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The topsoil as the major store of the propagules 
of vesicular-arbuscular mycorrhizal fungi 
in southeast Australian sandstone soils 
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Abstract. The formation of vesicular-arbuscular my- 
corrhizae (VAM) in intact soil profiles from two sites in 
southeastern Australia were measured at two depths us- 
ing a bioassay grown in intact soil cores. Intact soil 
cores were taken from (1) topsoil (0-15 cm) and (2) sub- 
soil (15-30 cm) four times during 1990. Seeds of Acac ia  
l inifolia (Vent.) Willd. (Mimosaceae) were sown into the 
cores and plants harvested 8 and 12 weeks after sowing. 
For 1990, at both sites and in all seasons, VAM most 
readily developed in the roots of seedlings of A .  l ini folia 
grown in topsoil. Limited VAM occurred in roots grown 
in subsoil cores. Most colonisation of roots by VAM oc- 
curred from cores collected during spring and summer. 
Spore numbers were quantified for each site and depth 
by wet-sieving 100-g samples of air-dried soil and count- 
ing turgid spores containing oil droplets. Three types of 
spores were found in the soils. Few spores were ex- 
tracted from all soils sampled, and for the most abun- 
dant of the spore types at least twice as many spores oc- 
curred in the topsoil than in the subsoil for all seasons 
examined. As most of the propagules that initiate VAM 
infection were observed in the topsoil, disturbances 
which involve the removal and storage of the top 15 cm 
will adversely affected these fungi. 
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Introduction 

The sandstone soils surrounding the Sydney region in 
southeastern Australia are characterised by their poor 
structure and low fertility (Beadle 1954, 1962). Soils 
with poor structure, low to moderate clay content, and 
low levels of essential plant nutrients (especically phos- 
phorus) are typical of a range of ecosystems, e.g. arid 
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(White et al. 1989), semi-aried (McGee 1986), and forest 
soils of southwestern Australia (Jasper et al. 1989a). 
Several studies have shown that vesicular-arbuscular 
mycorrhizal (VAM) infection can significantly improve 
the phosphorus nutrition and yield of plants growing in 
soils of low fertility (Mosse 1973; Harley and Smith 
1983). Bradshaw (1983) proposed that the primary stress 
imposed on seedlings recolonising disturbed areas is a 
lack of nutrients. Disturbance of soil (as a resuk of agri- 
culture and mining practices) has been shown to reduce 
the infectivity of VAM fungi (e.g. Moorman and Reeves 
1979; Parke et al. 1983; Fairchild and Miller 1988; Jas- 
per et al. 1989b, c). Consequently, it has been hypothe- 
sised that if viable VAM inoculum is absent or reduced 
in post-disturbance situations, then the development of 
the recolonising plant community may be limited or re- 
tarded, particularly in soils that have low concentrations 
of essential plant nutrients (Loree and Williams 1987). 

Disturbance normally involves a mixing of the hori- 
zons of the soil profile. Consequently, the vertical distri- 
bution of VAM fungi in the soil profile will determine in 
part the degree to which the VAM fungi are affected by 
the disturbance. This may in turn influence the amount 
of viable VAM inoculum available to initiate infection 
in the recolonising plant species (Schwab and Reeves 
1981). Numerous studies have shown that the upper soil 
profile contains the greatest number of fungal spores, 
and that both the number of spores of each species and 
the number of species decreases with increasing depth 
(e.g. Smith 1978; Mertz et al. 1979; Koide and Mooney 
1987). However, some species of VAM fungi may not 
even produce spores (e.g. Johnson 1977; McGee 1989). 
Consequently, little is known about the distribution of 
VAM fungi in the soil profile despite their demonstrated 
importance in plant establishment and growth. While 
data on the distribution of VAM fungi have been ob- 
tained using spore counts (e.g. Porter 1979; Gemme and 
Koske 1988), infected root fragments (e.g. Powell 1976), 
hyphal tips (e.g. Buchholtz and Motto 1981), and MPN 
(McGee 1989), these techniques do not measure the po- 
tential of soil to initiate VAM infection (e.g. Moorman 
and Reeves 1979; Rives et al. 1980). Since the most im- 
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po r t an t  propagules  of  VAM fungi  in soils are generally 
u n k n o w n  or no t  de termined (Brundret t  1991), a bioas-  
say is considered to give a measure  of the total  infectivi- 
ty of these fungi  (Schwab and  Reeves 1981). 

