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SCOPE OF THE PRESENT WORK™*

In a_éeries‘of experiments,to observe responses of
higher fungi %o chemical disturbances of forest sqil
ecosystem, ures was found ‘o bring sbout the occurrence .

" (formation of reproductive structures on the soil surface)**
of a group of fqui and to cause-somehstriking changes in
soil properties (Sagara & Hamsda, 1965). To clarify the .
ecological or physiological meanings of these phenomena, the
following investigastions were carried out.

1) The fungi which oécurred after.the urea treatment
was listed up from various vegetations developed in many
parts of Japan and how the urea effect is modified by the

region or the type of vegetation was examined.

*  Partly supported by the Grant in Aid for Fundamental

Scientific Research of the Ministry of Education.
**  The words "occurrence {(or tb;occUr)“ and "appearance

(or to 2ppear)” are used in this sense. The words

- "reproductive structures" indicate basidiocarps in
Basidiomycetes, ascocarps in Ascomycetes, conidiophores
and conidia in Deuteromycetes, and sporangiophores and
sporangis in Zygomycetes. Further, the words "to yield
(to produce, or to obtain) a species (gg’a fungus)" mean
"to bring sbout the occurrence of a fungus species'.
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2) Various chemicals or agents. were applied-to-the
soil to find out the substitute for urea and also to
elucidate the factors..responsible for the urea effect.

%) Natural habitats of ‘the fungi occurred after the -
treafment with urea or some other emmonia-releasing materials
"were searched for.

4) ‘Responses of soil and other orgsnisms to the
chemical treatments and in the natural habitats were examined
to find out the characteristics of the place of occurrence
of the fungi in: gquestion.

5) Taxonomic¢ positions of these fun;ffgtudied'and-their
habitats mentioned in literature were listed up to compare
with the results obbtained in the present studies.

The present investiéations dealt with the soils of
uncultivated lands, especially of forests. - Only the
reproductive stages'Sre discussed, though I observed on many
occasions that a considerable“vegetative growth did precede
the réprdductidn (cf p. 110, footnote). Through these
studies, I will propose 2 new ecological grouping of fungi
't6 stimulate further studies. '

" An outline of the studies was published in a previous
paper (Sagara, 1973). Succession (sequential appearance) of
the fungi, fruit body production, effects of temperature {or
season) and concentration of the chemicals,; and some other

aspects will be described and discussed in separate papers.



HISTORICAL

Gilbert (1875) observed, after repeated applications of

fertilizers to meadow~land for twenty years, -z luxuriant

occurrence of "Marasmius oreadum" in fairy rings eXclusively
"on the plot with superphosphate alone'™ and "on the plot
with superphosphate of lime, sulphate of sodd and magneésis
but without potass for fourteen years". But this was
somewhat different from the scope of the present studies
(see Part IV for the significance of "repeated apélication"),
and, as shown in Table 1, only a little findiﬁgs have been
reported on the occurrence of fungi after 2 single
application of chemicals to soil. |

Effects of the treatment with urea and its related
nitrogen compounds on soil have variously been studied, e.g.
by Lees & Quastel (1946b), Franz (1956), Cooke (1962), |
Court, Stephen & Waid (1962), and RObergé‘&fKnoleS‘(ﬂ966,
1967). However, the formation of reprbduétive‘stﬁuctures on.l
the surface of soil (i.e. occurrence) efﬁér-thé*ﬁreétmeﬁt
with such ammonla—relea51ng}chemlcalﬂhad never been reported
-before‘us (Sagara & Hamadsa, 1965, Sagara, 19?5) After the
treatment with K2005 1n his studles on flreplace fungl,
Pebersen (19?Ob) obtalned flve (7 ) of thewSpec1es whlch, in

the present studles, have been obtalned w1bh these ammonlacal



Table 1



}

t

Table 1. The fungi reported to have been obtained by the chemical treatment

of forest soils

t

Authors’ Agents Species® Character
Lohwasser, 1953 'Limes" Lactarius deliciosus :
and 'others’ ‘
Hora, 1958, 1959 Ca (OH) 5 Omphalia maura _ '0f bﬁrnt ground'
Galactinia praetervisa
Aleuria lilacina
Hora, 1959 'Growmore' Lactarius rufus
{NH4) »S04 ] Paxillus involutus
Superphosphate :
Ca {OH} Clitocybe dicolor In fairy rings
Franz & Laub, 1959 CaCO3 Laccaria amethystina
Hintikka, 1960 Acetone | Pholiota carbonaria y 'Pyrophile Arten®
Coprinus boudieri :
Lachnea sp. (close
to L. melaloma)
Butanoil Coprinus boudieri )
Pholiota carbonaria /
Sagara & Hamada, 1965 Urea Ascobolus denudatus . v 'Unknown'
: Lyophyllum plexipes (='Proteophilous fungi',
f. typicum(?) Sagara,; 1973)
d An unidentified ‘
discomycete <
Hongo &, Sagara, 1967 Urea Lyophyllum tesquorum ] (='Proteophilous fungi',
- Coprinus neolagopus Sagara, 1973)
Petersen, 1970a CaCO4 ! Humaria hemisphaeroides., 'Fireplace fungi'
Peziza praetervisa :
. _ Lamprospora dictydiola
_ Ca (OH) 5 Octospora sp.
Petersen, 1970b CaCO3 Ascobolus pusilus 'Fireplace fungi'
Fayodia maura \
Humaria hemisphaeroides |
Lamprospora dictydiola
Octospora spp. (three) |
) Pezizd endocarpoides )
Peziza praetervisa
/ Iodophanus carneus ‘At least common
Omphalia pyxidata I; on. burnt ground'
Peziza granulosa -~ '
NasC03 Lyophyllum tylicolor '0f different ecology'
Peziza sp. (different from
K,CO3 Ascobolus denudatus =fireplace group)
Coprinus sp. (=Proteophilous fungi',
Lyophyllum gibberosum Sagara, 1973 )
Lyophyllum tylicolor except P. palustris)
Peziza sp. J‘ .
. ‘ Peziza palustris '
Korf & Sagara, 1972 Urea ] Humaria velénovskyil " {='Proteophilous fungi',

Calcium cyanamide

Sagara,; 1973 Urea, aqua

ammonia, and

other .nitrogenous |

materials &o
liberate ammonia;
strong alkalis
Calcium ecyanamide,
; Ca(OH) 5, CaCoO3,
Coal-ash 7

Twenty-~five species to.
be again mentioned in
the present paper

Thirteen speciés {not
tp'be discussed in
the present paper and

t Calcium acetate ’ hence not listed)

Sagara, 1973)

'Proteophilous fungi"

Fireplace fungi

-

a. Some are synonymous.

~ * "
-



.agents and strong slkalis. But he failed to preéent any
ecological or physioiogical interpretation, describing them
as "with different ecology™ (Table 1). His question was
answered preliminarily in the ﬁreceding paper (Sagara,; 1973)

and more fully in the present paper.



PART I

OCCURRENCE OF FUNGI AFTER THE TREATMENT OF SOIL WITH UREA

Tn 3 coniferois forest in Xyoto (St;’Bé; p.'fo),”éMféw'
'higher fungi3 uhknown_in Japan then, appééféd exclusively on .
the plots treated with urea, being'accompanied with some
striking changes in soil proﬁerties (Sagara & Hamada, 1965).
It wes supposed that some more fungi would be obtained-by
the same or similar response to the'ureé treétment and that
a2t least some of them might be obtained by'tfeating‘a small
anmount of soil with urea in léboratory. In the present
study, therefore, effect of urea on the odCufrence‘of fungi
was investigated by applying it te soils of various
vegetations on the spot or in the‘laborator& under different
~ Seasons or temperatures, respectively. Experimental stapds
to collect soil samples or to conduct field experiments were
chosen so as to cover a wide variety of conditions in Japan.
The species which appeared after the urea treatment were
recorded to s&m up the flora of the fungi responding to the
treatment and to clarify its regional difference or
relationship between the type of vegetation and the flora of
these fungi.

-5 -
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Methods
P Y A

Experimental stands-

The expefimental stands were distributed from warm

. temperate zone to subarctic zone of Jépen (Fig. 1). They
were nﬁmbered frdm south to nor%h;'and their vegetation type,
locality, and altité% are listed on pTAgfgg'case some account
of theivégetétion can belfound in the paper by Numata,
Miyawaki, & &toh (4972j,.the heading number of the paragraph
containing the accounts is cited in the parentheses
immediatély‘after fhe designation of Vegetation type. These
descriptions- are fdllowéd by the date on which soil sample
was collecfed'(c) or on which ures treatment in the field
(on the spdt) wéS-éénducted (F).

(Continued on p. 13)



84,83. Toyo lomi‘h

82.‘85 Mt Méul}un

67-78 Furano

79 Homangke
80,8l Nemuro

N50-52 Shiga
"27-49 Kyolo

/214 Yutuin
9-13 Mi, Kirishima
7,8 Kaogoshimo

Fig. 1. .Locatidn of experimental‘stands over\Japén. - The
arabié‘numbers indicate stend numbers. -@t Stands where
soil samples for laboratory experiments were colleﬁted.

@: Stands where figld expérimenﬁs were-carriea out; ®:
Stands where soil samples were collected and field

experiments were carried out.



1.

10.

11.

l2.

1l6.
17.
18.
i9.
20.
21.
22.

23.

Ardisia sieblodii-Cinnamomum japonicum-Alpinia intermedia-

Polystichopsis pseudoaristata forest** (1. 1. 1, 2). Sata, Xagoshima;

£&—-80 m.. C: 3. iv, 67. .
Scherfflera octophulla—Ardlsla sieboldii~Colysis pothifolia-Piper

‘kazura forest** (1. 1. 1. 2). Sata, Kagoshima; 70 m. C: 3. iv. 67.

Roa651de planting of LlVlStOHa subglobosa. Sata, Kagoshima; 30 m.
- 3. iv, &7hFk - :

Road51de planting of Musa #paradisiaca. Sata, Kagoshima; 60 m.
C: 3., iv. B7**% : : Co
Cryptomeria japonica art1f1c1al forest Sata, Kagoshima; 70 m.

C: 3. iv. &7. .

Pinus thunbergll stand on sea-coast (l l. 4). BSata, Xagoshima;
1loom. C: 3. iv, 67. :

Cinnamomum camphora-Quercus glauca(?)-Pleicblastus simoni forest

(?1. 1. 2. 1). Kagaoshima City; 100 m. C: 4. iv. 6&7.

Solitary growth of Ficus wightiana on sea-coast. Kagoshima City;
near 0 m. C: 4. iv, 67. _ . . ‘
Pinus densiflora forest (1. 2. 1. 2). Mt Kirishima, Xagoshima; 780 m.
C: 31. 4iii., &7. » ' :
Chamaecyparis obtusa artificial forest. Mt. Kirishima, Kagoshima;
780 m. C: 31l. iii. 67. : : B -
Tsuga sieboldii-Pinus densiflora-Pleioblastus distichus var.
————nezasa (?) forest (1. Sl. 2. 2). Mt. Kirishima, Kagoshima;
1200 m. C:r 1. iv. 67,

Riododendron kiusianum~Plejoblastus. dlSthhUS var. nezasa(?)-

Miscanthus sinensis wind-blown scrub* (2, 2, 2). MEt. Kirishima,
Kagaoshima; 1400 m. C: 1. iwv. 67.

Picea polita-Fagus crenata-Pleioblastus distichus var. nezasa(°)
forest (72, 1. 1). Mt. ~Kirishima, Kagoshima; 1330 m. . C: 1. iv: 67.
_Pleioblastus distichus var. nezasa grassland* (2. 2. 2). Yufuin,
Oita; 950 m. F: 6. ix., 68. : o ‘ ’

Quercus acutissima artificial forest*., Yamaguni, Oita; 220 m.

C: 5. iv. 67. P: 21. xi. 67; 20. vii. 68, _ a

Quercus glauca coppice (1. 2. 1. 1). .Yamagu™ni, Oita; 230 m.

C: 5. iv. 67. PF: 21.& 23. xi. 67; 20. vii. 68. .

Plnus densiflora artificial stand. Yamaguni, Oita; 320 m.

C: 5. iv. 67, F: 21 & 23. xi. 67; 20. vii. 68. _ : 3

Quercus serrata coppice* (?1. 2. 1. 3). Yamaguni, Oita; 340 m.

C: 5. iv. 7. F: 21. xi..67; 20. vii. 68. _

Pinus densiflora forest (natural; 1, 2. 1. 2). Yamaguni, Oita; 350 m.
Fe 21, xd, 67; 20. vii. 68. . _ o
Chamaecyparis obstusa artificial forest. VYamaguni, Oita; 270 m.

C: 6. iv. 67. F: 21. xi. 67; 20. vii. 68.

Cryptomeria Japonica artificial forest. Yamaguni, Oita; 250 m.
C: 6. dv. 67. F: 23. xi. 67; 20. vii. 68.

Quercus glauca.coppice (1. 2. 1. 1). Yamacuni, aita; 210 m.

F: 23. xi. 67; 20. vii. 68. -

_Phyllostachys heterocycia f. pubescens stand (1. 2. 1. 4). Yamaguni,
Oita; 180 m. C: 6. iv. 67, F: 27. xi. 67; 20..vii. 68. :

FPagus crenata forest* (2. 1..1). Yamaguni, Oita; 990 m. C: 6. iv.
67. F: 22. xi. 67; 19. vii. 68.

Summergreen. thers are évergreen or mixed.

** After Sako, S.: Bull. Fac. Agr. Kagoshima Univ. No. 13, 205- 220

*hek

(1963); offen regarded as subtroplcal.
The leaves which had been cut down and é%caylng on the ground were
collected. . .



25.

26.

27.
28.
29,

30.

35.
36.
37.
38.
39.
40.
4l.

42.

Pinus thunbergii artificial stand on sand dune of sea-coast (dwarf-
ish; the growth very pooxr and the ground exposed to sun—llght)
Tottori City; 30 m. F: 20. viii. 9.

Pinus thunberg?l artificial stand on sand dune of sea-coast (rather
tall; the growth better than in no. 25 and the ground shaded from
sun—l;ght) Tottori Cityy 35 m. F: 20. viii, 69, .

Castanopsis cuspidata forest (?1. 1. 2. 1). Kyoto City; 120 m.

F: 24. ii. 67; 13. viii. 67.

Phyllostachys bambuscides (bamboo) stand (1. 2. 1. 4). KYoto City;
95 m. F: 27. ii. 67; 13. viii. 67.

Castanopsis cuspidata forest (?1. 1. 2. 1). Xyoto City; 130 m.

F: 24, ii. 67; 13. viii. 67. .

Castanopsis cuspidata forest (?1. 1. 2. 1l). Kyoto City; 150 m.

F: 24, ii, 87; 13. wviii. 67.

Castanopsis cuspidata forest (?1. 1. 2. 1). KXyoto City; 140 m.
C: 4. x. 67. F: 24. ii. 67; 13. viii. 67.

* Pinus densiflora-Chamaecyparis obtusa forest (1. .2. 1. 2). Kyoto
City; 190 m. C: 4. x. 67. F: 19. ii. 67; 13. viii. 67. :

Pinus densiflora-Chamaecyparis obtusa forest (young) (1. 2. 1. 2).
Kyoto City; 190 m. F: 20. ii. 67; 13. viii. 67. ) .

Cryptomeria japonica artificial stand. Kyoto City; 170 m. C: 4. x,.
67. F: 25. ii. 67; 13. viii. 67. t ‘

Chamaecyparis obtusa artificial stand. Kyoto City; 150 m. C: 4. X.
67. F: 25, ii. 67; 13. viii. 67. '

Quercus acutissima-Q. serrata stand* (?1. 2. 1. 3). Kyoto City; 140
m. C: 4. x. 67. F: 25. ii. 67; 1l4. viii. 67, _ .

Cryptomeria japonica artificial forest. Kyoto City; 220 m. F: 26.
ii. 67; 14. viii, 67. . )

Quercus acutissima artificial stand*. Kyoto City; 230 m. F: 26.
ii. 67; 1l4. viii. 67. ‘ ‘ -

Quercus acutissima artificial stand*. Kyoto City; 210'm. F: 26.
ii. 67; 14. viii. 67. - '

Chamaecgparis obtusa artificial stand. Xyoto City; 180 m. F: 26.
ii. 67; 14. viii. 67. ' ' '

Phyllostachys nigra f. ‘henonis (bamboo) stand {1. 2. L. 4). Kyoto
City; 160 m. C: 1l. x. 67. F: 25. ii. 67; la. viii. 67.

Pinus densifiora forest (young) (1. 2. 1. 2). Kyotoc City; 110.m.

P: 27. ii. 67; l4. viii. 67. , '

Pinus densiflora forest (1. 2. 1. 2). Kyoto City;.110 m. F: 27.
ii. 67; 1l4. viii. 67.

Castanopsis cuspidata forest (?1. 1. 2. 1). Kyoto City; 160 m.

F: 24, ii. 67; 13. viii. 67.

Weed community in the campus of Kyoto University*; 60 m, F: 2. iii.
67; 15. wviii. 67. ‘

Weed community in the campus of Kyoto University*; 60 m. F: 2. iii.
67; 18. viii. 67. *

Cinnamomum stand in the Botanical Garden, Kyoto University; 70 m.

F: 15. v;ll 67.

Castanopsis-Pasania-Quercus stand in the Botanical Garden, Kyoto
University; 70 m. F: 15, viii. 67.

Aphananthe-Ulmus stand in the Botanical Garden} Kyoto University:

70 m, F: 15. viii. 67.

Pinus densiflora forest (young) (1. 2. 1. 2). Shiga, Shiga; 120 m.
F: 25. xi. 66.

Quercus serrata-Q. variabilis forest* (?1.72. 1. 3). Shiga, Shiga;
120 m. F: 5. xi. 66.

* See P.- 9.



52.

57.
58.
59.
EO;
6l.
62.

63.

65.

56.

67.
68.

69.

71.
72.
73.
74.
75.

76.

Fagus crenata forest* (2. 1. 1). Mt. Hira, Shiga; 1000 m. F: 5.
xi. 66. . ‘ '

Fagus crenata forest* {2. 1. 1). Mt. Hakusan, Ishikawa}'l200'm.
C: 17 ix. 67. ' : : R
Abies mariesii stand (3. 1). Mt. Hakusan, Ishikawa; 2000 m. C:
17. ix. 87. o ;

Pinus pumila thicket (4. 1). :Mt. Hakusan, Ishikawa; 2400 m. C:
17. ix. 67. , . : S

Fagus crenata forest* (2. 1. 1), Mt;'Targyama; Toyama; l400' m.-
F: 10. viii. 68. . - T
. Abies mariesii~Sasa kurilensis forest (3. l) Mt. TarSyama,
Toyama; 1750 m. F: 9. wiii. 68. ‘

Subalpine grassland¥® (4 2Y. Mt. Taroyama, Toyama; 2040 m. F: 9.
viii. ‘68. . '

Pinus pumile thicket (-. 1). Mt. Taroyama, Toyama; 2340 m. F: 9.
viii. 68. ‘ » : o

Quercus dentata-Q. morigolica var. grosseserrata forest* (2. 2. 1.
2). Goshogawara City, Aomori; 140 m. 'C: 3. ix. 67.

Pinus dens;flora forest (l. 2. 1. 2). Goshogawara City, Aomorij;

200 m. C: 3. ix. 67. i ' ' o

Thujopsis dolabrata var. hondai forest, Goshogawara City, Aomori;
180 m. C: 3. ix. 67.

Fagus crenata forest* (2. 1. 1). Mt. Hakkada, Aomori; 800 m. C:

4, ix. 67.

Abies mariesii sband (3. 1). Mt. Hakkada, Aomori; 1060 m. C: 5.
ix. 67. _ _

Pinus pumila thlcket (4. 1}. Mt. Hakkoda, Romori; 1550 m. C: 5.
ix. 67. : '

Drained high-moor land (see no. 84 for the living state). Bibai
City, Hokkaide; 18 m. C: 29. viii. 67 (Sample a was taken at 13-25
cm deep, and Sample bat 50-60 cm deep; both were peat). _

Picea abies®™*** artificial forest. Furano City, Hokkaido; 240 m. C:
21, viii. 67 . a

Pinus sylvestris®****artificial forest, Furano City, Hokkaido; 230 m.
C: 23. viii. 67. _

Pinus strobus#***% artificial forest. Furano City, .Hokkaido: 260 m.
C: 23. viii. 67.

Larix olgensis var. koreana**** art1f1c1al forest* Furano City,
Hokkaidd; 400 m. C: 23. viii. 67.

Betula maximowiczii-Sasa senanensis(?) forest*. Furano City,
Hokkaido; 400 m. C: 23. viii. 67.

Abies sachalinensis-Picea jezoensis forest (3. 6}. Furano City,
Hokkaidc; 400 m. C: 23. viii. 67.

Betula ermani-Picea_jezoensis-Sasa senanensis(?) forest (3. 6).
Furano City, Hokkaido; 730 m. C: 2. viii. 6&7. _

Betula ermani-Sasa senanensis(?) stand. Furano City, Hokkaido; 930 m.
C: 21. viii. 6&7.

Tilia japonica-Abies sachalinensis-Sasa senanensis(?) forest (3. 6).
Furano City, Hokkaido; 430 m. <C€: 22. wviii. 67.

Betula ermani-Abies sachalinensis-Picea jezoensis-Sasa senanensis(?)
forest (3. 6). Furano City, Hokkaido; GO0 m. C: 22. viii. 67.

]

See p. 9.

*%%% Exotic.

_ll_.



77

Betula ermani-Picea jezoensis-Abies sachalinensis~Sasa kurilensis{(?)
forest (2. 6). Furano City, Hokkaidd; 800 m. C: 22. viii. 7.

