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Effect of water potential on mycelial growth,

reproduction, and spore germination by

Cylindrocladium crotalariae
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Abstract

Myecelial growth and production of macroconidia by Cylindrocladium crotalariae. on either PDA

or water agar containing soybean leaf pieces adjusted to different water potentials with KCIL

were consistently maximal at —1d4bars. Mycehal

growth by this fungus was nii at about —100

bars and beiow at 30C, —80 bars and below at 25C and —~64 bars and below at 20C. Sporulation

was prevented at —64 bars and below at 20°C and 25°C, Perithecial andmicrosclerotial formation

was maximal at abot —1.4 to —3.0 bars (the basal medium without sait). Percentage of spore

germination for this fungus was uniformly maximal at all water potentials between —1.4 bars

(the highest tested) and —20 bars, was progressively less as the water potential lowered below

—20 bars, and was prevented at —60 bars.

Introduction

Cyindrocladium (Calonectria) crotalariae (Loos)
Bell & Sober causes root and stem rot of soybean
in America (11), Japan (10), and Korea (12). The
spore stages of the fungus are Calonectria asco-
sporc in red perithecium and Cylindrocladinn mac-
roconidium. The mycelium and microsclerctium
are produced in media and infected stem and root.

The diseases caused by soil-borne fungi are grou-
ped in to those favoured by wet and those favou-

red by dry soil conditions (4). Those fungi which

cause ssvere disease in wet soils have the highest
water potential requirements for growth in vitro
and, conversely, those fungi which cause severe
diseases in dry soils have the jowest water poten-
tial requirements.

The effect of water potential on the behavior of
numerous fungi has been studied (1,2,3,6,7). In
general, there is an inverse and linear relationship
between fungal growth rate and water potential
below the optimal and down'td the lower limit for
growth of various fungi. Reports dealing with the
water relations of C. crotalariae in artificial culture

and in soil do not refer to mycelial growth, for-
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mation of conidia and microsclerotia and germin-
ation of spores.

This study is to examine quantitively the effects
of water potentials on the mycelial growth, produ-
ction of conidia and microsclerotia, and germina-
tion of spore. Information on the effetcs of water
potential on mycelial growth, reproduction, and
spore germination by this fungus is needed to

provide a more complete picture of theier behavior.
Materials and Methods

Isolates: One single ascospore-derived isolate of
Calonectria crotalariae, originally isolated from
perithecium on infected stem and root and main-
tained on Potato Dextrose Agar (PDA) slants at
929~24C, were used experiments in ‘vitro.

Media and osmotica: All experiments were car-
ried out with homemade PDA or water agar con-
taining sterile pieces of soybean leaves and each
amended with KCI. Five pieces of soybean leaf
tissue were used for each dish of the water agar
medium. The required amount of salt for a given
osmotic potential was dissolved in 1 liter of me-
dium in an Erlenmeyer flask. The medium with
disolved salt was then autoclaved at 121C for 20
min. The salt concentrations were varied to pro-
vide water potential down to —114 bars. The mol-
ten media after autoclaving were dispensed into
petri dishes. PDA and water agar with soyhean
leaf pieces without the added salt had a water
potential of about —3 bars and about —1.4 bars,
respctively.

This fungus was grown first on PDA. Disks (3
mm in diameter) were cut with a cork borer from
advancing margin of 14-day-old cultures and placed
in the center of each petri dish of osmotcally
adjusted or basal (no KCI) medium. Treatment
was replicated three times. The dishes after see-
ding were sealed in new polyethylene bags and
incubated at 20, 25 or 30C.

Measurement of mycelial growth, sporulation
and perithecial and microslerotial formation: The
mycelial growth was measured after 7days in cul-
ture. The amount of asexual sporulartion was esti-

mated after 30 days in culture. To obtain the

spores from a given dish, 20m! of distilled water
containing Tween—20 was poured into each dish,
and then the agar surface .was rubbed gently with
a came-hair brush. Spore numbers/m/ in the resul-
ting suspensions were counted with a haemacyto-
meter.

Perithecia and microsclerotia were counted under
a dissecting microscope 20 days after the cultures
were started. The counts were made within 50-
mm? areas that were marked at random on the
soybean leaves or on the PDA surface with an 8-
mm-diameter cork borer. Only those perithecia
which appeared mature were counted.

Measurement of conidial germination: The influ-
ence of osmotic potential on conidial germination
was determined on water agar adjusted osmoti-
cally with KCI. Macroconidia were obtained from
15-day-old infected soybean stem on water agar.
The macroconidia were suspended in distilled
water (O bar) or distilled water containing KCl
of the same molalities (osmotic potentials) as the
respective osmoticlly adjusted water agar subsequ-
ently used to germinate them. Approximately 10m!/
of water or KCI solution containing the test spores
was poured on the surface of 10mi of solidified
water agar in a petri-dish. The spores were allo-
wed to settle on the agar for a few minutes and
then was determined after 6,9,12, 24hours, respe-
ctively. Each experiment was conducted three ti-

mes.
Results

Influence of water potential on mycelial growth
—Mecelial growth was maximal at about —14 to
—20 bars on PDA or water agar with soybean leaf
pieces adjusted water potential with KClI (Fig. 1).
The minimum water potential value that allowed
radial growth on either PDA or water agar was
—64 bars at 20C, —80bars at 25C and —100 bars
at 20C, respectively. The fungus grew gradually
larger when wates potential decreased from ~1.4
bar to —~14 bars and then grew gradually smaller
when water potential decreased from —14 to —64
bars at 20C.

