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Organic matter composition (lignin, holocellulose, 50% (v/v) methanol extract, water-soluble carbohydrate (WSC) and 
phenolics (WSP), petroleum ether extract, and ash) of Ao layer soil treated wi th 700 g/m 2 of urea to promote ammonia 
fungi was investigated in a Japanese red pine (Pinus densiflora) forest. Nine species of fungi were found during the 
study period of 18 months after the treatment. Of these, seven species belong to the ammonia fungi. WSC content of 
the treated soil was lower than that of the control. Methanol extract content increased initially after the treatment, then 
decreased to below the control level. There were no consistent differences in other components between the treated 
plot and the control. The abilities to decompose cellulose, lignin, chitin, protein and lipid in 18 strains in 10 species of 
the ammonia fungi were also screened. Cellulose was not lysed by Pseudombrophila deerata, Hebeloma spp. and Lac- 
carla bicolor. Strong lignolytic activi ty was shown by Lyophyllum tylicolor, Coprinus echinosporus and P. deerata. 
Chitin was decomposed by Amblyosporium botrytis, L. tylicolor, C. echinosporus and Hebeloma vinosophyllum. All 
strains possessed proteolytic and lipolytic activities. Supply of glucose to the culture media resulted in weaker enzyme 
activities except for l ignolytic ability. 

Key Words ammonia fungi; enzymatic activity; forest soil; glucose; organic matter composition. 

Introduction 

"Ammonia fungi" (Sagara, 1975), a chemoecotogical 
group of fungi, develop sporophores sequentially on for- 
est soil that has been treated with such nitrogenous 
materials as urea and ammonia. Naturally, these fungi 
occur after the decomposition of the bodies or faeces of 
animals, or on other substrata (Sagara, 1992). 

After such treatment, litter turns black, ammonia 
concentration increases, raising soil pH to 8-10, and 
water content also increases (Sagara, 1975; Suzuki, 
1989). Under these conditions, bacteria and nematodes 
increase and influence nitrogen f low in the soil (Yamana- 
ka, 1993). Through development of these organisms, 
soil organic matter is also expected to change quantita- 
t ively and qualitatively, and the ammonia fungi should 
adapt to such changes. Suzuki (1992) and Enokibara et 
al. (1993) reported some of the ammonia fungi pos- 
sessed higher cellulolytic ability under alkaline condi- 
tion. In this study, changes in organic matter composi- 
tion of the forest soil on which the ammonia fungi occur 
were investigated, and the abilities of the ammonia fungi 
to decompose five types of organic matter were tested. 