78. Pinus pumila-Sasa kurilensis thicket (4. 1). Furano City,
Hokkaido; 1225 m. Cr: 22, viii. 67. o -
79. Bigh moor (2. 1. 6). Hamanaka, Hokkaidd; near O m. C: 27. viii.
67, (Dead plant materials at 0-20 .cm deep were collected) .’
80. Queércus mongolica var. grosseserrata-Betula platyphylla var.
japonica stand¥. Nemure City, Hokkaidd; 35 m. C: 26. viii. 67.
8l. Abies sachalinensis forest (3. 6). Nemuro City, Hokkaidd; 45 m.
C: 27. viii. 67. . : : - —
82. Picea glehnii-Abies sachlinensis forest (3. 7). Mt. Me-akan,
. Hokkaids; 850 m. Cr 25. viii. 67.
83. Pinus pumila thicket (4. 1). Mt. Me-akan, Hokkaidd; 1350 m. C: 25.
viii. 67. S : = R :
84. High moor (2. 1. 8). Toyotomi, HokkaidGc; 4 m. C: 31. viii. &7
(Dead plant materials at 0-10 cm deep-wexre collected) ,
85. Betula platyphylla var. japonica-Sasa senanensis{?) stang*.
Toyotemi, Hokkaidd; 5 m. C: 31. viii. 67,
%*

See p. 9.



(Continued from p. 7)

~Laboratory experiments

Desigﬁ, a) bSoil‘ueed: The 1ayer‘of orcauic‘matters
accunulated over the minersl soil: in forests it formed
o horlzoﬁKraw humus layer, organic layer)

b) Amount of so0il treated in one oontalner wet soil
equivslent to 20 g dry soil. | -

c) ‘Conta;uer used: Widenmouthed glass bottle, 6.5 or
7.5 cm diam (3.2 cm diamvat the mouth) and 17.0 cm deep
(PL. 2, A). | | -

d) Temperatures employed 10 C ‘and 25 C; the former
to yleld the fungil occurrlncr after winter treatment in the
flvld end the latter uhOSG occurrlng after summer treatment
(see p. 17) |

e) Amount of urea appiied: 0.2 or 0.4 g N in 20 ml
solution per.bottle, that is, 1 ml of aqueous solution
containing ﬁb or 20 mg N was applied to the soil equivalent
to 1 g dry matter. | | | |

£) Series of the treatment:

Temperature Amount of urea

(C) (g N per bottle)
- Ber. i - 10 (£ 1) - . 0.2
Ser. ii 10 (1 ;l-” 0.4
Ser. iii- = 25 (. 1): 0.2
Ser. iv 25 (£ 1) oo 0.4

The controla(untreated serles) were not prepared
because the untreated SO“lS had not yleld any fungus in

some preliminary experiments.

- 13 =



Cglledtion of sSoils. Soil Samﬁles'fdr the laboratory
experiménts were collected from the stands 1ocated in the
Prefectures Kegoshima, Oita, Kybdto, Ishikawa, Aoméri, and
Hokkaidd (Fig. 1). In each étand, the organic layer-;the
s0il--was cub out with 2 edged-tool at several points and
packed in & polyethylene bag. The stand number was used
as the soil number. The soils wers pfesér#ed at low
temperatures without drying %ill further trestments.

Procedures before incubation. First, each soil was

stirred and mixed well to make it homogeneaqus. AISmall
portioﬁKﬂO g) was used for the determination of water
content (oven-dry at 105 C). From the rest} soiis'to weiéh
20 g if dried were ?ut in the glass bottles. Through all
_these procedures, possible cares were tiken not to cause
mutual contemination of the soils.

Ures solution was applied with 2 pipet to the soils in
the bottles. Each bottle was covered at its ‘mouth with
filter pepeﬁKToyo Roshi no. 6) to maintain propéf;éefation
ahd to minimiée'the chance of conteminatisn by air. Tﬁe
bottles were then plasced in a phytoﬁfOn'(ﬂO C)-Or in
incubators (25 C). Light was provided.continuOusly from
fluorescent lamps. The urea'épplidation and -incubation WQie
conducted on 7 Mey 1967 in Experimentw%i%geéted the soils
from Kagoshims and Oita, and on 12 Oct. 1967 in Exp. II which
treated the soils from other places. -

| 'Procedures'during'incubatibn. 8) Addition of water.

Tn the initial periods following the application of urea,

the soils absorbed z large quantity of water in parallei
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with the increase in water-holding capscity of soil (see
Part IV). The water given in the form of urea sqiution was
not enough to ensure this|prgceés; so that distiiled water
was added at some intervals.

'b) Draining. Some time sfter the addition-ofweter,
certain quantity of fluid stagnated at the boftom of each™
bottle. It was dark reddish-brown, probably containing
decomposition products, waste products, etc. It appeared %o
suppress the growfh of fungi end therefore was poured §ﬁt
from the bottle, Care was taken not to destroy the fexture
of soil and mycelia.

¢) Washing. After the initial periods menticned above,

the rate of wzter sbsorption and the rate of organic matter

ct

decomposition decreasedt But it was still necessary o
suppLygwater to the soils at%t least to supplement the loss by'
natural desiccation and to clean away the undesired'materials.
For these purposes, the soils were washed as follows: (i)
Each bottle was filled with water sterilized_by bqiling
(cool when used); (ii) The soil in the bottle was stirred
and kept stanéing_for a shoft time to absorb the water and
%o release the undesired materials; (iid) The water was
then decanted leaving o small amount of water in the bottle;
otherwise s small amount of sterilized water was newly added.
These trestments were moré frequéntly conducted in Ser.
iii ond iv than‘in‘Ser. i and ii, because all processes,
biological, chemicsl, or physical, appeared to proceed more
rapidly af higher temperature.

QObservation. The treated soils were observed every
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day., eﬁery second day, or every third day in the early
stages, when the,changes”in.fungus flora were rapid, snd
everj‘seven days inuthe‘later‘stages; “Name of the species
appeared. was recorded, and the matured fruit bodies were
picked out from. the bottle after the recording. The
observation 'was continued till 2% May 1970 in Exp. I and
$111l 23 Apr. 1969 in Exp. II.

Problem gi-dontamination. The majority of the fungi

occurred after these procedures might not originate from
contaminants but from their=hyphae‘§r spores which had been
present in the soils since the time‘of'GOIIeétion, The
following may support this view. The peathSoils66g, b)
produced no fungus in this experiment (Table 1).  When the
same peats were inoculasted, prior to the ures treaﬁmént,

- with guitured hyphae or spores oif several fungi obtained
beforehand by the trestment of other soils with urea, at
"least one of them did -occur but, again- not others. This
implies that the peaus contalned some nutrients, enabling
the fungi.td‘grow only -if urea was added, dbut that they were
devoid of the fungus flora. Thus, contaminations, if any,

may not cause serious confusions Lo the results.

Tield: experiments

“ﬂﬁhé .1eld etnerﬂments weve conducted 1n ‘the -

n‘the PrefeCuures Glta, Tottorl, Kyoto,
Dama (Flg. 1) | In each stand experlmental

.-three, each belng 0. 5 m wlde and 1 m long,
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were marked out slong the slope. Untreated area surrounding
thg’plots was regarded sas the control. The plots wefe
labelled with a consequtive number along the date of
treatment and the treatment sérieé&see below) throughout the

field experimentsf(Parts I, II).

Treatments. Fertilizer ured&granulér form, N 46 %) was
spread on the ground surface by hand scatteripg at the rates
of 40, 80, and4160 g‘N per plot. These are designated
as treatment series i, ii, énd iii, respectivelj:

In several stands, another treatment was added: Thé
O horizon was removed and then urea was»applied on the A1 or
A2 horizon. | | o | |

In most staznds the experiments were commeﬁced-at two
different‘seasohs, l.e. winteﬁxNovember—February) and summer
(July, August), since I had found that the fungﬁs flora to
be obtained was most typicaliy different’when treated in
these ﬁwo seasons. The date of the treatment was |
mentﬂoned in the precedlng list of the stands.

Qbservatione. The etperlmental plots were frequently

observed in the early SUages so as not to overlook the fungi
which appear for short perlods. The 1nuervals of observation
were prolonged towsrds the later stages as the changes in
fungus flora became slow and.their occurrence was usually
.llmlted to the so-called "fungus seasons", i.e. early summer
and auvumn. Name 0¢ the soe01es occurred was recorded, and
the larger frultrbodles, especially of the basidiomycetes,
were picked ofanfter the recording. ‘The observation was

conbinued till asubtumn of 1969 in ShigdKst. 50-52), zubtumn
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of 4971 in ﬁiféKSts. 14-24) and KyotQKSts. 27-49), summer of
1972 in Tottori(Sts. 25, 26), snd till eutumn of 1973 in
Toyama (Sts. 56-59).

Results snd Discussion
INAS AR S e et ot

The results of The laboratory experiments are shown in
Table 2 and those of the fitld experiments in Table %. The
term "exclusively" (Table 3) is explained by Pl. 1, A. The
term "relatively lﬁxuriantly" (Table %) refers to.the cases
in which the fruit bodies were more adbundant or larger, or
both, than in the controls and is explained Ey
Pl. 1, B, C. A few data of the fungus succession are
inserted here (Fig. 2), though it will be described and
discussed fully in a separatve paper. The first two of the
three data used in Fig. 2 (Plots 200, 222) were from the
experiments mot mentioned in the Methods, but they were in
principle the same as those obtained in the present

experiments. The genersl feature may be as follows:

Deuteromycetes —> Ascomycetes —> Basidiomycetes

( — Deuteromycetes).

The treatments in the laboratory did not yield the lerger
besidiomycetes_which appear in the‘later stages in the
field experiments, butv had second deuteromycete phase after
the basidiomycete phase.

(Continued on p. 22)
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Table 2. Tne fungi formed reproductive structures on the surface of the soils collected from various vegetations of Japan and: , treated with urea in laboratory
L - ' _ ‘ _ ) _ , . P {; ‘ RS o
L, occurred at 10 C {Txéatm. Se¥. i or ii, or both}; H, occurred at 25 ¢ (Treatm. ser, iii or iv, or both); LH, occurred both at 10 C and %5 C; ¢—; A; occurred in the experiments.
not mentioned in the Methods. Small letters indicate questions remaining on the identifications, and blanks indicate possibilities of oc_:cﬁ'rrence . in further experiments.
. - : - _ ) . - -

5 e a : . . ‘ T T g - 7 - I S SRR SR
S50EL NO. cinevesieraass 1 273 4 56 7 8 910111213 1516 17 182021 2324 3132 34 3536 41 535455 6061 62 636465 686768 69 70 7172 73 7475 76 7778 79 80 8182 83 84.85 i
Deuteromycetes ' o : CTT T , ’ ,

Amblyosporium botrytis T A . IH - . ) A L - L L L ) L IHLH . Lo ' L LH LH L L LLE . LH.

Ccladorrhinum foecundissimum .. o ‘ B
' Doratomyces putredinis ....... L L LIHILH LH LLH . L _ .
. - _ L

[}

[
!
o
»
t‘ e oo
Vg a o
e
e
el
[
g
|

— o -

-éidiodenéroh't:unqétﬁm T P L : _ ]
.S.tysa-nu_s medils .ueeeenenires L L L LH . ... . L L U L L L L I . . I .5

Ascomycetes .

1hIHih L LhILH L ILH L Lh
H

o
2
)
i

Ascobolus denudatus(?) ........ L L H . LILHThIH L I  DHLH L L TLHLHLELHLHLH 1LHIHLH 1IH L LLHIH Lh
AScoBOIUS SP. NOu. 2 venwnvanenn ~ ER LH H . L L . - H H. B = ]
Fimazia(?) SP. sevveesisesssss L L LH 1 L L - L LL L L L . L - L L

ol
e
red
t
,"—-..;i..._.i T ,_.__...., k..u"s.‘_,_;,-;.iﬁ,‘;h:_.
-

3

Gelatinodiscus Sp- R I BN TR . . h h R h - - . - - ‘ .. g ' H - : - 4 S A e B . N . - . . s . s : K n
I'Ielastiza SP. .lnt‘.‘.ol‘int-octu _L . ' . . - . . L o ’ . L. . " , . . . . ! oo I.r' . -- - -

Peziza Sp. no. l -..ou-coon‘---.’ - . . = . R —_ R . N L -

i
e
t
o
t
t

Basidiomycetes

U OSSP P SIS EAEPUPIEPREE S S e mn mn + rmn, A o rm———a % ot mba =t % aL e e ems o b e cer e -~ e o s v =

gopripus lagopus “”“”.““Ii H H H H H HH . : . H o . . <« __ h hH .. . S ) m iB . H H -
' L L L o

H H HH H H H B H

CLE . 1

' Coprinus .narcot'icusc{\...,‘.‘__....} e S I o , AL » L . ' g L H P
Coprinus neolagopus .veeessses S ' ¥ H hH " HH H HHHHHEHAH ]

H
- Coprinus phlyctidosporus ..... LH LH THLH LH ~ LH _ LH LE L L L LH L L LH L L L L L L ) L . HI | LH

H

L
Coprinus SteICOI'ariUS as v s wen - ‘ - ' ‘ N - - .' - ) H ) ) & . | h |
Coprinus Sp. NO: 2 chivivnnnvan . . L . 1L L L L1 L L

'

Coprinus sp. no. 7 SR . S e e S o : L

L 1L L L

L S I <«
t

"Coprinus sp. no. 8 i

=
N o
~

Lyophyllum tylicolOor seeeseees : S . . L _LHLE | L IH L L L L LH , ) I, LH O T, {( - - LR LH L
J A ) . Ty

Panaeolina(?) sp. no. 3c......§ .

N b o tm T v b e AR A e e e A s P Rl R I B

a. Identical with the stand number (p. 9-12). |
b. Tncluding the samples a and b (p. 11). Lz o : . l o o : , ) o i ‘ ‘
¢. Requiring further data of occurréence for confirmation ("doubtful species", p. 24).. - - : 3 ,’
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Table 3. The fungi formed reproductive structures exclusively or relatively ‘luxuriantly on the grounds
in various vegetaions of Japan after treatment with «— urea

The occurrence in either one or two or all of the Treatment ser. i-iii is presented totally by one &— letter. W, occurred after the winter treatment;
S, occurred after the summer treatment; WS, occurred after both winter and summer treatments; G B occurred in the experiments not mentioned
in the Methods. . In Sts. 14,,7 25, 26, 47-49, and 56-59 only the summer treatment was conducted, and &— - in Sts. 50-52 only the winter treatment.

Small letters indicate questions remaining on the identifications, and blanks possibilities of ¢——— | occurrence in further experiments.

SEANd NO. +eneeeneeess 14 1516°1F 18 19 20 2122 23 24°25 26 27 2829 30 31 32733734 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 56 57 58 59

Deuteronycetes ,
Ambplyosporium botrytis ...... S W W W W : W W W S Sk SWS S S A W ~ o W Ws &8 8 s S 8
Cladorrhinum foecundissimum , R , S 8 S ,‘S‘ : s , S s s s
Ascomycetes , , ! , : .
Ascobolus denudatus{?) «eesens W W W‘ : . WS’W WS WS WS WS W W W WS WSWS SW W WS WS WS A AW W W S 8 S
ASCObOluUS SP. NO 2  sesssasoss _ , - ; A : '
Chaetomium globosumd Ceevieea , : | : S
Fimaria(?) SP» seesssvevsseee W W W W W WWSW W W WW W WWW AW W W WSHWS WSWSWWWWWW  AWWHW
GelatinodiSCUs SP. eesecesoss - ' g 5 8 SsS s SWS $ S s S 5 s g s ;
Humaria velenovskyli «seeceasss . o WS ) W 5 s
Melastiza sp. : : S » ) B ' ' W oWw A
Peziza sp. NO. I coivnesenone W W WSsW W W WW W W S WW W W W.,W:Ab WS W WS» CWW WW AW WW v W ‘W s .S S
Trichophaea gregaria .evessss W ‘ o
Basidiomycetes
Collybia cookei seoeasscsssee . WS W S s ;
Collybia(?) SPes esessseavasnss w » oL _ A
Coprinus lagopus eseessessas L '8 k -8 s 3
Coprinus neolagopus ceecssse-- s S S . s 8 8 8 s 8§ ) s 8 S S 8§ s 8 58 8A- 'S S ,
Coprinus phlyctidosporus  .... S . 8. s | ; S W ‘ g s 8 .88 A 8§ SWS -8 ‘WS WS WS s s ss§ s
Coprinus sp: NO. 2 eesvsssoss W W W W W OWOW W,WS'W WsWwW W A W W W W w W W WS ' W w =) 5
Coprinus sp. NO. 7  eovoesens S L X : ST 1%
Hebeloma radiCOSUM  weveveses WS WSWSWSA A S WS WS W W
‘Hebeloma spoliatum sessssess . SW W WS W WS . WS "8 W W WS WS a WS WS W WS A ' W W W s
' Hebeloma vinosophyllum ..... SWS WS S WS s . sws SWSWSA S WS : 'S S WS W
Laccaria proxima  «eeceeesess S ' ws - k ; WS WS W W ‘
Lactarius chrysorheus ...e..- R , A _ W
Lepista subnuda eececesossase i ' ‘ : ' W
Lyophyllum constrictum(?)® .. ‘ s : » B W W OOwWw
Lyophyllum gibberoSum ....... ' ? , W W W w W W W W
Lyophyllum tylicolor ...ee... S W WS WS ws WS S WS WS WS WS WS WS WS WS WS : S WS WS WS : W s s s
Panaeolina rhombisperma ... s ’ s ‘ ' s s
Panaeolina(?) Sp. noe 1  «... v S v A
Rhizopogon rubescens(?) i _ o ! : WA ’
b, d o - A

Rhodophyllus babingtonii



G£and N0. «eseseeeesss 14 1516°1F 18 19 20 2122 23 24725 26 27 2829 30 31 3273334 3536 37 38

peuteromycetes , B : ‘
AmblyOSPOTIium BOLIYLiS +veeee SW W W W W wW W' S §  SWS S SA W
cladorrhinum foecundissimum » Lo ‘ S 'S s .s

Ascomycetes .
Ascobolus denudatus(?) seeeses W W W WSW WS WS WS WS W W. W WS WS WS
25c0bOLUS SP. NO 2 cenvvasnns - _ S , A

Chaetomium globosung v ee : ‘ ]
Fimaria(?) SPs ecseesrneassese W W W WW WWsSW W W WW W WW W AW W W WSWS

GelatinodiSCus SP. sesesascas S : s 8 8 S S s sWs S S S S
gumaria velenovskyi «eeiecses , v ‘ IR WS

MelaStizZa SPe  cesssssssesssds

Peziza SP. NO. 1 iiieennsena W W WSW W W W W W W CEW W W W W WYA;WSW WS-
Trichophaea gregaria Ciiwneas W ‘ )

Basidiomycetes
Collybia cookel eieeisesionss . WS W . e S
Collybia(?) SPe eveecvasssssss oW A
Coprinus lagopus  sssesscesse ‘ o - o -8 ' S
Coprinus neolagopus seeesese:- s s ' s S S S s s s S S s s
Coprinus phlyctidosporus  .... s s S .. swW s s S s s A S SWS S
Coprinus sSp: NOa. 2 escscevess W W W W W W W W WSVW WS W W A W WW W
Coprinus Sp. NO« 7  ceeeevens ' 8 [
Hebeloma radiCOSUM «veseess. , S ‘ WS WS WSWS A A S WS
Hebeloma Spoliatum eeeessees SW W WS W WS WS SW W WS WS A WS
Hebeloma vinosophyllum ,.... . SWS WS S WS - Si ' s wWs S WS WS A | S WS
Laccaria proxima «eeseesssss S , WS e WS WS
Lactarius chrysorheus ...... ' : 4’.‘ . A
Lepista SUDNUAR «eeeeecassans | ' ’
Lyophyllum constrictum(?)? .. ' ; i ' WowW o
Lyophyllum gibberoSum «eeeees / Lo i . ': W W“ W W W W
Lyophyllum tylicolor ........ S W WS WS WS Ws SWS WS WS WS WS WS WSWS WS
Panaeolina rhombisperma +... ’ » 8 8
Panaeolina(?) sp. no. 1 ... : k Lo ; A
Rhizopogon rubescens(?) s ' ; : e W A

Rhodophyllus babingtbniib’ d

39 40 41 42 43 44 45 46

Wws s 8 S
s § & S

SW W WS WS WS

WS WSWW WW W W
S

S

W W WW AW WW

S
s s s s
WS WS
W W
W
WS
WS W WS
s s
W W
W
WOW
s ws

s s

A AW W W
s
AW W W
W
W oW A
woooW

47 48 49 50 51 52 56 57 58 59

S 8§ 8A S S

WS
W WS

WS

8

S s 8
W W
W W W
W
W
1
A

S

g

a. Or L. leucocephalum (?).
b. Forma japonicus.
¢. - Including the plots where O horizon was removedbprior to the urea application (p. 17).:

d. Requiring further data of occurrence for confirmation ("doubtful species", p. 24).
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Plots and species Date of observaticn and occurrerce of fru:ft bodies

No. 200 *g6 ‘ "67 - ‘68 10
160 g urea-3/0.5 x 1 n Aug. Sep. oct, Hov. Nov. Oct.. Hov.
Treat. 12 July 1966 14 16 252 1120 296 13 283 8 6 .5
Amblyosporium. botTytlg <= «r 4+ ) ‘ ST T o
¥ Ascobolus denvdatus(?) cee- 4+
| Lyophyllum tylicolor «<+es-- +
Gelatinodiscus sp. ssess-ae b b 4
Coprinus. Sp. no, 2 =<=neeer + + o+ + +
Coprinus .neolagopus eeesse Hoo+ +
_ Panaesolina (7) sp. no. 1 e+ ' + o+
£Lccta:ius chrysorheuvs «» " o+ +++ +
Herolomr radicosum =sess . . . ST
(Unidentified spacies) veeee +

No.' 222 : gy e 68 '70
200 g urea-d/0.5 x 10 o Feb, Mar, J\or. ‘Ka Oct.¥Nov, oOct. Oct,
Treat. 7 Dec. 1966 19 8 22 23 {-, » 2
Ascobolus denudatus(?) seee  + + N
Lyophyllum tylicolor -ssss. . + .
I Fimaria (?). 8D, secccananans +
Peziza sp. no, L vee-ienass - o+ +
Coprinus Sp. Do. 2 reres s + 4 .
1I£Lyophyll um glhberbsum =+ . . .
Yoccaria proxima resess s + - .
{Suillus. bovInUS) +rreeciass .
{Tricholoma 5p.) +irssserees R
(Cantharellus ap,) ssessens: ‘ .
(Marasmiuvs §p.) teevvreecnas . ‘ M

No. 331 67 *68 *69 10

2 kg, of saurcls laid July Ock. Dec. Aug. Oct., June Oct., Oct,

in 2 pile 27 May 1967 LT I B | S W 0.6 12
{Ascobolus denudatus(?) ==--- + '

Lyophyllum tplicolor s-+--- ++

Gelatipodiscus sp. ceacsen. + 4+

-Peziza 8p. no. 1 cesscavana + .

