ‘ o7 ;,}mean
N/10 | 2 2 | 4 5 1 | 23.8
N/5 1 2 4 6 5 2 21.0
N/2 1 2 3 5 | 4 3 2 20.4
N i1 7 1 8 3. 5. 1 20.45
2N 3 1 4 5 6 21.65
5N 2| 5 | 4 | 2 3 22,5
b. 1-septate conidia "
Cone. of Scale in the micromefer :
the medium. | 4y } 12 | 13 ’ “u | 15| 16 ‘ 17 | 18 | 19 ‘ mean
N/10 ) 1 3 5 4 3 3 1 15.9
N/5 1 3 3 4 5 3 1 15.05
N/2 3 4 7 5 1 13.85
N 1 5 4 6 3 1 14.4
2N 4 1 2 8 3 2 14.55
5N 2 2 3 | 6 5 2 15.3

* These values multiptied by 1.4 make the sizes in micron.
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Qe

3-septa conidia.

Table, V. The Judgemens (4) (5) of the significant difference.

L Significant difference of the size of conidia by altering the concentration of

the medium,

#

BN | IGN)

Ju(N/10) J(N/B) | Je(N/2) | Ju(ND !
24* 21 22 21 23 25
20 21, 21 19 24 25
27 19 21 19° 23 24
24 22 18 20 19 21 Total
476 420 408 409 433 450 2596
Ty Ty Ta T, Ty Te T
20 20 20 20 20 20 120
* Values expressed in scale number.
S g, =56660 — 56160 =500
S, =563335. 5—56160=1755
Sko=B00—175.5=324.5
Factor SS f v
J 175.5 5 35.1
‘ R(CT) 324.5 114 2.85
RJT 500 119
F,=35.1/2.85=12.34
F1(0.05) from F-table=2.29, ni=5, ny=114.
Therefore, the significant difference has been recognized.
2 Significant ‘difference of the size of conidia in each concentration.
Sample | No. of 1 o=
Cone. | Smmple | Noof | | g |Gyl Fo | Judgemens
N/10 23.8 20 3.43 o
N5 20 0 53y |F<2.15% 2,07 | 20.7 2%
N/5 21.0 20 2.81 '
N/2 0. 4 2 s | F<2.15 0.13 1.26 o
N 20.45 20 2.89 . ‘
2N 51,65 % 513 |F<L2.15 0.81 8.1 +
2N 21.65 20 2.13
5N 258 2 579 |F<L215| 0.29 2.88 —
N/10 23.8 20 3.43 : . ‘
5N 225 20 279 |F<L215 0.59 5.89 +

* The value obtained from F-table.

** Sigmificant in 95% of confidence limit.

#%#% Not significant in 95% of confidence limit.



b  l-septate conidia.
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1. Significant difference of the size of conidia by altering the concentration of the

medium.
Ju(N/10) J(N/B) Js(N/2) Jd(ND Js(2ND Je(BND
18 18 12 14 15 16 )
14 13 14 16 15 15
16 13 14 . 14 12 17
15 17 12 13 14 17 . Total
318 301 277 288 291 315 1790
Ty Tz Ty T4 Ts T6 - T
20 20 20 20 20 20 120
Sry =270{7—-26700. 8=316.2
S, =26765.2-26700,.8=64.4
Sr(yy=816.2—64,4=251.8
Factor ’ SS l f v
J 64.4 5 12.88
R(I) 251.8 114 2.21
RJ 316.2 119

F,=12.88/2.21=5,83 ,
F11(0.05)from F-table=2,29, ni=5, ny=114,

Therefore, the significant difference has been recognized.

2. Significant difference of the size of conidia in each:concentration.

Conc. Ej‘e‘ggle . p‘l’ef u F CE—})?/{NZ F Judgement
Nl BRe B | 3R |r<es| om | 27 | -
N3 3% x| 2B F<2.15|  0.72 7z |
e | BE B LB rcas| os | 25 | -
N 152 20 %jgg F<2.15| 0.5 | 5.9 +

_Tadle. V. The description of the shape of conidia appeared under
various concentrations.

Conc. of the medium

Shape of conidia

N/10 & N/5

N/2
N

2N & 5N

Shape of conidia normal, straight or slightly curved, truncate
or rounded at the end; slight protrusion appeared at the.septa;
nature of the content granulate. -

Shape of conidia somewhat curved; width of them becomes
narrower.

. Irregular shape of conidia, i. €., swelling in a part of some
of them appeared. )

Curvature of conidia a little; swelling tendencies increased.
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Fig.

Rate of appearance (%)

1. Variations of the rate of appearance of 3-, 2-and l-septate Comdxa
appeared by altering the. concentratlon of the medium.
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Discuséion .