Materials and Methods 

Site description The study was carried out in a 45-year- 

old Japanese red pine (Pinus densiflora Sieb. et Zucc.) 
forest at Kamigamo Experimental Station of Kyoto Univer- 
sity Forest (35o04 'N and 135°43 'E; 120-140 m above 
sea level), about 12 km north of the Kyoto City, Japan. 
In 1990, air temperature at the station ranged from 
0.8°C in January to 28.0°C in August, and annual rain- 
fall was 1549mm. The parent rock of this area consists 
of Paleozoic sandstone and slate. The soil is a dry brown 
forest soil, and the soil surface was covered with Ao layer 
(5 to 11 cm in thick) in which three zones, the L, F and H 
layers, were recognized. 
Treatment and sampling In the forest, seven plots, each 
200 cm long and 50 cm wide, were established. To pro- 
mote ammonia fungi, four of the plots were treated with 
urea by hand-scattering at the rate of 700g/m 2 on 19 
April 1990; the others were taken as the controls. After 
the treatment, fungal occurrence was observed. Soil 
samples were collected separately from the F and H lay- 
ers in three of the urea-treated plots and the three control 
plots. Soil was also collected from the control plots on 
the day of treatment. The samples were transported to 
the laboratory and kept at 4°C in a refrigerator if not sub- 
jected immediately to analysis. Some soil properties 
(pH, water content, ammonium and nitrate concentra- 
tions, and the numbers of bacteria and nematodes) were 
surveyed as reported previously (Yamanaka, 1993). 
Determination of organic matter composition The proce- 
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dures of Schiesinger and Hasey (1981) were adopted to 
analyze organic matter components of lignin, holocellu- 
lose, 50°//oo (v/v) methanol extract, water-soluble carbohy- 
drates (WSC) and phenolics (WSP), petroleum ether ex- 
tract and ash in soil samples. After removal of plant 
roots, samples were oven-dried at 50°C for 24 h, then 
ground to pass a sieve (<O.3mm).  For each of the or- 
ganic component analyses described below, approximate- 
ly 0.5 g of the ground sample was employed. The sam- 
ples were initially immersed in 10 ml of petroleum ether 
for 24 h at 40°C.  After fi l tration and evaporation of sol- 
vent, the weight of the extract was measured. The 
ether-insoluble residue was then suspended in 10 ml of 
50°J0 methanol at room temperature for 24h,  and the 
methanol-insoluble residue was weighed. The filtrate 
was used for determining the concentration of WSC and 
WSP. WSC concentration was measured colorimetrical- 
ly using the anthrone reaction and known concentrations 
of D-glucose as standard (Morris, 1948). WSP concen- 
tration was analyzed by the Folin-Denis method, using 
standards prepared with tannic acid (King and Heath 
1967). The residue from 50% methanol extraction was 
employed for determining the amounts of holocellulose 
and lignin, after the method of King and Heath (1967). 
Ash content was also determined using approximately 
0 .5g  of the ground sample after heating at 550°C for 
3 h. All data were measured separately for the F and H 
layers. Standard error of the mean was calculated for 
data on each sampling day. Differences between layers 
and between urea-treated and untreated samples were 
examined using Student's t-test after analysis of vari- 
ance. 
Screening of abilities to decompose organic matters 
The fol lowing 18 strains from 10 species of the ammonia 
fungi were tested for their abilities to decompose organic 
matters: Amblyosporium botrytis Fres. (202 and 220), 
Ascobolus denudatus Fr. (152 and 222), Peziza 
moravecii (Svr~,ek) Donadini (185), Pseudombrophila 
deerata (Karst.) Seaver (226 and 237), Peziza sp. (165 
and 206), Lyophyllum tylicolor (Fr.: Fr.) Lange and Siver- 
tsen (187 and 212), Coprinus echinosporus Buller (179 
and 215), Hebeloma vinosophyllum Hongo (110 and 
135), Hebeloma sp. (9 and 242) and Laccaria bicolor 
(Maire) Orton (252). The ammonia fungi are divided into 
two groups, early-stage and late-stage (Sagara, 1975). 
Of the species used, A. botrytis, A. denudatus, P. 
moravecii, P. deerata, Peziza sp., L. tylicolor and C. 
echinosporus are early-stage species; and H. vinosophyl- 
lum, Hebeloma sp. and L. bicolor are late-stage species. 
These strains were obtained from spores or tissues of 
fruit-bodies occurring on forest soil after urea treatment. 

Substrates used for checking decomposition abilities 
were cellulose, lignin, chitin, protein and lipid. To ex- 
amine the effect of readily assimilable carbon sources on 
the pattern of enzymatic activity, agar media with or 
wi thout  added glucose (1%, w/v) were prepared. Un- 
less otherwise stated, all media were poured into 1 2 ml 
screw vials. Two layers of agar medium were made in 
the vial for the test of cellulolytic and chit inolytic activi- 
ty. The upper layer contained basal medium with sub- 

strate for the test described below, and the lower one 
contained only basal medium. 

The decomposition of cellulose was tested using cel- 
lulose azure (Sigma, Co.) after the method of Smith 
(1977). The basal medium consisted of 2g  of NH4H2 
PO4, 0.6 g of KH2PO4, 0.4 g of K2HPO4, 0.5 g of MgSO4. 
7H20, 1 g of yeast extract (Difco), 55 mg of CaCl2, 1 ml 
of trace metal stock solution (TMSS), 3 ml of vitamin 
stock solution (VSS), 12 g of agar and 996 ml of distilled 
water. TMSS contained 440mg of ZnSO4.7H20, 
500mg of MnSO4-4H20, 100mg of CuSO4-5H20, 
500 mg of ferric citrate, 50 mg of Na2MoO4.2H20 and 
10 mg of Na2B407 in 100 ml of distilled water. VSS con- 
tained 1 O0 mg of thiamine, 10 mg of folio acid, 10 mg of 
nicotinic acid and 100 mg of inositol in 1 O0 ml of distilled 
water. Cultures were inoculated on the surface of the 
medium and incubated at 20°C for 4wk .  Tubes were 
checked for dye release by examining the basal layer for 
blue coloration. 