Lactarius chrysorhous ssess . + + + + + +
I{Rhi..apocon rubescens(?) - +

Fig. 2. Ekémples;bf‘the sequential occurrence of fungi on
the ground applied with urea or dead bodies of animsl in the

Pinus-Chamaecyparis forest (St. 32). In Plot 200 urea was

incorporated into %the O horizoﬁ and in Piot 222 urea was
spredd on the surface (both not mentioned in the Méthddsg‘
see the fext). As fbr Plot %31 see Part II and P1L. 2, C.
The numbers in Greek capitel (I, II) indicate the groﬁping
of ures fungi (p. 24). The species in fhé paréntheses were
considered to have appeared after a partial recovery of

orlalnal or Hormal Lungus flora and they are not 1ncluded in

the "urea fungi' (p. o).
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{Continued from p. 18)

m 1 5 A ; 1 . ! _ “
Te be added e the 1list of the sSpecies obteined in the

lzEpropus. In a experiment not mentioned in the Methods,

these:appeared.relétivelﬁ abundsntly on ures plot {and

calcium cyanamide plot) in 2 young Pinus-Chamescyparis
forest nearbe'St-‘ﬁégnﬂt mentioned in the list of the
stands).  And, 28 shown in Tables 2 @nd 3., the data obtained
.in the experiments outside the present studies include some
récords of occurrence in some fungl whi¢h were missed in, the
present éﬁperimenxs,"ThESEwmean.theﬁijinfsume places, The
speciss which sppear after the urea treatment will increase
if fuﬁ%her'treatmentslare conducved under wider variety of

eonditions.

Universslity of the phenomena

:Thechurreﬁce‘ofhspecial iungilénd'the chenges in soil
properties after the ures treatment were more oF less..
obseﬁved i 2lmost all the stends and soils collected (see
?arﬁ*ﬁﬂ”for*the‘chanEES:in 5031l properties). Since vhe
méjcriﬁy'intﬁe~idéntifiéd.sgécies have been known in Burope
an&jﬂﬁrth‘America”(see.Part V), it is presumed that these
phenemens will universally be observed et least all over the
warm Gemperate TO subsretic regions of the Northern
Hemisphere iy proper environmental conditions are provided.

| Exceptions and thelrl possible causes are &s follows.

2) In the Llaboravory experiment, the peats coliected

from deep layers of &rained high moor (Soils 66z, b) yielded

no fungus. This would be due to lack of the fuagus flora to
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respond to the ures treatment (p. 16): The surface layer of
living high more (Soils 79, 84) did yield a few of the fungi
in question.

b) In the fielgd experiﬁent, the Pinus thﬁnbergii

plentation on sand dune (St. 25) produced no fungus. -In
this case, severe desiccation owing to the poor growth of
the pine (p. 10) and little sccumulation of organic matter
must have retarded the growth of the fungi.

c) The subalpine grassland (St. 58) also produced no
ﬁungus. But, when the soil sample from this stend was
treated in the laborstory, some of the fungi in question
were obtained (not shown in Table 2). This indicates that
these fungi were potential;y presenﬁ’in the soii but failed

to appear under the natural field conditiohé.

Definition of "urea fungi"

The number of the species which responded to the urez -
treatment by developing reproductive structures on the éoil
surface 4id not increase unlimitedly when the experiments
were extended from Xyoto district to other parts of Jepan.
The species not obtained in Kyoto but in other places were

only two; Trichophaez gregarisa (st. 17) and Collybié cookel

(sts. 15, 17, 24). This mey mean thet the majority of the
fungi in question can be obtained within 2z small district,
if the experiments are repested in a variety ofkvegetationé
and under different seasoﬁs (the tresatment and observation

was most frequently carried out in Kyoto district) and that



;ggggmblage of the spe01es ddes not dl- fer largelj from.
dlstrlct to district. Thus, the occurrence—;nduc1ng or
growth—promotﬁnv effect of ures ureatment whether 1t 1s a
primary or secondary one, seems to be obsevved 1n a llmlued
numbgr of‘*ungal species. I propose to put these species
into & group under the term urea 2335}.7 Af pfesent,
thirty=five species are included in this group, excluding
the five doubtful species for which further confirmations

are needed (Tables 2, 3).

Grouping of ures fungi

A set of suffixes, "-biont", “—philous",'"—iepous",
and "-phobous", were adoptéd by Moser (1949) for"thé fungi
of burnt ground and then by Cooke (1957) for the fungi of
polluﬁed water and sewage. These are applicable also to the
present grdup. The.fungi whose occurrence .is resfricted to
the urea-treated soils may be termed ureobiont species. The
others, occurring relatively luxuriently_on the treated

soils, may-be termed ureophilous species (Table 4, footnote

e). The urea fungi comprises these two groups. Fungi %o

be termed ureoxenous species, which are indifferent to urea

treatment and'appear by chance on urea plot, were rare. On
the other hend, there were meny fungl to be ﬁermed

ureophobous species, in which the occurrence (and hyphal

growth too?) was suppressed by the ures treatment; e.g.

Russuls densifolia in the Castanopsis cuspideta forests of

Kyoto (Sts. 30, 31), Lecterius hatsudeke in the Pinus

thunbergii plantation of Tottori (8t. 26), and some species




Table 4. Grouping of urea fungi by their occurrence

in laboratory or field experiment
Group I: The fungi obtained in

Group II: The fungi not

the laboratory, the majority being obtained in the laboratory

obtained also in the field “but in the field

Deuteromycetes
Amblyosporium botrytis
Cladorrhinum foecundissimum
Doratomyces putredinisa
oidiodendron truncatu}na

Stysanus medius®

Ascomycetes
Ascobolus denudatus(?)
Ascobolus -sp. no. 2
Chaetomium gIqusumb'
Fimaé%(?) Sp-
Gelafinodiscus sSp.
Melastiza sp;'j

Peziza sp. no. 1

Basidiomyceﬁes
Coprinus lagopus
Coprinus‘narGOticqsg
Coprinus\neolagppus.
Coprinué phlgctidoééorus'
Coprinus stércorarius
Copfinus sp.- NOW 2 -
Coprinus sp. no. 7
Coprinus sSp. no. g £
Lyophyllum tylicolor
Panaeolina fhombispérmab
Panaeolina (%) sp: n6: 1°

Panaeolina (?) sp. no. 3

a, f,

Ascomycetes
Humaria velenovskyi®

Trichophaea gregaria

Basidiomycetés
Cantharellus minor(?}d’ e
Collybia cookei
Collybia(?) sp.

Hebeloma radicosum
Hebeloma spoliatum
Hebeloma wvinosophyllum
Laccaria prOximac' e
Lactarius éhrgsdfbeuse
Lepista subnudae
Lyophyllum constrictum

or L. leucocephalum(?)
Lyophylium gibbéroSum

Rhizopogon rubescens(?)®

IthdophylluS-babingtonii

F
f. japonicus™
r

Rhodophyllu§ lampfbpusd

€. But obtained in a laboratory

experiment using a largexr

amount of soil.{4 kg in dry wt.).

d. -Obtained in a. stand not

menticned igiﬁethods (see p. 22)

‘e. "Ureophilous" (p. 24).

are all "ureobiont".

Others

f;> Requiring further'confirmation

a. thainéé‘dnly'iﬁ £he laboratory. i to-decide as urea fungus
b. Obtained in laboratory experiments . ("doubtful species", p. 24).

not mentioned in the Methods.
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of the genera Marasmius snd Mycens in the Pinus-Chsmsecyparis

forest of Kyoto (8t. 32). Generally spesking, no fungus
seemed ‘unaffected by the urea treatment.

The ures fungi ¢sn be divided into two groups in aﬁother
way (Table 4): one occu;;ig?faboratory experiment {Group I)
and another does not (Group II). ‘The characters of the
fungi leading to this grouping seem to be correlated with
some other festures. Generally in the field experiments,
the fungi of Group I appeared earlier but laested for shorter
periods than those of Group II in the succession. The fruit
bodies of the former are generally smaller and more
perishable Than those of the latter. All of the former are
ureobiont . whereas some of the latter are urecphilous.
Physiological characters may also be related to this grouping
{ef p. 110, footnote).

The differences between the results in +the laboratory
experiments and those in the fieid experiments would be
.attributed,“at least to certsin extent, to the facts that,
in the field, the treated soils were open to the penetration
of all kinds of organisms living in the surrounding soils,
and that the amount.of-soil used in the laboratory

experiments was rather small.

Regional’differences

Repetition of exeriment may increase the mark + in
Tables 2 and 3 (see‘p. 22) and will make the difference in
the species composition obscure. The regional diffBérences

. mentioned below, thereifore, should be confirmed by furthef
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studies.. For the discwséion*of the results, some unpublished

data will be taken into account..

Amblyospprium botrytis. Nobt obtained from the soils of -
Kagoshima (Table 2).

Cladorrhinum foecundissimum. Not recorded in Oits

(Table %): The time of observation might_.mot be adequate as
it appears for a short pericd.

‘Fimaria(?) sp. Not obtained from the soils of northern
Japan (Mt. Hakkoda and Hokkaidd; Table 2).

Peziza'sp. no. 1. Net obtained from the soils .of
northern Jepan (Mt. ﬁakkada,and Hokkaido) and those of
Kagoshima (except Soil 11) (Table 2). |

"Coprinus neclagopus. Not obtained at higher altitude

in Toyama (8Sts. 56~59; Table %). This is plausible as, in
the 1ab6ratdry-é2periments, thié spedies could ap?earudhly
when the soils were placed undef higher tempéfatures (20-3%0
C).at least during an 1n1t1a1 period, but see D. 31.

Coprlnus Sp. no. 2. Not obtained from the so1ls of
Kagoshima efcepﬁ Soil 11 (Table 2).

Coprlnus narcotlcus. Not obtained ¢rom the SOllS of

Kagoshlma and Oita (Table 2).

Oollybla cookel. Ootalned only in Yamagunl, Glta

(Table 5) The substratum of this fungus was decaylng fruit
bodles, probably, of the urea fungi: whlch had ocoﬁrfed
previously and not been picked ofi. Some other urea fungi
appearing towards later stagés also mighf grov on dead
mycella of the urea fungi grown in the early stages. Nameiy,

it is possible that some of the ures fungl are funglcolous.
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This is the reason for including this species in the group
of urea fungi despite the fact thet it did not appesr on the

soil itself.

' Hebelomz radicosum. Not obtsined in Oita .and Toysme
(Table 3). |

Lyophyllum constrictum or L. leucocephslum(?).

Obtained only in & limited area of Kyoto (Table 3).:
Lyophyllum gibberosum. Not obtained in Oita (Table 3):

Temperature at the time of treatment (November) might
slightly be inadequate for its occurrence as this Speéies

appears exclusively after winter treatment in Kyoto.

Relationship-with the type of vegetation

_The field experiment was rather intensively carried out
in Kyoto, so that this problem can be discussed more
thoroughly than the preceding one. |

Qharacﬁerizatipn by the flora of urea fungi; The

forests of Cryﬁtomeria, Chamaecyparis; and»Phyllostachys
(bamboé) in Kyoto and Gita prodﬁced very few“ofnone of the
funéi of Group II (Table %). The EEEEE forests in Shiga and
Gita (and Téyama aisQ?) yvielded two species in éommon, |

Hebeloma spoliatum and Laccaria proxima (Table 3). The

Pinus dénsiflora forests at lower altitudes in Kyoto (Sts.

22, 42) and the Pinus pumila thicket at highér eltitude in

Toyama (St. 59) produéed two speciés in commoen, Laccaria‘

proxima and Lactarius thysorheus (Table 3). These results

may be interpretted in another form as: Laccaria proxima

was*obtained-after the ures treatment only in the forests of
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Pinaceae 2and deciduous spécies of Fagacease; Lactarius

chrysorheus was obtained after the ures trestment only in

the forests or thicket of Pinaceaé. ' Thus, the same type of
vegetations produce thé samse urea fungi, even if they are
located far away from each other.

Intervention of natural fungus flors in the urea-to

~-fungus reaction system. - The fungi of Group II occurred

relatively frequently or restrictedly in the forests of

Pinus, Quercus, Castanopsis, and Fagus but not in those of
, . T _ '
Cryptomerias, Chamaecypais, and Phyllostachys (see the

preceding paragrsph). This reminds us our empirical
knowledge that the general mushroom flori under natural
conditions is relatively poor in the latter forests. For

example, in Kyoto snd Shiga, Lactarius chrysorheus was not

rare in pine forests but was seldom met in other forests.

After the urea treatment too, this fungus did not. appear in
the latters. That is, the occurrence of this fungus by the
uresa treafment was consistent with its natural distribution.

. S - — Some other urea -

fungi (ureophilous ones) showed the same tendency. The
difference in the natural flora seems, to certsin extent,

to be persistent against urea treatment.

Needlessness of mycorrhiza'formation. The species of

the .geners Pinus, Abies, Quercus, Castanopsis, and Fagus

rather form ectomycorrhias, whereas those of Cryptomeria,

Chamaecyparis, snd Phyllostachys endomycorrhizas. The
el
d

. es » )
above-mentioned tendenc that the flora of terrestrial fleshy

fungi is richer in the forests of fermer trees and that the
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urea~to-fungus reaction system is ihtervened by the natural
fungus flora <«—are considered to be relétéd‘ﬁé the .type of
mycorrhiza formation. Some of the ures fungi are likely to
form mycorrhia or ¥Fo.live on in rhizosphere gﬁder natura}
gonditions‘(qf Part III).,_deﬁserved, however, that ﬁhéj
did not necesssrily require plant roots when they grew on
urea p;ot.‘

Level land and hill. Frpm the results of the field

experiments in Kyoto, a discrepancy in the flora of urea
fungi was observed between the vegetations of level land
(dwe}ling,area qf men, Sts. 45-4%) and those of hills (Sts,
27, 29~40, 42-44). The former vegetaions did not yield

Gelatinodiscus sp., Coprinus sp. no. 2, Hebeloma radicosum,

Hebeloma spoliatum, Hebeloma vinosophyllum, Lyophyllum-

gibberosum, and Lyophyllum-tylicolor, which werewpopularvin

the latter vegetations (Table 3%). On the contrary, the

formers yielded Melastiza sp., Lepista subnuds,  znd
. s e
Panaeolins Sp. no. 2, which were not obtained in.the latters

(but see p. 32 for Melastiza sp.). As is actually located
in 3.transitionrbetween the level land and the hilly place,
the bamboo‘étaﬁds.(Sts, 28, 41; see also 23) seems to come
to an intermediste position, yielding Covprinus sp. no. 2

{7?
and Panaeolind $p. no. 2 which were characteristic to the

hill and to the level land, respectively, bdbut not the othef
fungi mentiéned abqve,.

Tt is reminded in this connection that the general
mushroom flors underAnatgral conditions is alsoqdifferent

between hills and level lands. -



+ Age of g stand. In s young Pinus-Chsmsecjyparis stand

developing in a close'neighb0rhood of .8t. 32 (twenty: years
old; not mentioned in the list of the stands), the mother

rock being the same, Cantharellus minor(?) and Rhodophyllus

lampropus occurred in appreciable. quantities on urea plot

(see p. 22), But they d4id not so in St. %2 (about eighty

years old). The age of the stand might have had a meaning
for this. |

Notes on some species. The followings may be added to

the above and should be confirmed in further studies.

Gladorrhinum foecundissimum. Not obtained from the

vegetatlons of higher eltltudes (Tables 2, 3). This may
001n01des w1th the fact that in the leboreuory experlments,
this spec1es could be obtalned only when the 50115 were
placed -under hlgher temperatures (20-30 C) at 1east-during
an Iinitiel—period following the treatment. -

Oidiodendron tfuﬁcetum."Obteine&.rather-frequently

from the 50115 of the conlferous forests than from those of

other forests (Teble 2)

Coorlnus lagopus. Ooualned from the ‘soils of the

_forests developlng at 1ower ethtudes rather than those at
higher altluudes (Tables 2, )) Thls is pleu51ble because

thls fungus had the same heblt of occurrence as Cladorrhinum

¢oecund1551mum (see above)

Coprinus neolagopus.‘ Obtalned from the soils of hlgher‘

altitudes (Tabie 2). Thls is strange because, as is in

Gladorrhinum foecundissimum and Coorinus lagopus, this fungus

requiredkhigher temperatures st least during an initial



period for its occurrence: There should be little chance
for this fungus to appear under the field condition (see
P 27 ).

Melastiza sp. Characﬁeristic for the level land in
'Kfoto (p. 30) but obtasined in Fagus forest in Toyama (8t.
563 Table‘2>. | | | | - |

Summary
INNAANASAAS

The so0ils (organic layer) of:the vegetaﬁiOns
representive of the warm tempépaté‘to subarctic climatés of .
Japan were trested with ures. The smounts of urea applied |
were, in the laboratory experiments, 0.2 and O.4 g N in 20
ml solution per wet éoil equivalent to 2055 dfy'soil or, in
the field experiments, 40, 80, and 160 g N per 0.5 % 1 m
plot. As a3 result, sequential formation of reproductive
structures of special fungi was observed on the surface of
almost all the soils studied. Number of the species appeared
was counted %5 in total, of which 29 species were restricted
to~ and 6 species were relatively luxuriant on the -
ures-treated soils. They are termed "urea fungi".

The same type of forests at distant places yielded

generslly the same ures fungi. Some differences in the floxa

£ , : .
Olﬁrea fungi were found between the forests of Cryptomeria

- and Chamaecyparis end those of Pinaceae and Fagsceae, both

developinngn hilly plééés, and between the vegetations of

level l1and and those of hill.



PART IT

- EFFECTS OF SOME OTHER AGENTS ON THE OCCURRENCE OF FUNGI

Aﬁpiicétion of urea exerts diverse effects upon soil,
Serving‘as nitrogen source; élkéliéing the soil, ¥illing
SOil‘orggnismé: énd‘stimulating organic matter aécomposition.
To elucidate the essentisl substance or factor required for
the occurréncé'of:the "urea fungi" (p. 25),'effects*of .

various agents on fungus flora were examined.

The_agents used

Thé chemicals and other agents used in the present
experiments may be grouped;és'follows; - ' |

Stendar& (cbntrol). Urea.

Group 1. Aque ammonia and calcium cyanamide (calcium
cyanamide-N takes the form of ures on the way of

decomposition).
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Group 2. Selts of wesk scids snd ammonium hydroxide

(basic: - NHy* =N, ¢f Group 7).

. ..Group 3. Dead animal body, snd plant material with.
high:protein content.

'gQGroupqﬁ-m Finalﬂproducts_of:nitrogen metabolism in- .

animgls.
ioﬁroupyé- Proteins, peptone, and amino acids.
Group 6. Amines.

Balbs of strong acids and smmonium hydroxide.

m ; 'f:-
HoaH
1o 1

NG ¥

Group 8. Nitrites.
GI‘OU.D' _9_.. Nitrates;, .
_Group 10. Miscellaneous nitrogen compounds hav1ng

51mllar SUructure or radlcal as urea, smmonla, or amlne.

Grou 1‘ Nltrogen—free compounds Carbobydrates,

L

01ls, and 11p01d (the laSU contelns 8 very small amount of

nltrogen)

Group 12. Nltrogen-lree compounds Carboxyllc 801ds,

alcohols, phenols, aldohydes, and mercantan (by products of
protewn decomp081tlon) ' ‘

Grouo _§ Alkalls.

;EEEP 14. Salts of strong 301ds and pot8551um hydrox1de
or sodlum hydrox1ds (non—b351c | kY or Na+ 1ons) -

Group 15. JInorgsnlc ac1ds.

Group 16. Agents or treatments to kill orgsnisms.

~Group 17: Orgsnic solvents.

rield .experiments

. The expefiments were carried out in the Pinus densiflors
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~-Chamaecyparis obtusa forest in Xyoto (St. 32, p. 10).
Details are shown in Table 5. The égents were dressed on
the surface of 0.5 x 1 m or 0.5 x 10 m plots marked out on
the sldpe (¢f Part I). The methods of observation were
neafly the same as those described in Part I. 1In case onl&.
oﬁe plot could be prepared for one agent, a high rate was
adopted since it had been found with the ammoniacal‘agenté‘
and the alkalis that heavy rates were rather successful to

detect the fruiting of fungi.

Laboratory experiments

The methods were fundamentally the same 3s those
described in Part I. The scil samples were collected from

the O horizon of the Pinus-Chasmaecyparis forest (St. 3%2) in

‘which the field experiments were carried out. betailé of
the treatments are shown in Tables.6.and 7. The unglazed
pot of one_series were rowed on & wooden shelf withiﬁ a
'large_water—proof case. The shelf was set so as to leave

. some gsp between the pots and the bottom of the case where
the drained water stagnated. The case was covered with
transparent sheet of vinyl polymers, Ieaving an opening at
lateral sides for proper aeration and humidity.

(Continued on p. 4%)



Table 5.

