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Behaviors of Pythium butleri and P. zingiberum
in and around Cucumber Stem Segments
Buried in Recolonized Autoclaved Soil

Nobutaka SAMENMA* and Takio IcHITANI**

Abstract

Behaviors of Pythium butleri and P. zingiberum in and around the autoclaved cucumber
stem segments buried in recolonized autoclaved soil were studied. Oospores of the former
germinated around segments, and were more effective in colonization than those of the latter,
but no oospore germination was found in P. zingiberum under the same environment. Hyphae
of P. butleri were able to grow more rapidly than those of P. zingiberum through the soil. No
clear differences in survival in the form of mycelium were found between two fungi. P. butleri
produced more oospores around the segments than P. zingiberum. P. butleri survived longer
period of time in the colonized segments than P. zingiberum.

(Received July 2, 1987)
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INTRODUCTION

Pythium butleri Subramaniam causing damping-off of spinach (Spinacia oleracea 1.)7 is
a typical plant pathogen in warmer regions. This fungus is considered as synonym of P.
aphanidermatum (Edson) Fitzp. which is widespread, pathogenic to many plants'® and capable of
surviving in soil for long period of time!V. On the other hand, P. zingiberum Takahashi caus-
ing rhizome rot of ginger (Zingiber officinale Rosc.) and mioga [Z. mioga (Thunb.) Rosc.] is
a weak parasite in warmer regions and has relatively narrow host range®. This fungus is de-
tected only in soil with host growing, and may not be able to survive in soil for long preiod of
time®?,

These two species are morphologically and taxonomically related'® but probably different
ecologically. In this study, we compared their behaviors in and around cucumber stem seg-
ments in soil. Part of the work has been reported elsewhere!®.

MATERIALS AND METHODS

Fungal isolate and media. P. butleri [UOP 286 (=IFO 31214)] and P. zingiberum
[UOP 8001-2 (=ATCC 46851, CBS 21782)] were used in all experiments. The origin and charac-
teristics of these isolates have been defined®?. The fungi were maintained as described else-
where®. The media used for production and direct germination of oospores have already been
described®. A plain water agar (20 g agar, Wako Pure Chem. Ind., Ltd., Osaka, 1,000 ml dis-
tilled water, pH 5.0) was used for fungal detection.
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Soil. All colonization experiments were conducted in clay loam soil (pH 6.1). The
soil passed through a 9 mesh-sieve was sterilized by autoclaving, and then placed in a wooden
box (40 x 70 x 15 cm) on a bench under glasshouse conditions (8-36 C) for more than one month
to recolonize microorganisms before use. Tap water was supplied at irregular intervals and
any weeds were removed.

Substrate for colonization. The autoclaved stem segments (5 mm long, 3 mm in diam.)
of cucumber (Cucumis sativus L. cv. Santo Suyo No. 2) harvested from the 2-month old plants
grown in the glasshouse were used as substrates for colonization since they were equally infected
in soil with two fungi employed (Ichitani, unpublished data). They were stored in distilled,
deionized water at 6 C in the dark until used. The segments harvested at the same time were
used for the same series of the experiments.

QOospore suspension. This was prepared by the method described previously®:®).

Direct germination of oospores on culture medium or in soil. Oospore germina-
tion was examined on Bacto-CMA®. This was also tested in soil by essentially the same method
reported previously®®. About 1.0 x 10® oospores adhered to 10 mm? screen (10 um pore) were
inserted into soil in a 100 ml Erlenmyer flask at the depth of about 15 mm and incubated at 25
C for 24 hr in the dark with or without one segment just above the screen. After removing
adhered soil from the screen, oospores were stained with 0.1% cotton blue in lactophenol and
the germination percentage was calculated with mature oospores incorporated.

Colonization of segments in soil. All colonization experiments were performed in soil
in 100 ml Erlenmyer flasks with silicone plug. Soil (equivalent to 40 g oven dried soil) in each
flask was mixed with oospore suspension (4 ml) at different inoculum densities. Twenty seg-
ments were placed at random in the soil. After incubation at 25 C for 3 days, all segments were
recovered, washed with tap water, placed between filter papers to dry, and plated on the plain
water agar to detect fungal growth.

Survival in the form of mycelium and formation of oospores around segments.
Each fungus was inoculated centrally onto Bacto-PDA plate with eight 10 mm? sterile nylon screens
(10 um pore) on the periphery. The screens covered uniformly with hyphae were removed from
the agar surface after incubation at 25 C for 3 days for P. butleri and 5 days for P. zingiberum. Hy-
phae were sandwiched between two screens and buried in soil in the same manner as described
in oospore germination test.

After incubation at 25 C in the dark for a given period of time, screens with hyphae were
removed from the soil, washed with sterile distilled water, and active hyphae containing proto-
plasm were counted. Relative value of active hyphal strands/40 microscopical fields/screen
was calculated at different time intervals. Number of oospores produced on each screen was
also counted. These screens were then transferred onto newly prepared Bacto-CMA supple-
mented with 40 ppm streptomycin to determine viability of mycelia.

