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Water mold samples, 8 isolations, were obtained to study. There were 4, 2 and 2
isolations from Norway, Scotland and Chile respectivedy. All 8 isolations contained
asexua reproducti ve structures observed under inverted light microscopy and identified as
Saprolegnia sp. The optimum pH, temperature, and % (w/v) NaCl concentrations were
7-10, 25°C and 0-0.5 respectively. These results are useful for predicting occurrence,
epidemiological surveys, and distribution of water molds and aquatic animal health
monitoring.
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INTRODUCTION

Some aquatic fungi are known to be
pathogenic to fishes and their eggs. Saprolegnia
parasitica, S diclina and S ferax are known to
be pathogens to cold water fishes. Saprolegniasis
is a continuing problem for aguatic animd
culturists. Any species of fish that is intensively
cultured and captured, is at risk of contracting
fungal diseases. Fungus has been known to
cause serious diseases in fresh water and
estuarine aquatic animas in Japan, the
Philippines, Austrdia and throughout South
Asa® Genus Saprolegnia in the family
Saprolegniaceae is ubiquitous in water supplies
and often causes losses due to Saprolegniasis in
fishes. The occurrence and severity of fungal
outbreaks depend on the water sources, water
temperature, organic load and length of contact
time @

To prevent these outbreaks, many
atempts have been made to develop both
curative and prophylactic fungicides.®*® The
research has shown that cold water fish (12°C),
cool water fish (17°C) and warm water fish
(22°C) have varying sensitivitiesto Seprolegniasis™®

This research was intended to study the
effect of some water quality characteristics on
growth rate of Saprolegnia sp. Fungi used in
this study were collected from Norway, Scotland
and Chile. According to reports, Saprolegniasis
is currently occurring in these countries. The
study results will be beneficia to many aspects
of aquaculture and research.

MATERIALSAND METHODS
Asexual |dentification

Experimenta isolates were received from
Norway (N3, N5, N6 and N33), Scotland (N7
and N12) and Chile (N16 and N18). They were
kept on GY agar (1% (w/v) glucose, 0.25%
(w/v) yeast extract and 1.5% (w/v) agar) for
transportation. Small agar blocks (8 x 8 mm)
with hyphae were cut from the edge of each
colony and transferred to new GY agar. Water
molds were kept in 20°C incubation for 2 days.
Small agar blocks were cut from actively
growing edges of young fungal colonies and
inoculated into disposable plastic petri dishes
(90 x 20 mm) which contained 30 ml sterile tap
water. All petri dishes were incubated at 20°C
for 2 days. Zoosporangid forming and zoospores
releasing were observed under inverted
microscopy as described by Seymour.*®
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Effect of pH on fungal growth

GY broth (1% (w/v) glucose and 0.25%
(w/v) yeast extract) was prepared with pH of 3,
4,5,6,7,8,9, 10, 11, and 12 as measured by pH
meter F-21, Horiba. The 5 ml GY broth was
aseptic filtrated with a disposable syringe filter
unit (Advantec, DISMI C-25CS) and poured into
derile glass test tubes. An agar block with
young mycdia was cut off with a No. 2 cork
borer and transferred into the sterile GY broth.
All test tubes were incubated a 20°C in a
cabing. Growing hyphae were observed by
naked eye every 24 h for 2 weeks and recorded.
All experiments were done in 5 replicates. Per
cent growth rate was cal culated from equation 1.

% Growth rate = Hf x 100 / Hb .. (D

Where Hf = height of fungal growth (mm)
Hb = height of GY broth (mm)

Effect of temperature on fungal growth

The advancing edge of each young colony
was cut by cork borer No.2 (circular agar with a
55 mm diameter). Circular agar was centrally
placed on 25 m GY aga and kept at
temperatures of 5, 10, 15, 20, 25, 30, 35, 37, and
40°C in an incubator. Colony radius was
measured with venire calipers every 24 h for 2
weeks after inoculation. All experiments were
done in 5 replicates. Determination of colony
radius was cal culated from equati on 2.

