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Makoto Ocawa : Microbial Flora in Pinus thunbergii
Forest of Coastal Sand Dune
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Fig. 1 Distribution of higher fungi in
Pinus thunbergii forest on coastal
sand dune. Sporocarps were collected
from the plot twice a month from
June to October in 1969 and 1970.
Fruit body occurring positions were
recorded on the map.

The occupied areas of each species were
shown by lines on the figure. The marks
of species name were represented in Table 2.
O : Pinus thunbergii Small black points :
fruit body occurring positions. Shadowed
part : no covering with litter. Dotted line :
the boundary of litter accumulation. Line :
the boundary of thick litter layer, more
than 2cm in thickness. & 1~19: the
sampling points for the isolation of soil
microbes.

Table 1. Composition of litter in Pinus thunbergii forest.
Sampling, March, 25, 1969.

Sampling site
Litters 1 2
Ay layer, 5¢cm Ay layer, less than 2cm
DW, ¢ DW, g

Brown needles 25 (1 7.3%) 5 (18.5%)
Dark brown needles 19 ( 5.5%) 4 (14,8%)
Twigs 7 (2.0%) 0 (0.0%)
Black fragments 91 (26.7%) 18 (66.7%)
Fragments with mycelial mass 195 (57.2%) o (0.0%
Total 341 27

Samples were collected from ground surface at two sites by 30x30cm square frame. DW : dry weight,
g, in 30x30cm square. Annual litter fall : 77 g/m2.
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Fig. 2 Decomposition of litter in Pinus thun-

bergii forest. Sampling, March, 25, 1969. 3R E L RO BRI LD EIESK
Litters on the ground surface were sampled by means ) .
of 30%30cm frame L and FH and divided into four 13%, S#RUTRE LWk 2%26.7%,
fractions by sieving method. The litter decomposition BRI E L D Wi P03 57% &

patterns are shown in the figure.
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304 Total of root
354 — = Larger root, more than 2mm fiz Fig. 3 ITRT o Ao B 5303
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Mycelia AT REVE BB U DI EX0~5
Fig. 3 Ve.x"tical distributi'on. of {oots of Pz.'nus em T Lic iR E AR DB »12 D
thunbergii and the mycelia in soil. Sampling,
Nov. 4, 1970. Plzdpotc. BOMBIZER 5~17cm

Soils including roots were collected by 30X 30 cm frame
every 5cm in depth. Pine roots were extracted from

DC BICERL, X 25cm TS

the samples by washing and divided into two parts #1, %, % 92mm Dl U AR I
with their diameters ; larger root more than 2 mm, fine fibico HE?2 PLEo R 1jids
root less than 2mm. The mycelia in 500 g soil samples BOEL AD, EX 10~15cm TEKR

were isolated from sand by ultrasonic in water, and
the dry weights were estimated after dessication. ET o, BER2mm PR OMIEL 0~
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YR CTRIBEMETEE AT 22 FF, Yadd 20, Y2520, ToX i EBENL, ¥
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Table 2. Ecological characters of higher fungi occurring

in the quadrate.

Marks Species name i\;%ﬁ)bczl;p%f, Fuxalg'gon Mycelium in soil Habitat| Mycorrhiza
o 1969 |substrate] and color ,
Sl Suillus luteus % 15 M %;?Sgy ivrﬁtéhim« HA | Ecto, fork
Sg | Swillus granwlatus 12 M i;[g?;}(i %ﬁté‘hizom HA | Ecto, fork
Lh | Lactarius hatsudake 56 M gﬁittewgé}é 2;2?}}‘1’ AC gcrtlg’ and rod
Lf Lactarius flavidulus 6 M ]gvi‘i;. with strand, AC fEOCrt}g "and rod
L1 Laccaria laccata 102 SM i\w/lﬁfte‘.mth strand, HA E)crtlg’an d rod
La Laccaria amethystina 46 SM %V/lﬁfteTVith strand, HA | E}Crtl(i)’an d rod
11 Inocybe lacera — ? ‘ ? ] 2 2
Rr | Rhizopogon rubescens 7| sm [ prrand and chizo- 1 HA | Ecto, fork

