Effects of nitrgen source and rate on the growth
of the sesame-wilt fungus, Fusarium oxysporum
f. vasinfectum (Atk). Snyder et Hansen.

by Jong Seong Park

Summary

The present study was undertaken to investigate
the effects of different nitrogen source and rate
on the growth of Fusarium oxysporum f. vasinf-
ectum which is known to be a noticeable fungus
causing the wilt disease of both sesame and cotton
in Korea.

From the results of this study, it was known
that different N source and rate markedly affect
the growth of Fusarium oxysporum f. vasinfectum
Among four N sourses were used in this study,
nitrate-N and urea-N were appropriate N source
for the growth of fungus. Above all, nitrate N
was the best N source because it is utillzed in
more extensive range of concentration in compari-
son with the other N source by the fungus. On
the other hand, ammonia-N is of littie avail for
the growth of the fungus because of the format-
jon of wunusual colonies with wavy margin and
bead-like mycelial cells in addition to marked
reduction of mycelial growth and sporulation of
the fungus irrespective of concentration. Judging
from the formation of such an abnormal colony
and bead-like mycelial ceil which is known to be
a characteristic of “staling-type” growth of fungi,
the effect of ammonia-N ¢n the growth of Fusa-
rium oxysporum f. vasinfectum is similar to that
of phenoxy compoands on some oticr fungi previ-
ously investigated by some workers. Ammonium
and nitrate N also was not considered to be an
appropriate N source for the growth of the fungus
because of the formation nf colonies with slight
wavy margin and appreciable reduction of mycelial

growth and sporulation in higher concentration

than 50meq., although much or less masking of
the irregularity of colony occurs. Therefore, am-
monia N alone or any other N combined with
ammonia N is of little avail for the growth of

Fusarium oxysporum {.vasinfectum.

Introduction

Fusarium oxysporum f. lycopersidsi (4,10) and
Gibberella fujikuroi(11) in a solution of apropr-
iate pH containing ammonium nitrate, utilize
mainly the nitrate-N in the first period of growth
lasting some 2-3 weeks and later also utilize the
ammonia-N.” Nose (7) indicated that Fusarium
Jalcatum pathogenic on cotton and sesame showed
unusual growth on the culture medium containing
ammonia sulfate alone as nitrogen source. Presley
(9) and Jhonson(3) reported that the source and
rate of nitrogen markedly affected the growth of
Verticillium albo-atrum which is also known to
be a wilt pathogen.

These results suggest that different N source
and rate may influence, or be involved in, the
host-parasite relation of wilt diseases of plants.
Especially from the- fact Fusarium oxysporum
f.  vasinfectum produces fusaric acid (CioHn
0O:N), a wilt toxin containing nitrogen(l, 6.. det-
ailed investigations on the effects of nitrogen
source and rate for the growth of the fungus are
considered to be significant to some purpose. Thus
the writer attempted to investigate the effects
of different N source and rate on the mycelial
growth and sporulation of Fusarium oxysporum f.
vastnfectum which is known to be a causal org-

anism of thc wilt disease of sesame and cotton.
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Materials and Methods

Four N source were used in this study. The forms
and reagent~grade salts were as follows: urea N,
CO(NH3)2; ammonium N, (NH.), SOs; nitrate
N, KNOs; ammonium and nitrate N, NHiNOs.
And then 9 different rates, 3, 6, 12, 25, 50, 100,
200, 400 and 800 meq of each N source were
prepared to determine the effect of N rates. These
nitrogen sources different in concentration were
added in the N-free Preffer solution® with 3 %
agar to solidfy the nutrient media of the fungus.
The media prepared in this manner were sterilized
in an autoclave at 15 Ibs pressure for 30 minutes
and separately placed in each petri plate in the
amount of 10 ml. In this study each medium was
used as it is without adjustment of pH because
all of N source added in the basal nutrient solu-
tion were neutral salts. Exactly, all of the media
indicated pH value of 50.1 without remarkable
differences each other.

The fungus used in this study was a virulent
strain (No.511) of Fusarium oxysporum f. vasif-
ectum isolated frown the root of wilted sesame in
the college farm on Aug., 1961. On each medium,
small amounts of the fragment of growing myce-
lium from 10 days old culture of the fungus on
potato dextrose agar was transferred and incuba-
ted at 28+4+2°C. After 5 days culture, radial gro-
wth of the fungus were measured and also addi-
tional observations on the differences in the shape
of colony and mycelial cell of the fungus were
done. These experiments were replicated three

times.
Results

1. Radial growth of aerial mycelium of the
fungus on the media different in N source
and rate

The results indicated that different N source
and rate markedly affected the mycelial growth
of the fungus. Nitrate N and urea N werc appr-
opriate N source for the mycelial growth of the
fungus. Above all, nitrate N was considered to
be the best

N sourse because it is utilized in

more extensive range of concentration in com-
parison with urea N by the fungus (Fig 1).