Soil d is turbance  in the p lan t  communi t i es  under  in- 
vest igat ion usual ly  involves the removal  and  storage of  
the top 15 cm of  the soil profi le.  While  studies investi- 
gat ing the impacts  of topsoil  removal  and  storage on  the 
infectivity of VAM fungi  have been carried out  in West-  
ern Aus t ra l ia  (e.g. Jasper et al. 1988, 1989a, b, c), no 
such studies have been  a t tempted  in  southeas tern  Aus-  
tralia.  Before invest igat ing the impacts  of soil distur- 
bance  on  VAM fungi ,  it was necessary to ident ify where 
in the intact  soil profile V A M  fungi  were most  active. 
This s tudy aimed to: (1) ident i fy  the section of the soil 
profi le  in which V A M  fungi  are most  infective, and  (2) 
investigate the relative impor tance  of  spores as a poten-  
tial source of V A M  infect ion.  

Materials and methods 

Site description 

The southern part of the Hawkesbury Sandstone plateau, located 
90 km south of Sydney and to the west of Wollongong, Australia, 
covers approximately 1200 km 2. The average annual precipitation 
in this region is 1420 ram, with a slight summer predominance in 
distribution. The two study sites examined were located within the 
catchments of the Avon (34~ 150~ and O'Hares 
(34~ 150~ dams. The vegetation of the Avon site is a 
woodland with an overstorey of Eucalyptus haemostoma Sm. and 
E. racemosa Cav. (Myrtaceae) and a shrub understorey compris- 
ing a variety of genera including Acacia, Banks&, Grevillea, lso- 
pogon, and Lomandra. The O'Hares site supported a sclerophyl- 
lous open heath dominated by Angophora hispida (Sm.) Blaxell 
(Myrtaceae) associated with species of Acacia, Leptospermum, 
Banksia, Conospermum, Grevillea, and Persoonia. 

Table 1. Daily temperature ranges (~ in the glasshouse for each 
season 

Season Minimum Maximum 
(mean-+ SEM) (mean +- SEM) 

Autumn 14.9 + 1.8 23.5 + 1.4 
Winter 12.6 + 1.3 19;3 + 0.9 
Spring 16.6 + 1.8 25.3 + 2.2 
Summer 21.0--- 2.0 30.7 + 3.3 

Seeds of Acacia linifolia (Vent.) Willd. (Mimosaceae), a local 
plant known to form VAM associations (Bellgard 1991) were im- 
mersed in boiling water and left until the water had cooled to in- 
crease their germinability (Cavanagh 1987). The seeds were germi- 
nated in bubbling, sterile, deionised water prior to sowing (Jasper 
et al. 1987). Fifteen pre-germinated seeds were sown into each of 
the pots. All pots were watered twice daily with tap water, and no 
additional nutrients were applied. The were placed in a naturally 
lit, outdoor glasshouse for the duration of the bioassay (Table 1). 
To monitor for aerial contamination of VAM fungi in the glass- 
house, 16 pots of river sand were sown with 15 pre-germinated 
seeds of A. linifolia. 

Eight and 12 weeks after sowing, five randomly chosen seed- 
lings were harvested from each of the 16 topsoil, subsoil and con- 
trol pots. Each seedling was carefully extracted from its medium 
and its roots were washed gently in a 0.4~ solution of sodium 
hexametaphosphate, which dispersed any adhering soil. The roots 
of each seedling were fixed in 50~ ethanol solution, cleared and 
stained (Kormanick et al. 1980). Total root length and the portion 
of root colonised by VAM fungi were determined (Ambler and 
Young 1977). The length of root colonised by VAM fungi (VAM 
length) is a composite index, the sum of the lengths of root colon- 
ised by vesicles, arbuscules and internal hyphae (NB. O7o VAM = 
VAM length/root length x 100). 

Sampling and extraction o f  spores 

Physical and chemical analysis o f  soils 

Soil samples were taken from five randomly chosen locations at 
each site. Soil samples were taken from 0-15 cm and 15-30cm, 
placed in plastic bags and transported back to the laboratory. The 
soil was passed through a 2-mm sieve, the pH was measured, and 
the soil air-dried. The following physical and chemical analyses 
were completed O n all soil samples by the Sydney Water Board: (1) 
pH using a water to fresh soil ratio of 2: 1; (2) soil particle size 
distribution using a Bouycos hygrometer (Ball 1986); (3) loss on 
ignition (Allen et al. 1986); (4) total phosphorus using a perchloric 
acid digestion (Hesse 1971); (5) bicarbonate-extractable phospho- 
rus (Colwell 1965); (6) total nitrogen using micro-Kjeldahl diges- 
tion (Hesse 1971); and (7) soluble sodium, calcium, and magne- 
sium using a 1-M ammonium acetate extraction (pH 7.0) at a soil 
to extract ratio of 1:25 (Allen et al. 1974). 

