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Fungus Flora of Paddy Fields in Korea
I. Fungal distribution of paddy fields
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ABSTRACT

An investigation of the soil microfungal population in the paddy fields of two locations
around Seoul was made at four seasons. By the dilution plate method, a total number of
propagules of the microfungi per gram of soil was recorded as 10* at the upper layer(0-10
cm depth) followed by the middle (10-20cm depth) and the lower layer (20-30cm depth).
The highest number of fungal propagules was 11.0 x 10* at the upper layer of the soil
collected in autumn. The decreasing tendency of the number of fungal propagules was
depend on the increasing depth in paddy fields. Seasonal fluctuation of the fungal popul-
ation was shown from the highest density of fungal colonies on the plate in autumn season
and the lowest one in winter, indicating that the autumn is best season for fungal growth.
Generally, the number of the species of Talaromyces in the paddy soils was found to be
very high, particularly in autumn, while comparatively low in winter. The highest number
of the species of Talaromyces was 6.5 x 10* propagules per gram of soil in Yukkog-dong
in autumn and the lowest was 0.5 x 10% in Shinwon-dong in winter. It is assumed that
these fungi grow well also in the warm to the hot seasons.

INTRODUCTION

The soil microfungal populations in native
plant communities have investigated during the
two decades. However, a few studies were des-
cribed on the soil mycoflora of the rice paddy
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fields under the special environmental conditions.
Dutta and Ghosh(3) reported the systematic
study on the soil microfungal flora of paddy
fields where they have cultivated under typi-
cally ecological conditions and cultural practices,
as it is the most important crop in Orissa, India.
Soil samples were collected during four different
stages of cultivation or crop growth; ploughed
iland stage, puddled soil with transplanted crop,
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active growth period and the post harvest stage.
a total number of 165 fungi were isolated from
the soil samples obtained from the paddy fields
of two sites along with various stages. Among
them, the Deuteromycetous fungi were the most
frequently encountered group in the study.
Certain of the fungi were found to be ecological-
ly mature and dominant in the paddy fields and
were present during all the stages of cultivation
or growth of rice plants.

Recently, Yokoyama et al. investigated the
soil microfungi colonizing in the paddy fields of
the four selected locations in Osaka, Japan, dur-
ing a period of more than two years. Although
the numbers of colony counted usually varied
from plot at every sampling time during three
vears, there was no marked tendency of the
fungal population in a given location.

This paper describes first the population of
the soil microfungi in the paddy fields around
Seoul, Korea and secondly its seasonal fluctu-
ation together with vertical distribution in the
paddy soil.

MATERIALS and METHODS

Sampling sites :

In this experiment, authors have selected
two sites of rice paddy fields around Seoul,
Korea.

Seoul is located at the center of Korea,
between 126° 45’ to 127° 10’ North and
37°25" to 37°42' East and surrounded by
two mountains lied on north and south, with
Han River which is flown down through the
center of Seoul. There are typical four seasons
in Seoul district area, specially rainy season, wet
summer, usually from the middle of July to the
end of July, but including cold and dry winter
season.

Two different sites were chosen: Shinwon-
dong in the south east Seoul and Yukkog-dong,
Buchun city in the south west Seoul, represent-
ing a soil pH of 6.6 and 6.9, respectively.

These fields have been continuously cultivated
with the rice plants. In the winter season, it is
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very cold and the soil is frozen up to about 90cm
depth.
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Fig. 1. Map of Seoul prefecture indicating the sites
of twao selected rice paddy fields
Sampling of soils :

Soil samples were obtained from each plots
every three months using a sterile stainless
sampler, 70cm long, 28mm wide in inner diame-
ter, with a longitudinal slit of S4cm long and
11mm wide which opens 2cm above the pointed
lower edge.