In other word, the fungus grew well on the
media containing nitrate N in higher concentration
than 400meq while it caused appreciacle reductlx'on
of mycelial growth on the media containing urea
N in same level. On the other hand, the results
indicated that ammonia N was of little avail for
the fungus because it caused marked reduction of
the mycelial growth irrespective of concentration.
On the media containing N in the combination
form of ammonium and nitrate, the fungus
showed giowth rate corresponding to mean value
of that on the media separately added nitrate
N and ammonia N in same level. Anyhow, judging
from the results, it is obvious that ammonia N
causes marked reduction of the mycelial growth
of Fusarium oxysporum f. vasinfectum. The res-
ults were summarized in Table 1.

Table 1. Average radial growth of the aerial
mycelium of Fusarium oxysporum f.
vasinfectum on the media different
in N source and rate: 5 days cul tare
at 28+2 C(menans of 3 replications)

-~ __ N source:
Nconcen-t.rat-ion\«]l (ggﬂz (§&‘>ZIKN03 NHNO,
3megq. ; 2.5mm| 0 mm‘ 4"’5“ 3.5mm
6 9.0 | 7.0 19.2 20.5
12 122.8  [15.7 | 28,7 23.5
25 133.8  |13.5 332 28.5
50 3 30.5 |96 337 233
100 l28.7 .5 3L0 19.5
200 27.6 .3 29.5 17.0
400 220 [10.7 29.7 18.8
800 4.2 J12.3 25.6 15.8

2. Morphological d:fferences of the
colonies of the fungus on the media
different in N source and rate.

The results indicated that different N source
and rate also markedly affected the shape of
colonis of the fungus. On the media containing
urea N or nitrate N, the colonies of the fungus
were circular in general. On the other hand the
colonies of the fungus on the media containing

ammonia N in more extensive :ange of concentr-
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ation or ammonijum and nitrate N in higher con-
centration than SO0meq. lost in general their cir-

cular outline as radial growth continues and their-
margin became wavy and irregular. Especially
on the media containing ammonia N alone in
higher concetration than 25meq, the colonies of
the fungus were unusually irregular and abnormal
ones with margin deeply waved (Fig.2). The
results were summarized in Table 2. It was judged
from the formation of unusual colony that amm-
onia N is of little avail for the growth of the

fungus.

Tablle 2. Morphological dlfferences of the col-
onies of Fusarium oxysporum f. va-
sinfectum on the media dnifferent in
N source and rate: 5 days culture at

- 28+42°C
N source!

N concentration (151:1912)2 (NSI-(I)“)z KNOs[NHNOs
ames | -1 - -1 -
6 ' ciswe* c | ¢
12 C | SwW c Cc
25 " C DW= ¢ c
50 C | DW : c SwW

100 cCIDW « C SW
200 ! C | DW c SW
400 - c|{DW . C | sw.
800 '. C|DW ' C ! sw

* C: circular conloy, **SW: irregular colony
with margin slightly weved, ***DW: irregular
colony with margin deeply waved.

3, Morphological differences of mycelial
cells of the fungus on the media different
in N source and rate

From microscopy of mycelial cells of the fungus,
it was known that different N source and rate
affected shape of mycelial cells of the fungus.
Abnormal bead-like mycelial cells (Fg.3) were
formed on the media containing ammonia N in
higher concentration than 25meq while no such a
bead-like mycelial cell was not formed on the
media containing urea N, nitrate N, or ammonium
and nitrate N. In other word, it was obviously

recognized that make the colonies with margin

deeply waved rule to accompany with abnormal
bead-like mycelial cell without exception.

In an additional test transferred the tead-like
mycelial cells on the media containing urea N or
nitrate N, it was observed that normal elongate
cells grow and develop from the baad like cells.

4. Differences in the relative amounts of
sporulation of the fungus on the media
different in N source and rate

It is known that the fungus usually produce
three kinds of spore, namely macroconidium,
microconidium and chlamydospore, on the appro-
priate culture media. On the media different in
N source and rate, considerable differences were
observed in the prodution of macro-and micro-co-
nidium, especially of macroconidium while there
were not noticeable differences in the production
of chlamydospore,

On the media containing urea N or nitrate N in
extensive range of concentration, both macro- and
micro-conidia were abundantly or moderately pro-
duced. On the other hand, marked reduction of
macro-and micro-conidia, espscially of macrocon-
idia occured on the madia containing ammonia N.
On the media containing ammonia and nitrate N,
macroconidium were sparsely or moderately prod-
uced whnile microconidia were abundantly produced
as well as on the media containing urea N or
nitrate N or nitrate N alone. And no one of the
media containing different N source and rate abu-
ndantly produced chlamydospore.