Lignin degradation was checked by the presence of 
laccase, which is associated with lignin decomposition 
(Ander and Eriksson, 1976). Culture medium containing 
0.2% (w/v) yeast extract and 1.2o/00 agar was prepared in 
9-cm plastic petri dishes. Culture plates were inoculated 
and incubated at 20°C for 2 wk, after which a solution of 
0.1% (w/v) syringaldazine in 9 5 ~  (v/v) ethanol was 
dropped on the colony (Harkin and Obst, 1973). The 
presence of the enzyme was determined by the appear- 
ance of a violet coloration. 

Chitin decomposition was assayed by the method of 
Hankin and Anagnostakis (1975). Culture medium con- 
tained 2 g of KH2PO4, 1 g of (NH4)2SO4, 3 g of Na2HPO4, 
0.1 g of FeSO4.7H20, 0.5 mg of CaCl2, 0.2 g of yeast ex- 
tract, l m l  of TMSS, 3ml  of VSS, 12g of agar and 
996 ml of distilled water. Chitin was purified as fol lows 
before mixing with other constituents. Chitin powder 
(Sigma Co.) was dissolved in 50o//oo (v/v) H2SO4, then 
quickly poured into 15 volumes of distilled water. The 
precipitated chitin was collected by centrifugation. 
Washing and centrifugation were continued until the acid 
was removed. After determination of the dry weight of 
the washed chitin, a l°/00 (w/v) solution of chitin in the 
basal medium was prepared and placed in vials. The vi- 
als were inoculated and incubated at 20°C for 4 wk, then 
the depth of the clear zone in the vials was measured. 

Proteolytic activity was assayed using gelatin. Cul- 
ture medium consisted of 3 g of beef extract (Difco), 5 g 
of Bacto-peptone (Difco) and 4g  of gelatin (Difco) in 
1000 ml of distilled water. Cultures were incubated at 
20°C for 2 wk, then the depth of liquefaction in the vials 
was measured. 

Lipolytic activity was checked using the procedure 
of Carroll and Petrini (1983). The fol lowing medium was 
prepared: 2g of KH2PO4, 1.4g of (NH4)2SO4, 0 .3g  of 
CaCI2, 0 .3g of MgSO4.7H20, l g  of yeast extract 
(Difco), 10 g of Tween 40, 1 ml of TMSS, 3 ml of VSS, 
12 g of agar and 996 ml of distilled water. After incuba- 
tion of cultures at 20°C for 4 wk, the depth of clouding 
was measured in each vial. The clouding is due to the 
formation of crystals of the calcium salt of the lauric acid 
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Occurrence of the fungi on forest soil after treatment with 700 g/m 2 of urea on 19 April 1990. 

l iberated by the enzyme (Hankin and Anagnostakis,  
1975).  When the salts are comple te ly  degraded, a clear 
zone is observed around a colony. 

The pH of the medium were  adjusted to 8 before au- 
toc lav ing at 121 °C for 20 min. To avoid precip i tat ion,  
potassium salts, calcium chloride, magnesium salts, 
TMSS and VSS were separately f i l ter-ster i l ized w i th  a 
0.45/~m mil l ipore f i l ter, then mixed into the mol ten agar 
medium.  Glucose solut ion was  also f i l ter-ster i l ized be- 
fore addit ion. Dupl icated cultures were prepared for 
each test  and repeated tw ice .  

Results of the test  were  scored subject ively on the 
basis of relat ive enzyme act iv i ty ,  as fo l lows:  ( - - ) =  no ac- 
t iv i ty ;  ( - -+)=suggest ion of act iv i ty ,  but quest ionable;  
(4-) = sl ight but def in i te act iv i ty ;  (4- 4- ) = in termediate ac- 
t iv i ty ;  (4- 4- 4 . )= in tense  act iv i ty .  