R=F-C .. (2

Where R = radius of fungal growth (mm)
F = radius colony of fungal growth (mm)
C =radius of centrally circular agar (mm)

Effect of NaCl concentration on vegetative
growth

A circular agar of isolates was cut from the
margins of actively growing colonies and
inoculated on the center of GY agar containing
various concentrations of NaCl (0, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5and 4.0% (w/v). All petri dishes
were kept in a 20°C incubator for 2 weeks. All
experiments were done in 5 replicates. Colony
radius was measured and caculated as
mentioned above.
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RESULTS AND DISCUSSION

Growing young mycelia on small agar
block were observed everyday under an inverted
microscope. The vegetative thalas is tubular,
non-septate, multinucleate, variably branched
and with transparent hyphae. Active motile
Zoospores were discharged one by one in rapid

succession through an exit apica pore of
Sporangium (Figure 1 A and B). The Zoospore
rdeasing was Saprolegnoid for al isolates.*>*"
Based on the mode of Zoospore release from
Zoosporangia, all isolates were identified as
aguatic fungi belonging to the genus Saproegnia.

Figure 1. Maturation Zoosporangium (A) and Saprolegnoid type Zoosporesreeasing from the
Zoosprangium (B). Magnification 2.5 x 40.

It is known that waer molds can grow
well in very dilute nutrients and prefer pH from
neutral to weak akaine conditions.®® Hence,
al isolates in this experiment grew well on pH
7-10. As can be seen in Table 1, water molds
from Norway grew well on pH 7-10. The
maximum growth rates were: N3-0.75% hyphae
growth/h a pH 9, N5-1.03% hyphae growth/h at
pH 7, N6-1.11% hyphae growth/h at pH 10 and

N33-0.76% hyphae growth/h at pH 10. Aquatic
fungi from Scotland had maximum growth when
pH was 9-10. The optimum pH for N7 (1.09%
hyphae growth/h) was pH 9 and for N12 (1.23%
hyphae growth/h) pH 10. For the Chile samples,
an optimal pH for N16 (1.09% hyphae growth/h)
was pH 7 and for N18 (0.71% hyphae growth/h)
was pH 8.

Table 1. Effect of pH on % hyphal growth/h.

pH

Country  Isolate ——— 5 6 7 8 9 10 11 12
N3 0 009 055 071 070 073 075 071 034 0

Noway N8 0 007 052 071 103 102 087 100 095 0
Y N6 0 008 055 073 080 081 087 111* 090 0
N33 0 010 062 073 070 070 070 076* 063 0
sootend N7 0 002 044 076 083 094 109 071 018 0
NI2 0 006 075 076 105 110 103 123 087 0

chle NI6 0 013 064 067 109° 103 083 073 052 O
NI8 0 005 060 062 059 071* 070 066 028 0

* Maximum mean of 5 replicates
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Kashiwaki et al.,® in contrast, addressed
the fact that weak alkaline electrolyzed solutions
(pH 8.2) had strong fungicidal effects on S
parasitica Corker NJM 8604 and were effective
antifungal agents.  Kitancharoen et al.“? reported
that S diclina Hamphrey and S parasitica
Corker grew very well in strong acidic condition
(pH 3.5). In this study, there was a similar pH
range for growth. This information shows that
the biological characteristics isolated for study
play amgjor rolein fungal growth.