Soil samples for mycological analysis were
obtained by pushing sterile samplers vertically
into the soil. The soil samples were in different
depth from the surface of the paddy field. A
soil sample was taken from the slit with a sterile
stainless spatula at three different depths: the
upper layer (Scm), the middle layer (15c¢m) and
the lower layer (25cm). The schematic profile of
soil sampling was shown in Fig. 2. Soil samples
were collected during four different stages of
cultivation and crop growth: the rest stage of
cultivation in spring time (April 25,1980), the
active growth period (July 25, 1980), the harvest
season (October 25, 1980) and the post harvest
season (January 25, 1981).

During the first stag:, the land, the tempera-
ture and moisture conditions are more or less
favourable for the fungal growth. The next stage
is presence of abundant water to be sufferred
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Fig. Diagram of soil sampler

from anaerobic condition for fungal propagation.
In the active growth period of plants in autumn
season, rice plants grow rapidly, their root
exudates are reported to be more condition, and
the water content of soil gradually tend to dry
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up to be suitable moisture. During the last
stage of winter season, the post harvest period,
is severe cold temperature, sometimes to be
snowy or freezen.

Isolation and identification of fungi :

The each culture medium for the isolation of
fungi was malt extract-yeast extract agar (MYA)
containing tetracycline (50ug/ml) to prevent
bacterial development. The medium of MYA was
composed of malt extract 0.3g, yeast extract 0.3g,
peptone 0.5g, glucose 1.0g, tetracycline Smg,
agar 1.5g and distilled water up to 100ml.
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Fig.3. Schematic profile of soil sampling
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The isolated fungi from the plates were trans-
ferred on a malt extract agar slant at 24°C. The
identification of each fungus was carried out on
Czapek solution agar, malt extract agar and
potato sucrose agar.

Dilution plate method :

Three soil suspensions were different in their
soil amounts; one gram of soil from the upper
layer, two grams from the middle layer and three
grams from the lower layer, respectively.

Each soil sample was added to a sterilized
water, Sml, in test tube and shaked throughly.
These aliquots are referred to as soil suspensions
henceforward and also used for dilution methods.
Plate cultures were consisted of soil suspensions
in a sterile water diluted to 1:10 or 1:100, re-
ferring to the 10 fold dilution method or 100
fold dilution method, respectively. Five plates
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for each dilution per each soil samples were made
by spreading each 0.1ml of soil dilution suspen-
sions and incubated at 24°C until colonies were
developed.

Appearing the colonies, the incubated plates
were observed and counted under a dissecting
microscope after 3 to 4 days. For monospore
culture, only one colony of same cultural char-
acteristics was taken to isolate carefully, but
prevent from duplicates strains for each species
as possible.

RESULTS

Soil samples were collected from two sites,
Yukkog-dong in Buchun city and Shinwon-dong
in south east of Seoul, at three month intervals
from April 25, 1980 to January 25, 1981. These

Table 1. Number of fungal propagules* per gram of soil from Yukkog-dong during four seasons

Depth Season Spring Summer Autumn Winter
cm 0%- 10 100 10 100 | 10 100 | 10 100

Number of \%

late

1 4.8 0.0 4.5 5.0 78 9.0 135 5.0
2 4.0 7.5 3.5 7.5 80 9.0 |43 25
5 3 3.5 5.0 4.3 5.0 85 7.0 30 5.0
(Upper| 4 3.8 5.0 43 2.5 69 85|25 1.0
layer) 5 5.5 15.0 4.0 5.0 68 9.0 33 0.0
Average 4.3 6.5 4.1 5.0 76 85|33 40
1 3.9 3.8 2.3 2.5 51 63| 25 38
2 4.1 5.0 2.5 1.3 6.5 881 45 5.0
15 3 3.9 3.8 1.5 1.3 56 75| 23 25
Mid- 4 3.5 6.2 1.9 3.8 6.0 50| 42 3.7
dle 5 3.6 2.5 2.4 2.5 53 881 20 1.3
layer) | Average 3.8 43 2.1 2.3 5.7 69 3.0 3.3
1 2.3 4.2 1.2 2.5 2.5 3.5 1.2 1.7
25 2 1.6 4.2 1.2 1.6 34 31t 08 25
(Low- 3 2.1 2.4 0.4 2.4 26 494 14 1.7
er 4 2.5 1.6 1.6 0.8 3.8 1.6 1.3 0.0
layer) S 24 1.6 1.5 2,5 3. 3.3 13 2.0
Average _ 2.2 2.8 1.2 2.0 3. 344 1.2 17

* Fungal propagules were counted on the plate
culture which was made from soil suspension
diluted to 1:10 or 1:100 (x10%.