Sporocarps of higher fungi were collected from the begmnlng of July to the end of October in 1969 and
1970. Survey in rainy seasons were repeated several times in a month. Marks of species names are
applied in Fig. 1. S-M : mycorrhizal fungi with saprophytic activities, M : mycorrhizal fungi. L, F,
HA, AC and C mean the soil horizons where the mycelium was growing mainly. Mat : large and thick
mycelial mass forming the specific mycelial layer. Strand : mycelial strand or undeveloped rhizomorph.
Rhizomorph : developed rhizomorph with the organized internal structures. Ecto or Endo means the
ectomycorrhiza or the endomycorrhiza. Color means the color of the mycelium in soil. Host plant of
mycorrhizal fungi wasgzPinus thunbergii.
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Fig. 4 Horizontal distribution of soil microbes in the plot.
Sampling date : Oct. 25, 1970.
Samples were collected from the surface soil by sterilized tubes at points
1 to 19 shown in Fig. 1. Soil microbes were isolated by dilution plate
method on the media described in Fig. 5.
Bacteria, B and actinomycetes, A : x103/dried soil. Fungi, F: x102/dried soil.
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Samples were collected from the surface soil L )
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Table 3. Fungal flora on the decomposing needles of Pinus thunbergii.
Sampling, Oct. 10, 1970.

! Decomposing needles

Fungal species 1 2 3 4 5
light brown, brown black
fresh dark brown fragment | fragment humus )

Rhizopus sp. 3.3 0 0 33.3 10,0
Trichoderma spp. 30.0 6.6 13,3 80.0 76.6
White sterile 37.5 83,3 83,3 0 10,0
Penicillium spp. 6.6 0 3.3 10.0 13.3
Others 6.6 9.9 3.3 30.0 26.6
Sterile fragments 0 0 0 0 10,0
Total frequency of fungi 106. 6 100,0 70,0 153, 3 146.6
Frequency of bacteria 33.3 | 23,8 66, 6 83.3 86.6
Species number ‘ 6 4 ; 4 6 6

Samples were divided into five grades according to the degree of decomposition and washed in water
by ultrasonic for 10 minutes and by sterilized water 10 times in dishes. Thirty pieces of 2 mm in length
of each sample were inoculated on the plates with peptone-dextrose plus rose bengal agar medium and
incubated for 14 days 25°C. Frequency, %.
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Table 4. Fungal flora on the root of Pinus thunbergii.
Sampling, Oct. 25, 1969.

Roots of pine
Fungal species 1 5 3 4
Root tip Mycorrhizae | Young, brown | Older, black

Trichoderma spp. 5.0 0 17.5 40,0
Mortierella sp. 0 12,5 20,0 35,0
Penicillium spp. 15,0 12.5 55,0 47,5
Aspergillus sp. 0 0 2.5
Fusarium sp. 2.5 0 2.5
Basidiomycetes 0 0 5.0 0
Others 7.5 5.0 5.0 7.5
Sterile fragments 70.0 70.0 0 0
Total frequency 30.0 30.0 102.5 135.0
Species number 6 4 8 11

Samples were collected from the surface soil and washed by tapwater. Roots were divided inte four
kinds according to their eternal appearances and cut to 2mm length pieces after washing by sterilized
water 10 times. Fourty root pieces were inoculated on the plates with peptone-dextrose plus rose bengal
agar medium and incubated for 14 days at 25°C. Frequency, %.
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Microbial Flora in Pinus thunbergii Forest of Coastal Sand Dune

Makoto Ocawa®

Summary

Pinus thunbergii is distributed along the coastal lines of Japan islands and has been planted
in order to block sea wind, sand and tide. The forestation and preservation of the forests at
sea coast have been an important problem for silviculture since historical days. Although most
parts of the coastal sand dunes had been covered with pine forests for a long time, recently
they have been attacked and damaged by harmful nematodes from the southern district
gradually. So it is becoming an urgent problem to protect the pine forest from this destruc-
tion.