Treatments and periods -of observation

in field experiments

Plot

- 36 -

Agents Amounts Periods :
no.  (for 0.5 x 1 m _a® _B”
Urea 120-122° 10, 20, 40 g N 5. iv. 66  15. vii. 70
339-341 40, 80, 160 g N -10. vi. 67 6. x. 73
567-569 40, 80, 160 g N 20. i. 68 6. vii. 72
709-711 40, 80, 160 g N 4. vi. 70 2. x. 73
735 150 g N B 2. v. 71 18. x. 73
772-776 100, 500, 1000, ©15. ii. 72 30, x. 73
2000, 4000 g N . o
777 140 g N o 15. ii. 72 30. x. 73
- © 820 le0 g N 17. wviii. 72 30. x. 73
Group 19 | - '
Agua ammonia 345-347 40, 80, 160 g N 10. iv. 67 6. X: 73
' inl1l : ' '
564-566 40, 80, 160 g N 20. i. 68 16. vii. 72
) inl 1 :
778 1 kg of 25 % soln. 15, ii, 72 30, x. 73
(205 g N)
8co 950 g of 28 % 17. viidi. 72 30. x., 73
: : . soln. (130 g N) L
Calecium cyanamide 123-125¢ 10, 20, 40 g N 5. iv. 66 14. x. 73
- ' 342-344 40, 80, 160 g N 10. vi. 67 6. x. 73
573-575 40, 80, 160 g N 20. i. 68 2. x. 73
-Group 2 : . ,
(NH,) CO ‘ 779 500 g(130 g N) 15. ii. 72 30, x. 73
Amménium formate 850 1 kg(222 g N} 17. wviii. 72 30. x. 73
Ammonium acetate 348-=350 40, 80, 160 g N 10. vi. 67 6. x. 73
' 685-687 40, 80, 160 g N 5, ii. 69 2. x. 73
780 450 g(82 g N) 15. ii. 72 30. x. 73
. ‘ 854 1 kg(1l81l g N} 17. viii, 72 30. x: 73
Ammonium oxalate B58 1 xg{197 g N) 17, viii. 72 30. x. 73
Group 3 : -
Saurel 331, 332' 2 kg(l2-13 fishes) 27. v. 67 6. x. 73
Mackerel 871, 8%3 3.5 kg{(4 fishes) 18. wviii. 72 30. x. 73
: L 872 4,3 kg(5 fishes) 18: viii. 72 30. x. 73
Tfutcurds from  520,522° 10 pieces(98 g 25, xii. 67 12. x. 70
soybean) : proteins)
Group 4 _
Urea, ammonia : See above . \
Uric acid 736 150 ¢ N 2. v. 71 18. x. 73
Hippuric acid 737 150 g N 2. v, 71 18. %x. 73
. 831 2 kc(156 g N)- 17. viii. 72-- 430. x. 13
a. Dbate of treatment. b. Date of flna1 or latest obse*vatlon
€. 0.5 x 10 m. d. See the text for the grouplng of agcnts.,
e. MNot 0.5 x 1 m; the fishes were placed in a pile.
f. Not 0.5 x 1 m; the fishes were laid side by side.
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pable 5 (continued)

73

Group 5
Albumin, 821 1 kg 17, vidii. 72 30. X. 73
from eggs o o
zZéin | 822 1lkg 17. viii, 72 30. x. 73
Casein 823 1 kg 17. wviii. 72 30. x. 73
peptone - 740 150 g N 2. v. 71 18. x. 73
824 1 kg(130 g N) 17. viii. 72 30. x.. 73
Sodium glutamate 739 150 g N 2. v..-71 18. x. 73
_ 829 1 kg(136 g N) 17. viii, 72 30. x. 73
p~Glutamic acid 827 1.5 kg{95 g ) 17, viii. 72 30. x. 73
L-Arginine 828 ° 500 g(l60 g N) 17. wviii. 72 30. x. 73
L~Cystine 826 1 kg(l75 g N) 17. vidi. 72 30. x. 73
Group 6
Ethylenediamine 833 500 g{230 g N) 17. viii. 72 30, x. 73
Trimethylamine 834 2 kg of ca. 30 % 17, viii, 72 30. x..73
soln. (142 g N)
Group 7
(NHa) 2504 126-128° 10, 20, 40 g N 5. iv. 66 20. x. 70
: , 680,68% . 160, 320 g N 12, xii. 68 6. X. 73
NH4NO4 129-131 10, 20, 40 g 6. iv. 66 20, x. 70
' total N S
£82,683 160, 320 g NHg'-N  12. xii. 68 6. x. 73
NH4CL 712=714 40, 80, 160 g N 4, vi., 70 2. X. 73
Group 8 :
NaNOy 715-717 40, 80, 160 g N 4, vi. 70 2. x. 73
Amyl nitrite 859 500 g (60 g N) 17, viii. 72 30. x.
Group 9 _ .
NaNO3 718-720 40,.80, 160 g N 4, vi. 70 2. x. 73
KNO3- 783 750 g(104 g W) 15, ii. 72 30. x. 73
Ca(NO3) 5 4H,0 784 500 g(59 g N) 15. ii. 72 30. x. 73
NH4NO5 See Group 7 :
KNO3 + KOE 722-724 40, 80, 160 g N 4. vi. 70
(cf KNO3, KOH) +1 1 KoH solmi?  + 12, vi. 70 2. x. 73
742-744 40, 80, 160 g N 2. v. 71 2. x. 73
+ 250 g KOH ‘
Group 10 -
Urethane 738 150:'g N 2. v. 71 18. x. 73
Thiourea 782 500 g(l84 g N) 15. ii. 72 300 %. 73
Hydrazine hydrate 787 500 g{(350 g N) 15. ii. 72 30. x. 73
' (N2H7 .80 %) : ‘
Hydroxylamirne 788 500 g(10L g N) 15. ii. 72 30. x. 7%
hydrochloride '
Sulfamic acid 789 1 kg(l44 g N) 15, idi. 72 30. x. 73
Formamide 843 500 g(l55 g N) 17. viii. 72 30. x. 73
Acetamide 844 500 g(119 g N) 17. viii. 72 30. x. 73
Acétonitrile 845 500 g{(171 g M) 17, viii. 72 30. x. 73
Aniline 860 1 kg(150 g N) 17, viii. 72 3. x. 73
Nitrobenzene 790, 1 kg{llé g N) 15. ii. 72 30, x. 73
¢. See p. 36. ‘
was applied to the upper half and 0.5 1 of

g. 0.5 ) of 0.5 N soln. 7
1 N soln. to the lower half of each
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pable 5 (continued)

Group 11l _ -
starch, soluble 791 - 1 kg i6. ii. 72 30. x. 73
Di(+)=Sucrose 875 1 kg 4, ix. 72 30. x. 73
p{+)~-Sucrose 792 1 kg 16. ii. 72 30. x. 73
‘ 876 1 kg 4, ix. 72 30. x. 713
D(+) -Glucose, 793 1 kg 16. ii. 72 30. x. 73

anhydrous 877 1 kg 4. ix. 72 30. %. 73

Whale oil 794, 1 kg 16, ii. 72 30. x. 73

878 1 kg 4. ix, 72 30. x. 73

olive oil 795, 1 kg 16. ii. 72 30. X. 73

879 1 kg 4, ix. 72 30, x. 73

Lecithin, 796 1 kg(N 1.76 %) 16. ii. 72 30. ®. 73
from soybeans :

Group 12 - ‘

Formic acid g47 500 g of 90 % 17. viii. 72 30. x. 73
soln. T .
Acetic acid 806 .52 of 75 % 16. ii. 72 30, x. 73
soln. ] .
851 500 g'(glacial) 17, viii. 72 30. x. .73
n-Butyric acid 837 500 g 17. viii. 72 30. x. 73
pyruvid acid 834 500 g 17, viii. 72 30. x. 73
Oxalie acid 810 1 kg 16. ii. 72 30. x. 73
855 500 g 17. viii. 72 30. x. 73
Succinic acid 799 1 kg le. di. 72 30. x. 73
Fumaric acid 798 1 kg . 16, ii. 72 30. x. 73
DL-Malic acid ‘839 500 g 17. viii. 72 30. x. 73
Benzoic acid :830 1 kg 17. viii. 72 30. x. 73
Acetone See Group 17 )
Ethanol - 543 99.9 %, 2 1 18. i. 68 2. xX. 73
544 70 %, 2 1 18. i. 68 S 2. %73
545 70 %, 2 1, 18. i. 68 2. x..73
: incorporated
749 70 %, 1 1 3. v. 71 2, x. 73
750 99,9 %, 11 3. v. 71 2. ¥. 73
’ 765 70 %, 11, 3. 0v. 71 2. %. 73
o incorporated o
‘766 99,9 %, 11, 3. v. 71 2. %. 73
’ incorporated 3. v. 71 2. %. 73
Methanol 808 L kg 16. ii: 72 30. x. 73

' 880 1 kg 4. ix. 72 30. x. 73
n-Amyl alcohol 800 1 kg 16. ii. 72 30. x. 73
iso-Amyl alcohol 801 1 kg . 6. ii. 72 30. X. 73
n=Butyl alcohol 802 "1 kg . 16, ii. 72 30. x. 73
iso-Butyl alcoheol ‘803 1 kg 6. ii. 72 30..x. 73
n-Propyl alcohol 804 1 kg le. ii. 72 30. x. 73
iso~Propyl 805 1 kg-. 16. ii. 72 30. x. 73

alcohol : ’ )
Glycerine 861 500 ¢ 17. viii. 72 30. x. 73
- Phenol 835 550 g of 90 % 17. viii. 72 30, -%. 73
soln. ’ 7
. Cresol 755,756 1 1 of 5, 10 vol = 3. v. 72 2. %. 73
.% emulsion with '
- water
836 350 g 17. viii, 72 320. x. 73

h. 0.5 x 0.5 m.



rable 5 (continued)

Formaldehyde

.Acgtaldehyae _

761,762 1 1 of 3.7, 7.4 %

Methyl mercaptane

Group 13
NaCH

KCH

785,786

Potassium formate
Potassium acetate
Potassium oxalate

MgO
Mg {OH) 5
Cae
Ca(CH) 5

€aCly

Calcium formate
Calcium acetate
Calcium oxalate
Sodium borate

Group.l4
K2504

NaNO3
KNOj3

Group 15
H504

HNO4

HC1
'33204

141-143¢
546-548

144-146€

747,748

868

351-353

560-562

721
729
741
849
853
857
726
728
725

727
848

852
856

7-9¢
15, 18,

21¢

seln.t

500 g of 37 %
soln.J

500 g of 80 %
soln.

500 g of ca. 5 %

" solh.

250, 500 g
500 g

0.5 1. of 1,
N soln.
11o0f1,
scln.

g (p. 36)
500 ¢
250 g

1 kg

1 kg
1 kg
1
1

2 4

2, 4 N

Xg-
kg

1 kg

43, 86%, 172 g

305, 610, 1220 g

1 kg

50, 100,

1 kg

1 kg

1 kg

0.5, 1 1 of 0.01

M soln.

200 g

10.2, 20.4, 40.8 g
10.2, 20.4, 40.8 g

See Group 9
‘See Group 9

354-356 0.5 XL of 1, 2, 4

867
357-359

866.
865
555557

N seln.

500 g (min 95 %)
9.5 Lof 1, 2, 4
N soln. :

500 g (69~71 o)

500 g (min 35 %)

11 of 0.5, L1, 2

viii,
viii,

17. wviii,

15. dii.
17. viii.
L0, wvi.

20. 1.

12, wvi,
4, vi.

2. v.

7. viii.
17. viii.
17, viii.
4. vi.
4. vi.
4. vi.
9. iv.
8. i.
4. vi.
9. iv.
viii.
viii,
viii,
3. v,

17,
17.
17.

22. vi.
o 23. vi.

0. wvi.

17. wviii.

10, wvi

17. wiii.
18. i,

71
72

72

72

72
72
67
68

70

70

71
72
72
72
70
70
70

66

68
70
56
72
72
72

7L

65

65

67

72

67 -

17, viiil-720

72

68

30. X.
30. x,

30. X.

305 x.
30; X.
6. X.

2. x.
2. X.
18. x.
30. x.
30. X.
30. x.

2. X,
4, x.
14, .
2. K.
: lGe X
30. x.
30, x.
30. x.
18, x.

l4. vii.
3. i.

' 30'-: X.
' '6- .

30. x.
30. X.

16. vii.

73
73
73

73

73
73
73

72

73
73
73
73
73
73

. 73

73
73
73
72
73.
7Y
73
73
73
73

66
66

73

73
73

73
73

72

C. See p.

36.

M soln.

i. Containing 0.6-0.8 % méthanol.
Jj. Containing 6-8 % methanol.

k. DNearly the same rate as hhat adopted by Ho*a (1958)
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Table 5 (continued)

Group 16 )
€uS04 - 5Hy0 751,752 250, 500 g 3. v. 71 2. %. 73
cal(C1e) 5 753,754 250, 500 g 3. v. 71 2. %. 73
NaClO3 763,764 250, 500 g 3w 71 2. x. 73
propylene oxide 757,758 250, 500 g 3. v..71 2. %. 73
» 767,768 250, 500 g, 3. v. 71 2.°%; .73
) , incorporated ,
paraformaldehyde 759,760 250, 500 g L 3. v, T 2. x. 73
some other See Group 12. ' ' : '
poisons
Burning 326,327 3h 8. iii. 67 6o ¥. 73
_ (bonfire)l 328,329 2.h = 16. iii. 67 6. x. 73
513,514 3.5, 3 h 20. xii. 67 6. x. 73
583. 2.5 h 31. i. 68 6. X. 73
633,634 2.5 h 1, viii. 68 6. x. 73
817,818 2.5 h 24, ii. 72 30. X., 73
Autoclaving 558M 2 kg/cm?, 40 min 19. i. 68 4. %. 72
5597 2 kg/cm?, 40 min 19. i. 68 14. x. 72
8129 1.2 kg/cm?; 24. ii. 72 30. x. 73
20 min -
BathingP 811 60 C, 2~4 h¥ 24. ii. 72 30. %.-73
Steaming in 813 100 C, 5 min 24, ii. 72 30. x. 73
a autoclave
oven-dryingt 814 105 C, 4 h¥ 24, ii. 72 30. x.. 73
, 815  130-140 C, 3 ht 24. ii. 72 30. x. 73
Pry-distilling! 816 4-6 hYV - 24, ii. 72 . 30. x. 73
Group 17 ' _ ‘
Acetoéne 809 1 kg ' 16, ii. 72 30. x. 73
881 1 kg - 4, ix. 72 30. x. 73
Ethyl ether 862 ~ 2 kg 17. viii. 72 30. x. 73
Benzene. - 863 2 kg 17. wviii. 72 30. »x. 73
Xylene 864 2 kg 17. viii. 72 30. x. 73
Alcohols See Group 12 S -

I. Different amount of dead wood and twigs were burnt at various
1nten§1t1es over various areas {not 0.5 x 1 m but around or below
0.5 m“). Consequently, the duraticn of burning in hours are of . .
little significance. ‘

m. The soil of O horizon was collected from 0.5 x 0 5 m, treated in
the laboratory, and returned to the original place.

n. The soil of O horizon and mineral layer was collected from 0.3 x O 3
x 0.2(depth) m, treated in the laboratory, and: returned to the

" eoriginal place.

0. Plot nos. 811-816 were all 0.5 x 1 m, and the’ 501l of 0 horizon was
treated in the laboratory and returned to the original place.

. P.. The soil was packed in tins and. placed in a bath.

¢. Temperature of the inner parts of each tins were lower than 40 o at
the end cof heating. , .

r. The soil was packed in wire. gauze baskets and dried in electric ovens.

S. Temperature of the inner parts of each baskets must have been lowex
than ‘100 C even at the end of heating.

t. Temperature of the inner parts of the baskets were
of heating. )

u. After the suggestion by Hintikka (1960). The soil was packed in
tins and placed on the flames of gas.

v. Little ashes were produced.

65-70 C at the end
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Table 6. Treatments in laboratory expeéeriments

Agents ' ‘ Amounts EXp. no.
(pexr wet soil equivalent to 1 g dry soil) (Table 7)
Control No application of the agents 9 b, @
Urea 2.5, 5, 10, 20, 40 mg N in 0.67 ml” water 9 a-d
10, 20 mg N7 1 ml water added 40 a, b
b
Group 1 .
Agqua. ammonia 2.5, 5, 10, 20, 40 mg'N in 0.67 ml 9 a, ¢
Calcium cyanamide 2.5, 5, 10, 20, 40 mg'N, incorporated 9 b, d
Group 2
Ammonium acetate 2.5, 5, 10, 20, 40 mg N in 0.67 ml water - 9 a, ¢
Group 4
Uric acid | 10, 20 mg N; 1 ml water added 40 a, b
Hippuric‘apid 10, 20 mg N; 1 ml water added 40 a, b
Group 5
Peptone » 10, 20 mg ¥; 1 ml water added 40 a, b
Sodium glutamate 10, 20 mg N; 1 ml water added ' 40 a, b
. Group 7 . _

- {NHy) S0, 2.5, 5, 10, 20, 40 mg N in 0.67 ml water 9 a, c
NH4C1 - 2.5, 5, 10, 20, 40 mg N in 0.67 ml water 9 a, ¢
(NHy) 5S04 +. KOH After 10l days in Exp. %a, 0.67 ml of

S ‘ 0.5 N KOH soln. was added to each soil 9' a
) After 52 days in Exp. 9c¢, 0.67 ml of
‘ ‘0.5 N KOH soln. was added to each soil 9' b
NHyC1l + KOH The same as in (NH4)2504 + KOH . 9' a, b
Group 9 ' .
NaNO3 : 2.5, 5, 10, 20, 40 mg N in 0.67 ml water % b, 4
KNO3 ' 2.5, 5, 10, 20, 40 mg N in 0.67 ml water 2.b, &
Ca(NO3) 5 H20 ‘ 2.5, 5, 10, 40 mg N in 0.67 ml water , 9 b, d
Group 13 1
NaOH _ : 0.67 ml of 0.25, 0.5, 1, 2, 4 N soln. 9 a, ¢
' 0.67 ml of 0.1, 0.25, 0.5, 1 N soln. 12 a; b
KOH o 0.67 ml of 0.25, 0.5, 1, 2, 4 N séln. g a, c
. . 0.67 ml of 0.1,:0.25, 0.5, 1 N soln. 12 a, b
Mg(OH) 5 = 4.9, 2.8, 19.5, 38.9, 77.8 mg;
o ' 0.67 ml water added 9 a, c
Ca (OH) 5 : _ 6.2, 12.4, 24.7, 49.4, 98.7 mg;
‘ : } 0.67 ml water added 9a, c
2.5, 6.2, 12.4, 24.7 mg;
: ‘ ‘ 0.67 ml watexr added 12 b, ¢
a. = 2/§‘ dlssolved in 10 oxr 16 7 ml water and then applled to the vet

soil equlvalent to 15 or 25 g dry soil, respectively (see Table 7}.
b. See the text for the grouping of agents
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(Continued from p. 555

Results and Discussion
f VY NN N -

B e M N

The results azre shown in Tables 8 and 9. BSee also
Fig. 2 and Pls. 71-3. The calcium compounds (Group 13) and
burning (Group 716) produced many pyrophilous (fiteplace)
fungi (Sagara, 1973) but they are not presented and discussed
here. An identified deuteromycete was obtained after the
treatment with élive 0il and whale o0il (Group 11), but this
is excluded from the present discussion because it has not
been obtained after the treatment with the nitrogenous
materials and because the purity of the oils has become the
question. (This fungus was mis-ideéntified as "an yeast" in

my previous paper [Sagara, 1975}.) Trichoderma viride(?)

appeared after almost all kind of trestment in summer but
this too is excluded from the present discussion because of
the obscurity of its character.

Remarks and discussions on each group of the agents are
as follows.

-Groubs'ﬂ-6-(NH5—releaSing agents). Aqusa ammonia was

almost equivalent to ures in its effects on the fungus flora.
The term "urea fungi" may better be replaced by the term
‘"ammonia fungi". This will be discussed in the General
Discussion. It is likely that other agents of these groups
-except IL-cystine produce the bulk of the urea fungi. ALl
these effective agents have the nature to cause slkaline

conditions of s6il, either in their own forms* or by the
(Continued on D. 46)

* These, e.g. amines, too will eventually turn to ammonia.
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Table 8. The fungi formed reproductive structures exclusively ox relatively — luxuriantly on the ground of Pinus-Chamaecyparis forest in Kyoto

~after treatment with urea and some other ‘agents -
Frequency of treatment not equal for the agents. +:i  occurrence confirmed, =: not .gccurred ‘and with no prospect of occurrence in further experiments.
Blank: not occurred but with a larger or smaller prospect of occurrence in further experiments. ?: occurrence needing confirmation, or gquestion remaining on the
‘identification. A: occurred in the experiments not ¢——— | mentioned in the Methods. ' b
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Burning (bonfire)

Some other killings
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Organic solwents

a. Sp. no. 8 with potgssium acetate, no. 10 with ammonium acetate, and nos. 11-13 with mackerel;  identity between the specimens not

44
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Table 9. The fungi formed reproductive.structures on the soil
collected from Pinus-Chamaecyparis for’ést in XKyoto and treated

with urea and some other agénts in laboratory

See Table 8 for explanation of symbols.
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Amblyosporium botrytis ... + - _- = = e =
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a. .8p. no. 1 with ammonium acetate; and no. 2 with peptone; identity

between the specimens not yet clarified.



liberation of ammonia produced by their decomposition (cf
Part IV). Zein, L-glutamic acid, and hippuric acid were
‘very slowly decomposed on the forest floorland less effective.
Carbon-to-nitrogen ratio might influence these aSPécts.
L-cystine wss scarcely decomposed and remained in the forms
of ecrystals even Tourteen months after the treatment (Plot
826): it d4id not yield any fungus.

The species not obtained after the treatment with urea
but with other agents of these groups are: Mucor spp. with
ammonium-aoetate, mackerel, and potassium acetate;

Rhopalomyces strangulatus with mackerel; Penicillium lividum

with hippuric acid; Byssonectris aggregata with ammonium

acetate; Jodophanus carneus with calcium cyanamide;

Scutellinia scutellata with mackerel. Some more species

were obtained after the treatment with dead enimal bodies,
proteins, and peptone, though they are not yet confirmed or
identified. These results may mean that the nitrogenous
materials more complex than urea produce some flora in
addition to the urea fungi. At the same time, the
possibility that these complex materials fail to yield Séme
of the urea fungi can not be denied: It is not essy to
confirm-this.

Since the additional species mentioned 2bove were not
obtained after the trestment with nitrogen—free materials
(see below), they are intégrated with the urea fungi under

the general term amRONOFENOUS fungi ("fungi produced by

ammonia"). (This group was formerly termed "proteophilous

fungi" [Sagara, 1973), but this term is now abandoned
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because it can not adequately represent the characteristics:
of the group, cf General Discussion). Its definition will
be given in the Genersl Discussion.