Procedure o f  the V A M  bioassay 

At the start of each season (March 1990, autumn; June 1990, 
winter; September 1990, spring; December 1990, summer), intact 
soil cores were removed from 16 locations chosen at random with- 
in each site. A topsoil (0-15 cm) and a subsoil (15-30 cm) core 
were sequentially removed and placed on gravel in a 20-cm plastic 
pot to prevent soil washing through. 

Soil samples from 0-15 cm and 15-30 cm were collected at a fur- 
ther 25 randomly chosen locations within each of site at the start 
of each season. Spores of VAM fungi were obtained by wet-siev- 
ing and decanting 100-g subsamples of air-dried soil. Turgid 
spores filled with oil droplets were considered viable (McGee 1989) 
and counted microscopically. 

Statistical analys& 

The VAM formation data were analysed using a three factor 
"split-plot" analysis of variance (Cochran and Cox 1957) with 
depths nested within cores, and cores nested within sites. The 
treatment structure was a "season x depth x time" factorial 
structure, with the factor "season" having four levels (i.e. autumn, 
winter, spring and summer), the factor "depth" having two levels 
(i.e. topsoil = 0-15 cm and subsoil = 15-30 cm), and the factor 
"time" having two levels (i.e. 8 weeks and 12 weeks). 

The analyses of the density of VAM spores were carried out 
using a two factor "split-plot" analysis of variance with depths 
nested within cores, which were nested within sites. The treatment 
structure was a "season x depth" factorial with the factor "sea- 
son" having four levels (i.e. autumn, winter, spring and summer), 
and the factor "depth" having two levels (i.e. topsoil = 0-15 cm 
and subsoil = 15-30 cm). 
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Table 2. Physical-chemical analysis of soils from the study sites. Entries given are means + SEM (n = 5). Total P, total phosphorus; Extr P, 
bicarbonate-extractable phosphorus; Total N, total nitrogen; Sol. Na,-Ca,-Mg, soluble sodium, calcium, magnesium, respectively 

Avon O'Hares 

0.15 cm 15-30 cm 0-15 cm 15-30 cm 

Mean SEM Mean SEM Mean SEM Mean SEM 

pH 5.6 0.1 5.7 0.2 5.3 0.1 5.3 0.2 
Gravel (%) 12.6 2.5 9.6 2.2 32.3 3.8 42.0 113.6 
Sand (07o) 61.7 2.0 56.9 3.3 55.0 11.3 42.0 !9.4 
Silt (~ 15.6 2.0 20.8 1.4 6.7 0.7 8.4 13.7 
Clay (070) 10.1 0.5 12.7 0.8 6.0 0.5 7.6 13.7 
Organic matter (070) 10.4 2.1 8.8 0.6 3.1 0.8 2.7 1.2 
Total P (ppm) 30.0 3.2 17.0 3.8 13.0 3.0 14.0 2.5 
Extr P (ppm) 0.7 0.1 0.5 0.0 0.8 0.3 1.2 13.5 
Total N (ppm) 786.0 83.2 512.0 88.3 468.0 131.5 106.0 6.3 
Sol. Na (ppm) 91.0 4.4 92.0 1.2 106.0 15.7 136.0 16.3 
Sol. Ca (ppm) 204.0 17.5 92.0 1.2 160.0 15.7 136.0 16.3 
Sol. Mg (ppm) 139.2 19.9 110.4 22.3 112.8 6.2 151.2 1:5.7 

Results  

Soils 

The soil at the Avon  site had 30 cm of  yellow clayey sub- 
soil overlain by 20 cm of  loamy sand topsoil [Yellow 
Earths (Gn2.21)], while the soil at O 'Hares  was a loose, 
shallow sand of  30 cm with abundant  ironstone overly- 
ing the sandstone surface [Lateritic-Podzolic Soils (Dy 
3.61)] (Hazelton and Tille 1990). Physical and chemical 
properties of  the two soils differed especially with re- 
spect to texture, organic matter  content, and the concen- 
tration of some important  nutrient elements (Table 2). 
Little difference in the physical or chemical composit ion 
was found between the topsoil and the subsoil at either 
site (Table 2). 

