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Summary. Ectomycorrhizal  short roots, mycelia, rhizo- 
morphs and mats from conifer soil were examined in 
relation to their hydrophobic  properties. In some cases 
connected fruit bodies were included in the study. My- 
corrhizal soils gathered from the forest a n d / o r  colo- 
nized in a laboratory rhizoscope were studied, as were 
mycelia in pure culture. Most forest-derived species 
were hydrophobic.  The drought-resistant Cenococcum 
geophilum and the more ruderal and moisture-depend- 
ent Thelephora terrestris were both strongly hydrophilic.  
The hydrophobic  mycelium seemed solely responsible 
for the water repellence properties, and adjacent soil 
and plant debris remained unaffected and hydrophilic. 
In hydrophobic  fungi, mat formation was induced in 
the rhizoscope by hyphal contact with alder litter 
leaves. This stimulating effect was not found when the 
leaves were covered by water or when fresh, green alder 
leaves were used. Thelephora terrestris did not form 
such mats in vitro and spread sparsely in air pockets as 
well as in the adjacent water film. The possibility is dis- 
cussed that many mycorrhizal fungi in the forest may 
partly control their soil environment via aeration 
created by their hydrophobia.  

Key words: Mycorrhizal soil - Mats - Myce l i a -  Hydro-  
phobia - Stimulation 

Introduction 

Ectomycorrhizal  development and hyphal extension in 
the root environment is certainly influenced by soil 
composit ion and structure (Alvarez et al. 1979; Daniel- 
son and Visser 1989; Feil et al. 1988; Mikola and Laiho 
1962; Parke et al. 1983; Stenstr6m 1990). A reverse in- 
fluence, i.e. a more or less direct impact by mycorrhizal 
mycelium on the soil, has also been suggested (Cro- 
mack et al. 1979; Tan et al. 1978). The latter effect 
might be of  great importance in the forest, particularly 
in aged and stable stands that have a persistent  and div- 
erse mycorrhizal flora in some kind of  dynamic balance 

with the tree stand (Dahlberg and Stenstr6m 1991; 
Perry et al. 1987). 

Mat formation in mycorrhizal fungi has long been 
recognized (Cromack et al. 1988 and references therein; 
Meyer  1963), but little is known about the mat proper- 
ties that may affect the environment. Cromack et al. 
(1979, 1988), however, examined the fauna and soil res- 
piration of  such mats and studied their chemical com- 
position. 

Cromack et al. (personal communication) have 
pointed out that soils extensively colonized by the three 
mat-forming mycorrhizal species, Hysterangium setchel- 
lii, Gautieria montieola, and Rhizopogon sp., all of  
which fire associated with Douglas fir, Pseudotsuga 
menziesii, varied in their appearance even on the same 
site. G. montieola soil tended to appear  drier than that 
of  the other two, and all looked considerably drier than 
the adjacent non-mat-soil. However,  overall soil mois- 
ture, including the mat mycelium, was not considerably 
different between mat soil and non-mat soil (Cromack 
et al. 1988). Thus, the fungus seems to interact with the 
nearest soil, at least in areas of  heavy colonization. 

I compared mats and mycelia of  a few mycorrhizal 
conifer soils as well as some mycorrhizae in vitro under  
non-sterile, rhizoscopic conditions in the laboratory. 

Materials and methods 

A mycorrhizal mat is defined in the present paper as a limited and 
rather homogenous mycelium of densely interwoven rhizomorphs, 
strands or hyphae, all belonging to the same species, perhaps the 
same clone, since clones probably do not mix (Dahlberg and Sten- 
lid 1990) and apparently excluding most other mycorrhizal fungi. 
The mat has a clearly visible border with the surrounding soil, be 
it mycorrhizal or not. 