The purposes of this work were to obtain information on the soil microbial flora in the
pine stand, and to clarify the causes of the heterogeneous distribution of soil microorganisms
in simple forest ecosystem. Sarro (1955) reported the sequential changes of soil microorganisms
from the open sand of the tidal line to inland pine forests. He recognized that the soil micro-
bial florae changed according to the development of plant community, and soil fungi were
dominant in the old pine stand. Ixmps (1954) studied the distribution of soil fungi in sand
dune and reported the increase of the number of soil fungi in the forest.

Wroras (1965) reported that the soil microbial florae were developing with the plant suc-
cession in sand dunes. Wesrey (1952) described the importance of rhizosphere microorganisms
on the development of the microbial florae in sand dune. However, there is no available data
on the ecological roles of the mycorrhizal fungi growing in the pine forest of sand dune,
except for some lists of higher fungi collected from the forests. So, in this work the distri-
bution of soil microorganisms including some mycorrhizal fungi and the relationships among
them were studied.

The young pine stand, 12~13 year old, situates at Shonan beach in Kanagawa Pref., and
it is about 200 m far from the tidal line. The saplings of P. thunbergii were planted densely,
10,000/ha, on the bare sand with fertile black soil and chemical fertilizer. The fertilization
had been repeated through several years after planting, and the thinning was carried out at
ten years after the planting. The pine trees were dwarf and exhibited poor growth; tree
height 260 cm, the diameter of the bases 4.5 cm in average. Most of the area was covered
with the crown of pine, but the density was reduced near the beach. The ground surface in
the forest was covered with thick A, layer consisting of pine needles, and it could be divided
to L and F layers. There was formed the thick mycelial layer in the upper horizon of sand,
and it was 3 to 5¢cm in depth below A, layer. Most of the forest floor in this stand seemed
to have been occupied with such mycelial mat. Hydrogen ion concentration in A-C horizon
was pH 6.5 to 7.2.

The methods of each experiment and survey are described in the tables and figures.

Received January 25, 1979
(1} Soil Survey Division
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Results and discussion

1. Litter

The distribution of litter in the stand was heterogeneous according to the density of pine
tree and microtopography. In the quadrate annual litter fall was 77 g/m? and 60% of the
forest floor was covered with litter layer of more than 2cm in thickness. Apparently the
decomposition of needles progressed slowly, and the abnormal accumulation of undecomposed
needles and the formation of thick mycelial mats were observed in F layer at the places
covered with thick litter layer. The brown rot of needles was remarkable in this stand. Such
a heterogeneous distribution of litter on the forest floor seems to be one of the major causes
of the irregular distribution of soil microorganisms in pine stand.
2. Roots and mycelia in soil

Total amount of root was maximum in C horizon, and the fine roots including mycorrhizae
increased in C; horizon, 5~10cm in depth. The amount of mycelia and mycelial strands of
some mycorrhizal fungi increased also in C; horizon in which the mycorrhiza formation was
active. These mycelia of mycorrhizal fungi jointed sand and clay particles in mineral soil and
improved the scil conditions. Under such a poor soil conditions as in sand dune, the mycor-
rhizal fungi seems to play the important ecological roles as one of soil microorganisms, not
only on the nutrient supply for the host plants but also on the fixation of sand and soil.

3. Higher fungi

3 species of Hymenomycetes occurred in the quadrate; Swuillus luteus, S. granulatus, Lactarius
hatsudake, L. flavidulus, Inocybe lacera, Laccaria laccata, L. amethystina and Rhizopogon rubescens.
Most of species formed their sporocarps mainly in autumn except for Rhizopogon rubescens,
and the productivities of them were relatively high in the quadrate. From the occupied area
the dominant species in this stand were Laccaria laccata and Lactarius hatsudake. The mycor-
rhizal fungi occurring in the quadrate exhibited the similar life types to each other. They
preferred to inhabit from A-C to C horizons and formed the ectomycorrhizae of rod or fork
shapes extending their mycelial strands from the fine roots through soil. Therefore, the
territories of them were apt to overlap with each other, and the sporocarps occurred sporad-
ically. It is sure that the heterogeneous distribution of soil microorganisms results partly from
the occupancy of surface soil by some mycorrhizal fungi forming their mycelial mats, Shiro.