Root growth and formation of VAM associations 

No VAM fungi were found on the roots of  the bioassay 
seedings grown in the control pots. Roots were similar 
length in topsoil and subsoil. The trend observed in the 
length of root colonised by VAM fungi (i.e. VAM 
length) and the propor t ion of root  length colonised by 
VAM fungi (i.e. %VAM) were identical. Consequently, 
only the proport ion data are presented. The develop- 
ment  of  VAM infection was greater in the roots of  
plants grown in topsoil than subsoil at both  sites, at 
both sampling dates, and for all seasons (Fig. 1; Table 
3). Limited VAM formed in roots of  plants grown in the 
subsoil cores taken f rom both sites (Fig. 1; Table 3). 
More VAM associations formed in the soil cores sam- 
pled and assayed during spring and summer than during 
au tumn and winter in both sites and at both soil depths 
(Fig. 1; Table 3). 

Spore types and abundance 

Three types of  spores of  VAM fungi were found in  the 
soils of  both sites, but spore numbers were generally 
low. Type I spores were globose, hyaline, 160 ~tm wide 
with a membranous  wall and no hyphal attachment.  
Type II  spores were roughly oblong in shape, brown, 
190 ~m wide, with an ornamented wall and no hyphal 
attachment.  Type I I I  spores were spherical, amber,  90- 
120 ~tm wide, with a thin membranous  wall and no hy- 
phal at tachment.  

Generally, at both sites and in all seasons, more 
spores were found in the topsoil than in the subsoil. 
Type I spores were the most  abundant  and these spores 
were significantly more numerous in topsoil than in sub- 
soil at both  site sand for each season examined (Fig. 2; 
Table 4). Few type II  spores occurred and they were 
evenly distributed through the soil during au tumn and 
summer, but significantly higher numbers were found in 
the topsoil than in the subsoil during spring and winter 
(Fig. 2; Table 4). Type I I I  spores were uncommon (Ta- 
ble 4). 

Discuss ion  

VAM associations formed more readily in seedlings 
grown in topsoil than in subsoil. The difference in VAM 
format ion may be due to differences in the physical/  
chemical properties of  these two soil horizons. Soil 
moisture, temperature (Daniels and Trappe 1980; Parke 
et al. 1983; Abbot t  and Robson 1991), soil pH (Black 
and Tinker 1979), and the concentration of inorganic 
nutrients (Slankis 1974) have been shown to influence 
the growth and development of  VAM fungi. ]However, 
few differences were observed between the physical/  
chemical properties of  the topsoil and subsoil at each of  
the sites. Consequently, the differences in VAM forma-  
tion between topsoil and subsoil indicate that: most  of  
the propagules that  initiate VAM infection in these soils 
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Fig. 1. Proportion of root length colonised by VAM fungi in 8- 
and 12-week-old seedlings growing in intact soil cores taken from 
two soil depths (topsoil ~0-15 cm and subsoil = 15-30 cm) from a 
the Avon and h the O'Hares study sites in southeastern Australia. 
Bars represent the means ( •  SEM) of 16 replicates 
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Fig. 2. Density of a type I and b type II spores at two soil depths 
(topsoil = 0-15 cm, subsoil = 15-30 cm) from two sites in southeas- 
tern Australia. C o l u m n s  represent mean numbers of fungal spores 
(-+ SEM) for 25 random samples taken at the start of each sea- 
son 

Table 3. Details of the analysis carried out on ~ VAM data from 
the Avon and O'Hares sites using a three-factor "split-plot" 
ANOVA with depths nested within cores, which are nested within 
sites. Significant synergistic interactions occurred in all cells. A 
p o s t e r i o r i  comparisons were carried out using the appropriate 
LSD's to identify differences between means. Data given are 
means for five samples taken from each of 16 replicates harvested 
8 and 12 weeks after sowing in each of four seasons. Entries in 
vertical columns followed by the same letter are not significantly 
different as indicated by analysis of variance (LSD=I.1,  
P =  0.01). Entries in horizontal rows followed by the same super- 
scripted number are not significantly different as indicated by 
analysis of variance (LSD = 1.2, P = 0.01). Entries in italics are sig- 
nificantly different from the corresponding season x depth entries 
at 8 weeks as indicated by analysis of variance (LSD=0.9, 
P=O.01) 