Water repellency 

The mats of the false truffles H. setchellii, G. monticola and Rhizo- 
pogon sp. selected for examination were collected in July and Au- 
gust 1989 in a 50- to 75-year-old Douglas fir stand, 30 km south- 



14 

Fig. 1. Mat (white) in the thin raw-humus layer below the litter 
(removed) on top of the sand, and a fruit body of Suillus tomento- 
sus mycorrhizal with Pinus contorta on a sand dune, Oregon coast. 
x0.2 

Fig. 2. Suillus tomentosus stipe base. On the mycelium of the base 
tip a drop of water (arrow) remained intact for hours, while on a 
stipe surface it was absorbed after 1 h (arrowhead). A wetted scle- 
rotium of the hydrophilic Cenococcum geophilum is also seen (e). 
Approximately x 2 

Fig. 3. Pinus contorta/Suillus tomentosus mycorrhizae (arrowhead) 
and mat reject water drops (not shown) while the P. contorta/ 
Cenococcum geophilum hyphae and mycorrhizal mantel (between 

arrows) quickly absorb water. The hypha of C. geophilum acted 
like a wick when in contact with water, slowly translocating water 
(light reflecting) to the whole mycorrhizal root tip. Approximately 
x3  

Fig. 4. Hysterangium setchellii mat. Water droplets (stemmed ar- 
rows) rejected by the rhizomorphs and hyphae but not by embed- 
ded soil particles (between course arrows). Approximately x 3.5 

Fig. 5. Douglas fir root system with Rhizopogon vinicolor mycor- 
rhiza in a rhizoscope. Red alder leaf section stimulates mat forma- 
tion in the root substrate, which is evident upon moving the leaf 
piece to the side. x 1.1 
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west of Corvallis, Oregon, which had been used earlier for other 
studies of mycorrhizal mats (Cromack et al. 1988). Mats of other 
species and from other sites near Corvallis were also collected 
(e.g. Fig. 1). The mat soil was cut out in discs and fitted in stand- 
ard 15-cm, plastic petri dishes with minimal disruption to the mat 
in the disc. The dishes were brought into the laboratory and ex- 
amined immediately under a stereo-microscope. Small droplets of 
deionized water (0.01 gl or less) were placed on about 40 micro- 
sites per plate - on the mycelium, rhizomorphs, and mycorrhizal 
sheaths of roots etc. - and were left for at least 2 h at about 20 ~ C 
and inspected periodically under the microscope to follow the ab- 
sorption of each droplet. Between these inspections the dishes 
were kept covered with lids. 

The hydrophobia of a fungal or other structure could not be 
determined with the naked eye by simply applying water to the 
top of a mat or fungus-soil mixture. There are many pitfalls. Since 
soil particles are always hydrophilic, the droplet must be placed 
solely in contact with the rhizomorphs, hyphae or other fungal 
structures without contact to any other particle or surface. Thus, a 
very thin mycorrhizal mantle of an otherwise hydrophobic fungus 
may allow the added water to pass by means of capillary forces 
through minute holes in the fungal sheath (as through a fine net of 
hydrophobic nylon) to the hydrophilic root surface, which lies 
only microns away from the water droplet. On the other hand, 
extremely airy hydrophilic material, such as dry sphagnum peat, 
may appear water repellent upon inspection with the naked eye. 
In a dissecting microscope, however, water can be seen (by means 
of light reflection) to be slowly wicked from one sphagnum leaf to 
another via contact points only microns wide. 

The root system of an 8-week-old Douglas fir seedling was 
then placed on the same mat surfaces of replicate discs with the 
shoot sticking out through a hole in the lid. The dish, now a rhi- 
zoscope (Unestam and Stenstr6m 1989), was kept vertically in a 
growth chamber with 16 h light (incandescent plus fluorescent) 
and at 18-22 ~ C, in order to follow mycorrhization of the seedling 
from the mat. 

Fruit bodies, attached mycelium and mycorrhizal roots (Figs. 
1, 2) of ectomycorrhizal fungi were also collected for study, even 
where no proper mats were evident. Soil or rotting wood with 
non-fruiting mycelia or rhizomorphs, such as formed by Pilod- 
erma bicolor and Cenococcum 9eophilum, were also taken from a 
variety of sites. 