The mycorrhizal fungi such as Laccaria laccata and Suillus granulaius were introduced
from nursery with the sapling’s roots and black soil and became the dominant species at the
early successional stage. According to the maturation of surface soil and the increase of fine
roots in mineral soil, Rhizopogon rubescens and Lactarius hatsudake which were characteristic
species in coastal pine forests joined to the fungal flora. At the more progressed stage where
the forest floor was covered with thick litter layer, some saprophytes such as Agaricus and
Collybia decomposing litter and forming F layer were covering the surface of scil, and the
dominant species of mycorrhizal fungi were changing to Russlea and Amanita (unpublished).
It is probable that there is the succession of higher fungi progressing with the changes of
soil conditions and plant community.

4. Seil microorganisms

The soil microbial flora in this stand was rather poorer than those in mountain areas

with fertile soil, and the populations of fungi and Actinomycetes were relatively high com-
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paring with that of bacteria. The horizontal distribution of soil microorganisms was hetero-
geneous, and the population of them varied with seasons. Moreover, the differences among
the numbers of microorganisms were great at each sampling point in the quadrate. The
microbial florae in the quadrate were divided into some patterns according to the composi-
tions of microorganisms.

The compositions of microorganisms isolated from the soil of the bases of sporocarps were
different from each other, and the specificities depending on the fungal species were recognized.
For example, Actinomycetes was dominant in the territories of Laccaria laccata, and the similar
trends were observed also in the ones of L. amethystina. In the mycelial mats of Lactarius
hatsudake there was the strong depression of soil microorganisms, and the increase of soil
microorganisms, and the increase of soil fungi was recognized in the one of Inocybe lacera.

These patterns of compositons of soil microorganisms at the bases of sporocarps coincided
partly with the ones of horizontal distribution, and moreover with the territories of mycor-
rhizal fungi, when these results were checked with each other. Strictly speaking, there was
no complete coincidence between the soil microbial flora of surface soil and the territories of
mycorrhizal fungi, but it seems that the irregular distribution of mycelial mats of mycorrhizal
fungi could become one of the causes of heterogeneous distribution of soil microorganisms.

The vertical distribution of soil microorganisms on the soil profile was regular, and the
populations decreased according to the depth and the amount of organic matter. The patterns
of distribution varied from season to season, and the numbers of fungi and Actinomycetes
increased in October.

5. Litter decomposer

On the fresh needles of P. thunbergii, Rhizopus and Trichoderma were dominant, and bac-
teria and some microfungi increased on the dark brown needles according to the progress of
decomposition. Soil fungi and bacteria became dominant in small fragments well decomposed,
and the population in FH layer was almost similar to the one in A-C horizon. The soil
microbial flora in mineral soil seems to be formed mainly by the litter decomposers moving
downwards from litter layer.

6. Rhizoplane microorganisms

The frequencies which microorganisms were isolated from the root fragments were only
30% on the fresh root tips and the mycorrhizae respectively. This means the young fresh
roots and mycorrhizae were free from soil microorganisms, and that the mycorrhizal fungi
were one of the precursors of the rhizoplane microbial flora. On the other hand, the bacterial
population around the fresh roots and mycorrhizae were rich and complex. These fine roots
seems to attract some soil bacteria by the exudates from roots. On the older roots the popu-
lation of soil fungi increased and the species composition became more complex than that on
the fresh roots. The roots in soil are the important cause of the heterogeneous distribution
and enrichment of soil microorganisms in mineral soil.

In the pine forests which were planted on the infertile soil such as sand dune, there are
little microbial activities to decompose litter and only a few symbiotic fungi which have been
introduced. So, under such a condition the accumulation of litter and the formation of un-
decmposed F layer progress rapidly, and the fungal flora become more simple than that in
mountain area, being restricted by soil conditions. The soil microbial ecosystem in the forest
is apt to change the unhealthy or unbalanced state, if it is not controlled. It may be necessary
for the preservation of coastal pine forest to reduce the density of trees and to control the
amount of litter and to maintain the nutrients in soil at the lower level according to forest age.