Results 

Occurrence of  fungi  and some soil properties after  urea 
t rea tment  As Fig. 1 shows,  nine species of fungi ap- 
peared successively after the urea t rea tment :  A. botrytis, 
A. denudatus, P. deerata, Peziza sp., L. tylicolor, C. 
echinosporus, Hebeloma sp., Phylloporus be//us (Mass.) 
Corner and Russula sp. All were absent in the contro l  
plot,  and all except  P. be//us and Russula sp. have been 

reported to be ammonia  fungi  (Sagara, 1992).  
Changes in soil propert ies (pH, wa te r  content ,  ammo-  

nia and nitrate concentrat ions,  and the number of bac- 
teria and nematodes) after t reatment  are shown in Table 1. 
Changes in organic matter  composit ion af ter  urea treat-  
ment  Differences be tween the F and H layers were  
found in the contents  of ash and WSP (Figs. 2, 3b; Table 
2). Ash content  in the F layer was 5.9-8.9°J0 in the con- 
t ro l  and 5.O-14.2°Jo in the t reated soil, wh i le  that  in the H 
layer was 8.2-24.6°J0 in the control  and 9 . 6 - 2 9 . 7 %  in 
the t reated soil. The dif ference in WSP content  be tween 
the t w o  layers was  signi f icant only in the control :  con- 
tents were 0.246-0.471°J0 in the F layer and 0 . 1 1 7 -  
0 . 2 1 4 %  in the H layer. 

Methanol  extract ,  WSC and WSP contents dif fered 
s igni f icant ly be tween urea-treated and control  plots 
(Figs. 2, 3; Table 2). A f te r  t rea tment ,  the methanol  
ex t rac t  increased to 11.5%0 in the F layer and to 11.2°Jo in 
the H layer on 6 June 1990, whi le  the control  was  7.0°J0 
in the F layer and the 6 .0% in the H layer. These subse- 
quent ly  decreased to 5 .1% in the F layer and to 3.6°J0 in 
the H layer on 20 February 1991, at which t ime the con- 
trol  was 8.1°J0 in the F layer and 5.4°J0 in the H layer. 
The concentrat ions of WSC and WSP in the t reated soil 
were  lower  than those of the control .  WSC of the t reat-  
ed soil was  0 . 1 9 - 0 , 3 8 %  in the F layer and 0.17-0.40%o 

Table 1. Changes in some soil properties after treatment with 700 g / m  2 urea on 19 April 1990. 

Date 25 April 1990-17 July 1990 a 15 Nov 1990-21 Nov 1991 b 

Treated Control Treated Control 

F layer H layer F layer H layer F layer H layer F layer H layer 

pH 8.9-7.8 8.6-7.8 
Water content (~) 86.0-79.0 87.3-77.7 

NH4+-N (/~gN/g dry soil) 14000-7800 16000-6200 
NO3--N (/~gN/g dry soil) 11-5.9 12-5.8 

Bacteria (x 108 colonies/g dry soil) 1100-0.46 1500-1.5 

Nematodes (numbers/g dry soil) 3300-0 3700-87 

4.1-3.7 3.5-3.8 4.6-4.1 4.5-4.0 4.1-3.6 4.0-3.6 
76.7-69.7 77.0-70.7 83.5-53.2 83.0-50.7 74.3-63.8 66.3-61.6 

42-22 30-19 490-19 650-32 47-6.3 47-19 
5.5-3.3 5.3-3.6 170-1.6 300-3.0 2.6-1.5 1.7-1.1 

7.8-2.5 4.4-3.2 130-4.6 370-4.9 3.8-2.4 2.0-1.6 

500-180 510-220 110-91 71-45 330-140 320-120 

a, b; Results are the ranges of data determined in the study period, during which soil sampling was repeated (a) 4-5 times, or (b) 3 
times. 
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2. Changes in organic matter composition of F and H layer soil after treatment with 700 g/m 2 of urea on 19 April 1990. F, F 
layer; H, H layer; C, control; T, treated. Values are percentages of the weight of soil oven-dried at 50°C for 24 h. Number in 
parentheses after sampling date shows days after treatment. 

in the H layer, while those of the control were respective- 
ly was 0 .60-0 .92°Jo and 0.38-0.68°,%o. WSP content  
was decreased only in the F layer: that of the treated soil 
was 0 .08-0 .26°7o and that  of the control was 0 . 2 5 -  
0.47°Jo. Contents of other types of the organic matter 
did not change consistently after the treatment.  
Decomposit ion abilities of the ammonia  fungi All strains 
showed good mycelial growth on the agar media used. 