‘The fact that Fusarium solani, growing on the medium of each concentration,
shows different growth forms to each other according to the change of the concen-
tration of the medium is obvious as shown in Tadle I. At N/I0 and N/5, the
mycelial mats are thin and the aerial mycelia are scanty. At N/2-5N, the mycelial
mats of fungous colonies are thick, and the aerial mycélia are produced abundantly,
and the coloration arises frequently under the surface of the mycelial mats. Som-
etimes, sectors or irregular mycelial growth forms appear. The colorations of sec-
tors are .yellow to dark brown and they tend to be conspicuous in accordance
with the increase of the cencentration. So there are éonsiderable differences among
the growth forms of the fungous colonies grown in each concentration.

Though considerable differences were recognized in the thickness of the myce-
lial mats. and thé volume of the aérial mycelia between lower and higher concen-
trations, the difference in the velocity of the e’xtension, of fungous colonies could
not be recegnized. 4

As shown in Table I and Figure I, the variation of the rate of appearance
of 3-, 2- and l-septate conidia, that is regarded as one of the physiological resp-
onses of this fungus to the variation of the concentration of the medium, were
presented very clearly, That is, in the range from N/ 10 to 5N, the {até of appe-
arance of l-septate conidia shows always over 50 pef cent and the rest (below 50
per cent) is shared by that of 3; and .2—septatc‘conidia. But the rate of appearance of
the three-kind septate conidia differs respectively by alfering the concentration and
that of 3- and 2-septate conidia shows the minimum"va_.ll_.le at N/2. On the con-
trary, that of 1-septate conidia shows the maximum val‘ue“at that concentration.

In lower-and higher concentrations than. N/2, thé rate of appearanée of 3~
and 2-septate conidia becomes larger and that of 1-septate conidia becomes smallef,
than the value appeared at N/2. .

The rate of appeararice of 3- and 2-septate conidia becomes smaller in accor-

-dance with the increase of the.concentration in the range of N/10-N/2, and. thcn
:it begins conversely to be- larger in the concentration from N/2 to 5N. On the

-contrary, the rate of appearance of - 1-septate conidia shows the reverse tendency
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of-: thatfdf 3~ and 2-septate conidia. Thus, both the minimum value of the rate
of app'éarancc of 3- and Q—mptate,cdn,idia and the maximum value of that of 1-
septate conidia appeared at N/2. Thefefore, it: may ’safcl'ky\bev pointed out that
the N/2 is the important concentration ‘affecting the conidial septation:of this
fungus. ;

iRegarding to the conidial septation, HORNE and MITTER (3) stated as follows::
“Tt was found that low sepfation is produced by high concentration of the nitro-
gcn—cdntaining constituent of the nutrient medium, by the presence of unduly
high concentration of acid and alkali ‘and other factors.” On the other hand,
BrowN and HOrNE (2) said that both the degree of septation of conidia and the
nature of their contents of Fusariuni strains could be modified by altering the

concentration of constituents of the medium.

In the former, 12 strains belonging to Fig. 3. Graph showing average
, septation curves for the
section Discolor and to another section were . strain CJ, T, and L.

. (HorNe and MITTER)
used, and these strains showed separate respo-- )

nses regarding to the degree of septation by 7T T . /.
altering the cultural cond'itions‘ continuously, ’ J //’
with special reférence to ’the asparagine and _ ’/'
gluéose as the  constituents of the mcdium, f:: N ~
respectively. As shown in Figure M, the strain g
T showed a high average éeptation, ‘the strain g’; ol
C]J showed no response, ;étc., m accordance <
with the decrease of the concentration of the 1F
constituents of the m(;diuin.

The results above ~mentioned -and fhosc LT ’% é_ “g_'%
obtained by the writer are no more than the Concentration

record prbduced by altering the concentration in the conidial septation as one of
the responsgs in the physiology of this fungus.

The clue make clear what kind of a mechanism will affect upon.the fungous
/physioiogy,, changing the concentration of the mediﬁm, can hardly be obtained
from these experimental results, Only it can be said here that the results obtained

in the, present experiments are the description of the phenomenon of the conidial
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septation appeared as one of the physiological characteristics of Fusarium solan:
to the change of the concentration of the medium and that N/2 is the concentra-
-tion influencing conspicuously upon the conidial septation of this fungus.

The studies regarding to the variation of the size of conidia influenced by the
change of cultural conditions are nearly nothing up to.the present time.
The tendency obtained by the writer regarding to-the size of cenidia was

similar with that regarding to the rate of appearance of 3-septate conidia. except
that of l-septate conidia previously mentioned, namely, the maximum value of

the size of 3-septate conidia appearéd at N/10, then decreased and at N/2 the
size of 3—se,pta.fe conidia gave the smallest value, then increased conversely in
accordance with the increase of the concentration of the mediurﬁ. The ‘interesting
fact obtained in the. present. studies is that the variation of both the rate of
appearance and the size of 3-septate conidia coincided fairly towards ‘the vari-
ation of the concentration of the medium. The rate of k appcarancé and the size
of 3-septate conidia had the same values at N/2 and N, respectivély, and the
tendencies of the variation of these values, appeared towards the cha.ngé of the
concentration, neariy agreed with each other.

On the otherf hand, the tendency of thg rate of appearance and the size of ,
1-septate conidia showed a reverse relation, that is, the maximum value of the
fermer appcafcd at N/2, and the minimum value of the latter also appea.x;ed at
that concentration. .