** Soil suspension was diluted to 1:10 (10 fold
dilution) or 1:100 (100 fold dilution), res-
pectively.
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Table 2. Number of fungal propagules* per gram of soil from Shinwon-dong during four seasons

season

Depth Spring Summer Autumn Winter
in **Dilution 10 100 10 100 10 100| 10 100
cm | Number
of
plate
1 6.0 10.0 6.75 7.5 85 125|188 5.0
5 2 5.3 2.5 5.3 5.0 93 15.0(3.0 175
(Upper 3 4.3 1.5 6.0 10.0 8.7 10.0] 9.0 125
layer) 4 5.3 2.5 4.8 12.5 85 100 6.0 175
5 3.8 12.5 4.7 2.5 6.0 7590 7.5
Average 4.9 7.0 5.5 7.0 8.2 11074 6.5
1 2.4 6.3 4.3 6.3 | 104 3.0021 5.0
2 5.1 5.0 4.0 9.5 | 126 7.0(23 3.8
15 3 4.5 3.8 4.0 63 | 11.L7 105119 25
(Mid- 4 34 5.0 2.5 2.5 10.3 9.0]1 25 6.3
dle 5 3.6 5.0 2.6 2.5 12.1 11.37 2.1 5.0
layer) | Average 3.8 5.3 35 5.3 11.4 85122 45
1 3.7 3.3 2.9 6.7 63 7.5 (L7 4.2
2 3.3 0.0 3.4 4.2 57 58 |16 33
25 3 3.4 4.2 3.5 33 67 67 |13 1.7
(Lower 4 4.2 5.0 3.3 2.5 55 50 |18 5.0
layer) 5 3.3 5.8 3.4 1.7 55 92 |14 42
Average 3.6 3.6 33 3.6 59 68 |16 3.8

*  Fungal propagules were counted on the plate
culture which was made from soil suspension
diluted to 1:10 or 1:100 (x10%.

four stages are not only significant as they
include distinct growth phases of the rice plant
but also the paddy field soil has distinct ecologi-
cal changes due to the temperatures, water con-
tents in soil, and cultural practices in a year.

All samples used in this present investigation
were subjected to the dilution plate method. By
using the soil suspension diluted to 1:10 (10 fold
dilution method) and 1:100 (100 fold dilution
method), the numbers of the fungal colonies
were encounted when the fungal colonies were
developed.

However, it is impossible to examine in detail
all the fungal colonies which grow on the dilu-
tion plates. The authors investigated the com-
parison of fungal propagules per gram of soil
with different experimental sites, depths, and

seasons in this present experiment. A number

** Soil suspension was diluted to 1:10 (10 fold
dilution) or 1:100 (100 fold dilution), res-
pectively.

of unidentified species were also encounted, but
with the exception of one extremely interesting
Talaromyces spp., therefore, there are not discus-
sed in this present paper.

The results obtained from soils at the paddy
fields of two sites were shown in Fig. 4 and 5.
It was found that the paddy field soils of Shin-
won-dong and Yukkog-dong in the autumn of
1980 have shown to be the highest fungal popul-
ations in this experiment using 100 fold dilution
method, representing 11.0 x 10* and 8.5 x 10*
in average numbers of the fungal propagules per
gram of the upper layer soil, respectively. On the
other hand, the lowest fungal count of the lower
layer of Yukkog-dong was recorded as average
number, 1.7 x 10* in winter season and also it
was showed as 3.6 x 10* in the spring and the
sumnmer of 1980 at Shinwon-dong (Table 1 and
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Fig. 5. Seasonal fluctuation of fungal propagules at
Shinwon-dong by the 100 fold dilution
method. Soil sampling parts were the upper
layer ( @——¢@), the middle layer (O—0)
and the lower 1ayer ( Gu—dh ).
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Vertical distribution of fungal propagules

Comparing with the vertical distribution of
the fungal population at two sites, the number of
the fungal propagules showed on the dilution
plates was the highest in the soil of the upper
layer (5¢m) followed by the middle layer (15cm)
and the lower layer (25cm).