Group 7 (non-basic NH4+—N); Lactarius chrysorheus

was Tecorded after the trestment with NHyNOz, and Rhizopogon

rubescens(?) with (NH4)2804-and'NH4NQE‘et their higher rates
(Plots 680, 682). These are "ureophilous" species (see Part
I). But it was not clegr whether or not these fungi appeared
as a sequence of the treatments. This point will again be
dgiscussed later. It can at least be said that the agents of
this group will never yield the "ureobiont" species (see
Part.I)._ They however turned as effective as urea when KOH
was added after the application of the salts (Table 9).
These results show that.the acid radicals composing the
salts are not harmful but that an slkaline condition is
necessary for the occurrence of the urea fungi (or
3MMONOLENnoOUs fungi). '

Group 8 (NOp™-N). Effect of NaNO, was similar to that
of NaOH or KOH: It would be safe to consider that NaNOz was
equivalent to NaOH in it¥s effe;t,on the. fungus flora.
Consequently, this is discussed under -the Group 13. Amyl’
nitrite did not produée-any fungus..

Group 9 (NOB——N). Wo 'particular fungus was obtained.
Some urea fungi were obtained by the addition of alkali
(Table 8), but it was not more than the effect.of the slkali
itself (see Group 13%).- ‘

Group 10 (miscellaneous N). Formamide was somewhat
‘effective. Aniline yielded Lacéaris proxima, a ureophilous

3
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species. If this had been 3 result of the alkeline reaction
of aniline, there should have dccurred-some ureobiont fungi
also (see Group 13%). This point will again be discussed
later. |

Group 11 (N~-free compounds). No ' particular fungus
was obtalned, except a deuteromycete which occurred on oil
plots (see p: 43%). This may support  -the. view that the
nitrogenous parts of organism body are the problems, when
we regard these substances &8s composing non-nitrogenous
parts of organism body.' In the starch plot (791), an
unexpectedly larger portion of theée starch applied was
remaininé undecomposed -even twenty months after the
treatment.

Group 12 (N-free compounds). Some of the alcohols seem
to be capable of yielding some ureophilous fungi (Pl. 3, A)
but not sny ureobiont fungi. This point will agesin be
discussed later. Others were not effective.-'Thesg may
support the view that nitrogen is necesssry for the
occurrence, at least,  6f ‘ureobiont species.

Group 1% (elkalis). NaNOei(Group 8), NaOH, and the
potassium slkalis yielded meny of the urea fungi (Pl. 3, B).
Petersen's results with K2C03 (Petersen, 1970b; p. 3) may
£fall in this case. The magnesium- and ¢alcium compounds
were scarceiy effective: they rather produced pyrophilous
fungi (Sagasra, 1972). The sodium borate Solution (pH 9.18
at 25 C, a buffer solution for pH measurement) cauSedénd
change.

The occurrence of urea fungi.after the treatment with
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the alkalis would be attributed to ammonia that must have
been released from the soil. This view may be supported by
the following evidences : When the 501l sample from the

0 horizon, equivalent to 20 g'dry so0il, was treated with

100 m} of 1 N KOH solution, gaseous ammonis was at once
distinetly detected with Nessler's reagent; with 5;7 g of
ga(oH)B suspended in 100 ml water, it was only slightly
detected; with 100 ml of 0.01 M sodium borate solution, it
was not detected at all. It may be added thet the spores of

Coprinus phlyctidosporus germinated in ammonia water but not

in KOH solutions (see p. 110, footnote). . Alkalis, limes
above all, have been known to promote the decomposition of
organic matter through microbizl activities and the
production of ammonia in soil (Alexander, 19671; Mitsui, 1955:
~cf Part IV). The strong alkelis may kill soil organisms and
hydrolize proteins, at least to.certaih extent. These .
effecfs also might have contributed fo.the occurrence of

ures fungi.

The quantity of ammonis relessed from the soil by the
alkali trestment would, however, be smaller than those
released from the nitrogenous materials applied. This view
mey be supported by the followings: (i) Generally*, the
fruit bodies obtained on the plots ofrtheWalkalié were muéh
poorer im number or size, or in both, than those obtained:
on the plots of urea or the agents of Groups 1-6; (i1)"  The
fungi which require ‘2 higher concentration of ures or ammonia

(aqueous) to appear, e.g. Amblyosporium botrytis,

Cladorrhinum foecundissimum, and Coprinus neplagopus-

*  Except in Gelatinodiscus sp. and Laccaria proxima.

H
1
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(unpublished), d4id not occur on the alksli plots.

At any rate, it may be assserted that-s high pH value =~
itself is not effective unless any change. in the forms of
nitrogen is accempanied.

Group 14 (non-basic K+ or Nat). No speecial fungus
was obtained. It would mean that K%-or Na* ions themselves
were not necessary for the. ocecurrence of urea fungi in case
of the alksli treatment (Group 13).

92222 15.(inorganic scids). No particular fungus was
obtained. The acids mlght kill some soil organisms 1nclud1ng
fungi. The protelns may be hydrollzed by the acids. If
there had not been BCldlC condltlons, therefore, some ureaj
fungi might have been able to grow there. -

Group 16 (kllllng agents) As regards alcohals, see
Group 12 and below. Bonflre sites ylelded three ureophllous
species (Pl. 3, C).' As W3S on urea plot they appeared in

(Sagara, 1973)
the later stages of successloni This p01nt w1ll agaln be
discussed later. Others did not produce any particular
fungus. It seems safe to'say at least that killing treatment
itself does not yield a full series of ures fuhgi;

"Partial sterlllzatlon" (Russell & Hutchlnson 1909)
has been known to induce an in'crease of ammonla in 5011 |
(Suzuki, 1961). In paddy so0il chemlstry it has been
¢lorified that elevetion of soilltemperatﬁre;;miking soil
layers, preliminary drying, ahd heafiﬁg (ard lime application)
accelerate the mlneralwzatwon of orgonlc nltrOgens under

flooded conditions and can be a substltute for nitrogenous

fertilizers (Mitsui, 1955). <Cooke (1958 and personal
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communication) considered that the reStrictidn of some fungi

to burnt ground wes probably sttributed to certain unexplained

changes in svailable nitrogen. The killings conducted in

the preseéent work (except burning) were probably not

accompanied with a significant elevation of pH value (cf

Part IV). It is a3 guestion what fungi occur when the soil

is partially sterilized and an a2lkaline condition is prepared.
Group 17 (organic solvents). No fungus was obtained

" (see Group 12 as for alcohols).

From the above results 1t is clear that the agents
which may substitute for urea are confined to the nitrogenous
materials which will at least eventually release ammonia and
cause alkaline conditions and that aqueous ammonia is the 
simplest of the égents. When the effect of the strong
alkalis is taken into account, it may be concluded that-a
supply of enough NH,* ions together with an alkaline
condition is an essential factor requiredfﬁf the sequenﬁiéi
occurrence of the urea fungi.

Three ureophilous fungi, i.e: Laccaria proxima,

Lactarius chrysorheus, and Rhizopogon rubescens(?), all

occurring in the later stages of the fungus succession on
the plots treated with smmoniacal materials, draw special
attention because they were obtained after the treatment

with some non-ammoniacal agents too (Table 8). Thus:

Laccaria proxima with aniline, ethanol (?), n- and
iso-amyl alcohol (PL. 3, A), alkelis (P1. 3, B), and

burning (Pl1. 3, C);
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Lacterius chrysorheus with NHyNO3z (?), ethanol (2),

n-amyl alcohol (?), end burnings-

Rhizopogon rubescens(7) with (NH4)2564, NH,NOz, (?),
n-butyl alcohol (?), and dburning.

Laccaria proxima was most prominent for its abundant

océurrence (but not so fat as on the plots of ammonia
-releasing materials). Cause of the occurrence of these
fungi with these:wagents is still obscure. The sole aspect
probably commonly brOught'about.by-the trestments with these
agenfs and the ammoniacal materials may be "partial
sterilization®” (p. 50). If so, smmonia can not be excluded
from the causes for the fungsl occurrence. But it is clear
that‘the.iniﬁialualkalinitﬁ (see Part IV) is not necessary
for these fungi to sppear. This may suggest that the
occurrence of some uread fungi (ammonogenous fungi) are not
dependent on ammonia or ammonia-relsasing agents applied but
on certain secondary effects. Decompositiqn'products of <he
dead bodies of microorgsnisms which predomianted in. the
early stages may form part of the secondary effects. (cf

Coliybia cookei on p. 27).

Summary
Pt NN

In the fleld and 1eboratory, varlous sgents were annlled

to the soil of Plnus—Chamaecyparls forest 1n Kyoto to flnd

out some chemicals or agents which substltute for ures in

inducing the occurrence of the ures fungi (Part I) and to
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determine the essential factbr'resPOnsibIe for it. Aqua
gmmonia was nearly équiyalent to urea and the nitrogenous
materials which would release a considerable smounts of
ammonia and cause alkaline conditions when decomposed were
also as effective as urea. The salts of strong acids and
ammonium hydroxide (and ércystine) were not effective unless
any alkali was sdded. Nitrites, nitrates, carbohydrates,
oils, lipoid, carboxylic acids, alcoholsﬁfor exceptions see
below), phenols, éldehydes, mercaptane, salts of strong
acidé and inorganic acids, sterilizing treatments (for
exceptidns see below), and organic solvents did not produce
any special fungus. Alkalis yielded some of the urea fungi,
thougﬁ&heir fruiting structures were generally poor. This
would be attributed to the liberafion of ammonia from the
soil. It seems that the supply of enough NH4+ ions together
with an alkaline condition is essential to cause the
occurrence of ures fungi; |

Séme of the nitrogenous materials more complex than
urea or ammonia in their chemical structures brought about.
the occurrence of some species which were not obtained with
urea or aquz ammonis. They are integrated with fhe urea’ |
fungi and discussed -together under the general term
"ammonogenous fungi", since the non-smmoniacal materials
did not produce themn. |

Aniline, amyl alcohol, and burning yielded some fungi
(ureophilous species) which occprred in the later stages of
the fungus successions after the spplication of smmonis

~releasing msterials or alkalis. This may suggest that
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some ‘seqondzar.y effects are involved in the fungus successions

in question.
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Part III

NATURAL ‘HABITATS OF THE AMMONOGENOUS FUNGT

To elucidate an ecological or phyéiologioal meaniné‘of“
the fungal occurrence after . the treatment of SOll with
ammonia-re18851ng agente (Parts I, II), “the habitats in
nature of the ammonogenous fungi (p. 46) were searched for.

In cases the identifications heve been settled, the

habitats of the fungi can be known also from tsxonomic

literature. These will be cited in Part V.

‘Methods

Fa s T e V)

As expected ffom the results in Parts I end II,
excretions ori dead bodies of some terrestrial animals, for |
1nstance, may aocomplish the changes in soil conditions and
fungus flora similar to those observed‘after the treatment
with‘ammonieoal egents. The snote in"natnne wheie Snoh

matters were added by chance weré examined repeatedly and

- 55 =



the fungi occurred there were recorded. The spots exemined
are as follows:
a) 21 spots where urine of men was dropped;
b) 14 $pots where feces of msn (omnivoraus) were
dropped and decomposed;
¢) 2 spots where dead body of cat debomposed;
d) 5 spots where dead body of dog decomposed;
e) 5.spots_whe;e body of man decompdsed after suicide;
£f) 1 spot where night soil was illegéliy dumped -
These were distributed in various forests of Kyotd and Shiga.

In z2ddition, dungs of wild boar (Sus scrofs 1eucomystax*,

omnivorous) were examined, three samples in the laboratory

and one in situ (the Pinus~Chamaecyparis forest, St. 32).

Results and Discussion

The results are Showﬁ in Table 10. Tt should be
emphasized that, usually, the fungi in question appeared not
on the feces or the dead bodies themselves but on the soils
after they were decomposed, leaving bone, scale, or hair
(Pi. 2, C, D; see Parﬁ IV for the chenges in soil properties).

The species which were obtained in the present
investigation but not after the treatment with urea or other

ammonia-releasing materlals (Groups 1-6 in Part II) are:

* Prof. M. Asahi, Hybgo Medical College, was kind enough

to identify mammslian dungs. To him I em very grateful.
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‘Table 10. The fungi formed repreductive structures
exclusively or relatively luxuriantly
on the forest grounds where some natural matters
- happened to be placed and,dECompoéeda
For explanation of symbols, see Table 8.

i

‘o
0 g
O T T/ R R ) [N g -
[>T TR BN B o TR ol '
m A L ® ® O o4 W
4 4 & 0 0 0 O ®©
8w B8 O @ Q-
a [1s] 1] 0
55855825
v 5549852
2 8 X 0O ATz =
Zygomycetes :
Mucor sp. no. 4, 5, & 147 +
Rhopalomyces stréngulatus - + -
Ascomycetés
Ascobolus denudatus(?) . + + '+ -4+
Ascobolus Sp. nNG. 2 s.s. - +
Gelatinodiscus Sp. +.... + F + + -
Humaria velenovskyi .... + -
Peziza sp. No. 1 .ieveas K f ‘ +
Basidiomycetes
Coprinus neolagopus ... - + . + -
Coprinus stercorarius .. - +
Hebeloma spoliatum ..... + +  + e
Hebeloma vinosophyllum . . ' R
Laccaria proxima sasesel + + . +
Lactarius chrysorheus .. + + +
Lepista nuda ...csesssas + -
Lyophyllum tylicolor ... + e+ Cw
Panaeolina rhombisperma - S S+ =

- In‘KYOto and Shiga.
b. Identities between: these and those obtained

in Part II are not yet clarified:
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Lepista nuda (Fr.) Cooke on the night soil-dumped ground;

- MUCOT SPD-, ASCObolus érenulatus P. Karst.(?), Chaetomium

E;asilignse Batista & Pontual, Chaetomium murerum Corda, and

many unidentified chrophiloué(?) fungi on the remnants of
boar dungs. -

 Richardson & Watling (1968) included Lepista nuda in

their 1list of fungi on dung, but they described its habitatb
as "on‘compdst'énd well-manured plbts" (see_fart V. I
myself have never heard or seen it growing on dungs. Its

" character may somewhat be different from the coprophilous
fungi occurring on'herbivére:dungs, and it seems. better to .
jinclude it in the group of ammonogenous fungi. The

fungi obtained on the boar dungs, except Peziza sp. no. 4
(and Mucor spp.?), have been kriown as coprophilous -fungi,
according to the list by Richardson & Watling (1968), and
they were not obtained after the treatment with ammonia or
. thée ammoniz-réleasing substences (Parts I, II). Therefore,
these will not be discussed further in this: paper. At any
rate, it is élear that some sorts of dungs are the common
Habitats for some of the ammonogenous fungi and of the

coprophilous fungi (see Part‘V‘for Ascobolus denudatus[?},

Todophanus carneus, and Coprinus Etercoraius).w This»point

will again be discussed in Part V.

‘If'is strange that the human corpse yielded only a few
émmonogénous fungi. The reasons may be COnsideer as
follows: (i) The quantity of nitrogen released from the
corpse was too large for many of the fungi to grow; (ii)

The decomposition period was long enough ‘to bring about
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the biological or chemicsl situations_similar to those -
developed under continuous preseuce or "repeated application"
of nitrogen (see Part Iv§gf§gme of the decomposition products
disturbed theunormsl,suoeession. At sny rate, such fungus
succession on soil after the degradation of dead animal :

bodies has not been known in forensic medicine, although,

according to Tisdale & Nelson (1966), the effect that dead

vodies had on increasing the growth of crops was known

around 700 B.C: or even earlier in 014 Testament.

Urine-put ground has dpamn little attention as the

habitat of fungi (see Part V). In this work, only the urine

of man was studied. Urines of other animals will also be

effective though it is very difficult to detect;the~spots

(the litter turns black, so that it is not "impossible"; -
see Part IV). Even if it is possible, the fruit bodies of
the fungi will rarely be obtained unless the-animals are

large enough to‘ﬁut'a enough quantity of urine: With a

small amount of urine, the fungi can not fructify on the

soil surface the;r fruiting structures are too small or

scanty to detect.'

Dead bodies of wild animals as well would become the

habitats of the fungi in gquestion. Actually, however, dead

"bodies or decomposition residues of larger vertebrates are

scarcely encountered in the field of Japsan. Hence there
seems %0 be 1little chance for the fungi to appear in -
appre01ab1e quantlty under natural conditions. Thls would be:
one of the reasons why meny of the fungl, espec1ally those

t
small in their renroduclve structures and eppearlnﬂ 1n the
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garly stages-bf succession, are new species or new to the
Japanese flora (see Part V).

| How the ammonogenous fungi.live on undexr ﬂéturél
conditionsvCOmes,into'quEStioh. Fecal metters and déad
bodieé of soil animals may be enough for their hyphal growth
or at least to maintain themselves. Exudafes of plant rcots
contain amino acids and other nitrogen compounds, and it is
possible that the ammonogenous fungi'fbrm mycorrhiza or live
on in rhizosPHere (see Eart I). A little date in this
respect were obtained in a2 laboratory experiment: When the
fine rootlets of various trees collected from a Pinus

densiflora forest were washed with sterilized water and

treated with urea, Ascobolus denudatus(?), Peziza sp. no. 1,

Gelatinodiscus sp., Fimaria(?) sp. and Lyophyllum tylicolor

appeared en the roots. Dead bodies or waste products of
" other'microbes also may become the source of nutrient for

these fungi. The ability to develop basidiospores on

"mycelial basidia" (Singer, 1962, p. 16) in Lyophyllum
fylicolor (Sagara & Hemada, 1965) mey have significance
under the . conditions in which amménia or ammonia-releasing

materials are supplied in very small smounts.

Summary
P v P W S o

Place of occurrence of the fungi which were obtained
after the treatment of soil with ammonis-releasing sgents

was searched for in nature. Humen urine, human dung, dead
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mammalisn bodiés placed on soil by chance were found to
vield thems. Excretions:of smaller animals, secretions of
plant roots, dr-othér‘scurces-in‘SOil, which 1ibérate |
ammoniacal nitrogens in small quantities, may support their

hyphal growth or at least their existence.
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PART IV

CHANGES IN SOIL PRQPERTIES‘ANDoTHER“ORG-ANISMS'‘~
AFPTER THE TREATMENT WiTH‘AMMONIA-RELEASING'MATERIALS

Introduction

7To find out the charactefisticé of fhe pléces‘whefé‘the
urea fungi (p. 23) or the-émmonogenous fungi (p. 46, 58)
occurred, changes in soil properties and organisms‘other'
than fungil were investigated du;ing tpe course of the

‘studies of Parts I-III.

Methods -
TNVWVW

Examination of soil properties

Besides the~obsérvation with theé naked eye, the chenges
in pH and water content were examined. The soil samples'for
these measunements were taken from the tran51tlon zone |
 clear1y recognlzable between L and F in the O horlzon. The
pH value was determlned with the suspen51on of I g wet soil

in 20 mi dlstllled water,,uslng Hltachl-Horlba pH Meter
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Model M~5. The water. content was determined with 40 g wet

s0il after oven=drying at 105 C for 5.h.

Observation on other orgsnisms - -

R95p0nses of plant roots were most carefully studled.
‘The roots placed under observatlon were the termlnal
rootlets developing laterslly and creeping through the
surface layers of sorl(O or A1 horlzon) These would come,
atv least partly, under the "humus strlvers" in the root
system schematlcally represented by Lyr & Hoffman (1967)
Responses of other.organlsms were recorded only when

. they were conspicuous.

Results and Discussion
" LYV [ o W VNN h'ﬁA

B T N

The changes observed after the uréa treatment will be
described first, since they were most intensivély'Studied
and were typical of those observed after the treatment with

ammonia-releasing substsances.

. Chenges after the urea treatment

Ghanges 1n 5011 pronertles._ In the initial stege, the

0 horlzon smelled of ammonia and turned black (Pl 4, A)
Its agueous extract was redd1sh~brown Jus?® 11ke that of

compost, whereas that of the control was almost hyaline.
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Rise in soil temperature, as is often observed in compost
neap, was not recorded after the urea treatment. The smell
then turned to that of compost. The color change and the
occurrénce of the ures fungi were generally confined to
within the piotl(Pl. 1, Aj of P1. 1, B and Pl. 3), showing
that there was little'movement of urea or its successive
transformatiod producte-' The.black:color was discernible
for two years or'morer' l. o

The pH vaiue rised to around 9 within a few days,
possibly‘due to ammonia‘produced by the decomposition-of
urea, and then 1owered‘slowly,,remaihing~slightly higher
than that of the control even two years or more after the
treatment (Figs. 3, . 4)

The water content also incressed, p0551biy owmng to. the
increase in water—holdlng capaclty of organlc matter by
enhanced decomp081t10n (Fig. 33 cf Pl. 4, A) and to the
increase in fresh weight of mlcroblal populatlon. In the
later stages, however, 1t often decreased 1ower than that of
the control. Breakdown of the organlc matter (raw humus)
was dramatlcally stimulated 1n the early stages, but 1ts
rawest parts re51stant to decay were left undecomposed.

(cf Sagara & Hamada, 1965, as for the above p01nts )

Repeated appllcatlon of urea to the same plot
accelerated the rate of 1ower;ng rn pH_value (rlg. 3). Thé
repetition suppreseed the occurrence of‘drea'fungd, aﬁd;
after six or thirteen times treatments, the drea fungi,
especially those expeeted to appear in the early stages
(Group I), rarely occurred (Table 11). The same effect was

(Continued on p. 68)
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Fig. %. Changes inpr vaIue-ahd water content in the O

horizon of Pinus—Qhamaépyparis forest in Kyoto (St. 32, p.

10) after repeated or a single spplication of 200 g urea-N
to 0.5 x 10lm plot. [ After monthly spplications from
Jan. 1969 to Feb. 1970 except Jan. 1970, —I>— _After
monthly applicatiqﬁs-from‘Aug; 1969 to Feb. 1970 except Jan.
1970. “*OH*,After:double_applications,‘one in Dee. 1969 and -
another in Feb. 1970. —— ' After. s single application in
Feb. 1970. —O— Control (untreated). Means of three

samples from each'plots.
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Table 11.

occurrence of fungi after repeated or a single

application of urea to soil in the field experiment?

Number of frult bodles appeared are presented roughly by =+t in Group I
and by the total number in Group IIb

g

i

‘Occurrence of .