Influence of water potential on formation of ma-
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Fig. 1. Relationship between water potential and
myceliai growth by Cylindrocladium cro-
talariae.

croconidia—Formation of macroconidia by C. cro-
talariae was maximal at about —14 bars on either
PDA or water agar adjusted water potential with
KCl (Fig. 2). This fungus produced macroconidia
on water agar with soybean leaf pieces down to
—-'64 bars. The number of macroconidia increased
as water potential decreased from —1.4 to —14
bars but number of macroconidia decreased as
water potential decreased from —14 bars to —64
bars. The number of macroconidia produced by C.
crotalariae on the different water potentials could be
predicted by oubic function Y =bo+bX+bX?+bsX?,
where X=water potential and Y=predicted number
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Fig. 2. Relationship between water potential and
production of macroconidia by C. crotala-

rige.

of maconidia. Correlarion coefficient between the
theoretical and actual numbers of macroconidia at
different water potentials was 0.95 for .production
of macroconidium.

Influence of water potential on formation of peri-
thecia and microsclerotia— The production of
perithecia and microsclerotia by C. crotalariae was
maximal on the basal water agter plus soybeen
leaf pieces at water potential of —1.4 bars (Fig.
3,4). The fungus formed progressively fewer peri-
thecia and microsclerotia as water potential decre-
ased from --1.4(basal media) to —50bars or slightly
lower. This fungus produced fewer microsclerotia
at 20C than at 25C. The relationship between

water potential and number of perithecia and mi-
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Fig. 3. Relationship between waterpotential and
production of perithecium by C. crotal-

ariae.
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Fig. 4. Relationship between water potential and
production of microsclerotium by C. cro-
talariae.



crosclerotia fitted the equation Y=by+b;X4b,X?,
where X=water potential and Y =predicted num-
ber of perithecia or microsclerotia. Production of
perithecia or microsclerotia by C. crotalariae

decreased "quadratically as the water potential
decreased from —1.4 to —g0bars. The correiation
coefficient between the predicted and actual number
of perithecium and microsclerotium at different
water potentials were 0.99 for both perithecia and
microsclerotia.

Influence of water potential on germination of
macroconidia - Macroconidia germinated maximally
at ail water potentials between —1.4 and —2Qbars,
progressively slower with each increment drop
below about —20bars(Fig. 5).

Germination of macroconidia on water agar adjus-

in water potential

ted different water potentials was best expressed
and could be predicted by the piece wise coubic
function Y= (X-a)* - (bp—100+b:X+ bX’+b:X%)

100, (X-a)*= [é ?ﬁg where X=water potential

and Y =predicted percentage of macroconidium
germination. Germination of macroconidium kept
1009, as the water potential values decreased from
—1.4 through approximately --20 bars, and then
decreased cubically as the water potential values
decreascd from —20 to —80 bars. Correlation coe-

fiicient between the theoretical and actual percen-
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Fig. 5. Relationship between water potential and
germination of spores of C. crotalariae.

tage of macroconidium germination at different

water potetials are above 0. 96.
Disussion

The resuls of this study showed that C. crofaa-
riae could grow and sporulate under relativey dry
conditions. Radial growth and production of macro-
conidum were even increased when water potentiai
—20 bars (Fig. 1). A
similar increase in radial growth rate also was obse-
rved by loannou (8), Manandhlar (9), and Sung

(13), The sporulation was maximal when PDA or

was reduced from —14 to

water agar with soybean leaf pieces adjusted —14
bars osmotic potential with KCI was used. Mycelial
growth and prouction of macroconidia by this
fungus was prevented at about —100 bars and —30
bars, respectively. Production of macrocondium was
water potentials higher than those limiting to their
mycclial growth. It was not uncommon for fungi
to require a more narrow range of environmental
conditions for sporalation than for mycelial growth
(3). This fungus could form perithecia and micro-
sclerotia under relatively moist conditions. The
fungus formed progressively fewer perithecia and
microsclerotia as water potential decreised from
—1.4 to —50 bars or slightly lower. In contrast,

the perithecia formation by Fusarium roseum
‘Graminzaram’ (13) and the production of micros-
clerotia by Verticillium dahliae (8) were increased
by reduction of water potential from—2 to --20
bars. We suppose that F. roseum ‘Graminearum’
makes perithecia during periods on the drying
plant surface in nature but C. crotalariae makes
perithecia and microsclerotia during periods of
free moisture on plant surtace in below ground
part in nature.

Germination of macroconidia was maximal and
uniformly high over the entire range of water
potentials between near  and —20 bars irrespe-
ctive of incubated time or temperature. It was di-
fferent from mycelial growth which was progressi-
vely better as the osmotic rpotential lowered over
this range (2,5, 14). The stimulation in mycelial
growth by osmotic potentials down to —20 bars

has been interpreted (3) as due to ion uptake by



the hyphal cells, and with these ions and the gene-
ration of cell osmotic potentials more ideal for
cell functions and maintenance of tungor.

C. crotalariae causes black root rot of soybean
and peanut and functions mainly below ground in
humid climates where plant surfaces are commony
wet such as water potential about 0 bar. The
fungus is then well suited to form a perithecia
and microsclerotia maximally under the environ-
ment in which they must operate. .

This fungus grows best at a less low water poten-
tial similar to water potential of soybean host,
makes macroconidia during periods on the drying
plant surface in nature, germinate and must grow
in ptant tissues which are rarely wetter than —§ to
.~10 bars, and form perithecia and microsclerotia
maximally on below ground stem equal to high

water potential like fres moisture.
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