In autumn season at Shinwon-dong site, the
number of fungal population of the upper soil
sample was of the highest value, while that of the
lower layer the lowest.

At the upper layer in each field, more than
10* propagules per gram of soil were obtained as
well as at the middle or lower layer.

Generally, the decreasing tendency of the
number of fungal propagules per gram of soil
with the increase of depth was proved in the
paddy field of two sites around Seoul. This
tendency agreed with all four seasons of different
soil environments ‘eventhough the paddy field
has special ecological conditions.

As described above, a comparison between the
species of fungi isolated from two plots showed
almost similar tendency in the vertical distribu-
tion of paddy soil fungi.

Seasonal fluctuation of fungal propagules
The result obtained from soils of two sites
showed the seasonal fluctuations in numbers of
the fungal propagules appeared on the dilution
plates. In general, the fluctuation in numbers of
the fungal populations seems to be parallel to all
three layers. In any cases at two plots, there was
a particular tendency; the highest density of
fungal colonies on the plate in autumn season
but the lowest in winter and summer season.
This low tendency of the fungal population
in summer season seems to be interpreted that
the large amount of water in paddy fields at two
sites do not provide good conditions for fungal
growth. On the other I and, the highest tendency
of the fungal populat.on in autumn geason is
assumed that the autumn provide not only good
temperature for fungal propagation, but also
suitable water content in paddy soil, associated
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with the growth of rice plants. In contrast to
summer season, the fungal population in soil at

two sites in winter showed the lowest value than
in any other seasons. In winter season the land
is frozen up to 90cm depth and it is not good
environment for fungal propagation.

Dutta and Ghosh(4) had pointed out a dis-
tinct variation in the fungal flora from season to
season and with different stages of cultivation
including crop growth. This distinct variation
of fungal flora is good agreement with our results
in this investigation.

Distribution of Zalaromyces spp. :

In order to confirm the presence of a dif-
ference between the number of Talaromyces spp.
per gram of soil in autumn and in winter, the
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present authors extended our work by detecting
the Talaromyces population during autumn and
winter seasons with the exception of other
seasons.

By the dilution plate method on petridish cul-
ture, total populations of Talaromyces spp. at
two sites were examined in the upper, the middle
and the lower layers.

The results of these investigations are sum-
marized in Table 3 and 4. It was also found in
the present work that the distribution of pre-
dominant species, Talaromyces spp. reveals the
difference between autumn and winter seasons.

In Table 3, the total number of Talaromyces
spp. per gram of soil at Yukkog-dong in autumn
appeared to be the highest average value (6.5 x
10%) and the lowest 0.2 x 10% in winter. In case

Table 3. Number of Talaromyces spp. per gram of Soil in Yukkog-dong

Season
Depth Autumn Winter
in *Dilution 10 100 10 100
cm Number
of
plate
1 3.50 7.50 0.25 0.00
2 3.50 7.50 0.25 0.00
5 3 3.00 5.00 0.50 0.00
(Upper 4 2.50 7.50 0.75 2.50
layer) 5 1.50 7.50 0.75 2.50
Average 2.90 6.50 0.50 1.00
1 6.25 5.00 0.36 1.25
2 6.25 7.50 0.00 0.00
15 3 8.00 3.75 0.50 0.00
(Middle 4 2.88 3.75 0.00 0.00
layer) 5 0.00 5.00 0.00 0.00
Average 4.68 5.00 0.20 0.25
1 0.25 3.33 0.25 0.00
2 0.17 2.50 0.58 1.67
25 3 0.33 3.33 0.50 0.83
(Lower 4 0.08 0.83 0.25 0.00
layer) 5 0.17 1.67 0.58 0.83
Average 0.20 2.33 0.43 0.67