Results of the test for decomposit ion abilities are shown 
in Table 3. Clear cellulolytic ability was observed in all 
species except  for P. deerata, Hebeloma spp. and L. bi- 
color. Strong laccase activity was shown by L. tylicolor, 
C. echinosporus and P. deerata; while Hebeloma spp. and 
Peziza sp. showed slight laccase activity. Chitin decom- 
position was observed in A. botrytis, L. tylicolor, C. 
echinosporus and hi. vinosophyllum. All species pos- 
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Fig. 3. Changes in the contents  of  water-so lub le (a) carbohydrates and (b) phenolics in F layer and H layer soil t reated w i th  700  g/m 2 
of urea on 19 Apri l  1990.  Values are the means w i th  standard errors. 

s e s s e d  l i p o l y t i c  and p r o t e o l y t i c  a c t i v i t i e s .  

W h e n  g l u c o s e  w a s  a d d e d  to  t h e  c u l t u r e  m e d i a ,  lac-  

case  a c t i v i t y  i n c r e a s e d ,  b u t  o t h e r  e n z y m e  a c t i v i t e s  

d e c r e a s e d .  

Discussion 

Ch i t i n ,  p r o t e i n  and l ipid are  c o m p o n e n t s  o f  a n i m a l  and 

m i c r o b i a l  m a t e r i a l s .  T h e  ab i l i t ies  o f  t h e  a m m o n i a  f u n g i  

t o  d e c o m p o s e  t h e s e  s u b s t a n c e s  i n d i c a t e  t h a t  t h e y  can  u t i -  

l ize a n i m a l  and  m i c r o b i a l  r e m a i n s ,  and t h e r e f o r e  s u p p o r t  

t h e  r e s t r i c t e d  o c c u r r e n c e  o f  a m m o n i a  f u n g i  u n d e r  n a t u r a l  

c o n d i t i o n s ,  as s u m m a r i z e d  by  S a g a r a  ( 1 9 9 2 ) .  In add i -  

t i o n ,  b a c t e r i a  and n e m a t o d e s  g r o w  a b u n d a n t l y  in t h e  

u r e a - t r e a t e d  so i l s  (Tab le  1 ), and  t h e i r  w a s t e  m a t e r i a l s  and  

d e a d  b o d i e s  cou ld  be d e c o m p o s e d  and  u t i l i zed by  t h e  a m -  

m o n i a  f ung i .  

W S C  c o n c e n t r a t i o n  d e c r e a s e d  a f t e r  t r e a t m e n t  (Fig. 

3a) .  In t h i s  s i t u a t i o n ,  e n z y m e  a c t i v i t i e s  a l l o w i n g  t h e  

f u n g i  t o  a c q u i r e  c a r b o n  s o u r c e s  f r o m  h i g h - m o l e c u l a r  sub-  

s t a n c e s  are  e x p e c t e d  t o  be i m p o r t a n t .  Ea r l y - s t age  spe-  

c ies ,  w h i c h  a p p e a r  s o o n  a f t e r  t r e a t m e n t ,  s h o w  s t r o n g  

d e c o m p o s i t i o n  ab i l i t i es  (Tab le  3). T h e s e  ab i l i t i es ,  e x c e p t  

f o r  l ign in  d e c o m p o s i t i o n ,  w e r e  s t r o n g  w i t h o u t  s u p p l y  o f  

g l u c o s e .  C o n v e r s e l y ,  l i g n o l y t i c  ab i l i t y  w a s  h igh  in t h e  

p r e s e n c e  o f  a d d e d  g l u c o s e ,  an i n d i c a t i o n  t h a t  th i s  ab i l i t y  

p r o b a b l y  f u n c t i o n e d  f o r  o t h e r  r e a s o n s ,  e .g . ,  a c q u i s i t i o n  

o f  o t h e r  s o u r c e s ,  o r  r e m o v a l  o f  ba r r ie r  f o r  f u n g i  t o  a c c e s s  

c e l l u l o s e  ( C o o k e  and Rayne r ,  1 9 8 4 ) .  L a t e - s t a g e  s p e c i e s  