Effects of  leaves 

Mycorrhizal seedlings grown in petri dish rhizoscopes, with brick 
pellets and sphagnum peat (Unestam and Stenstr6m 1989), were 
also used for inducing mat formation in the non-sterile in vitro 
system and for studying the water-repelling properties of mycor- 
rhizal fungi. Roots of 7- to 12-week-old rhizoscope seedlings were 
inoculated with agar-grown or liquid culture mycelium, or with 
transplants of rhizoscope mycorrhizal root tips (Suillus bovinus, S. 
flavidus and Amanita muscaria, all from our department collec- 
tion, and Hebeloma sp., isolated by C. Y. Li) or spore suspensions 
(Rhizopogon vinicolor, R. parksii, both from the USDA Forest Re- 
search Laboratory Corvallis, Ore.). Thelephora terrestris that had 
spontaneously formed mycorrhiza on a Pinus contorta root system 
was also transferred to rhizoscope plants in the form of living my- 
corrhizae. 

In September 1989, fresh red alder (Alnus rubra) leaves and the 
previous year's fallen leaves from the soil surface were sampled 
near Corvallis. Four to six pieces about 1.0 x 1.5 cm were cut from 
the leaves and placed on the root-mycorrhiza surface of the rhi- 
zoscope; the rhizoscope seedlings were incubated in the growth 
chamber as described above. Pieces of frozen or autoclaved leaves 
were also used. 

Results 

Water repellency 

The  w a t e r - r e pe l l i ng  charac te r i s t i c s  o f  d i f fe ren t  ec tomy-  
co r rh iza l  fungi  a re  s u m m a r i z e d  in Tab le  1. M o s t  spec ies  
were  h y d r o p h o b i c .  Thelephora terrestris, Cenococcum 
9eophilum a n d  an u n i d e n t i f i e d  grey  fungus  were  h y d r o -  
phi l ic .  C. 9eophilum h y p h a e  even se rved  as wicks,  t rans-  
l oca t i ng  wa te r  over  d i s t ances  o f  1 cm or  more ,  as seen  
in r h i z o s c o p e  soi l  and  na tu r a l  soi l  (Fig.  3), as wel l  as in 
v i t ro  on  a sep t i c  h y p h a e  (on aga r  p la tes) .  Thus ,  h y p h a e  
p r o j e c t i n g  into  the  a i r  f rom a s c l e ro t i um or  c o l o n i z e d  
roo t  (as in Fig. 3), when  con tac t i ng  a w a t e r  d rop le t ,  
s lowly  c o n d u c t e d  the  wa te r  to wet  the  roo t  or  sc lero-  
t ium.  

The  s t ipe  o f  the  f rui t  b o d y  o f  Suillus tomentosus was 
less h y d r o p h o b i c  t han  the soi l  m y c e l i u m  a n d  s t r ands  at  
the  end  o f  the  s t ipe  (Fig.  2). Af t e r  gent le  b ru i s ing  o f  the  
s t ipe  b y  l ight  p re s su re  o f  a f inger t ip ,  it b e c a m e  even 
m o r e  wa te r  a t t r ac t ing ;  this  aga in  shows  tha t  h y d r o p h o -  
b i a  mus t  be  e x a m i n e d  very  ca re fu l ly  wi th  u n d i s t u r b e d  
mate r ia l .  The  th in  man t l e  o f  Cortinarius s.g. bulbopod- 
ium d id  no t  a p p e a r  to repe l  wa te r  f rom the m y c o r r h i z a l  
roots ,  even  i f  the  h y p h a e  in the  soil  d id  so (see Mate r i -  
als a n d  me thods ) .  Th ick  man t l e s  a lways  c lear ly  r e p e l l e d  
wa te r  in h y d r o p h o b i c  fungi.  

Soil  pa r t i c l es  a n d  l e a f  debr i s  in mats  were  cons is -  
t en t ly  h y d r o p h i l i c  (Fig.  4) a n d  a p p a r e n t l y  una f f ec t ed  in 
tha t  r e spec t  by  ad jacen t ,  h y d r o p h o b i c  hyphae .  