*All methods of this experiment were the same as Table 1 and 2
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Table 4. Number of Talaromyces spp. per gram of soil in Shinwon-dong

Depth Season Autumn Winter
in X Dilution 10 100 10 100
cm Number
of
plate
1 0.50 2.50 0.25 2.50
2 0.50 10.00 0.50 5.00
5 3 0.25 2.50 0.25 0.00
(Upper 4 1.00 10.00 0.25 2.50
layer) 5 0.00 2.50 0.25 2.50
Average 0.45 5.50 3.00 2.50
1 1.13 2.50 0.25 0.00
2 0.75 3.75 0.50 0.00
15 3 1.25 10.00 0.38 2.50
(Middle 4 0.75 1.25 0.63 5.00
layer) 5 1.63 2.50 0.75 0.00
Average 1.10 4.00 0.50 1.50
1 1.00 1.67 0.42 2.50
2 1.33 1.67 1.33 0.83
25 3 1.42 1.67 0.25 2.50
(Lower 4 1.58 0.83 1.25 1.67
layer) 5 1.33 0.83 1.00 2.50
Average 1.33 1.33 0.85 1.17
*All methods of this experiment were the same as Table 1 and 2
DISCUSSION

of Shinwon-dong, as shown in Table 4, the total
number of Talaromyces spp. per gram of soil was
found to be the highest average value (5.5 x 10%)
in autumn while the lowest 0.5 x 10% in winter
season.

In general, the number of Talaromyces spp.
in soil samples in autumn was higher than that of
in winter at two sites, Comparing with Table 1
and 2, it was found that the tendency of the
distribution of Talaromyces spp., was correlated
to the distribution of total soil fungi and Talaro-
myces spp. was considered as one of the most
dominant fungi in paddy field soils.

As shown in Table 3 and 4, it is shown that
the numbers of fungal propagules per gram of
soil using 100 fold dilution method was general-
ly higher than those of the fungal populatioﬁ
using 10 fold dilution method.

The present isolates obtained from the soil
samples at two stations was summarized here and
informed to the microfungal flora paddy fields.

It was reported by Yokoyama et al that,
although the counts of the fungal numbers
varied from plot to plot in given field, the calcul-
ated numbers of the fungal propagules per gram
of soil were comparatively constant if the order
in numbers of fungal propagules is taking into
account. Moreover, it was confirmed that these
fungi could constantly be isolated at the given
sites throughout the investigation.

The present study was carried out to investi-
gate the microfungal population and variation of
the paddy soil fungi during one year only.
However, the fact obtained from the above men-
tioned result would suggest that the filamentous
fungi isolated from two sites at different seasons



Dec., 1981] Min et al.: Fungus Flora of Paddy Fields in Korea 161

and depths in this work can be reisolated con- ACKNOWLEDGEMENT
stantly at the same site and in the same season in
any year.
It was pointed out by Yokoyama ez al, that The authors are grateful to Korean Traders

the soil temperature and the numbers of fungal Scholarship Foundation. A part of this work

propagules detected by the dilution plate method was supported financially by this Foundation.

showed a positive correlation. Significant The authors wish to thank Dr. Teiji lijima,

decrease in fungal counts was coincided with the Director of the Institute for Fermentation

highest temperature of the soil. Osaka, for his interest and generosity and
Miss Kyung Suk Chun for helpful assistance in
preparing the manuscript.