Autumn Winter Spring Summer 

8 w e e k s  
0-15 cm 8.8a I 4.8a z 40.7a ~ 42.6a 4 

15-30 cm 2.2b 1 1.9b 1 10.9b 2 12.5b 3 

12 w e e k s  
0-15 cm 1 4 . 9 a  1 9 . 2 a  2 4 1 . 6 a  3 4 1 . 4 a  s 

15-30 cm 5 . 8 b  1 4 . 1 b  2 9 . 1 b  3 9 . 3 b  3 

occur  in the  t op  15 cm o f  soil. However ,  only  11 soil 
pa r a me te r s  were examined  in this s tudy (Table  2). I t  
m a n y  be tha t  some u n m e a s u r e d  fac to r  e.g. toxic  levels 
o f  meta ls  (Gu i ldon  and  T inker  1983; Kos lowsky  and  
Boerner  1989) or  d o r m a n c y  of  spores  (e.g. T o m m e r u p  
1983a) p reven ted  the deve lopmen t  and  spread  o f  infec- 
t ion  o f  V A M  in the  subsoi l  cores.  

The  highest  a m o u n t  o f  V A M  f o r m a t i o n  occur red  
dur ing  spr ing and  summer .  I t  is genera l ly  accepted  tha t  
the  op t ima l  t e m p e r a t u r e  range  for  V A M  growth  is be-  
tween 18 and  24~ (e.g. S lankis  1974; Danie ls  and  
T r a p p e  1980; P a r k e  et al.  1983). In  this exper iment ,  the  
dai ly  range  o f  g lasshouse  t empera tu re s  dur ing  spr ing 
and  summer  co inc ided  with the quo ted  op t ima l  range  
for  V A M  fo rma t ion ,  and  this m a y  expla in  why V A M  
f o r m a t i o n  p e a k e d  dur ing  these seasons.  Dur ing  a u t u m n  
and  winter ,  g lasshouse  t empera tu re s  r anged  be tween  
12.6 and  23.5 ~ Smi th  and  Bowen (1979) observed  tha t  
the  onset  o f  V A M  infec t ion  was de layed  at  low t empera -  
tures ,  suggest ing tha t  V A M  fungal  act ivi ty  is inh ib i ted  
at  low t empera tu res .  T o m m e r u p  (1983b) d e m o n s t r a t e d  
tha t  the  average  ra te  :of hypha l  extens ion o f  selected spe- 
cies o f  V A M  fungi  decreased  at  low t empera tu res .  In  ad-  
d i t ion ,  d i f ferences  occur  be tween  V A M  fungi  in the op-  
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Table 4. Details of the analysis carried out on the density of VAM 
spores of each type from the Avon and O'Hares sites using a two- 
factor "split-plot" ANOVA with depths nested within cores, 
which are nested within sites. Entries given are mean number of 
fungal spores. Twenty five random samples were taken at the start 
at each of the seasons 

Autumn Winter Spring Summer 

Type I a 
0-15 cm 6.46a I 7.02a 2 9.72a 3 9.20a 3 

15-30 cm 1.96b 1 2.08b 1 1.80b I 2.28b 1 

Type H b 

0-15 cm 1.00a ~ 1.24a ~ 2.54a z 1.98a 2 
15-30 cm 1.40a x 0.90a 2 0.96b 2 1.36b 1 

Type I I I  c 

0-15 cm 0.04a ~ 0.08a 1 0.14a 1 0.12a 1 
15-30 cm 0.00a ~ 0.00a ~ 0.10a 1 0.10a x 

a Entries in vertical columns followed by the same letter are not 
significantly different as indicated by analysis of variance 
(LSD = 1.02, P =  0.01). Entries in horizontal rows followed by the 
same superscripted number are not significantly different as indi- 
cated by analysis of variance (LSD = 1.04, P = 0.01) 
b Entries in vertical columns followed by the same letter are not 
significantly different as indicated by analysis of variance 
(LSD = 0.42, P =  0.01). Entries in horizontal rows followed by the 
same superscripted number are not significantly different as indi- 
cated by analysis of variance (LSD = 0.43, P = 0.01) 
~ Entries in vertical columns followed by the same letter are not 
significantly different as indicated by analysis of variance 
(LSD = 0.13, P =  0.01). Entries in horizontal rows followed by the 
same superscripted number are not significantly different as indi- 
cated by analysis of variance (LSD = 0.12, P =  0.01) 

t ima l  and  lower  t e m p e r a t u r e  l imits  for  spore  ge rmina-  
t ion  (e.g. Schenck et al. 1975; T o m m e r u p  1983a, b; 
Danie ls  and  T r a p p e  1980). In  the  cur ren t  s tudy,  there  
appea r s  to  be a pa t t e rn  in the  infec t iv i ty  o f  V A M  fungi  
re la ted  to  seasona l  t empera tu res ,  with h igher  infect iv i ty  
be ing  assoc ia ted  with  the  h igher  t empera tu re s  o f  spr ing 
and  summer .  