Mat formation stimulated by leaves 

In  a few days ,  h y p h a l  g rowth  was s t i m u l a t e d  u n d e r  the  
f a l l e n - l e a f  p ieces ,  w h e t h e r  au toc l aved ,  f rozen  or  un-  
t r ea t ed  a n d  p l a c e d  on  the re la t ive ly  spa r se  m y c o r r h i z a l  
m y c e l i a  o f  Suillus bovinus, S. flavidus, Amanita muscar- 
ia, Rhizopogon vinicolor, R. parksii a n d  a h y d r o p h o b i c  
Hebeloma sp. Wi th in  a few weeks ,  m i n i a t u r e  mats  o f  
r h i z o m o r p h s ,  s t r ands  and  h y p h a e  o f  al l  these  fungi  
f o r m e d  u n d e r  the  l ea f  p ieces  (Fig.  5). In  Telephora ter- 
restris, no mats  or  s t imu la t i on  were  seen.  U n d e r  g reen  
l e a f  p ieces ,  no  mat  f o r m a t i o n  or  o the r  s t i m u l a t i o n  o f  
funga l  g rowth  was ever  no t iced .  

D u r i n g  this t ime,  the  m a t - f o r m i n g  fungi  also ap-  
p e a r e d  on  the  ou te r  l e a f  sur face  wh ich  f aced  the lid. 
W h e n  a r h i z osc ope  was wa te red ,  a wa te r  f i lm was al- 
ways  c r ea t ed  b y  cap i l l a ry  force  b e t w e e n  the  l e a f  a n d  
the  l id  (Figs.  6, 7). W h e r e  air  f o r m e d  an  i n w a r d  b e n d  or  
p o c k e t  in this  f i lm, the  fungus  c o l o n i z e d  the  l ea f - l id  in- 
t e r face  in the  p o c k e t  bu t  never  i n v a d e d  the  wa te r  (Fig.  
6). A d d e d  wa te r  d id  not  i nvade  the  m a t - c o v e r e d  l e a f  
surface ,  a p p a r e n t l y  due  to the  h y d r o p h o b i c  p r o p e r t i e s  
o f  the  h y p h a e  a n d  s t rands .  W h e n  the  subs t r a t e  s lowly  
d r i e d  b e t w e e n  wate r ings ,  the  wa te r  f i lm r e t r ac t ed  some-  
what ,  the  p o c k e t  w i d e n e d  a n d  the p o c k e t  mat  ex- 
p a n d e d .  

Thelephora, be ing  h y d r o p h i l i c  (Table  1), f o r m e d  
sparse  s t r ands  and  h y p h a e  on l ea f  sur faces  bu t  never  
mats .  In  con t r a s t  to the  h y d r o p h o b i c  fungi ,  its h y p h a e  
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Table 1. Mycorrhizal fungi repelling or attracting water droplets 
placed on mycelium, rhizomorph/strand, mantle, and the con- 
nected fruit-body stipe base, or on mycelium (of other strains) 

grown aseptically in vitro on 
less than 15 s (0); for about 2 

agar. Droplet remaining intact for 
min (1); remaining after 1 h (2) 

Fungus/host Mycelium/hyphae Rhizomorph/strand Mantle Stipe Fungus in vitro 

Amanita muscariaa/Pinus contorta 
A. vaginata/Abies procera c 
Cenococcum geophilum/A, procora ~ 
Cortinarius s. gen. bulbopodium/A, procera c 
Gautieria monticola/Pseudotsuga menziesii r 
Gomphus f loecosus/A,  proeeraC 
Grayish, mycorrhiza mycelium/A, procera c 
Hebeloma sp.e/P, eontorta f 
Hysterangium setehellii/P, menziesii c'f 
Laetarius delieiosus/Tsuga heterophylla c 
Piloderma bieolor/A, proeera ~ 
Rhizopogon vinieolore/P, menziesii f 
R. parksiib/p, menziesii ~ 
R. sp./P, menziesiK 
Russula sp./A,  proeera ~ 
R. s. gen. emetiea/A, procera c 
Suillus bovinus"/P, eontorta f 
S. flavidusa / P. eontorta f 
S. tomentosus/P, eontorta g 
mixed with C. geophilum 
Thelephora terrestris/P, eontorta f 
Xeroeomus (subtomentosus)/A. proeera c 