Occurrence of

Coprinus sp. no. 2

Number of
times of the fungi the fungi
treatmentc of Group I of Group IT .
- 13 . Hebeloma radlcosum 1
(Jan. 1969 None - Hebeloma spoliatum -5
~Feb. 1970) ) Laccaria proxima 79
6 Coprinus $p. no. 2 '+ Laccaria proxima 4
(Aug. 1959 ;
=Feb. 1970) ;
Ascobolus denudatus(?) + Lyophyllum igibberosum 409
2 . Lyophyllum tylicolor . ++ . . Laccaria proxima 1
(Dec. 1969, Fimaria(?) sp.: ++
‘ Feb. 1970) Coprinus sp. no. 2 +++
Peziza Sp. no. 1 +
Ascobolus denudatus(?) + Lyophgllum.gibberosum‘ 193
1 Pimaria(?) sp.‘ ‘ + :ﬁaccaria proxima 1
1 Lyophyllum tylj.co;lor +
{Feb. 1970) ‘ \ " o
- Peziza sp. no. 1l +
N

a. In the Pinus-Chamaecyparis forest in Kyoto;(St. 32, p. 10).

.b. See Part I for the grouping of drea fungi..
c. In a single treatment; 200 g N was applied to
d. Monthly except Jan.

1970..

0.5 ﬁ‘lo m plot.

Flnal appllcatlon on 14 Feb 1970.

e; Probably almost equivalent to a single treatment of 400 g N/0. 5 X

10 m, since the days between these two appllcatlons were So dry and

cold that the blologlcal processes were con51dered hardly to proceed.
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(Cdﬁtinuéd from p. 64)

observed in a laberatory experiment too (Table 12). A large
amount of urea like 160 or 320 g N/0.5 x 1 m (equivalent.to
1600 or 3200 g N/0.5 x 10 m, respectively) did not exert
such a effect sé far as it was applied.at a time (see Fig. 4
for the ¢ase of 160 g N/0.5 x 1 m). Repeated addition of
urea seemed to shift the.qrea-to—fungus reaction system. '
Decrease in ¢arbon-to-nitrogen ratio (or exhaust of some
carbon sources) in soil or prevalernce of certain soil
organisms adapted to such condition (ef "saturation of soil
with nitrifying bacteria", Lees & Quastel, 19462} might be
involved in these consequences. A single treatment, in
other words, "a sudden addition" (Hora, 1959), may be
essential to cause an ordinery succesion of urea fungi (or
ammonogenous fungi).

In case of a single treatment, it is not yet known
whether there is any upper limit ih amount of urea above
which the urea fungi can not appear. A part of them did
occur on the plot of 4000 g N/0.5 x 1 m (Plot 776, p. %6).
The lowering in pH vélue on this plot wass as slow as the

cases in the single treatments shown in Figs. 3 and 4.

Changes ig other qrganisms. Damages to higher plants,

particularly to herbs, grasses, or seedlings or younger
plants of forest trees, were conspicuous when urea was
applied at the rates higher then 80 g N/0.5 x 1 m. The
rootlets of fdrest trees were damaged, but the heavier the
damage in the initisl period, the more striking the growuth

. of new rootlets in the subsequent period (Pl. 4, B).
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'Tn the Pinus thunbergii plantation on the send dune in

Tottori (St. 25, p. 10), the new fine roots developing after
cften . o _ o

the initial damage‘werehdevoid of ectotrophic fungal sheath

but were equipped with root hairs (PL. 4, D). Such naked

fine roots could not be found in the untreated place (Pl. 4,

'Cj. In the-Pinus-Chémaecyparis forest (St;'52),-on the
other hand, the riew finhe roots of the pine developing after
the treatment were not nsked, but the variety of mycorrhizas
‘distinguished by color and form was réduced. (Cf Parts I
and III for mycorrhiza formatioﬁ.by the ures fungi.)

A densé colonization of green'aﬁdiblue;greén‘aigae was
* pbserved on snother urea ‘plot in the sand dune pine stand

mentioned above. In the Pinus—GhamaecyparisLforést,1a

great increase in bacterial cells &nd éértain'changés in the
population of soil arthropods were observed by H. Ohara and

K. Sawada, respectively (unpublished). =

' Changes after the treatment with other égeﬁts (c¢f Part II)

Changes in soil properties. a) Groups 1-6 (NH5

-freleasing materials). Except L-cystine (Group 5), the
agents of these groups brought about fundamegtally the same
-changés in soil’pfoberties as urea‘did. _Fréizfggqognized
such changes‘in 0O horizon afterrthe treatment‘with anhydrous
ammonia. But hé reported disappgarance of fungi: He might
be correct if he observed only the-initial stage. At the
%-cystine plot (826), the pH vaige was 2.45 (one sample) in
contrast to 4f0—4,5 at the untreated places (24 Oct. 1972)

(this compound did not yield any fungus). After the
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treatment with calcium c¢yanamide, the water content of soil
was lowersthan the control even in the esrly stages,
possibly owing to its lime or excessive cerbon component, or
: bothi(the fertilizer-grade calcium cyanemide contains
excessive-carbon}. - o

b) Groups 7-9 (non-basic N'HLF*'-N kNOg_-—-N NO5 -N) .
Except NaNOp of Group 8 (see Group 15), the egents of these
groups did not induce the color .change and the dramatic
breakdown of orgsnic matter, the flrst symptoms for‘the
occurrenee of the fungi in question; _After the treatment
with NH,CL (Group 7) and NaN05 CGroup 9), the pH value
slightly rised but it wes stili ecidic.(ng; 4), The water
content also increased bubt it did not reach the level
attained by ures treetment‘(Fig. 4). The reason for these
increases Has not been studied. ' |

c¢) Group 10 (miscelleheous.N)..lHydrazine hydrate and
the amides sllghtly changed the oolor to black. Aniline
brought about the black color and cons1derably promoted the
organic matter decompos1tlon (end probebly the 1ncreese in
water content). Others d1d not cause these chenges. .

a) Groups 11 and 12 (N-free compounds) All the
agents of these groups did not cause the ebove-mentloned
color chenge and breakdown of orgenlo matter.. Alcohols |
seemed to 1nduce an 1norease 1n weter content. With oils,
lipoid, phenol, and cresol the O horizon turned blackish.
But this change was different from that with ammonia-
releasing agents (Groups 1-6): The litter eppeered as if
it had been sosked in oil. With some carboxylic acids, the

litter wa's considerably decolored.
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Fig. 4. Chéﬂgéé-Eﬁﬁﬁﬁn%aIue'and_water content in the 0O

horizon of Pinus-Chsmaecyparis forest in Kyoto (St. %2, p.

10) after the trestment of 0.5 x 1 m plot with urea or some
other agents (seé Part‘ii). —O0— 160 g ufééwN:tPlot 711).
—— 160 g NH,C1-N (Plot 714). > 160 g Na’NOQ-N’- (Plot
717).  —V- 160 g NaNO3-N (Plot 720y.  —¥%— 1 kg Ca(OH)»
(Plbt 728). —-+- 500 g KOH (Piot"729); —O— Control

(untreéted); 'Single samples from each plofs.l
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e) Group 13 (alkalis). NsNO, (Group. 8), NaOH, and KOH
-exerted étign%.izgluences on the soil‘perertieslasmwell as
urea (Fié..aga Their ability to decompose orgaenic matter
might be stroﬁger=than urea's. Petersen (1970b) also
observed “abrupfﬂand thorough changes in.the raw humus: layer"
after the treatment with KpCOz (andrNagcoa).‘ Effects of
Ca(OH)z and CaCOB'were similar but much weaker, and thése
brought about drier conditions'(Fig..4). Mg(OH)p appeared
to be ranked between KOH (or NaOH) and Ca(OH)» in its effect
on the soil.

£) Groups 14-17 (non-bssic . K' or Na®, inorganic
acids, killing agents, organic solvents). ’The'aﬁov&
-mentioned color change and enhanced decomposition of
organic matter were not seen with all the agents .of these
£roups. HN05 (Group 15, Plot 866) changed theé color to
yellow. HpS0y (Group 15, Plot 867) ceused a2 burn of the
surfsce of O horizon. After burning (Group 16),.the organic
matter remaining unburnt beneath the layer of ash and
charcoal showed similar changes in pH and ‘water content as
those observed after the treatment with Ximes (Groupuﬂj),

Changes in other orgsnisms. - a) -Groups 1-6 (NH5"

—releasing materials). The development of new rootlets
after the initial dsmage was as vigorous and luxuriant as
that observed sfter the ures treatment (Pl 4, B). An
exception was. calcium cyanamide: the new root growth was
suppressed after the trestment with this chemical, probably
owing to lime or excessive carbon, or both,; contained in ib,

or t6 the dry conditions of soil brought about by this .
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treatment (p. 70). L-cystine remained in the ‘form of
crystals for long period (p. 46) and such new root growth
as mentioned above was not observed.

b) Group 7 (non-basic NH4f;ND. The new root growth
was falrly good at higher rates. It should be commented
that their nutritional values for higher plants do not
differ greastly from those of Groups 1-6, nevertheless, their
effect on fungi and soil properties'aoutely differed from
that of the latters.

c) Group 8 (N02 —N) See Group 13 for NaNOE. Amyl
nltrlte might sllghtly stlmulate the root growth. |

d) _Group.?-(NOa -N). No partlcular reSponsel‘of root
was fouﬁd. ‘ d'

e) Gfoup dO (miscellaﬁeous N). The agents ofher than
urethane, hydr321ne hydrate, and nltfobenzen sllghtly |
promoted the root growth. , | |

£) Group 13 (alkslis). NaNO, (Group 8), NeOH, snd
KOH heav11y damaged the root growth suppressing the
subsequent development. Effect of other alkalls on plant
Toot was ﬁof conspicuous but it would probably be parallel
with the intensities of alkaline reaction of the chemicals
(¢f p. 72).

g) Groups 11, 12, and 14=17 (N-free compounds, non -
~basic K" or Na+, inorgenic acids, killing‘agents,‘organic
solvents). The roots were damaged in-the initisl periods to
various degrees depending on the characters of the agents.
Some of the agents slightly promoted the root growth in the

subsequent period.. After burning (Group 16), the growth of
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root was considerably good. But the new rootlets under
burnt ground were not so fat as tose in the plots trested

with the agents of Groups 1-6 (such was also the case in

the fungal fruit bodies, see Laccaria proxima on p. 52).
Sterilizing treatments stihulete the'lireration of emmonia
in soil (p. 50). Therefore, the "slightlyhbetter growth"

- of rootlets after the treatments . with some agents belonging
to these groups and some of the Groups 8 and 10 may be

}

attributed to their toxic effects.

Snaile often appeared on the plots treared with the
agents of Groups 4—6,.43, and on‘benfire sites (Group 16).
These arekrhe very places where at least some of the
ammonogenous fungi er flreplace fungl occurred They
possibly migrated there to eat hyphee or other microorganisms
growing. Some special species of moss colonlzed commonly on
the plots of calcium cyanamlde or llmes and on the burnt
-grounds,_as was reported by Petersen (19708, b). The

results concerning thls,respect will be presented in a

separate paper.

Changes in the natural habitets (cf Pert IIT)

Changes in soil properties. The chenges were similar

te,those on the plots'treated with ureas or ether smmonia
-releasing substances (see p. 63, 69). Some dats are shown

in Table 13.

Changes igeother orgzanisms. The damsges to higher

‘plants and the subsequent root development were similar to
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those observed after the trestment with ures or other
~ ammonia-releasing substances (see p. 68, 72). This was true
even on the spots of human corpse where only a few

ammonogenous fungi were obtained (p. 58).

Sunmmary
TN SN

Changes in soil propertiesland orgéniSms-other then
fungi after the treatmeéents employed in Parts I-III were
étudied to characterize the habitet of the fﬁngi in question
(ammonogenous fungi). Color change to black, alkaline
condition, higher water content, enhanced decémpoSiﬁibn of
organic matter, and smell of compost,‘ail’bccurring”in the
initial or early stages, and stimﬁlated7root growth,
occurring in the subsequent stages, were the features:
commonly found in the O or A1 horizon after the tréatments
with ammoﬁiaareleasing materials which yielded the
ammonogenous fungi. |

| Repetition of the urea trestment to the same soil
accelerated the lowering of pH velue after the initial rise
.and suppressed the occurrence of the ures fungi, at least
those expected to appear in the ‘early stages: A single
treatment may offer_the key to induce the normal succession

of the ammonogenous fungi.
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(PART V.

'TAXQNOMIC POSITIONS AND KNOWN HABITATS
- OF THE AMMONOGENOUS FUNGI .

Introduction
NS A AL NN

A large number of fungus species were obtasined on the
soils after the treatment with ures, ammoniz (aqueous), or
the nitrogenous materisls which liberate ammonia and cause
"alkaline conditions (Parts I—III), They were termed "urea
fungi" (p. 23) or “ammonogenbusrfﬁﬁgi" (P. 46, 58).,  In
the present sﬁudy,_taxonomic positions of these fungi were
examined and their habitats were, if’ideﬁtifiéd; cited from
the literature concerned, to discuss the newzfindihgs

taxonomically or ecologically.

Methods

The species, including the "doubtful species" (p. 24),
are enumerated under the Classes Zygomyéetes, Deuteromycetes,

Ascomycetes, and Basidiomycetes. Within each Class, they
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are arranged ih slphabetical order.

‘In'case; the texonomic status are uncertain,'theﬁ are
morphologicaily described or takonomiﬁélly discussed.
Colors of the feprodudtive structures‘arejusually described
after the designations by Ridgeway (1912) and inrtheSe»cases
the color terms begin with capital letters. .In cases
identifications have been settled or approximated, the
habitats mentioned in the taxoenomic literature, on which the
identifications are based, are listed up..

The specimens._are preserved in my personal herbarium.

Enumeration
Pt W N N P VoV aN

Zygdmycetes

1) Mucor spp.
Identifications sre not yet done (cf Tables 8-10).
Sp. no. 2 appears to be close to M. hiemalis Wehmer.

2) Rhopalomyces strangulatus Thaxt.

This fungus was reported as new to the Japanese flors
by Tubaki (1973) on the basis of the specimens obtained in

the pfeseht studies.

. Deutefomycetes

3) - Amblyosporium botrytis Fres:

Habitats: "on decaying: basidiomycetes, well=rotted

wood and plant debris, bone, dung, end isolsted from
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heathlend soil" (Pirozynski, 1969).

4) Cladorrhinum foecundissimum Sacc. & March. .

Ce L and . o :
Habitats: on boar dung < isolated from soil and
textile samples buried in soil ( von Arx & Gams, 1967).

5) - Doratomyces putredinis (Cords) Morton & Smith

Habitats: "laboratéry contaminant", "on decayed onions"
(Morton & Smith, 1963).

6) Oidiodendron truncatum Barron

Habitats: "isolated from soil of mixed wood and ceder
bog" (Barron, 1962); isolated from mountain soil (Tokumasu,
1973%) .

7) Penicillium lividum Westling

Habitats: !isolated from soil, stored. ceresl products,
and other orgsnic materials subject t6'air or soil borne
contamination" (Raper & Thom, 1949).

8) Stysanus medius Sacc.

‘Habitats: "isolated from soil" (Gilman, 1957); "on -
dung" (Tubaki, 1954) (of hare, sccording to personal

communication).

“Ascomycetes

9) Aséqbolus’denudatus Fr.(?)

Apofheéia sessile or with a Short Btélk up to 5 mm
dlam, yellow1gh—green. Ex01pulum covered w1th groups of
'Subglobular cells w1th yellowish or almost hyaline walls.
' A501 170=-270 x 17 B 20 (=22. 5)fpm. ASCOSpores 15-17.5 x
7 S ~9 um, when swollen reachlng 20~ 21 x M- 12, 5.Fm’

'ornamented w1th.long1tud1nal subparallEI rldges thet only
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occasionally anastomose.

The specimens reférred to Pféf. R. P. Korf, Cornell
University, were identified as A. denudatus snd reported as
new to the Japahese flora (Korf, 1965). I»am at present
not definite on the identity becesuse of the folloﬁing
problems. The ascospores of A denudatus are (16-)18-22
(=23) x (8. 5)9 5~ 1. 5‘um (van Brummelen, 1967) or 17-20 x
8-9 um (Dennis, 1968) . Namely, they sre slightly larger
than those of the present materials. Cells of execipulasr
warts are rust-brown in A. denudatus acqérding'to van
Brummeleh, whereas'in'the present materiéls they are
vellowish or almost hyéliner‘:And T have:hever seen that sort of
"unusual"ornamentatibﬁs as illustrated by-van Brummelen.

Petersen (19709)_obtaiﬁéd "pscobolus denudatus" on the -

plots trested with KQCOB' Thié‘may suppart the
identification by Prof. Korf, since the species in question
was obtained after the treatment with KOH and other alkalis
in the present experlments (Part II)

Habitats of A, denudatus: "on’ rotten wood and branches,
rotten straw and leaves composted bracken humid soil,
manure pile, tan refuse, ‘honey comb of wasp nest, old
carpet, rarely on dung" (van Brummelen, 1967).

10) Ascobolus sp. no. 2 (Fig. 5, Pl. 5)

Apothecia cup-shaped, disc up to 2 mm diem, concave
then flat, yellowiéh—green, becoming dark violet to almost
black at maturity; outer surface yellowish-green to grayish
green, finely mealy with groups of subglobular or pear-shaped

cells. Asci up to 220 x 16 um, not blued by iodine.
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. B; ascospores;

A, ascus;

Ascobolus sp.;no.‘2.

S..
¢, paraphyses..
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Ascospores fusiform, 18-21 x 6.5-7.5(-8) um, when swollen
reaching 22.5 x 10 um, purple then purplish brown, finaliy
almost brown, ornamented with longitudinal thick ridges
which can be counted up to several at one side and only
occasionally anastomose. Paraphyses simple, almost straight,
scarcely enlarged above, 2.5-3 um thick.

This species &ppears to be near A. epimyces (Cookej
Seaver, but the spore ornamentalon seems to be somewhat
dlfferent from those descrlbed by Seaver (1942) and van
Brummelen (1967)_ '

Seaver stated, "sﬁore—aaulpturiﬁg'consisting of =
dellcate lines (apparently rldges) whlch anastomose and give :
the spore a deoldedly-strlate appearance", Van Brummelen
described more abundant aﬁdathinner ringthan the present
materials and stated, "praamented'ﬁiﬁh lqﬁgitudinala-
anastomosing l;hes". | | i

Habitats of A. apiines: ‘"on oid Corticium, buf
apparently on the remains of some slime mould" (Seaﬁar,
1942) 4 "on rotten wood, rotten leaves of trees and old
paper" (van Brummelen, 1967). |

11) Byssonectria asggregatsz (Berk. & Br.) Rogerson & Korf

Habitats: '"on plant debris on moors and wet ground"

" (Dennis, 1968, under the name Octospora carbonigena).

12) Chaetomium globosum Kunze ex Fr.

Habitats: isolated.from or collected on almost all
kinds of substrata including dungs of various snimals

(Skolko & Groves, 195%; Udagaws, 1960).
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Fig, 6. Pimarie(?) sp. A, sscus; B, sscospores; G,

paraphyses; D, hairs of outer surfece; F, merginel haizs.
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1%) Fimeris(?) sp. (Fig. 6; Pl..6, A)

Apothecia’ usually less than 6 mm diam, rerely more than
1 cm across, cup-shsped, sessile, disc flat or slightly
concave,'OrangeéPink, ?ale Flesh:Coléf, Pale Salmon Color,
or:/Seashell Pinkj Qutef éurface slightly paler, often dotted
upwards with brOWn, obtuse, Septaté; thin-walled, adpressed
hairs which tend_to occur.in buncﬁés at the margin, giving
it a minuteiy @enfate, brown appearance. Asci operculate,
110=-160 x'8—42‘pm, not blued at ghe tip by iodine.
Asbospores uniSeriéte, elliptical (oval), 10-12.5 x 5.5-6.5
pm, warted with ve?y fine papilléé, hysline, white in mess,
with two guttles in certasin caseé@ Paréphyses slender,
straight, brandhed, scarcely enl?rged upwards and up to 2.5
xsm thick, septate, green in iodiﬁe.

According to Prof. Korf (personal communlcatlon), he
spore markings do not stain in cotton blue and de Bary

bubbles are prOmlnent, This fungus may be a new species,

14) Gelatinodiscus sp. (Fig. 7; Pl. 6, B, C)

Apothecia éup—shaped often shoft—stalked (helotioid),
expaé%d to 8855118, dlSC concave, Parrot Green, 0il Yellow,
Yellowish 011 Green, Cltrlne or . Dark Citrine, Sulphine
Yellow when a 1itt1e drled, hymenium C;tron Yellow to
Strontisn Yellow when longitudinally sectioned; fleSh‘
rather thick; outer surface concolous with some shage of

.brown, darker towards the base, finely scurfy with groups of
thin-walled, globose cells. Asci operculate, 160-200'x
8.5-11 um, turn blue at the tip (sometimes all over) with

iodine. Ascospores uniseriaste, oblong-elliptic, 15-17.5
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x 6-7.5 um, ornamented with low; irreguler ridges.
Paraphyses simple or forked at the base,; about 2.5 um wide,
curved, -slightly clavate and up to 2 pm thick at the tip,
septe many. |

This fungus may be a new species.

15) Humaria velenovskyi (Vacek in Svrlek) Korf & Sagara

This new combinstion was published together with some
descriptions on the basis of the matefialsgobtained in the
present studies (Korf & Sagara,:197215 |

Habitsts: on burﬁ site, humid_eeil eﬁong ﬁosses and
conifer needles (Svriéek, 1948; under the name Lachnea

velenovskyi).

16) ZIodophanus carneus (Pers.) Korf

Habitats: »"on dung, rottlng vegetable matter,
includihg textiles and rope, and on soil" (Dennls;,1968).

Thisg SpecieS'has been knoﬁn as a-copféphilousxfungus
(Richefdéon & wetling, 1§68) But recentljfit was‘found on

burnt ground (Petersen, 19703) and on CaCOB—treated plots
| (Petersen, 1970b) ) \
17) Melsstiza sp. (Fig. 8).