Effect of burying period on isolation. Fifty segments buried for 2-70 days in soil with
different density of propagules or oospores (180 g of soil mixed with 20 g of infested soil) were
plated on plain water agar. Fungal growth from the segments was detected as described in
the above colonization test.

In every experiment, the water content of the soil was adjusted to about 309, (which is
equivalent to matric potential of —150 mb) to prevent indirect germination of oospores.® All
experiments were repeated 2-6 times with 2-5 replications. ’

RESULTS AND DISCUSSION

Relation of oospore density to colonization

In the Cambridge method®1® applied for P. butleri and P. zingiberum using autoclaved
cucumber stem segments, no differences in competitive saprophytic ability (CSA) were found
between two fungi. The CSA was, then, examined quantitatively using oospores as an inoc-
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ulum. P. butleri was able to colonize at 1.0 X 10! oospores per gram of oven dried soil (OPG),
whereas P. zingiberum could not consistently colonize even at 1.0 x10* OPG. When tested
using an appropriate oospore density of these two fungi which gave about the same degree of
CSA, OPG in P. zingiberum was higher than those in P. butleri by about 100 times.

Relation of oospore germination to colonization

The percentage of oospore germination in P. zingiberum is too low (below 10%) to examine
CSA. In addition to the trials to induce the germination reported previously®, some other
treatments were tested unsuccessfully. Then, the relation of oospore germination to coloniza-
tion was determined (Table 1). The OPG needed for colonization may depend on oospore
germination in soil.

Differences in rate of mycelial growth in soil

When cucumber stem segments were placed on different amounts (5-30 g) of soil over fungal
cultures of Bacto-CMA in 9-cm petri dish, colonization of the segments by P. butleri was higher
than that by P. zingiberum. This suggested that hyphae of P. butleri can grow more rapidly
than P. zingiberum through the soil.

Differences in survival in the form of mycelium

No clear differences in survival in the form of mycelium were found between P. butleri and
P. zingiberum.

Qospore formation around segments

Oospore formation was observed around segments in P. butleri, but not in P. zingiberum
(Table 2).

Effect of burying period on isolation ,

Finally, two fungi were compared for survival after colonization in soil. P. butleri was
isolated from almost all segments throughout the experiment, whereas P. zingiberum was not
so and rate of isolation decreased with the incubation proceeded (Fig. 1). Similar results were
obtained when segments were buried for 2 days in the above soil previously incubated for var-

Table 1. Relation of oospore germination of P. butleri and P. zingiberum to colonization of
cucumber stem segments in soil

Germination or colonization (%)

Qospores >
P. butleri (UOP 286)b>  P. zingiberum (UOP 8001-2)
Germinated
On Bacto-CMA© 29.6 7.2
In Soil®
With a cucumber stem segment 9.9 ) 0.0
Without a cucumber stem segment 0.3 0.0
Incorporated/g oven dried soil
1. 0x 104 15-35 0
1.0x 103 — 0
1. 0x 102 0-10 _
1.0x 10t 0 —
Not incorporated 0 0

a) Oospores harvested 24 and 21 days after inoculation for P. butleri and P. zingiberum, respectively.

b) Isolate no.

¢) At 25 C for 22-24 br just before incorporation.

d) At 25 C for 24 hr after incorporation. )

e) The range of fluctuation indicates that the data varied with the duplicates. One numeral indicates
that there was no fluctuation.

f) Not tested.
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Table 2. Qospore formation of P. butleri and P. zingiberum around cucumber stem segment in soil

P. butleri (UOP 286) 2> P. zingiberum (UOP 8001-2)
Period (days)
Buried > Not buried Buried Not buried
0 0 (0)® 0 (0) 0 (0) 0 (0)
1 02 0 (0) 0 (o 1 (0)
2 7 (0) 0 (0) 0 (0) 0 (0)
4 4 (3) 0 (0) 0 (0) 0 (0)
8 5 (4) 0 (0 1 (0 0 (0)
12 0 (3 0 (0) 0 (0) 0 (0
16 1 (3 0 (0) 0 (0) 0 (0)
20 0 (1) 0 (0) 0 (0 0 (0)
24 2 (0) 0 (0) 0 (0) 0 (0

a) Isolate no.

b) One cucumber stem segment/flask.

¢) The number of oospores was counted in 40 microscopic fields (500 x) with duplicate screens. ( ):
replication.
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Fig. 1. Isolation of P. butleri and P. zingiberum from soil by cucumber stem segments buried
for different periods of time. O: P. butleri (UOP 286), @ : P. zingiberum (UOP 8001-2).

ious periods of time. The results showed that P. butleri was more suitable for survival in soil
than P. zingiberum.

The present experiments may indicate that differences in colonization of the segments by
both fungi are due to oospore germination and mycelial growth around segments, and that dif-
ferences in survival after colonization depend on oospore formation inside the segments.

This study was conducted using only one isolate for each species since it is considered
to be typical from the viewpoints of morphological, cultural and pathological characteristics
(Ichitani, unpublished data): Further studies are, however, needed to be done with more isolates
before final conclusion can be drawn.

The authors are indebted to Profs. T. Inouye of the University of Osaka Prefecture and
W. H. Ko of the University of Hawaii for critical readings of the manuscript.
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