2 2 2 - -  2 b 

2 2 2 2 -- 
0 0 d 0 -- 0 b 
2 2 0 2 -- 
2 2 2 -- - -  

1 2 - -  2 - -  

0 0 0 -- -- 
2 2 2 -- 2 
2 2 2 -- -- 
2 2 0 2 -- 
2 2 2 -- 2 b 
2 2 2 -- -- 
2 2 2 -- -- 
2 2 2 -- -- 
2 2 2 2 -- 
2 2 2 2 -- 
2 2 2 -- 2 b 
2 2 2 - -  2 b 

2 2 2 1 -- 
0 0 d 0 -- 28 
0 0 0 -- 0 
2 2 -- 2 -- 

a Swedish isolate 
b Three to five isolates tested with each fungus 
~ From the field, Mary's Peak, Ore. 
d Sclerotia 

e Oregon isolate 
f Rhizoscope with seedling 
g Sand dunes, Oregon coast 

pene t r a t ed  air  pockets  and  water  wi thou t  d i sc r imina-  
t ion  (Fig. 7). Hyd roph i l i a  was earlier observed in this 
fungus ,  H e b e l o m a  c r u s t u l i n i f o r m e  and  L a c c a r i a  l a c c a t a  

(S tens t r6m 1991). 
A b o u t  2 m o n t h s  later, T h e l e p h o r a  fo rmed  fans on  the 

l id 's  plas t ic  surface (Fig. 8) regardless of water  cover- 
age. Where  the fan  passed  b e y o n d  the lid and  out  of the 
dish, a d a r k - b r o w n  b a n d  formed across the fan (Fig. 8), 
poss ib ly  the result  of  pheno l  ox ida t ion  in  contac t  with 
free air. Such fans were also found  to sheath  the p l a n t  
s tem outs ide  the dish u n d e r  the h u m i d  cond i t ions  
m a i n t a i n e d  by  a plas t ic  bag p laced  over the p l an t  a nd  
dish. These  sheaths  a r o u n d  the stems resembled  those 
of ten seen a r o u n d  conifer  seedl ing stems in the nurse ry  
that  precede  the fo rma t ion  of  mature  fruit  bodies .  
However ,  no  bas id i a -bea r ing  h y m e n i a  were fo rmed  un-  
d e r  the rh izoscope condi t ions .  The fans and  sheaths  
were hydroph i l i c  and  may  be f ru i t -body  init ials ,  bu t  
they dif fered dis t inct ly  in  s t ructure  f rom the p r e m o r d i a  
fo rmed  by L a c e a r i a  l acca t a  and  other  mycorrh iza l  
Agaricales in  rhizoscopes  (S tens t r6m 1990; U n e s t a m  
and  S tens t r6m 1989). 

M a t s  f r o m  the  f i e l d ,  a d d i t i o n a l  resu l t s  

For  compar i son ,  I also s tudied a n u m b e r  of  mycorrh i -  
zal mats  in  the r aw-humus  surface facing grani te  bed-  
rocks (Fig. 9) or loose superf ic ial  grani te  m or a i ne  
stones in a Swedish conifer  forest (in the vic ini ty  of  

Uppsala) .  These surfaces c o m m o n l y  suppor t ed  mats,  
of ten 1 cm or more  thick ("the rock effect"), composed  
of a large single-species mat  or a mosa ic  of several 
smal l  mats,  each apparen t ly  cons is t ing  of  a single spe- 
cies (Fig. 9). All of  the n ine  ma t - fo rming  mycorrhiza l  
species f ound  in c o n j u n c t i o n  with a typical  bed  rock 
were hydrophobic .  P i l o d e r m a  e r o c e u m  was also present  
(Figs. 9, 10) bu t  se ldom formed  real mats. Its small,  
dense ly  woven  oc topoid  " tentacles"  were most ly  mixed  
with other  mycorrh iza l  fungi.  C. 9 e o p h i l u m ,  which 
never  forms mat- l ike  or dense cong lomera t ions  outs ide  
roots a nd  sclerotia,  was none the less  of ten present ,  in- 
terspersed wi th in  the mats  or a mong  P. c r o c e u m  tenta-  
cles. Somet imes  a sparse P. c r o e e u m  co lony  covered 