Apothecia up to 7 mm diem, sessile or very short-stalked
under certain conditions, disc concave fhen flat or convex
on aging, Capuéine Buff, Sslmon Buff, Light Ochraceous
~Salmon, Buff Pink or Pinkish Buff; outer surface dotted
with brown, obtuse, scarcely thick-walled, septate,
adpreSsed‘hai:e—which are wider, shorter and more closely
set at the margin, giving it a brown, minutely dentate

appearance. Asci 140-230 x 10-11 um, not blued by iodine.
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Fig. 8. Melastiza sp. A, ascus; B, 8ScoSpores; Cc,

paraphyses; D, hairs of outer surfface; E, marginal hair.
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This fungus may be neer Melastiza flavorubens (Rehm)
Pfister & Korf. By the outside view it is difficult to
distinguish this species from the Fimaria(?) sp. (p. 84).
18). Peziza sp. hé. 1 (Fig. 93 Pl. 6, D)~

Apothecia up to 5 cm across, usually less than 1 cn,
| cup~-shaped then expanded, often substlpltate, disc slmost
colorless when young, Pinkish Buff ‘at maturlty; outer
sui*face almost colorless to Ivory ?ellow; minutely scurfy.
Asci 200-230 x ¢1-12,um,,blued at the tiﬁ by iodine.
Ascospores elliptical, 12.5~ﬁ5,0 x 7;5—8151um, hysline,
white in mass, Very:finely'werted, Without oil drops.
Paraphyses simple, séptate; 2.5-3.5 um wide, distinctly
clavate and up to 7.5 um thlck at the tlp.

This fungus may be a new sPec1es. -The "Peziza sp."
obtained by Petersen (1970b) after the treatment with K2005
(and NegCO;) seems to be the same speciés (cf Sagara, 1973,
and Part IT). )

19) Scuteliinia scutellata (Linnaeus ex St. Amans) Lambotte

.Habitets: "on wet ground or on sodden wood" (Dennis,
1968)3; on decayiné wood or on-humus—rich soil (Imszeki,.
‘Hongo & Tubaki, 1970).

20). Trichophaea gregaria (Rehm) Boud.

Habitats: on footpaths in forests of sandy soil, also.

on burnt ground, etc. (Moser, 1963).
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FPig. 9. Peziza sp. no. 1. A, ascus; B, 5SCOSPOTes;

G, paraphyses.

- 89 -



Basidiomycetes

21) Cantharellus minor Peck(?)
This may ve & color-form of the species.
Hsbitat.:of C. minor: "on the ground in woods™" (Corner,

1966) .

22) Collybia cookei (Bres ) 3. D. Arndld

Habitats: on.the ground in forestsifrotting fruitr
bodies of fleshy fungl (Imazekl & Hongo 1965).
23) Collybia(?) sp. (Pl. 7, A)

Plleus strongly puIV1nate when young, plane to expaaded
at maturlty, often zonate. -

24) Coprlnus lagopus (Fr. ) Fr.

Habltats on refuse heap gmong leaf iltternln forest
(Imazek1 & Hongo, 1965), on the ground in woods and bushes
(Moser, 1967), on refuse heap, areble fleld rlch in organlc
matter glower—bed (Aoki, 1970a).

25) Coprlnus narcotlcus (Fr.) Fr.

Habltats on decaylng wood (Aokl, 1970c),_"on decaylng
straw—mat" (Hongo 1971) 3 on soil (Moser, 1967) .
26) Coprlnus neolagopus Hongo & Sagars (1967)

This fungus was reported as 8 new Species on the‘basis
of the specimens obtained in the present studies,

27) Coprlnus phlyctldosporus Romaon.

Habitats: on- 01d burn 51tes (Moser, 1967), ‘
) nd
vegetable manure heaps burnt ground (Imazekl & Hongo, 1965);

on vegetable manure heaps and the forest ground (Aokl,

1970b) .
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28) Coprinus stercorarius Fr.

. Habitats: on dung,.menured soil,.and refuse heap
(Imezeki & Hongo, 1965). _ 7
29) Coprinus sp. no. 2 (= C. insignis[?] in Sagara,,ﬂQ?i)

This fungus is identical with theuone‘déscribedﬁby‘

Tmazeki & Hongo (1965) under the name C. insignis Peck with
guestion mark. They commented that the spores of thé
Japanese specimens were a little smaller than those of C.
insignis and that they applied this name only provisionally.
Mr. M. Aoki, Tokorezawa City, and I agree that the
carpophores also are considerably smaller than those of C.

insignis, which have been said to resemble C. stramentarius

(Kihner, 1928; Reid, 1958), and that the "cespitose habit"
(Reid, 1958) are not seen in our specimens (personal
communication). ‘The "Coprinus sp." obtained after the
treatment with KgCO5 by Petersen (1970b) seems to be the
same species (cf Sagara, 1973, and Part II).

Habitats: on refuse heap (Imazeki & Hongo,r1965); on
the forest ground where night soil(?) waes dumped (Aoki,
19683) . |
%20) Coprinus sp. no. 7 (Pl. 7, B, C)

Epicutis of cap slightly green when young, the cells
not sphaerical. Stipe.not thick at the base, . developing
down to a2 long pseudorhiza which dpes~not have a sclerotium.
. Spores elliptic-navicular, 7.5-11.5 x.3-6 um, light brown to
brown under the microscope.
ew to the

This fungus may be 2 new species or st leastin

Japanese flora.
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31) Coprinus sp. no. 8 (PL. 7, D)
Spores. elliptic-ovel, 8.7-12 x 3=4 um,
According to-Mr-‘Aoki (personal.communiCation),‘the

Shape*of’%he‘spores.iSusimilar-to'that‘of C. cortinatus

Lange or O, flocculosus Fr. but the position of the germ
pore is different from'the latters: The pore is spical in

C. cortinagtus snd strongly eccentric in C. flocculésus,

whereas in the present materisls it is only slightly
eccentric. 'ThiS'fungus may be.s ‘new species or at least
new to the Japanese flora.

32) Hebeloma radicosum (Fr.) Ricken

Habitats: in broad-leaved forest (Moser, 1967); .in a
close vicinity of stump in broadaleavéd forest (Imazeki &
Hongo, 1965).

33) Hebeloma spoliatum (Fr.) Kerst.

Habitats: in mixed forest (Moser, 1970); in mixed
forest of pine and broad-leaved trees (Imazeki & Hongo,

1965) .
34) Hebeloms vinosophyllum Hongo: : '

This species appears to be close to H. sercophyllum

Peck which is said to be larger  and stouter with different
shaped cystidia (Hongo, 1965).. Revision of the
Classificatioﬁ‘of these two fungi may be necessary after
observing the response of the latter to uresa treatment:
. Larger snd stouter specimens were obtained sfter the urea
treatment (Parts I, II).

Habitats: "in broad-leaved snd conifer forests™'

(Hongo, 1965); refuse heaps, particularly of garbege of

- 92 =



animal matter (Aoki, 1968a).

35) Laccaria-proxima'(Boud;) Pst.

Habitats: on the ground or smong the sphagns in
forests (Imazeki. & Hongo, 1965): in moor, often’'among
Sphagnum (Moser, 1967).

This fungus was found to be a fireplace species
(Ségaraj 19733 Part II). On burnt ground, Moser (1949)

collected Laccaria laccata (Scop.) Berk. var. rosella '

(Batsch) Sing. and Petersen (19708) collected L. laccsta,

L. proxima, and L. tortilis ({Bolt.}‘s. F. Gfay)’Cooke.'
They d4id not, however, come to recognize that these Laccariss
prefer burnt ground, excepting that Moser:(1949) mentioned
in a footneote that L. laccata var. rosells would probably be
placed under the group "snthrscophilous fungi". Franz &

ILaub (1959) obtained L. amethystina on limed plot. All

thése.Species‘are so similar to each others in’ the
morphologicél characters that the idgntities should be
revised, if possible, on the basis ﬁfnéorld-wide dats of the
‘experiments similsr to those mentioned in Parts T and IL.

56>'ILectarius chrysorheus Fr.

Habitats: on the ground -in forests (Imezeki & Hongo,
1957); in broad-leved forest, especislly of oszks and
chestnuts (Moser, 1967) .

This fungus was found to be a fireplace species
(Sagaréf 197%; Part II). It may be mentioned in this
connection~that'Lohwassera(1955) recorded 38 luxuriant

occurrence of Lactsrius deliciosus on limed plot (cf

Historicals).
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37) Lepista nuds (Fr.) Cooke

, Habitats: on the ground in forests and bamboo stands
(Imazeki, Hongo & Tubski, 1970); "on compost. and well
—manured plotsﬂ‘(Richardson & Watliﬁg, 1968), .-

%8) Lepista subnuda Hongo

Habitats: on arable field rich in orgenic metfer
(Imazeki & Hongo, 1965).
%9)  Lyophyllum constrictum (Fr.) Sing. or L. leucocephalum
(Fr.) Sing.(?) (PL. 8)

Carpophores almost pure:white 8ll over. Pilei 1.5-5
cm. A couple of stipes often develop from a long psudorhiza.
In @ puré culbture on sgar, the stipe developed first snd the
pileus subsequently, and the‘pseudorhiza was not. formed.
Smell strong of measl: Spores echinulate, elliptic-oval
(in dried specimens).

. Whether the carpophore has partisl veil or not has not
been determined. The former species hss the veil, but the
' latter

latter not. On the other hand, the forms & long pseudorhiza

whereas the former not. Thus, whether this fﬁngus is L.

_conétrictum,_ L. leucocephalum, or any other species akin
to these can not be clarified.

-Habitats of L. constrictum:- "pastures, especially

where the grass is scorched by uriné, and amongst short
grass under conifers" (Rea, 1922, under thedname_Lepiota .

constricta); "grassy pastures, in-spaces where the grass 1is

scorched by horse-urine" (Lenge,. 19%5=40, .under the name

Tricholoms constrictum).

Hebitsts of L. Jeucocephslum:  "deciduous woods” (Rea,
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1922, under. the name Tricholoms leucocephsalum).,

40) Lyophyllum gibberost‘(J;‘Schaeff.)jM. Lange 

.This fungus was reported zs new %o the Japanese flora
by Hongo (1972) on the basis of the specimens obtained in
the present studies.

Habitats: on footpath in pine forest, together with

Omphalia maura (charcoal remnants no longer detectable)

(Schs™ffer, 1942);. on the humid -plsce in coniferous forests,
particularly among the mosses which are often demoiished by
the fungus, but also on the needle litter (Lange, 71954).
Moser (1949) collected this fungus on bﬁrnt place, but
Lange (1954) and Lenge & Sivertsen (1966) denied the
occurrence: on burnt ground 8s its genersl- character. On the.
other-handi it is hard .to- understsnd the Lange's observation
"mosses being often:demolished by-the,fungus"‘(éee above;
translated from his French text): I can not imagine that
fhis fungus demolishes mosses; - The death of the mbsées
might have been'caused-by some- other (ammoniacal?) sgents.
as supposed: from the presnet:studies (Parts I-IV ).
Petersen-(1970p)¢%%ained,this‘fungus%on-the plots

treated with KpCOz (cf-Sagera, 1973; Part II).

41) TLyophyllum tylicolor (Fr. ex Fr.) Lenge & Sivertsen. .
This fungus was reéorted as new to the Japanese flora
.by Hongo & Sagera (1967) under the nsme L. tesguorum on the
basis of the specimens obtained iﬁche present studies.
Habitété: "wood of-giggg (boarders of drives, etc.)"
(Lenge, 1935-40, under: the name Collybia eross); "inside and

outside of woods of Fagus, on the .ground covered with' short
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moss" (Lange, 19%5-40, under the neme Collybia tylicolor);

"on what apparently were the very decayed remains of some
fleshy fungus" (Smith, 1941, under the name Collybia
olzmpiana): ‘eamong mosses in the mixed forest of Pinus

densiflora and broad—leaved deciduous trees (Aoki, 19704).

Petersen (1970b) obtalned this fungus. on the plots
treated w1th K2005 (ef Sagara, 1973, Part II).

42) Panaeollna rhombisperma Hongo (Fig. 10)

This fungus was described as s new species by Hongo
(1973%) on the basis of the specimens obtained in the present
studies. |

43) Panaeolina(?) sp. no. 1«(Fig. 10; Pl. 9, A-C)

This fungus iSSundistinguishabie from Panzseolinsa

rhombisperma by the outside view but is different in the

shapes of spore and cystidium. See the next species for

further dlscu551ons.

L) Panaeollna(7) sp. no. 5 (Flg. 40 Pl 9, D, E)

This fungus 1s undlstlngulshable from the preceding
two species by~the out51de view butvls:dlfferent in the
shapes .of spores eﬁd cystidium. Oné of the characteristics
common in these three species is that the pilei are often

covered with drops of water(?). Sp. nes. 1 and 3 may also

be new species belonging to Panaeolina or its-relatgd‘
genera.

45) Rhizopogon rubescens (Tul } Tul. (7)

The fruit bodles obtained in the present studies are
harder and more elastic with thicker peridia (ca, 500'pm)

than the ordinary ones which are popularly collected in the
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Pig..10. Panseolina rhombisperms, Panseolina(?) sp. no. 1,

and Panaeo;ina(?)-SP, no. %.. A-GC, basidiospores of ..

respective‘ spec]_es in ’bhls '(_)}:‘d.e];'.b D—-F,chellocyStldlB of

respecitveAspecies.in~this'03¢ero,_



pine forests along sea coast.: .The present msterial may be

an upland form of the species. . The "Rhizopogon sp."

described by Aoki (1972) appesrs. to be the ssme form.
‘Habitats of,g.“rubescens;. embedded in the ground of
p,i‘ne forests on coastal sand dunes. (Imazeki & Hongo, 1965);"
on cliffy ground (Aoki, 1972). .
A This fungus was found to be a fireplace fungus (Sagara, .
197%; Part II).
46) Rhodophyllus babingtonii (Blox.) Quél. f. Japonicus

Hongo

Habitats: under trees in garden. (Imazeki & Hongo,
1965) - e
473 Rhodophyllus Jlampropus (Fr. ex Fr. ) Quél. -

‘Not the one in Lange (1935-40) nor the one in Kihner
& Romagnesi (1953). o R
Habitats: grassy places (Moser, 1967, under the nsme.

R. sodalis); "on soil in deciduous woods" (Hesler, 1967) .

. -Discussion’
AL

Among the fungl obtalned in the present studles (Perts,

I III), the follow1ngs were found or sre llkely to be new

Sp801es' Ascobolus sp. no. 2, Flmerla(°) sp., Gelatlnodlscus

SP., Melastlza SP « Pe21za sp. no. 4, Coprlnus neolagopus,

Coprlnus Sp. nos. 2, 7, and 8 Paneeollna rhomblsperma,

Panaeolmna(?) 5p. nos. 1 and 3. And the folIOW1ngs were oOr

will be reported as new to the Japanese ‘flora:
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Rhopalomyces strangulatus, Amblyosporium botrytis,

Cladorrhinum foecundissimum, Doratomycés putredinis
, is,

Penicillium lividum, Ascobolus denudatus(?), Byssoneéctris

2egregata, Humaria velenovskyi, Iodophsnus csrneus,

Trichophaea gregaris, Collybia(?) sp., Lyophyllum constrictun

or L. leucocephalum(?), Lyophyllum gibberosum, Lyophyllum

tylicolor, Rhodophyllus lampropus. Thus, the present

studies are of value in finding new species or latent flors.
As for the following speceis it is hardly possible to

relate the results of the chemical treatments (Parts I, II)

~with the knowledge on their habitsts in the literature:

Oidiodentron truncstum, Penicillium'lividum, Byssonectria -

apgregats, Humaria velenovskyi,'Trichophaea gregaria,

Cantharellus minor(?), Hebeloms radicosum, Hebeloma

spolistum, Laccaria proxima, Lactarius chryserheus,

Lyophyllum gibberosum, RhiZopogOn‘rubescens(?), Rhodophyllus
lamproﬁus, - Thus, the present studies hsve .contributed to
unveil latent character of knownWSpecies.

Tn seme other fungi, 1t is not 1mp0531b1e to relate the
experlmental results wmth the knowledge on thelr natural
habitats in the llterature, 1f we regard the habltats as
nltrogen-rlch places. The fungl and the habltats W1th |
which the experlmental results can be conv1nced are as

follows:

Amolyosporium botrytis .... decaying basidiomycetes,
| | bone; dung;

Cladorrhlnum foecund1551mum boar dung,

Doretomyces putredlnls cree decayed onlons,
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Stysanus mediusS seveeesecss

- Ascobolus denudastus(?) ....

Cheetomium'globOSum ceaesns

‘Collybia'cookei J R A

. ‘Coprinus lagopus

Coprinus narcoticus

'COprinus phlyotidOSporusa_,

Coprinus

Coprinus sp. no. 2

Lepista Sllbﬂllda ssasess0eee -

stercorariusS c.ess-

sesesnees’

dung of hare;
manure pile, dung*;
dungs of various animals?

rotting fruit bodies of

‘fleshy fungi;

refuse hesp, arable field

~rich in orgsnic matter;

~decaying straw~-mat;

.. vegetable manure heap;

dung, manured soil, refuse
heap;

refuse hesp, night soil(?)=

- dumped. -ground;

arable field rich in organic

~‘matter;

Lyophyllum constrictum(?) .
Lyophyllum tylicolor ......

‘horse urine-dropped ground*;
decayed remains of fleshy

fungus.’

Thus, the present studles have contrlbuted to a deeper

understandlng of the character of known specles.

Accordlng to Perk (4968), Webster (ﬂ970), and Hudson

(1972),

‘those oceurring on herblvore dungs.

the term “coprophllous fungl" usually refers to

As seen 1n the above

llst, a part of the present group (ammonogenous fungl) have

been obtained on "dung";

Unfortunately, the sort of dung,

*  This citation is provisional because the identificat

has not been settled.

ion
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.i.e._whether of herbivere, of omnivore, or of c¢srnivore, is
not mentioned in many‘litereture; This makes it difficult
to discuss the relationship between the coprophilous group
and the presentpgroup:- The latter fungi seem to prefer the
-dungs of omnivores (and carnivores?) which may be'richer
in nltrogen than the dungs of herblvores (see Part IIT).

At eny rete, at least a few spe01es of the present group,

€. g. Stysanus medius and Ghaetomlum globosum, heve been

known as coprophllous fungl, though, as mentloned later,
these two fungl are not pr1nc1pel members of the present
group. - o

Another part of the present group have been collected

on’ burnt ground, il.e. Coprlnus phlyctldosporus, Humaria

velenovskyl, Iedophenus carneus, and Lyophyllum gibberosum.

From the present work (Part II), Laccaria proxima, ILactarius.

chrysorheus, and Rhizepogon rubescens(?) are added here.

Except in Laccaria proxima, the constancy ef occurrence on.

burnt ground seems rather smell. 3Atpnay rete,-the present
group and the fipeplaoe&grenp‘held,eome species in common.
It would be the first time.thetra part of the
coprophilous. fungi and s part of the fireplace fungi were
obtained by the treatment of soil with chemical agents-which
Trelease emmonie.t-It,is;rether,strengewthet-the
coprophilous fungi hate;searcely:been-releted,to nitrogen by
the previous. authors.. .(The fireplace fungi have been
studied in view of esh‘or dry distillation, cf-
Historical: )

These 'points will further be discussed in the Genersl
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Discussion.

A larger number ofethe=fungi enumerated sbove have the
spores with rough surface (either with spines, wsrts,
ridges, etc.). To 83ve;spece‘the-smooth—spdre&'SpecieSmare

listed below.

.Mucor spp., Rhopalomyces stranguletus, Cledorrhlnum

foecund1551mum, Doratomyces putredlnls, Penlcllllum

llVldum Stvsenus medlus, Byssonectrla eggregate,

Chaetomlum globosum, Iodophenus carneus, Trlchopheee

gregaria, Gantherellus mlnor(?), Collvbls cookel,'“‘

Collzble(7) sp., Coprlnus lagopus, Coprlnus neolag0pus,.

Coprlnus stercorarlus, Coprlnus Sp. nos. 7 and 8,

Rhizopogon rubescens(?).

The group of ammonogenbus,fungi, particularly of ures
fungi (or "ammonia fungi", see the General Discussion),
Seems to be rether well cherecterlzed by the predomlnance of

rough—snored spec1es, though Cladorrhlnum foecundlss1mum,

Coprlnus lagopus, end Coprlnus neolagopus of the smooth

: —spored group aTe also 1mportant for thelr reletlvely
frequent occurrence. Or it may be con51dered thet the
fough¥spored epeciee, together with these three smooth
-spored spe01es, constltute the pr1nc1pal pert of the
present group. Any blologlcel 1nterpretet10n for the above
faets is not yet prepered. _ - o

A1l the dlscomycetes (of Ascomycetes) enumereted ebove
are operculate. Most of the fireplace (pyrophilous)

discomycetes are also opefcuiete (Seever, 1942; Moser,l1949;
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Petersen, 19702; Segara, 1973).  Webster (1970) found few
‘inoperculate-discomycetes/among the coprophiles ang thought
it curious. The three places (habitats) exemplified by the
occurrence of these three fungus groups may have had similar
significance to the evolution of fungi. ©n t£e=other hand,r

Seaver (1942) suggested that Ascobolus carbonerius, a

pyrophilous discomycete, has been evolved from s coprophilous
species. Sagara (1973) drew attention to the correspondence
of fungus floras between the fireplace group end the present
group. Speciation and habitat segregation in these fungi
should be studied with the aid of cyto-geneticzl or

physiological investigations.

Summary
e e aVeVe AN

Each of the 47 fungus species occurred on soil afer the
treatment with smmonia-releasing materials‘tParts I-ITI) was
. studied in respect of taxonomy snd hsbitat; 12 of them have
turned out or are likely to be new species and 15 %o be new

to the Japenese flora. As for 1% of the 47 species, their
oécurrence after the chemicsl treatments can hardly be
explained by thé knowledge on their hsbitats obtained from
the literature. As for another 15 species, it is nét
impossible if we regard their habitats as nitrogen-rich
places. -

Some species of the present group (ammonogenous fungi}

have been known to appear, rarely or often, on dung or on
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burnt gound.