Table 2 shows the effect of temperature on
Saprolegnia sp. All water molds in this
experiment had maximum growth at a
temperature of 25°C. Growth of samples from
Norway; N3, N5, N6 and N33 were 0.50, 0.32,
0.45, and 0.81 mm/h respectively. Samples N7
and N12 from Scotland grew at 0.52 and 0.49
mm/h respectively. The maximum growth rate

recording stopped if the petri dish was full.
Samples N5, N6, N7, and N12 remained viable
on the available agar surface for 15 days but did
not grow well. No growth of aquatic fungi in this
experiment was noted a temperatures over
30°C.®

In Sgprolegniaceae, differences in growth
rate and other physiological characteristics not
only might be correlated to host specificity, but
may also serve to identify different subgroups
within the species® and indicate strain
differences® Wood et al.®® indicated that
colony morphology and growth at 25°C could
distinguish S diclina from S parasitica from
sdmonids. Hatai and Hoshia® noted that
growth rate a 30°C could be used for rapid
identification of Saprolegnia sp. Hussein and
Haa® classified Saprolegnia sp. based on
growth at temperatures ranging from 3-33°C.

of N16 and N18 from Chile were 0.70 and 0.59  These studies show that aquatic fungi can
mm/h respectively. The colony radius growth  survivein many environments.
Table 2. Effect of temperature on vegetative mycelia radial growth (mm/h).
Temperature (°C)
Country  Isddte =575 55 25 30 35 37 40
N3 022 026 031 049 050+ 010 O 0 0
Norwa N5 010 012 013 029 032 007 O 0 0
Y Ne 020 026 028 041 045 013 O 0 0
N33 032 038 045 068 081* 052 O 0 0
Scotland N7 020 022 026 045 052 013 O 0 0
N12 021 025 030 048 049 014 O 0 0
Chile N16 021 027 040 057 070+ 020 O 0 0
N18 025 031 035 052 059 033 O 0 0
* Maximum mean of 5 replicates
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Table 3. Effect of NaCl concentration on colony radius (mm/h).
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% NaCl
Country  Isolate —5 05 10 15 20 25 30 35 40
N3 049 060 045 034 020 008 O 0 0
Noway N8 033 035 024 018 008 002 0 0 0
Y N6 039 044* 034 017 014 008 0 0 0
N33 082 077 046 033 024 015 001 O O
N7 045 048 033 025 015 005 O 0 0
Scotland 15 045  046* 038 026 014 008 O 0 0
chle NI6 062 053 035 023 012 006 0 0 0
N18 058 059 055 04 022 009 0 0 0

* Maximum mean of 5 replicates

According to Table 3, NaCl concentration
affected vegetaive growth of aquatic fungi. In
the samples from Norway the maximum growth
rate for N3 was 0.60 mmvh at 0.5% NaCl, for N5
growth was 0.35 mm/h at 0.5% NaCl, for N6 it
was 0.44 mmvh a 0.5% NaCl and for N33 it was
0.82 mm/h a 0% NaCl. Samples N7 and N12
from Scotland were 0.48 and 0.46 mnmv/h at an
optimal saline amount of 0.5%. The maximal
growth observed in N16 and N18 from Chile
was 0.62 and 0.59 mm/h at 0 and 0.5% NaCl
respectively. No water molds in this experiment,
excluding N33 from Norway, grew in salinity
over 2.5%. N33 grew very slowly (0.01 mnvh)
in 3% NaCl but did not grow if the salinity was
3.5% or more.

Mycotic infections associated with
Saprolegniacea are widdy reported in fresh
water fish.®® They are rardy found in brackish
water.?” However, Saprolegnia spores can take
advantage of nutrient availability and germinate
in 1.5% atificid sea wate™ under laboratory
conditions.® It isinteresting that Singhdl et al.*
dipped fish in 3% NaCl for 2 min and reduced S.
parasitica infection by 96%. Also, Marking™”
and Schreier et al™ recommended the use of 3%
NaCl to improve fry hatching. This study
showed that 3% NaCl inhibited the growth rate
of fungi in 7 out of 8 isolates.

Our findings indicate that research needs
to be directed toward understanding the
environmentd factors that allow aquatic fungi to
proliferate and cause disease. Although it may
be necessary to use chemicals to control disease,
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it is aso important to find alternative control
methods. Reducing chemical usage can reduce
the subsequent concern for the environmental
damage and can aso lower the cogt of raising fish.