Fig. 6. a Suillus bovinus mat (rhizoscope) invading an air pocket in 
the water film on a previous year's fallen red alder leaf. Addi- 
tional water was prevented from entering the newly occupied 
pocket by the hydrophobic property of the hyphae and rhizo- 
morphs. The leaf was always hydrophilic. As the water edge 
slowly retracted over a period of a few days after watering, the 
hyphae advanced and thus widened the conquered pocket, x 2. b 
Same pocket, x 8. Note density of hyphae in the pocket periph- 
ery 

Fig. 7. Thelephora terrestris mycorrhiza (arrow on short roots, the 
mantles of which attract water) on P. contorta in a rhizoscope. No 
mat is formed on the added red alder leaf, and hyphae and 
strands (arrowheads) grow freely through the water film band on 
the leaf surface. • 5 
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Fig. 8. Thelephora terrestris mycorrhiza on a P. contorta root sys- 
tem of a rhizoscope. When strands reach the edge of the rhizo- 
scope lid, a fan but not a mat  of hyphae and strands forms, pro- 
ducing a brown front in the driest area. Later, a sheet of brown 
Thelephora hyphae sheathed the seedling stem outside the dish 
(initiation of fruit body). Approximately x 14 

Fig. 9. "The rock effect" in a Swedish Pinus sylvestris-Picea abies 
forest. Mycorrhizal mycelia of several kinds formed small mycor- 
rhizal mats (each centre indicated by a star) in the raw humus 
layer (here folded away from the bed rock) adjacent to the granite 
rock surface seen at the bottom of the picture. The yellow Pilod- 
erma croceum is easily identified but does not form proper  mats. 
x 0.2 

Fig. 10. Piloderma croceum forms hydrophobic  tentacles of 
densely interwoven hyphae but never mats (photo A. Dahlberg). 
x 0.7 
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1.0 m 2 or more. Other bed rocks and loose stones 
showed the same pattern and no hydrophilic mat form- 
ers were observed. 

Discussion 

One of the features of mats examined in the Douglas fir 
forest was the dry appearance of the fungus-permeated 
soil, perhaps more so in that colonized by Gautieria 
monticola than by Hysterangium setchellii and Rhizopo- 
gon sp. Stereo-microscopic observation revealed that 
water was strongly repelled by hyphae, rhizomorphs or 
strands of all three fungi (Table 1). In contrast, soil ag- 
gregates and mineral crusts, needle debris, miscella- 
neous humus particles, etc. (cf. Paul and Clark 1988) 
were all strongly hydrophilic and readily absorbed the 
added water drops (Fig. 4). So, the hydrophobic prop- 
erty was seen only in the fungus itself and was not 
"transferred" to the soil particles. Everything else 
seemed hydrophilic at this soil level. The black ascomy- 
cete Cenor geophilum (sclerotia, mycorrhizae and 
hyphae) scattered in these mats also attracted and con- 
ducted water over considerable distances. In addition, 
my rhizoscope studies (Fig. 6) and field mat observa- 
tions suggest that the hydrophobic property of mats or 
patches tended to make any created air space perma- 
nent. 