Since the size of conidia became maximum when the concentration was at ‘
N/10 and iht_:n it ‘dccreased in accordance with the increase of the concentration,
it may be considered that the size of conidia will show the smallest value at SN;
In fact, however, the smallest value of the size of conidia appéared betwcén N/2
and N,

‘Since it has been recognized that the fungous reaction tends to sporulate by
pursuing starvation culture, supporsing that tﬁe cultural conditions fnay bec;ome'a
sort of starved conditions in high concentrations such as 2N aﬁd‘5N by the fact
that the concentration of water becomes less towards such high concentration 0f
constituents, it may be able to.explain the results that nearly the same values in

the size of conidia at N/10 and 5N were obtained, though the biochemical action
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to. the physiology of this fungus.may surely be differenf Dbetween N/10- and  5N.
However, this 1s no. more than an estimation and is expected to future investigat-
ion regarding to these phenomena above mentioned,

However, it may be unable fo overlook that there may exist a close ‘relaytion
between the rate of appearance of septate conidia and the size of them, and thét
the size of both 3+ and l-septate conidia has Shown the minimum value at N/2.

In addition, the writer suggested the importance of proper balance between
‘carbon and’ nitrogen sources upon the conidial formation of this fungus in his
p.rcv‘ious paper, according to the fact that the normal -conidial formation was
hindered from high concentration when glucosc‘ and’ asparagine were used separat-
ely as the carbon and the nitrogen sources of the medium. As shown in the results
in this experiment, so far as the balance in the compositidn of the medium is
keeping, it is clear that the conidial formation of this fungus is hardly hindered,
even when the concentration of the medium reaches considerably high such as
5N.

Besides, as clarified in Table I and Table V, significant differences of the
rate of appearance and of the sizé of both 3- and ‘I-septate conidia in some
concentrations, were judged. Consequently, it may be estimable that the change
of the concentration of the medium will influerice considerably upon the‘cohidial
characteristics.

Though the similar tendency between the rate of appearance and the size of
3- and l-septate conidia, produced in lower and higher concentrations, can be
seen, the fact that the differences of the concentration of the medium have diff-
erent actions upon the fungous development, was shown clearly in the variation
of the shape of conidia appeared in the two extreme concentrations such as N/10
and 5N. Namely, among the shape of conidia produced between lower and higher
concentrations, censiderable differences were seen. That is, the shape of conidia
produced in N/10-N/2 was normal and showed so called “sickel shape”, and-they
were stainable by ruthenium red. The nature of their contents was granular, When
the; concentration reached N-5N; 'pdrticuiariy 2N and 5N, a paff of conidia swelled

frequently. Consequently, they presented an abnormal shape. This tendency of
swelling increased in accordance with the, increase of the concentration. The swe-
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lling part was stained slightly or almost unstainable by ruthenium red, and their
contents were somewhat reficulate.»

Though it is clarified that the change of the concentration of the medium
influences te considerable extents upon the conidial characteristics of Fusarium
solani, the variation of the conidial characteristics is a mere phenomenon appeared
as one 6f the responses of. this fuhgus towards the change of the concentration
of the medium. Biochemical actions of the concentration of thé medium upon the
physiology of this fungus remain u.nexplained.

Summary
1. The considerable differences in growth forms of Fusarium solani appeared
by altering coni;inuously the concentration of the medium from' N/10 to 5N . But
there is almost no difference among the velocity of the growth in radial direction
of the fungous colonies.

2. The rate of appéarance of 3-, 2- and l-septate conidia varied conspicuo-
usly accordimg to the change of the concentration of the medium. That of 3-and
2-septate conidia showed the smallest value and that of l-septate ‘conidia the lai-
gest at N /2.

3. It seems to exist a close relation between the variation of - the rate of
appearance: and that df the size of them. At N/2, the sizé of 3- and 1-septate
conidia shows the smallest value. The variation of the rate of appearance and that
of the shape of 3-septate conidia nearl‘y coincide’ with each other. That of .
1-septate cohidia shows fairly reverse ‘tendency to the case kof 3-septate conidia. . -

4, The difference among the shapé of fcohidia, appeared under various!conc-iii
entrations of fhe medium, was recognized clearly. That is, the shape :of conidia
produced in low concenfrations, was normal and showed so called “sickel shapet’; «
But, in higher concentrations, a part of conidia frequently swelled and the shape
of them became abhormal. It is sure that a sort of variations in the nature of the
content of these swollen parts are produced, according to the fact that these
swollen par'ts ‘are difficult to stain by ruthenium red.
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Explanation of Plate [y

1. Conidia produced on the medium of the concentration of N/10. The shape of them is

normal and shows so called ““sickel shape’.

2. Coridia at N/5.
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3. Conidia at N/2.
4. Conidia at N. Th; swelling of a part of conidia begidia begiﬁs to appear.
5. Conidia at 2N.

6. Conidia at 5N. The tendency of swelling begins to increase.