A larger number of species of the present group have
the spores with rough surface. This may characterize the
group morphologically. o | |

AlYX of the dicomycetes are operculate. Evolutionsl -
relatlons among the coprophlles, the pyrophlles, and the

present fungl can be suggested.
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GENERAL DISCUSSION

The phéngmena described in Parts i-IV are sﬁmmerized in
.Table 1, Thﬁs.delimited were the situations under which
the émmohogenousjfungi (p; 46, 58) occurred. Alkalinit& wa's
necessary as an initial condition to induce the-occurreﬁCe
of the ammonogenous fungi but it was not enough. Presence
of a conSIderable amount of NH4 ions or the materisls whlch
relesse ammonia was necessary. Both conditions are fuliilled
if ammonia or some materials which release ammonié as é
result of decomp051t10n are sdded to soil. Application of
some alkalis %o 5011 may also satisfy such condltlons, ,
because some ammonia is liberated from the soil after ﬁhls
'treatment However, it is hard to imagine that any strong
alkali is added to soil under natural condltlons. 'Theréfore,
the soils to whlch smmonias-releasing nitrogenous materlals
are added by chance should be the proper places for these
fungl to occur in nature. %
The 51mplest form of the effectlve nitrogens wes
aﬁmonla (aqueous) and the most complex was protelns.i'The
fungal species obtained in Parts I-III are summerlzed 1n
Table 15. Here, ammonis 1s regarded ss essentisl, ‘and the
flora obteined by the smmonia treatment is.termed ammonia

fungi. The suffixes "-biont" and n_philous" are used in the

(Continued on P. 108)

- 105 -



.nmu&mUMmE pue ‘sopiuyspie ‘syotsyd ‘sSTOUODTE 1gproe STTAxogqaed ‘prodrf 45110 ‘ssqeapAyoqIed 0

*OTSRY-UCN °q

*{IOS UT IO UO BTUCWWE 03 Pesoduodsp usys I0 WIOF UMo S3T UT farseg '@

K'Y
1

(A7)
+

- +

Thung snouaboucume
2173 IO IOUIIINDD0

yzmoxb j300x
pa3eTnlTas

s s e 8w

»+» a3sodwod JO BUTTTIWS

1933w otuehro Jo

toTaTsoduoosp pasusyuld

qUI3UOD AIABH
UT SSEeaIoUTL

s s e eaeas AHO..H“..NN-WHMVﬁHm

doeTq ©3 2burvyo ICTOD

sjusbe sTTeNIR 2
BUtTTTTY puoxas

- - - +

[ - + +

- - - +

- - - +

T ¥ ¥ +

- - - *

— . — -— ’ -+
sTeTIs3eu mez pue MMHEOEEM asea[ax
I9DIF— S93eIXRTN spIoe Huoils TUDOTUM STeTIS3Rl

usaboI3TN Jo S3Tes zo eruoure enby

euswuouslyg

sjusbe SNOTIRA U3TM JUSWILRSIZF BY3} I293F° TTOS i {o)

xekeT oTuebao BUY UT PIAIBSO puesuwousayd 2y3 JO uOTIRRUSSDId DTIBWSUDS ¥ fwﬂ STqe I

106



Table 15

+

N

S

[T

RICTRERFE N N U S SN

VAL, Wy e

ETRVREVEY

WAL W T T

ST UL Y U TR TR T AT T ar e T Uy

108 -



Table 15.

v

Comp051tlons of fungal specxes occurred after the treatment

bf uncultivated soil with some chémical or natural‘materlals

Agents

(In alphabetiéal order)

Species

Ammonia (aqueous)

UXea scensssssses

Uric acid ... avess,

Hippuric acid ...

Calcium cyanamide

Ammonium acetate
N S |

amino acids e

Amines R RN

Peptone .i.eeseis

1)

Proteins ceaeas

Animal carcass ..

Human Qrine .....

Human feces .ew.:

Wild-boar 4ung ..
KOH, NaDH vionsos
Ca(0H)5, CaCOy ..

Burning (bonfire)

Ammoncbiont fungi: Amblyosporium botrytis, Ascobolus
denudatus (?), Cladorrhinum foecundissimum, Coprinus neolagopus,
Coprinus sp. no. 2, Fimaria(?) sp., Gelatinodiscus Sp.,
Hebeloma radicosum, Hebeloma spoliatum, Hebeloma vinosophyllum,
Lyophyllum gibberosum, Lyophyllum tylicolor, Peziza sp. no. 1

ammonophilous fungi: ' Laccaria proxima, Lactarius
chrysorheus, Rhizopogon rubescens (?)

' vie.. Ammonia “fungi
e i U o g

Ureobiont fungi: Ammonobiont fungi + Collybia(?) sp..
Coprinus narcoticus, Coprinus phlyctidosporus, Doratomyces
putredinis, Panaeolina(?} sp. no. 1, Stysanus medius,
(Ascobolus sp. no. 2, Chaetomium globosum, Collybia cockel,
Coprinus lagopus, Coprinus stercorarius, Coprinus sp. nos. 7 &
8, Lyophyllum constrictum or L. leucocephalum(?) , Melastiza sp-.
oidiodendron truncatum, Panaeclina rhombisperma, Panneclina(?)
Sp. no. 3ﬁ Rhodophyllus babingtonii £. japonicus, Trichophaea
gregaria)

Ureophilous fungi: Ammonophilous fungi Cantharellus
minor{?), (Lepista subnuda, Rhodophyllus lampropus)

trre: Urea fungi
RORATA, T
The bulk of ammonia fungi
A part of ammonia fungi + Penicillium lividum

The bulk of ammonia fungi + Iodophanus carneus + many
pyrophilous fungi3)

The bulk of ammonia fungi + Mucor sp., Byssonectria aggregata

The bulk of dmmonia fungi

The bulk of ammonia fungi

The bulk of ammonia fungi + Mucor sp., Ascobolus sp. no. 2,
Humaria velenovskyi :

The bulk or a part of aﬁmonia fungi

The bulk or a part of ammonia fungi + Ascobolus sp. no. 2,
Mucor spp., Rhopalomyces strangulatus, Scutellinia scutellata

The bulk of ammonia fungi

The bulk of ammonia fungi + Ascobolus sp. no. 2, Coprinus
stercorarius .

One ammonia fungus (Peziza sp. no. 1) + many coprophilous fungi3)
The bulk of ammonia fungi

A small part of ammonia fungi + many pyrophllous fungl 3)

Many pyrophilous fungi3) + A few of ammonia fungi (Laccaria
prox;ma Lactarlus chrgsorheus, Rhlzopogon rnpescens[’])

l) To cduse alkallne condltlons in soml when decomposed (see Part IV)

2} Obtained from the vegetations othér than the Pinus~Chamaécyparis forést of
Kyoto (St. 32, gee Part I).

3) To be excluded from the newly defined group

"amnionegencus fungi" because

these have not been obtained with the nitrogenous (amméniacal) materlals (see
Parts II and ITI).
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(Continued from p. 4055

same senses 8S explained in Part I. The grouping.of urea
fungi (Part I) is not abandoned since the experimental data
with urea sre most abundant, covering almost all oéer'Japan;
Some other terms, e.g. €arcass fungi and peptone fungi, may
also be useful to refer to the' species which were obtained
only after the treastment with such complex materials.

The "fireplace fungi”,(Petersen,'197é§ and the.
"coprophilous fungi" (Webster, 1970) are the habitat groups
well known long since. I found that three of the species
occurring in the later stsges of succession of ‘the
ammonogenous fungi could be regarded also as the fireplace
fungi-(Sagara,.197§; Part II). According to the taxonomic
literature, some other species of the present group have
sometimes or often been. collected on burnt ground or -on dung
(Part V). These overlaps of flora, though small, would
suggest that the same or similar changes take place in the
soil of these two or three habitets. This may allow 6ne to
insist that these two or three groups should be merged into
a comprehensive one, dbut the_followingS‘mayv0ppose'this
idea.

a) As seen in the recent reviews by Park (1968) and
Hudson -(1972), it has never been recognized that urine or
dead ‘animal bodies (except the durable parts, such as hair,
feathers, fur, snd bone) yield 3 particuler series of fungi
on §gi; after they are decomposed. Further, the dungs of
omnivorous mammals (especially of man), which usually lose
their shape rapidly and disappear sooner than the dungs of

herbivores, seem to have rather scarcely been the object of .
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mycologist. It should be stressed that such readily
~disappearing materials. bring about the occurrence of a2
sﬁecial array of fungus. species.

The "keratinophilous fungi" (Hudson, 1972) may be the
ecclogical group near to the present one. Cooke (1958)
suggested that fungl growing on many types of proteinacious
materials‘should be placed in. the group of fungi more or
less restricted to keratin. -But the flore known as
keratinophilous fungi (Dominik &-Majchrowicz, 1965, 19704
Majchrowicz & Dominik, -1968, 1969;'Hﬁaébn, 4972).15 almost
completely different from the present one. And the present
studies (PartﬁII-V) show that it is better to separate the
effect of keratin, ‘2 scleroprotein containing » larger .-
guantity of .cystine, and that of other readily-decomposing.
proteins (see p. 43 and 69 for the effects of L-cystine;
scleroproteins would not liberate so much.ammonia. in a short
time.as to cause alkaline conditions).

b) Alexander (1961) stated, "Without question, the
fungi occury a dominant position in proteolysis in certsin.
soils, particularly in ecid localities. ..... The . ..

- microbiology of protein breakdown in soil ‘is:inadequately
understood". He himself or Dojyo-biseibutsu Kenkyu-kei
(1966): named none or few fungi in this connection.: The
present~group-ofifungi‘may be .the very ones to have been

. mentioned by. these suthors, as it is most probable.from the

results of the present studies (Parts II-V) and from some
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preliminsry observations* that they take pert in the
tranSformétiOns (immobilization or mineralizetion) of:
ammoqia,.proteins-(except'scleropréteins), or ammoniacal
compounds degraded from the proteins or excreted by animals
as the final. products of nitrogen metabolism. It should be
emphasized"there do eiist some special fungi to be related
to the above-mentioned phasé§of-the nitrogen cycle.

..~ The present group is not considered as & physiological
group. Some or many of it may not "be produced", in the
strict sense, by.the ammoniacal'mateggglgg 5%%t it seems -
reasonable to recognize them as aihabitatrgréup*for their
confined occurfence;"lt is at least safe to raise them as
an experiﬁental—ecologicél.grbup. That is, the i22222§§§355
fungi can be defined asfthe group of fungi which sequentially
~mARA
develop reproductive‘structures;exclusively or relatively
luxuriantly on the soil after ammonis or nitrogenous
materials which release ammonis.and csuse alkaline conditions

are added suddenly. When the very soil (place) is regarded

* - i) In the test-tube culture on Hamada's medium
- (tap water 1000 ml, glucose 20 g, dry yeast 5 g, 1.0 N
_HC1 1.6 .ml, agar 20 g), many of the fungi, particularly
"those appearing in the early staées of the succession,
showed“striking;growth.When urea was added. -

-ii) In -Coprinus phlyctidosporus, the basidiospores

showed a high rate of germinstion in ammonia water -
(initial .pH 11.0) but no germination in aqueous

' solutions of KOH (cf p. 49).
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as the habitat of the fungi, the changes sccompanying the
fungus occurrence (Table 14) can be designasted as the
charscteristics of the habitat. The term "proteophilous
fungi" preliminarily usedrggjghgésame group (Sagara, 1973)
is abandoned because it can not express the difference
within the effect of proteins (p. 109).and because it can
not indicate the ineffectiveness of nitrogen-free compounds
-deriving from proteins byktheir‘degradation:(PartKII).
1

- Onie may :oppose to assigning some of the .above-mentioned
.species for the present group, saying that he once collected
the species on "untreated" or "normal" place. --This
:oppositioﬁ'is of'ceurse.significant,,only if he can -prove
that the very place had never Treceived any effect equivelent
-to ‘the application of ammonia or ammonia-releasing substances.
The-general‘situation;met;with is that it isenet evidently
‘and -exactly known by the outside view whether any spot in the
natursl surroundings has been "untreated" or "trested". On
one oecasion, for example, T came scross a luxurisnt |

occurrence of Hebelomaz vinesephyllum on the normal Pplaece in

a Cestanopsis cuspidata forest, which is situated near humen

dwellings (St. 30, p.10). Digging up the soil under the

fruit bodies, I came to excavate bones of 8 dog.' What we  :;7

could say confldently is that the place had certalnly been ef

point of view. - | .?Vf_gli__-T S
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CONCLUSTONS

A speciel”eESemeiegé‘ef'fﬁnguS'eﬁecies sequenﬁiaiiy .
develoned reproductlve structures exclu51vely or relatlvely
'luxurlently on the SOll of uncultlvated land after the
51ngle appllcatlon of ammonle or the nltrocenous meterlals
which release ammonis by thelr decompostlon and cause
alkallne condltlons. A new grouplng can be proposed fdr
theée.funéi ﬁnder'thefgeheral term "ammenogehous'fﬁngi".
They'mey be the fungal members engaged in the transformations
of ammenie;ﬁﬁfbteins texcepf seieropfefeine), or smmoniscal
coﬁpduhdsfpreduced by proteol#sis“er 5& nifreéen'ﬁetaéolisﬁ

in snimals,
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SUMMARY

1) Sequential_formation of reproductive structures on

spil_(g:ganictlayer) by 8 specizl srray of fungus species

(uréa_fungi) andrsomerstriking_changes ;n soil propérties
éfter‘the applicqﬁibn qf_urea were generally observed with
a wide varietj qﬁ_veggtaxipns_distributed_over Japan. This
is the basisito assert that“the following results obtained
with the forests in Kyoto and its'adjaqent_area will be
universal. 7 )

“ ..2} Ammonia (aqueous)‘qr the nitrogenous materisls
whiph reléase,ammonia‘and cause.alkaline conditipns were as
effective as urea.__Stppng alkelis were somewhat effective
as urea, probably owiﬂg to their ability to liberate ammonia
qum soi;. Occurrepqe;of NH4+ ipng together with an alkaline
condition seems to gfier}the key to cause the above phenomens.

Some of the nitrogenous‘materials more complex than
urea yieldédrspme spegies §qditipna1 to the urea fungi and -
they aré discuSSgd_together-

3 in.n@tufe,theseufungiappeared on the grounds in
forests where human u-r_i;le, human feces, or. dead mgmmalian
bédies,ﬁaduﬁéeﬁplégquby‘éhanceﬂanddecomposed.' These
matters cen be considered es the sources of ammonis.

4) The characteristic;features,cdmmoﬂly'obSErved in
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the soil (0 2nd A1 horizoné) to which thése ammoniacal
materials had been added_were color change to black,
alkaline condition, higher water content, enhanced
decomposition of organicfhaftérg aﬁd smell of compost in .the
ini%ial or early stages, and stimulated root growth in the
subsequent stages. Repetition of urea treatment ac¢eleréted
the rate of lowering of pH’value'after its initisl rise and
suppressed the occurrence (vegetative(?] and reproductive
growth) of many fungi: 3 single asddition is essential.

5) Among the 47 fungus species obtained after the
treatment of soil with the smmoniscal agents, 12 were -
determined or seem to be néw species and 15 new to the
Japanese flors. The unidentified fungi were morphologically
deseribed. FExamination of the taxonomic literature revealed
that in 1% of the 28 species so far identified the occurrence
after the chemicsl treatment can not be expected from their
natural‘habitatS'menfiopednin it, snd that in the rest of
the species it.can ve if we regard the habitats as hitrogen
~rich places. It also clarified that a part of the fungi
had been known as the ébprophilous fungi or the pyrophilous
fungi;" |

6) Despite thése partisl overlaps of flora with the
habitat grdups”prEViou51y recognized, the present fungi
‘should be raised as & group under the general term

ammohogénbus”fungi for their clearer connections with the

transformations of ammonia or ammonia-releasing materials

in the‘nitrbgen“dycle.‘
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EXPLANATION OF PLATES 1-9

A. Occurrencée of Hebeloma vinosophyllum after -the treatment

of soil with urea (Plot 611): 160 g N was gpplied to 0.5 x

1 m in Quercus glsuca coppice of Oita (St. 16) on 20 July

1968. Photo. on 7 dﬁiy 1969. See Part I.

B. Occurrence  of Laccarla‘prox1ma after the treatment of

s0il with ammonium acetate (Plot %50): 160 g 'N was. apnlled

to 0.5 x 1 m in Pinus densiflors-Chsmsecyparis obtusa forest

of Kyoto (St. 52) on 10 June 1967. Phote. on 6 Oct. 1968.
See Parts I (o. 18) and II. T :

C." Ocecurrence of Lagcapiajproxima;onluntreatéd'place in the

T

' Pirus-Chamsecyperis ferest (St.. %2) (arrow: outside Plot

350 in B). Photo. on 6 Qct. 1968. See Part I (p. 18).

“PLATE 2-

. A. Occurrence- of Coprinus phlyctidosporus sfter the

jfréafmeﬁfééifééii?wiiﬁEﬁiééé'ﬁééiéi(iﬁfdiy'weight3~ofﬁfallen :




leaves of‘MuSa‘xpa:adisiBCS'collected at Sata, Kagoshima

(8t. 4), was treated with 0.2 g N in gless bottle (7.5 cm
diam) and incubated &t 10 C on 7 Mdy 1967. Photo. on 16
Oct. 1967. See Part I. .

~ B. Occurrence of Lyophyllum tylicolor after the treatment

of soil with urea: 20 g (in dry weight) of litter .collected
from Pinus pumils thicket at Mt. Hakkéda,,Aomqri (8t. 65),

was treated with 0.2 g N in glass bottle (6.5 cm diam) and
incubated at 10 G on 12 Oct. 1967. Photo. on 26 Dec, 1957.

See Pagrt I.

C. "Occurrence of Lyophyllum tylicolor‘éfter the addition of

sea-fish to soil (Plot 331): 2 kg of saurels were placed on

the ground in the Pinus—chamaecyparis forest of Kyoto {S%.
%32) on 27 May 1967. Photo. on 6 July 1967. See Part II and
Fig. 2.

D. bccurréncé'éf‘Hébeiomé spoliatum after the decomposition

of dead animsl body: A dog carcass was abandoned on the

ground in Quercus serrate-Q. verisbilis forest of Shiga (St%.

51); probably, in N6v.-1966. " Photo. 6n 26 Oct. 1967. See

Part III.
 PLATE 3 (See Part IT)

SEE 0 T Deeurpence—of Liagcaria proxims

‘gomE Aitrogen-free sgents - -




.- in the Pinus=Chamaecyparis forest of Kyoto (St. 32)

A. Plot 801:- 1 kg of iso-amyl slcohol was spplied %o 0.5
X 1.m on 16 Feb. 1972. Photo. on 1 Oct. 1973.

B. Plot 849;“”4 kg of potassium formate was applied to 0.5
x 1‘m;on‘17rﬁug: 1872. Photo. on 1 Oct.-1975,‘,

C. TPlot 817: A bonfire was conducted for 2.5 h on 24 Teb.
1972. * Photo. on 1 Oct. 197%. The arrows indicate the fruit
bodies not well photogrephed. Note that the fruit bodies

appeared circularly on Somewhet peripheral zone.

PLATE 4 (see Part IV)

A. A profile of the surface layers of forest ground,
showing the changé of color to black in the O horizon after
the treatment with ufea"(Plot 462 [noﬁ mentioned in the
Methods] ): 200 g N 'was applied %o 0.5 x 10 m in the Pinus
~Chamaecyparis foresﬁ'éf*Kyoto (St. 52) on 8 Sep. 1967.

Photo. on 15 Nov. 1967. Qhe,color change was accompanied by

an increase in water content and an alkaline condition.

B. Rooitlets of Chamsecyparis obitusa developed in the O
norizon after the treatment with aqua ammoﬂia; sﬁowing'a
parallelism of luxurisnce to the amount of nitrogen applied.

Plots 564-566 (see Part II): 40, 80, and 160 g N wsas

separately applied to 0.5 x 1 m in the Pinus—ChamaecyDapis
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forest of Kyoto (S8%t. 32) on 20 Jan. 1968. Collection end
" photo. on 10 Mar. 1969. TFrom lefth: control, Plot 564 (40
& N), Plot 565 (80 g N), Plot 566 (160 g N). Eech block

_ 2 g in fresh weight.

¢, D. Formation of fungal shesth-free roots in Pinus'

thunbergii after the treatment of seil with urea. C, an

example of ectomycorrhiza from untreated place. D, a fungal
'éheath-fﬁee rootp(iﬁ the.same érder of branching as the
preceding one) developed after the treatment (Plot 770 [not
mentioned in the Methods)): 1.6 kg N was applied to 0.5 x

10 m in P. thunbergii artificisl stand on the sand dune of

Tottori (St. 25) on 14 July 1971. Collection on 27 Nov.
ﬁ921fshd photo. on 9 Dec. 1971.- The latter is equipped with

numerous root hairs,lwhereeS the former not st all.

PLATE 5 (see Part V)

Ascobolus sp. no. 2
A. Asci znd paraphyseS,_unstained water mount.
B. Ascospores, unstained glycerine mount.

C. . A group of‘gells“onvthe‘outer,surfacefofrapothecium,'

yielding mealy appearance, unstained water mount.
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PLATE 6 (see Part V)

A. Fimaria(?) sp. Apothecis.

B, C. Gelatinodiscus sp. B, apothecia. C, outer - surface

of apothecium, unstained water mount.

D. Peziza sp. no. 1. Apothecia.

. PLATE 7 (see Part V)

A; 7Collybié(?) Sp. Basidiocarps.

B, C."Coprinus’sp._no, 7. B, young basidiocarps, with
long pseudorhiza. C, basidiospores, unstained glycerine

mount.

D. Coprinus sp. no. 8. Basidiospores, unstained glycerine

mount.

PLATE 8 (see Part V)

Iyophyllum constrictum or L. leucocephalum ()

A. Young basidiocarps'@eveloping from pseudorhiza by

branching.

= 139;53 . :



B. A mature basidiocarp (front).

C. Basidiocérps with long pseudorhizas-'

PLATE 9 (see Part V)

A-C. Penseolina(?) 'sp. no. 1. A, B, basidiocaips. .C,

basidiospores, unstained glycerine mount.

D, E. Panaeolina(?) sp. no. 3. D, ﬁormal (arrow) and
abnormsl fruiting in culture. E, basidiospores and
cheilocystidia, unstained glycerine meunt. In the abnormal
fruiting (D), the stipe snd +the pileus were absent or very

poorly developed, and only the lamellae were luxuriant.
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