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Oospore germination occurred over a temperature ranging of 1 5 - 3 5  °C for Pythium coloratum, 1 0 - 3 5  °C for P. diclinum, 
1 5 - 3 0 ° C  for P. dissotocum, 7 - 3 0 ° C  for P. monospermum, and 1 0 - 3 0 ° C  for P. pleroticum. Optimum temperature was 
2 5 ° C  for all species tested. In case of pH, oospore germination occurred over a range of 4 . 7 6 - 8 . 5 5  with an optimum of 
6 . 4 0 - 7 . 4 0 .  The least germination occurred at pH 4 .76  for P. coloratum, P. diclinum, P. monospermum and P. 
pleroticum, while P. dissotocum germinated from pH 5 .02 .  Oospores of the all tested pythia were able to germinate at 
- 0 . 1 3  to - l . 6 5 M P a  and could not germinate at - 3 . 4 0 M P a ,  with the highest germination rate at - 0 . 2 7  to 
- 0 .47  MPa. The effect of temperature, pH and osmotic potential on oospore germination was discussed in relation to 
pollution of pond water. 
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Oospores are considered to be resistant structures which 
allow fungi to survive adverse conditions. Most investi- 
gators have studied the dynamics of oospores in soil, the 
biology of oospores and factors affecting their germina- 
tion in the genus Pythium (Peter, 1971; Stanghellini and 
Burr, 1973; Stanghellini and Russel, 1973; Ayers, 1975; 
Ge and Ichitani, 1992). No work has, however, been 
done on oospore germination of Pythium spp. in an aquat- 
ic ecosystem. 

The present study examined oospore germination of 
five aquatic Pythium spp. from pond water in Osaka, 
Japan, under various cultural conditions in order to clarify 
the relationship between their behavior under polluted 
conditions and their life cyclic patterns. Three main fac- 
tors of temperature, hydrogen ion concentration and os- 
motic potential were selected. Part of the work has 
been reported elsewhere (Abdelzaher et al., 1993). 

Materials and Methods 

Fungi and isolates Pythium coloratura Vaartaja (isolate 
No. 187), P. diclinum Tokunaga (114), P. dissotocum 
Drechsler (250), P. monospermum Pringsh. (237) and P. 
pleroticum T. Ito (1 25) were isolated from pond water in 
Sakai, Osaka, Japan, during an ecological survey of 
aquatic pythia (Abdelzaher et al., 1993). Table 1 
represents some ecological information about the species 
tested. 
Oospore production and germination The fungi were cul- 
tured to produce oospores at 20°C for 1-4 weeks in 100- 
ml Erlenmeyer flasks containing 10 ml of V-8 juice. Oo- 

spore suspensions were then obtained by mincing myceli- 
al mats in a blender for 3 minutes. The resulting suspen- 
sion was filtered through a sieve, the size of which was 
chosen in relation to the oospore diameter in order to 
produce a suspension of oospores reasonably free of 
hyphal fragments. An attempt to separate viable 
hyphae from oospores by freezing (Kusunoki and Ichitani, 
1982) resulted in negative effect on some species (P. 
coloratum, P. dissotocum and P. monospermum) and a 
positive effect on others (P. diclinum and P. pleroticum), 
and therefore this method was not selected for this ex- 
periment. This suspension was used directly after count- 
ing and adjusting the number of mature oospores and in- 
cubated on the fol lowing media for 24 hours at fixed tem- 
perature in the dark. Oospore germination was exa- 
mined microscopically and 200 oospores were chosen at 
random for calculation of germination rate. All the 
results are the mean of five replicate tests, each repeated 
twice. 
Media for germination tests Bacto-CMA medium (CMA) 
was employed for the investigation of temperature 
response of oospore germination. V-8 juice (10°J00) liquid 
medium supplemented with 500/~g/ml of wheat germ oil 
(Japan Impex, Tokyo) was used for producing oospores. 

In the pH experiment, CMA was adjusted to pH 
values between 4.50 and 8.50 at 0.50 pH unit intervals 
with 50 mM MES buffer (Inoue and Ichitani, 1990). Dou- 
ble strength of the buffer salt was dissolved in a fixed 
volume of distilled water and adjusted to the desired pH 
with 1 N HCI or 1 N NaOH. Double strengths of MES 
buffer and CMA were separately autoclaved at 121 °C for 
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Table 1. Ecological data on species tested. 

Fungi Date of Pond Temp. (°C) pH value Transparency Conductivity 
(Isolate no, ) isolation (ml) (ms/ml) 

P. coloratum (187) Jan., '93 Nakatsu 5.5 8.71 24.5 0.35 
P. diclinum (114) Dec., '92 Nakatsu 10.0 8.08 32.0 0.35 
P. dissotocum (250) Mar., '93 Nakatsu 9.0 7.88 17.5 0.34 
P. monospermum (237) Mar., "93 Nakatsu 7.0 7.90 26.5 0,36 
P. pteroticum (125) Dec., "92 Tatsumi soil 11 10.0 6.36 N.D. 21 N.D. 