used  in th is  e x p e r i m e n t ,  w h i c h  usua l l y  a p p e a r  seve ra l  

m o n t h s  a f t e r  t r e a t m e n t ,  h a v e  w e a k  ab i l i t ies  t o  d e c o m -  

p o s e  h i g h - m o l e c u l a r  s u b s t a n c e s .  T h e s e  s p e c i e s  are  

k n o w n  as m y c o r r h i z a l  spec ies ,  and are  l i ke ly  t o  g e t  ca r -  

bon  s o u r c e s  f r o m  a s s o c i a t e d  r o o t s .  D i f f e r e n c e s  in en-  

z y m a t i c  a c t i v i t y  b e t w e e n  e a r l y - s t a g e  and  l a t e - s t a g e  spe-  

c ies  as f o u n d  in th i s  s t u d y  w e r e  a lso  r e p o r t e d  by  

E n o k i b a r a  e t  al. ( 1 9 9 3 ) .  

C h a n g e s  in W S C  c o n c e n t r a t i o n  a lso  s e e m  t o  

i n f l u e n c e  t h e  p a t t e r n  o f  s p o r u l a t i o n  o f  t h e  f ung i .  

Lyophyllum tylicolor, an a m m o n i a  f u n g u s ,  f o r m s  f r u i t - b o d -  

ies at  l o w  c o n c e n t r a t i o n s  o f  g l u c o s e  in an aga r  m e d i u m  

( Y a m a n a k a ,  1 9 9 4 ) .  A t  h igh  c o n c e n t r a t i o n s  o f  g l u c o s e ,  

Table 2. Stat ist ical  d i f ferences (n = 3) in organic mat ter  composi t ion (a) be tween F and H layers, and (b) between urea-treated and un- 
t reated soil. The di f ferences were  examined using Student 's  t - tes t  af ter  analysis of  variance. AS,  ash; PE, petro leum ether ex- 
t ract ;  ME, 50% methanol  ex t rac t ;  WC, wa te r  soluble carbohydrate;  WP, wa te r  soluble phenolics; CE, holocel lulose; LI, Iignin. 
~p<O.05 .  ~ p < 0 . 0 1 .  ns, not  signif icant. - - ,  not  tested because of no data. 

(a) (b) 

Daysafter Treated Untreated Daysafter F layer H layer 

treatment AS PE ME WC WP CE LI AS PE ME WC WP CE LI treatment AS PE ME WC WP C E L I  AS PE ME WC WP C E L I  

0 a ns ns ns ns ns ns ns 0 a 

18 ns ns -- ns ns • ns -- ~ ~ 18 ns ns -- ~ ~ ns ns -- ~ 

33 ~ ns -- as ns ns ~ -- as ~,~ 33 ns '~'~ -- ~ • • as -- ~ ~'~ 

48 ~ ns ns ns ns ns ns ns ~ ns ~ ~ • ns 48 ns ns ~* • ~ ns ns ns ns ~ ns as ns ns 

89 • • as ~, as ~ ns • as ns as ~ ,~ ~ 89 as as ~ ~ ~ • as ns ns ~ ~ • ~,~ ns 

210  ~ ns ns ns ~ ns ~ • ns ns ns ~ ns • 210 ns ns ns ~ ~ • ns • ~ ns ~ *~ as 

307 • ns ns ns ~ as • • ~ • ~ • as as 307 ns ~ ~ ~ • ns ns ns ns ns ns • as ns 

581 • ns ~ • ~ ~ ~ • • ns ns ~ • ns 581 ns • ~ ~ ~ ns ~ ns ~ ~ ~ ns ns ns 

a, soil was  col lected f rom the untreated plot only. a, soil was  col lected f rom the untreated plot only. 
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Table 3. Abilities to decompose five organic substances with (4-G) or without ( -G )  supply of glucose to culture media. Ratings 
were based on subjective estimates of relative abilities. 