Hydrophobic ectomycorrhizal fungi abound in the 
conifer forest soils studied (Table 1 and results above). 
This characteristic may have evolved as an ecological 
strategy. It might increase the competitive capacity of 
mycelia adapted to reproduce and live in relatively dry 
conditions. This property would suppress many bacte- 
ria, protozoa and small animals, and attract other mi- 
crofauna and flora (cf. Cromack et al. 1988) that prefer 
a drier, well-aerated habitat. These hydrophobic my- 
corrhizae seem themselves to prefer highly aerated soil, 
while hydrophilic species such as T. terrestris, Hebel- 
oma crustuliniforme and Laccaria laeeata (this paper 
and Unestam and Stenstr6m 1989; Stenstr/Sm 1991) do 
not have such a clear preference. Cromack et al. (1988) 
and Caldwell, Griffiths and Cromack (personal com- 
munication and abstracts of the 8th North American 
Congress of Mycorrhizae, 1990) showed that the overall 
biological activity (respiration, extracellular enzyme ac- 
tivity, biomass) and concentrations of oxalate and side- 
rophores in our mats in Oregon were considerably 
higher than in the surrounding soil. Despite this en- 
hanced activity the increase in needle decomposition 
was small (Entry, Rose and Cromack, personal commu- 
nication and abstracts of the 8th North American Con- 
gress of Mycorrhizae, 1990). Thus, in a very active mat, 
the dense mycelium may accomplish a more or less di- 
rect uptake of nutrients from the interwoven litter (cf. 
Read 1987; Read et al. 1985), thereby shortening the 
nutrient cycle. Denitrification was lower in these mats 
than in non-mat soil, possibly due to the described 
aeration. 

Microbiological activity among both saprophytes 
and the symbiont would of course be limited under ex- 

ceedingly dry or wet circumstances in the mat, but it 
may be enhanced by aeration and adsorption of en- 
zymes and other organic matter (Griffin 1972) at the 
"interface" between wet areas and drier parts in the mat 
created by hydrophobic fungi. The microorganisms and 
mesofauna in a dry mat, on the other hand, may de- 
pend to a great extent on carbon and water supplied in 
some way by the mycorrhizal strands and hyphae; the 
primary consumers could be particularly efficient in 
capturing such leached or deposited carbon. In the rhi- 
zoscope, insect larvae often eat hyphae like spaghetti 
(Stenstr6m and Unestam, unpublished work). 

Cromack et al. (1979) and Castellano (personal com- 
munication and abstracts of the 8th North American 
Congress of Mycorrhizae, 1990) found that mats (such 
as mine) were long-lived, were less than 1 m wide, and 
commonly had a limited depth of less than 10 cm. Their 
total coverage could be 25% or more of the forest floor 
surface in a Douglas fir forest. Since the mat soil may 
have 3-4 times the microbial biomass of the non-mat 
soil, probably due primarily to the mat mycelium itself 
(Cromack et al. 1988; Entry, Rose, and Cromack, per- 
sonal communication and abstracts of the 8th North 
American Congress of Mycorrhizae, 1990), mats must 
exercise substantial control over the root systems in this 
forest by affecting the rhizosphere's physical, chemical 
and biological properties, as well as nutrient uptake. 
None of the mats in Oregon was, in my study, found to 
be associated with rocks, whereas in Sweden the asso- 
ciation was very common. Despite this difference, both 
types may have the same strategy. The hydrophobic 
rock mat seems to be formed in association with the 
interface between the hydrophilic raw humus layer with 
its hydrophobic mycorrhizal patches and the hydro- 
philic rock surface. Is one of the mat's primary func- 
tions that of improving aeration? 

Even after a light rain, the aerated water, reaching a 
partly exposed rock, seeps along the sloping, hydro- 
philic granite surface where the dense mat mycelium 
may reach it and utilize its nutrients (picked up from 
the air, crown leachate, soil in contact with the rock, 
etc.). A more sparse and diffuse mycorrhizal mycelium 
within the soil may not have that advantage, since a 
light rain might not reach it. However, the question is 
how the hydrophobic mycelium reaches the water and 
nutrients. 

