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Biological Implication of Sclerotium Grain Formation in Soil

Makiko WATANABE

Abstract

O O Sclerotium grains, the resting structure of an ectomycorrhizal fungus, Cenococcum grani-
formel currently, Cenococcum geophilum(] are black and spherical, 1-2 mm in diameter have a
characteristic hollow structure, and can be easily found in forest soils. The maximum content of
sclerotium grains in surface soils of Japanese Andosols is 3.40 g kg™!, which suggests that the
contribution of sclerotium grains to forest soils cannot be ignored as one of the soil organic com-
ponents. This paper introduces the interests of the biological strategies of Cenococcum geophi-
lum and sclerotium grains by reviewing the findings of advanced studies on micromorphological
features, chemical composition, and microbial communities of sclerotium grains.

0 O Instruments such as scanning electron microscopel] SEM[ and energy dispersion X-ray flu-
orescence micro-analyzerr] EDX[] electron probe micro-analyzer of wave dispersion typd] EPMAQO
and ?’Al magic-angle spinningd MASO nuclear magnetic resonanced NMRO were used to obtain
the characteristics of sclerotium grains. A basic finding was that C is the major element in scle-
rotium grains associated with a relatively large concentration of octahedral Al, which suggests
an Al-humus complex. The mean concentrations of major elements in sclerotium grains are
quantitatively defined as C0 47.60 (0 OO 30.20 0 HO 3.320 [0 Al 1.40 0 NO 0.780 0 Carbon
in sclerotium grains took the form of large amounts of O-alkyl C and was also associated with
aromatic C and methyl C, which strongly showed a characteristic biological origin and complete-
ly different spectral feature to humic acids from an allophonic Andosol. AMS 'C age values ob-
tained for sclerotium grains in surface soils of Japanese forest soils were from modern to 1800 yr
BP, which proves its stability and long life as an Al-humus complex. Transmission Electron Mi-
croscopel] TEM[ and EDX techniques revealed the micromorphological features of the Al-oxyhy-
droxide polymorphs found in sclerotium grains. It is assumed that a biochemical process respon-
sible for host fungi induced Al saturation and precipitation under acidic conditions to form
Boemite inside the grain. Studies on microbial communities elucidated the predominance of spe-
cific species such as Sphingomonas sp.

0 O From a further investigation on the distributions of sclerotium grains in profiles of German
Podsols, Braunfaherde and Brown Podsols, it is concluded that development of sclerotium grains
was not always regulated by low pH but by the content of exchangeable Al and the status of Al in
the soil, regardless of soil type. The sclerotium grain was likely to be formed in soils with high
ratios 0 0.60 of organic bonding Al Alp0 to amorphous Al Alo[J and with high contents of
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exchangeable A10 AI*" 11 0 0.54 g kg™ !0

0O O The Al accumulation in sclerotium grains and the close relationship between sclerotium
grain density and the status of active Al in soils suggest the symbiotic function of Cenococcum
geophilum with root by reducing the toxicity of Al under low pH in rhizosphere. Sclerotium
grain may also serve as a shelter for microorganisms and preserve their diversity under severe
environmental conditions. Although the findings we have are still very limited, the goal of the
study is to understand further implications of sclerotium formation in a soil ecosystem, which
may help us to learn what strategy is necessary for biota to survive a catastrophe.

Key wordsO sclerotium grains, Cenococcum geophilum, aluminum, microbial communities, bio-

logical strategy

D0ooooooooon, Cenococcum geophilum, OO0 D000, ODOOOO, ODOOO

100000

ogooboooooog, bl1ooooooooo
00 12mnmO00000O0O0OOOODOO0O
o oooooo” ooo“ oboao” oo
gooooddddooooooooooooo
goododdddooooooooooooog
O, fungal sclerotium 0O O O O Cenococcum
spore 0000, O0OOOODODODOOOOOO
goododdddooooooooooooog
gooooboddddoooooooooo

ORetallack(0 19900 0000 O00OOODOOO
gooooddddoo, oooooooooog
gooooododdooooo, ooooooog
gooooddddooooooooooooo
goododdddooooooooooooog
Ooooo, dddddoooooooooooog
goooododoooooo, ooooooo
good, ddddoooooooooog, o
JoOo0o0d0oooOooOoOoo pOOO0OOOOO
gooooddddooooooooooooo
0oooooooooo, DO0DOdOO0MA,B, P,
RpOOOOOODODOOOOOO, OOOODODO
gooooddddooooooooooooo
JddddooooooopPgbooogoooo
00000 Cenococcum graniformed O O O
Cenococcum geophilumO OO0 00000000
goooooooobooboog, boboooo

00000000000 Cenococcum grani-
forme00O0O0O0O0OO0O0OO0OOOOO PgOOO
00000000, Kumada and Hurst[d 19670
ooooobooobobobbobo, booog
Trappe1 19690 0, 00 O0OODOOOOOOO
0 O Cenococcum geophilum OO0 000000
0, bl oooooooog

Odead sclerotia0 0000 O00O0D0OO0O0OODOO0OO

ooo, ooodd, oooooooooooo
goooobbddddooooooooooog
O, Doodooooooooobooooo
Sclerotinia sclerotiorum 0000000000
ogooo, ddddoooooooooooog

010000000000 0O0O0oooom

Fig. 10 Juvenile root of Befula ermanii and sclero-
tium grain(] denoted by arrow(l



gogd

IIO 000 00d Cenococcum geophilum [
ood ooooooooooooo

godoooobobooboboboboobooo
Cenococcum geophilum 00 CgOOOOOOO
gooooooooooo, CgOoonoogao
gooooddddoo, oooooooooog
jooooCg0OdO0ODOOOOOOOOOOO
000 LoBugliod 199900000, CgOOODO
OO0o00OoOd, Lycoperdon graniforme Sow
oo0ooo 180000 J. Sowerby 00 0O 00O
joooooooooooooooog, Cgd
goooodddd, ooooooooooog
goooooooodo, Cgooooooao
joddooooogog Cgoooooooan,
gooooddddoooooog, toooog
godoooobooboobooboobobooooo
O0OTrappe 19640 0 Cg O O OO OOOODO
good, dddddoooooooooooog
joooooooodonoogoocCgonoooo
ooo, oo, oo, oooooooooo
gooooddddg, ooooooooooog
gooooooooboooo, booa, o
ooo, oood, oooooooooooo
goododdddooooooooooooog
oo0oooo0oo0o0o0o0oO0o0o0ooCgOdd pH,
00, doddddooooooooooooo
ogoooooooooa

nmooooooooooooooobooooon

OCgOOOOoOoOO, OO, boooobooo
goooooboo, oobobooboobobobo
gooooooz20000000000000
gbobobooooboooobobobobo
gboobooboooooooobobobobo
gog, obooooooooboobobobo
goboooboboooobooooo.20 0.3 mm
U, gboboooooooobobobobo
gooog, oo swemOO0O0oO0OOOO
gbobobooooboooobobobobo

oooooSEMOOOO0OO0OO0OO0ODO

Fig. 20 Internal structure of sclerotium grain ob-
served by scanning electron microscopy.
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Fig. 3(10 a0 Wall structure of ignition sclerotium
grain observed by transmission electron
microscopyl TEMO and elements detected
by Energy dispersion X-ray micro-analyzer
0 EDX0OO b0 Needle ball structures observed
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