Species Strain No. 
Cellulose Lignin Chitin Protein Lipid 

+G - G  +G - G  +G - G  4-G - G  +G G 

Amblyospor ium botryt is 202 - / + + +  + +  - - 

221 - / +  + +  - - 

Ascobolus denudatus 152 + +  + +  -- -- 

222 + + +  

Peziza moraveci i  185 + + +  ± -- 

Pseudombrophila deerata 226 -- -- + + +  + 

237 - - + + +  -- 

Peziza sp. 165 + 4-+ + 4- 

206 4- + +  -- -- 

Lyophyllurn tyl icolor 187 4-4- + +  +4-+  + 

212 -- + +  + + +  4 -++  

Coprinus echinosporus 179 + +  + +  4-4-+ 

215 4- 4-+ + + +  4- 

Hebeloma vinosophyl lum 135 -- + -- 

110 -- _+ + -- 

Hebeloma sp. 9 -- -- + -- 

248 - _+ + - 

Laccaria bicolor 252 . . . .  

- + + +  + +  ± + + / + + +  

- + + + + +  ± + +  

_ _ + +  + + +  ± + +  

_ _ ± + +  + +  + + / + + +  

_ _ + +  + + +  ± + 

_ _ + +  + +  ± ± 

- + +  + +  + + +  

- + +  + + +  + +  + +  

_ _ + + +  + + +  + +  + +  

- + +  + +  + + +  + + + / + + +  

- + +  + +  + +  + +  + + +  

- -  + +  + + +  + + +  + +  + + / + + +  

- -  + +  + +  + +  + +  + + / + + +  

-- + ± ± + + 

- -  + ± + + ± 

- -  ± - -  ± ± ± 

_ _ ± + ± + 

_ _ ± ± ± + 

it deve lops mycel ia l  basidia and basid iospores rather than 
f ru i t -bodies.  

The con ten t  of 50°/'oo methano l  ex t rac t  in soil rose 
above  the cont ro l  level for  3 mon ths  af ter  t r ea tmen t  (Fig. 
2). This means tha t  decompos i t i on  of  organic  ma t te r  
was  enhanced by soil m ic roorgan isms.  A t  this stage,  
the  numbers of  bacter ia and nematodes  increased (Table 
1 ) and the saprophy t i c  group of  ammon ia  fungi  appeared 
(Fig. 1). Subsequent ly ,  the  con ten t  fell be low  the con- 
t ro l  level.  A t  th is s tage,  the numbers  of bacter ia and 
nematodes  we re  l owe r  than  those in the  earl ier stage,  
and mycor rh iza l  species appeared.  

In the cont ro l  plots, WSP con ten t  was  cons tan t l y  
h igher in the F layer than the H layer (Fig. 3b). L imi ted 
ver t ica l  m o v e m e n t  of  w a t e r  due to  the  l ow  w a t e r  con ten t  
(Table 1) may  have caused this d i f ference.  In the t rea t -  
ed plots, w a t e r  con ten t  was  higher, and no such dif fer- 
ence b e t w e e n  the t w o  layers was  recognized.  

In fungal  succession on dung or f reshly  fal len leaves, 
the "nu t r i t iona l  hypo thes is "  (Webster,  1970)  is taken 
into cons idera t ion  to  expla in the order  and per iod of each 
fungus (Lodha, 1974) .  In this hypothes is ,  species 
wh ich  s h o w  fast  g r o w t h  and w e a k  enzyme act iv i t ies  
should appear  at the ear ly  stage,  gradual ly  being replaced 
by species wh ich  spread s l ow l y  and can lyse var ious  
h igh-molecu lar  substances.  During this succession,  the 
organic mat te r  compos i t i on  of  the subst rates wou ld  also 
change,  w i t h  readi ly  assimi lable componen ts  decl in ing ini- 
t ia l ly ,  f o l l owed  by the  more  comp lex  componen ts ,  i .e., 
cel lu lose and l ignin. In the  case of the ammon ia  fungi ,  
the  ear l iest  species, e.g.,  A.  b o t r y t i s  and A,  d e n u d a t u s ,  

showed  high levels of  enzyme  act iv i t ies  (Table 3). In ad- 
d i t io in,  the  level  of  WSC in the t rea ted  soil was  l o w  f rom 

the  beginning (Fig. 3a) and o ther  componen ts  seemed 
not  to  change c lear ly  in a w a y  tha t  wou ld  suppor t  this 
hypothes is  (Table 2). Therefore,  the nutr i t ional  hypo the-  
sis could not  be emp loyed  to  expla in  the succession of 
the ammon ia  fungi .  
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