The results also indicated that spore production
of the fungus, especially macroconidia production
was affected by concentration of inorgannic N. In
a word, much or less reduction of conidial prod-
uction occured in higher concentration than 400
meq., or lower concetration than 25meq. irrespe-
ctive of N source. The results were summarized
in Table 3.

Thus, from relative amounts of sporulation,
ammonia N was not considered to be an appropriate
N surce for the growth of Fusarium oxysporum

f. vasinfectum.



Table 3. Relative amounts of sporulation of Fusarium oxysporum f. vasinfectum on the media

different in N source and rate :

days culture at 28- 2°C

N Nsource - oooNpgy), (NH.» SO, | KNO, | NH,NO;
. \Spore form\ - T : v - - - T ' ' -
TS————. | Ma Mi Ch i Mz M Ch ' Ma Mi Ch ] Ma Mi Ch
N comcentration ~>._ =~ o R I o
3meq ' 0O ¢ 0 ' 0 0o 0 0o 0 0 0 0 0
r 6 121 o 1 1 2 1 12 !
4 12 1 3 1 1 1 1 1 3 1 13 1
' 25 2 3 1 00 2 2 3 1 1 3 1
Q 50 -3 3 1 0o ¢ 0 303 1 T3 0
; 100 3 3 0 0 1 1 303 0 ' 2 3 0
200 3 30 0 1 0 33 0 2 3 0
| 400 L2 30 o 0 1 2 3 o ' 1 3 0
l! 800 3% o0 0 0o 1 1 2 0 1 1 0
a) relative amounts of sporulation O: no sporulation, 1: sparse, 2: moderate, 3: abundant.

b) spore-form Ma :

Discussion

In an attempt to investigate the effects of dif-
ferent N source and rate for the growth of Fus-
arium oxysporum f. vasinfectum, the results in-
dicated that different N source and rate markedly
affected the growth of ths fungus. Judging from
some of growth response including radial growth of
mycelium, shape of colony, shapz of mycelial cell
and sporulation, urea N and Nitrate N were better
N sources than ammonia N or ammonium and
intrate N for the growth of fungus. Among the
N sources used in this study, ammonia N attracted
the writer’s attetion because it caused the forma-
tton of colonies with wavy margin and unusual
bead-like mycelial cell in addition to marked
reduction of radial growth of mycelium of the
fungus. It was previously reported by some inve-
stigators(4, 7, 10, 11) that ammonia N is not an
approprate N source for the growth of a few spe-
cres of Fusarium. Hence such a dislike to amm-
onia N may be a nutritional characteristic which
is common to Fusaria, and it also makes a str-
iking contrast with a nutritional characteristic of
Verticillium albo-atrum(3), another wilt fungus,
which dislike urea N.

From the view of Hawker(2) and Naito et al.5},
the abnormal colony with wavy margin was consi-

dered to be a characteristic of the “staling-type”

macroconidium, Mi: Microconidium, Ch: chlamydospore.

growth of the fungus, resulting from the produc-
tion of certain staling substance in general. In
the Lteadlike

mycelial ceil was also regarded as a characteristic

adiditon to the abnormal colony,

of the staling-type growth from the results. Such
an abnormal colony or bead-like mycelial cell on
the media containing 2, 4-D and related phenoxy
compounds was previously reported by some inve-
stigators (5, 8). Judging from the results of the
present study, the effect of ammonia N to Fusa-
rium oxysporum f. vasinfectum was similar to
that of phenoxy compounds for the growth of
some other fungi. Anyhow, it is of interest that
ammonia N induce the staling type growth of the
fungus irrespective of concentration.

Sanwal(10) and Luz(4) previously reported that
Fusarium oxysporum f. lycopersici utilizes mainly
the nitrate N in the first period of growth lasting
some 2—3 weeks and latcr it also utilized the
ammonia N, Judging from the results of this st-
udy, even if a calture medium contains nitrate
N or urea N besides ammonia N, it is not an appr-
opriate medium because the effect of ammonia N
inducing unusual colony appears from the early
When N in the

combination form of ammonium and nitrate was

stage of growth of the fungus.
added in the nutrient solution v~ the growth of

Fusarium oxysporum 1. vasinjecium the utiliza-

tjon of am—onia N is not worth consideratior
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