L

Hal sl 93 4Edhod gof lgg Fu+t o Hass YHE(Bemzol)ol 4 ' el debwgd o Trlg el
TES(15mA o)), BhEN (25em P o]y ¢ w-Aelglok vk whs WH A T bEEeke| i HF (1w
10°0] girt

ROl s v Bokel delsh ol w s gbasradcl, L A A Rlelis A Gl it ot ApGel
oM Eate, o) A4 sbgel F Aol St B AzAYG o+ £ g}

UMb 0 8 & okl 4 ¢ Talaromyces®] 5= A 3ol 0 ubwlo] B3 Lo HAsiA ghowd Ao 4

Gi

.
;
2
k.
2
>]
o
2
3

4 oy _ .
= Eof gt 6,510 propagules®. 2 1l e ovbER DL ARE el A S4B 0.5%[0 02 # 2] 2

5. Dutta, B. G. and G. R. Ghosh, 1965. Soil
fungi from Orissa (India). IV, Soil fungi of
paddy fields. Mycopath. Mycol. Appl. 15,

REFERENCES 316-322.
6. Farrow, W. M. 1954, Tropical soil fungi.
1. Ai-Doory, Yousef, M. K. Tolba, and H, Mycologia. 46,632-646,
Ai-Ani, 1959. On the fungal flora of Iraqi 7. Gilman,. J. H.,, 1957. A manual of soil
soils. Il Central Inag Mycologia. 51, 429- fungi. 2nd Ed. The lowa state college Press.
439, 8. Goos, R. D. 1962. Further observations on
2. Christensen, M., W. F. Whittingham, and scil fungi in Honduras. Mycologia. 55,
R. O. Novak, 1962. The soil microfungi of 142-150.
wet-mesic forests in southern Wisconsin. 9. Ito T., M. Uedz and T. Yokoyama. 1981,
Mycologia. 54, 373-388. Thermophilic and thermotolerant fungi in
3. Dutta, B. G., G. R. Ghsoh, G. F. Orr and paddy field soil. Institute for Fermentation
H.H. Kuehn, 1963. Soil fungi from Orissa Osaka, Res. Comm. 10, 20-32.
(India). II. A new species of Pseudo- 10. Miller, J. H., I, E. Eiddens, and A. A.
arachniotus, Mycologia. 55, 775-780. Foster, 1957. A survey of fungi of forest
4. Dutta, B.G., G.R. Ghosh, G. F. Orr and and cultivated soils of Georgia. Myecologia.
H. H. Kuehn. 1964, Soil fungi from Orissa 4%, 779-808.
(India.) 1IlI. A new species of Pseudo- 11. Raper, K. B. and C. Thom. 1968. A manual
arachniotus with punctate spores. Mycologia. of the Penicillis. Williams and Wilkins Co.,

56, 153-157. Baltimore.



12.

13.

14.

15.

16.

17.

162

Raper, K. B. and D. I. Fennell, 1965,
The Genus Aspergillus, Williams and Wilkins
Co., Baltmore.

Stolk, A. C. and R. A, Samson, 1972
The Genus Talaromyces. Studies in Myco-
logy. 2,1-65.

Tresner, H. D., M. P, Backus and J. T.
Curtis, 1954. Soil microfungi in relation to
the hardwood forest continuum in southern
Wisconsin. Mycologia. 46: 314-333.

Warcup, J.H., 1950. The soil plate method
for isolation of fungi from soil Nature
(London) 166, 117.

Warcup, J. H. 1951, The ecolgy of soil
fungi, Brit. Mycol. Soc. Trans. 34, 376-397.
Warcup, J. H. 1955, On the origin of

KOR. JOUR. MICROBIOL.

18.

19.

20.

[Vol. 19, No. 4

colonies of fungi developing on soil dilution
plates. Brit. Mycol. Soc. Trans. 38, 298-301.
Yokoyama, T. and T. Ito. (unpublished).
Studies on the fungus flora of the paddy
field soils in Japan. I. Fungal population and
its seasonal fluctuation.

Min, K. H., S. W. Hong and T. Yokoyama.
1980. Hyphomycetes from Korean soil I
The genus Penicillium with a teleomorphic
state Eupenicillium javanicum, Kor, J, Micro-
biol., 18, 91-103.

Min, K. H,, S. W, Hong and T. Yokoyama.
1980. Hyphomycetes from Korean soil
II. The genus Aspergillus and some other
microfungi. Kor. J. Microbiol., 18, 104-114,