The mat-forming, false-truffle fungi apparently elim- 
inated most competition by other mycorrhizal fungi, al- 
though not all; the hydrophilic C. geophilum, for exam- 
ple, survived in the mat environment. C. 9eophilum was 
also very often scattered among the hydrophobic mats 
or patches, and together with P. croceum in the Swedish 
forest floor. This unique, hydrophilic ascomycete cer- 
tainly plays its own ecological role among the hydro- 
phobic strands and hyphae. It has been found to with- 
stand drought (Meyer 1987 and references therein) and 
could survive in these mats, often desiccated for 
months during the Oregon summer. Other fungi such as 
fine root pathogens and saprophytes are also possibly 
inhibited (cf. Gadgil and Gadgil 1975), allowing the 
truffle mycelium to control nutrient uptake in the mat. 
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After rain, the densely growing fungus should be 
one of  the first to absorb the ions appear ing f rom any 
temporar i ly  wetted particle or stone surface. It remains 
to be investigated whether  the hyphae are able to reach 
the ions by means other than via the relatively im- 
permeable  hydrophobic  hyphae of  the mat. Are periph- 
eral, "pioneer ing"  hyphae less hydrophobic  (as sug- 
gested by Fig. 6b), thereby serving as the feeder hyphae  
of  the mat?  It  is known that hyphal  propert ies may vary 
during the life cycle in a single fungal mycel ium (Pugh 
and Boddy 1988). The moist  leaf or rock would provide 
a physical interphase suitable for such variat ion to ex- 
ist, conducting water  (and nutrients) without being 
"f looded".  

The dense part  of  a mycorrhizal  mat, such as the 
patch suppor ted  by a partially deteriorated alder leaf, 
seems able to expand (Fig. 6) during sufficiently "dry"  
periods and to maintain its new territory when soil is 
again wetted. Debris, such as leaves embedded  in the 
soil, may  provide a suitable environment  for the devel- 
opment  of  such hydrophobic  mats or patches,  e.g. by 
supplying available organic nitrogen, carbon etc. f rom 
the debris and its microflora (Read 1987) and by con- 
ducting water to the entire patch. In turn, a patch (small 
or large) will provide aeration for its own "saprophyt ic"  
activity (cf. Haselwandter  et al. 1990), thereby partially 
explaining mycorrhizal affinity for the "F-horizon".  

The mat  may  develop (as seen in Fig. 6) f rom a sin- 
gle locus and expand by its own hydrophobic  proper ty  
(and other competi t ive capacities) as far as the root can 
support  its activity and constitute a genet or ramnet.  
Thus, water  and litter distribution may  contribute to 
patchiness of  genets and ramnets in forest soil (cf. 
Dahlberg and Stenlid 1991). 

Ectomycorrhiza  were suggested to be most  prevalent  
in climates with periodic drought  (Harley and Smith 
1983). The hydrophobic  tendency discussed in this pa- 
per, the capacity to create air pockets,  and the inhibi- 
tion of  hydrophobic  ectomycorrhiza when temporar i ly  
f looded (Stens t r fm 1990; Unes tam and Stenstr6m 
1989) indicate an adapta t ion to a relatively dry environ- 
ment  and may  be naturally selected to maintain aer- 
ated conditions around the root in the conifer forest 
even during wet periods. Of  course, the lipoid, hydro-  
phobic  fungal surface simultaneously protects the fun- 
gus (as well as the root) against desiccation during 
drought  periods. I noticed that the mycorrhizal  root 
could withstand a far drier soil environment  in the rhi- 
zoscopes than the non-mycorrhizal  root (hydrophilic). 
Furthermore,  Feil et al. (1988) observed that drought  
could not completely  stop mycorrhizal  growth. Mycor-  
rhizal rh izomorphs  translocating water (Duddridge et 
al. 1980; Read et al. 1985) may of  course do so more 
efficiently if the surface is impermeable  to water, i.e. 
hydrophobic .  

From a taxonomic  and ecological point  of  view, it 
may be wise to include the hydrophobici ty  of  a mycor-  
rhizal fungus or fungal communi ty  as a part  of  a com- 
plete description. 
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Note added in proof. The stimulatory effect of red alder leaf litter 
was also found with A. glutinosa litter (N, 3.5% of dry weight), but 
not with Quercus robur (1.4% N) or Populus tremula (1.5% N). 
Consequently, enzymes liberating proteins from tannin com- 
plexes, particularly in the alder leaves, may support the growth of 
the mat-forming forest mycorrhizal species. This activity was ac- 
tually higher among mat-forming mycorrhizal fungi in Oregon 
than among non-mat formers (B. Caldwell, personal communica- 
tion). This can partially explain my results. 
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