ACKNOWLEDGMENTS

The authors would like to express their
sincere gratitude to Dr. Nontawith Areechon and
Prof. Dr. Takashi Aoki for their coordination.
Thanks to Mr. Svein, from Norway for his fungal
provision. This research received financid
support from the National Research Council of
Thaland - Japan Society for the Promotion of
Science (NRCT-JSPS, JFY 2002).

REFERENCES

1. Blazer, V. S, Lilley, J. H., Schill, W. B.,
Kiryu, Y., Densmore, C. L., Panyawachira, V.
and Chinabut, S. (2002) “Aphanomyces
invadans in Atlantic Menhaden aong the
East Coast of the United States” J Aquatic
Animal Health 14, 1-10.

2. Lines J A. and Frogt, A .R. (1999) “Review of
opportunities for low dress and sdective
control fish” Aquaculture Engineering 20,
211-230.

3. Pickeing A. D. (1993) “Endocrine-induced
pathdogy in gress samonid fish” Fisheries
Research 17(1-2), 35-50.

4. Quinioy, S. M. A, Bigler, S, Clem, L. W. ad
Bly, J. E. (1998) “Effects of water temperature
on mucous cdl didribution in channd cafish
epidermis; a factor in winter saprolegniass’
Fish & Shdlfish Immunology 8, 1-11.

J. Sci. Res. Chula. Univ, Val. 30, No. 2 (2005)



Influence of pH, Temperature and Sodium Chloride Concentration on Growth Rate of Saprolegnia sp..............

5.

10.

11

12.

13.

14.

15.

16.

Rach, J. J, Maks, J. A. and Dawson, V. K.
(1995) “Effect of water flow rates in haching
jars to control fungd infections on rainbow
trout eggs’ The progressive Fish-Culturist 57,
226-230.

Forneris, G., Bdlardi, S, Pdmegiano, G. B,
Saroglia, M., Scuro, B., Gaso, L. ad
Zoccardo, 1. (2003) “The use of ozone in trout
hatchery to reduce saprolegniess incidence”’
Aquaculture 221, 157-166.

Gupte, M., Kulkarni, P. and Ganguli, B. N.
(2002) “Antifungd antibiotics” Appl Microbiol
Biotechnol 58, 46-57.

Kashiwagi M., Taneka H., Maekawa Y.,
Yoshioka M., Ueno R., Hoshia G., Hatal K.,
Deno H., Kakiuchi H. and Korihama E. (2002)
“Fungicidal effects of weak dkaine
dectrolyzed solution on Saprolegnia infected
salmonid eggs’ Suisanzoshoku 50(3), 363-367.
Marking, L. L., Rach, J. J. and Schreier, T. M.
(1994) “Evduation of antifungal agents for fish
culture” The Progressive Fish-Culturist 56,
225-231.

Rach, J. J, Schreier, T. M., Howe G. E. and
Redman, SD. (1997) “Effedt of species life
dage and water temperature on the toxicity of
hydrogen peroxide to fish® The progressive
Fish-Culturist 59, 41-46.

Ramnarine I. W. (2001) “Hatching trids with
eggs of armoured catfish Hoplosternumllittorale
(Hancock)” Aquaculture 198, 123-127.

Schreer T. M., Rach J. J and Howe G. E.
(1996) “Efficacy of formdin, hydrogen
peroxide and sodium chloride on fungd
infected rainbow trout eggs’ Aquaculture 140,
323-331L

Singhd, R. N. Jedt, S. and Davies, R. W. (1986)
“Chemotherapeuty of ectoparasitic diseases of
cultured fish” Aquaculture 54, 165-171.
Gaikowski, M. P., Rach, J. J. and Ramsay, R.T.
(1999) “Acute toxicity of hydrogen peroxide
treetments to sdedted lifestages of cold,
cool, and warmwater fish” Aquaculture 178,
191-207.