1) Bottom soil of the pond while there was no water. 
2) Not determined. 

15 minutes, and the buffer was then added to an equal 
volume of the medium to give a final buffer concentration 
of 50mM. The initial pH was measured and the medium 
was dispensed into 90-ram diam Petri dishes 
(10 ml/dish). Oospore geremination tests were carried 
out at 25°C. 

In the osmotic potential experiment, mannitol, which 
was found not to be utilized by Pyth ium as a nutrient 
(Thill e ta l ,  1979), was added to CMA. The osmotic 
potential of CMA was adjusted to --0.13, --0.27, 
- 0 . 4 7 ,  1.00, --1.65 and --3.40 MPa by adding man- 
nitol in a ratio of 0.04, 0.08, 0.16, 0.32, 0.64 and 
1.28mol/kg, respectively, according to Robinson and 
Stokes's formula (Robinson and Stokes, 1949). The os- 
motic potential was determined with a Dew Point 
Microvoltmeter (HR-33T; Wescor, Logan, USA). Incuba- 
tion temperature for the test was 25°C. 

Results 

Influence of temperature on oospore germination As 
shown in Fig. 1, oospores of P. monospermum germinat- 
ed between 7°C and 30°C, but not at 4°C or 35°C; 
those of P. dicl inum and P. p lerot icum germinated from 

10°C, and those of P. coloratum and P. d issotocum ger- 
minated from 15°C. Oospores of P. coloratum and P. 
dicl inum germinated at 35°C, while those of P. dissoto- 
cure, P. monospermum and P. p lerot icum did not. Maxi- 
mum germination rate of all the pythia tested was at 
25oC. 
Influence of hydrogen ion concentrat ion on oospore ger- 
mination As shown in Fig. 2, all the pythia tested germi- 
nated over the whole experimental pH range at 25°C, ex- 
cept for P. dissotocum, which germinated from 
pH 5.02. The optimum pH value for oospore germina- 
tion ranged from 6.40 to 7.40 for all species tested. 
Influence of osmotic potential on oospore germination 
The effect of osmotic potential on oospore germination at 
25°C is indicated in Fig. 3. The pythia tested showed 
similar responses. At - 3 . 4 0  MPa, none could ger- 
minate. They germinated at the other osmotic poten- 
tials tested, with good germination between --0.13 and 
- 0 . 2 7  MPa and the optimum at 0.47 MPa. 

Discussion 

During our ecological study of aquatic pythia (Abdetzaher 
etal. ,  1993), water temperature at the survey points was 
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Fig. 1. Effect of temperature on oospore germination of five aquatic Pythium spp. (P. coloratum [ ] ,  P, dicfinum Eg, P, dissotocum m, 
P, monospermum ml, P, pleroticum [ ] ) .  
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2. Effect of hydrogen ion concentration on oospore germination of five aquatic Pythium spp. (P. coloratum ~ ,  P. diclinum [ ] ,  P. 
dissotocum I p. monospermum Ira, P. pleroticum kN'q). 

ranged f rom 2 t o  30°C .  The very cold wa te r  in w in te r  
was unsuitable for oospore germinat ion of the pythia test-  
ed. Temperatures of  7°C or 10°C,  however ,  support  
some oospore germinat ion.  For this reason, oospore ger- 
minat ion at d i f ferent  temperatures  in the laboratory sug- 
gests that  the germinat ion in wa te r  or in plant debris in 
wa te r  may be st imulated by temperatures  in the range of 
7 -30oC.  

Oospore germinat ion occurred over a broad pH range 
w i t h  an op t imum around neutral. Pythium appears to be 
into lerant  of acid soils (Webster,  1991).  We can as- 
sume, therefore,  tha t  acidic ponds (pH be low 4.5) are un- 
suitable for es tab l ishment  of Pythium spp. Pythium spe- 
cies have been absent f rom heavily pol luted water  and sel- 

dom found in part ial ly pol luted places (Harvey, 1952).  
High pol luted pond water  w i th  osmot ic  potent ial  above 

1.65 MPa, located downs t ream of a pol lut ion source 
such as factor ies, represents an inhibi t ive medium 
toward  oospore germinat ion of aquat ic pythia. Further 
studies on pol lut ion e lements and their ef fect on oospore 
germinat ion in the aquat ic habi tat  should be done. 
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Fig. 3. Effect of osmotic potential on oospore germination of five aquatic Pythium spp. (P. coloratum [ ] ,  P. diclinum Fa, p. dissotocum 
I ,  p. monospermum •, P, pleroticum N~). 
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