The  re la t ive  i m p o r t a n c e  o f  spores ,  o ld  roo ts ,  and  soil  
h y p h a e  as p ropagu te s  a p p a r e n t l y  varies  be tween  species 
o f  V A M  fungi  occur r ing  in the  same site (McGee  1989). 
Since the  mos t  i m p o r t a n t  p ropagu le s  o f  V A M  fungi  in 
H a w k e s b u r y  Sands tone  soils were u n k n o w n ,  the  b ioas -  
say o f  in tac t  soil  cores  descr ibed  above  was used to  
measure  the  to ta l  infec t iv i ty  o f  these fungi .  This assay  
d id  no t  pe rmi t  an eva lua t ion  o f  the  re la t ive  i m p o r t a n c e  
o f  each o f  the  po ten t i a l  p ropagu le s  o f  V A M  fungi  to  in- 
i t ia te  V A M  infec t ion .  The  ver t ical  d i s t r ibu t ion  o f  l iving 
spores  wi th in  the  two soil dep ths  was inves t iga ted  to 
gain  some insight  in to  the  relat ive i m p o r t a n c e  o f  spores  
as a source  o f  i nocu lum.  The  large so i l -borne  spores  o f  
V A M  fungi  a re  cons ide red  by  m a n y  to be the  mos t  im- 
p o r t a n t  type  o f  V A M  inocu lum,  bu t  thei r  number s  are  
o f ten  p o o r l y  co r re l a t ed  with  mycor rh i za l  f o r m a t i o n  in 
soil  (Brundre t t  1991), and  thei r  g e r m i n a t i o n  po ten t i a l  
varies  at  d i f fe ren t  t imes  o f  the  year  (e.g. T o m m e r u p  
1983a; G e m m e  and  Koske  1988). Few viable  spores  were 
f o u n d  in this  s tudy.  Low densi t ies  o f  l iving spores  have  
been f o u n d  in p rev ious  surveys o f  V A M  fungi  spore  
p o p u l a t i o n s  in a range  o f  ecosys tems (e.g. Mosse  and  

Bowen 1968; Read  et al. 1976; A b b o t t  and  R o b s o n  
1977; Janos  1980; G a y  et al.  1982; Visser et al. 1984; 
Brundre t t  and  Kendr i ck  1988; M c G e e  1989). A l t h o u g h  
each spore  po ten t i a l ly  represents  an infect ive uni t ,  their  
low dens i ty  in the soil  p ro f i l e  suggests tha t  mycor rh i za l  
infec t iv i ty  will depend  m o r e  heavi ly  on infect ive mycor -  
rh iza l  roo t s  and  poss ib ly  on  the presence o f  an in tac t  
mycel ia l  ne twork  ( Jasper  et al.  1991). 

Dis tu rbances  involv ing  the r emova l  and  s torage  o f  
the  sur face  layers  o f  the  soil p ro f i l e  have been shown to 
decrease  the  infect iv i ty  o f  V A M  fungi  ( A b b o t t  and  Rob-  
son 1991). In  the  present  s tudy,  V A M  fungi  were de- 
m o n s t r a t e d  to  be mos t  infect ive in the uppe r  layer  o f  the  
in tac t  soil  p rof i le .  Thus ,  the  po ten t i a l  exists for  these 
fungi  to  be adverse ly  a f fec ted  by  topso i l  d i s tu rbance .  I t  
seems r easonab le  to expect  tha t  seedlings recolonis ing  
subsoi l  or  r e tu rned  topso i l  will be forced  to  grow in a 
soil env i ronmen t  with m a r k e d l y  d i f fe ren t  V A M  inocu-  
lure levels to  the  p re -d i s tu rbance  s i tua t ion  (e.g. S tahl  et 
al.  1988). F i e l d - b a s e d  exper iments  examin ing  p lan t  re- 
sponses  to  d i f fe ren t  levels o f  V A M  infec t ion  are  neces- 
sary  to  c lear ly  d e m o n s t r a t e  the func t iona l  s ignif icance 
o f  V A M  in the  revege ta t ion  o f  d i s tu rbed  p l an t  c o m m u -  
nities.  
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