Seymour, R. L. (1970) “The Genus
Saprolegnid’ Lehre Verlag Von J. Cramer,
Germany. 124p.

Dieguez-Uribeondo, J., Gierz, G. and Bartnicki-
Garda, S. (2004) “Image andyss of hypha
morphogeness in Sgordegniacese (Oomyodes)”
Fungal Geneticsand Biology 41, 293-307.

J. i Res. Chula. Univ, Val. 30, No. 2 (2005)

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Stedow, M. M. (2003) “Saprolegnia diviae sp.
nov. isolated from an Argentine river (Tierra
dd Fuego Province, Argenting)” FEMS
Microbiology Letters 219, 253-259.

Wood, S. E.,, Willoughby, L. G. ad Beskes, G.
W. (1986) “Prediminary evidence for inhibition
of Saprolegnia fungus in the mucus of brown
trout, Salmo trutta L., following experimental
chalenge’ J. Fish Diseases 9, 557-560.
Kitancharoen N., Yuasa K. and Hatai K. (1996)
“Effects of Saprolegnia didina and S parastica
isolationed from various sources’ Mycoscience
37, 385-390.

Alderman, D. J and Polglase, J. L. (1986)
“Aphanomyces astaci: isolation and culture”
J. Fish Diseases 9, 367-379.
Dieguez-Uribeondo, J., Cerenius, L. and
Soderhall, K. (1996) “Physiological
characterization of Saprolegnia parastica
isolates from brown trout” Aquaculture 140,
247-257.

Hatai, K., Willoughby, L. G. and Begkes, G. W.
(1990) “Some characteristics of Saprolegnia
obtaned from fish hacheies in Jgpan”
Mycol.Res. 94(2), 182-190.

Wood, S. E., Willoughby, L. G. and Beakes, G.
W. (1988) “Experimental studies on uptake
and interaction of spores of the Saprolegnia
diclina- paragtica complex with externa
mucus of brown trout, Salmo trutta L” Trans.
Br. Mycol. Soc. 90, 63-73.

Ha, K. and Hoghia, G. (1992) “Mass mortdity
in cultured coho sdmon (Onchorhynchus kisutch)
due to Saprolegnia parastica Coker” J. Wildlife
Diseases 28(4), 532-536.

Hussan, M. M. A. and Hata, K. (1999)
“Saprolegnia salmonis sp. nov. isolated from
sockeye samon Onchorhynchus nerka”
Mycoscience 40, 387-391.

Bruno, D. W. and Stamps D. J (1987)
“Sgprdegniasis of Atlantic salmon, Salmo
salar L., fry” J. Fish Diseases 10, 513-517.
Hussan, M. M. A. and Hata, K. (2002
“Pathogeniaty of Saprolegnia spedes assodaed
with outbresks of sdmonid sgrdegnioss in
Japan” Fisheries Science 68, 1067-1072.

Shefer T. H., Padgett D. E. and Cdio D. A.
(1990) “Evidence for enhanced sdlinity
tolerance of a suspected fungad pathogen of
Atlantic menhaden, Brevoortia tyrannus Latrabe’
J. Fish Diseases 13, 335-344.

129



Weena Koeypudsa, Panarat Phadee, Jirasak Tangtrongpiros and Kishio Hatai

29. Dykstra, M. J, Leving J F., Noga, E. J,
Hawkins, J. H., Gerdes, P., Hargis, W. J,, Grier,
H. J and Strake, D. T. (1989) “Ulcerative
mycoss. a sarious menhaden diseese of the
outheastern coagtd fisheies of the United
States’ J. Fish Diseases 12, 175-178.

Recelved: March 9, 2004
Accepted: February 11, 2005

130 J. Sci. Res. Chula. Univ, Val. 30, No. 2 (2005)



