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Vesicular-arbuscular mycorrhizal inoculum potential 
affects the growth of $tryphnodendron microstachyum seedlings 
in a Costa Rican human tropical lowland 

A b s t r a c t  This study used a plant bioassay to investi- 
gate the vesicular-arbuscular mycorrhizal (VAM) ino- 
culum potential of soil from three vegetation types 
(fern, secondary forest, and grass) in an abandoned 
pasture in the tropical humid lowlands at La Selva, in 
northeastern Costa Rica. Growth, measured as seedling 
height, number of leaves, and total (above- and below- 
ground) biomass, of Stryphnodendron microstachyum 
Poepp. et Endl. (Synon. S. excelsum Harms) seedlings 
was significantly lower when grown in soil inoculum 
from the fern areas than in soil inoculum from the for- 
est and grass areas. However, S. microstachyum seed- 
lings grown in the fern inoculum had significantly 
greater VAM colonization than seedlings grown in the 
forest and grass inoculum. In addition, roots collected 
from a dominant plant species from each of the three 
vegetation types showed that the fern (Nephrolepsis bi- 
serrata) had significantly greater mycorrhizal coloniza- 
tion than the tree (Pentaclethra macroloba (Willd.) 
Kuntze or the grass (Brachiaria spp.). The results of 
this study suggest that differences in mycorrhizal inocu- 
lum potential among vegetation types and its effects on 
seedling growth may have important implications for 
the restoration and management of degraded lands. 

K e y  w o r d s  Inoculum potential �9 Ecosystem 
restoration �9 Stryhphnodendron microstachyum 
Vesicular-arbuscular mycorrhizae 

Introduction 

Vesicular-arbuscular (VA) mycorrhizae play an impor- 
tant role in nutrient cycling, in particular, by facilitating 
plant uptake of phosphorus (Hayman 1983; Bolan 
1991). The close link between nutrient cycling and e c o -  
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logical succession has stimulated interest in the poten- 
tial importance of VA mycorrhizae in ecosystem resto- 
ration and in efforts to influence successional path- 
ways. 

Plant species from different successional communi- 
ties exhibit varying degrees of dependency on VA my- 
corrhizae (Gange et al. 1990) and the capacity to regul- 
ate mycorrhizal colonization of their roots (Ratnayake 
et al. 1978; Koide and Li 1990). Mycorrhizal species 
composition and abundance may also change as succes- 
sion proceeds (Hayman 1983; Hayman and Tavares 
1985; H/3gberg and Piearce 1986). Furthermore, distur- 
bance has been shown to affect the composition and 
function of mycorrhizal populations in the soil environ- 
ment (Moorman and Reeves 1979; Hafeel and Gunatil- 
leke 1988; Evans and Miller 1990; Fairchild and Miller 
1990; Cuenca and Lovera 1991). These observations 
suggest that VA mycorrhizae-plant interactions may 
have an important role in influencing successional proc- 
esses (Janos 1980a, 1985; Allen and Allen 1988; Allen 
et al. 1989; Gange et al. 1990; Perry and Amaranthus 
1990). 

VA mycorrhizal inoculation studies have shown that 
early mycorrhizal colonization may provide a competi- 
tive advantage for plant establishment and growth in 
the field (Reeves et al. 1979; Clarke and Mosse 1981; 
Koske and Polson 1984; Sieverding 1989). Several 
workers have demonstrated positive effects of VA my- 
corrhizal inoculation in the restoration of degraded 
lands in temperate regions (Reeves et al. 1979; Koske 
and Poison 1984; Perry and Amaranthus 1990; Sylvia 
1990). Knowledge about the role of VA mycorrhizae in 
influencing ecosystem response to disturbance and suc- 
cessional pathways can provide important information 
for restoring and managing tropical degraded lands. 

Assessment of mycorrhizal inoculum potential, de- 
fined here as the capacity of mycorrhizal propagules in 
the soil to colonize plant roots, provides a means to in- 
vestigate the role of mycorrhizae in ecosystem proc- 
esses across different habitats or microsites. Differences 
in mycorrhizal inoculum potential across vegetation 
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t ypes  is h y p o t h e s i z e d  to  affect  t he  e s t a b l i s h m e n t  and  
g r o w t h  of  p l an t s  and,  consequen t ly ,  to  have  impl ica -  
t ions  for  the  r e s t o r a t i o n  and  m a n a g e m e n t  o f  t hose  ar-  
eas. 

A b i o a s s a y  was used  to  inves t iga te  the  m y c o r r h i z a l  
i n o c u l u m  p o t e n t i a l  of  soil  ( and  f ine roo t s )  co l l ec t ed  
f rom t h r e e  success iona l  v e g e t a t i o n  t y p e s  (fern,  s econd-  
a ry  fores t ,  and  grass)  and  its effects  on  seed l ing  growth .  
T h e  e x p e r i m e n t  was c o n d u c t e d  in a shade  h o u s e  u n d e r  
c o n t r o l l e d  cond i t i ons  in o r d e r  to  m i n i m i z e  p o t e n t i a l l y  
c o n f o u n d i n g  effects  of  ab io t i c  factors .  Stryphnodendron 
microstachyum P o e p p .  e t  End l .  (Synon.  S. excelsum 
H a r m s ;  "va in i l lo" ) ,  a l eguminous ,  n i t rogen- f ix ing  t r ee  
spec ies  na t ive  to  the  r eg ion  and  c h a r a c t e r i z e d  as an 
ob l iga t e  m y c o t r o p h  ( Janos  1980b),  was u sed  as the  tes t  
p lant .  S. microstachyum has s o i l - a m e l i o r a t i n g  p r o p e r -  
t ies ( M o n t a g n i n i  and  S a n c h o  1990) and  exhib i t s  re la -  
t ive ly  fast  g r o w t h  ( E s p i n o z a  and  B u t t e r f i e l d  1989), sug- 
ges t ing  tha t  it is a su i t ab le  spec ies  for  r e s to r ing  de-  
g r a d e d  t rop i ca l  areas .  

Materials and methods 

Site description 

The study was conducted at the La Selva Biological Research Sta- 
tion of the Organization for Tropical Studies in northeastern Cos- 
ta Rica, located at 10~ 86~ and at 50 m mean elevation. 
The mean annual temperature is 24 ~ C. Mean annual rainfall is 
approximately 4000 mm, with a maximum in July and a minimum 
in March (La Selva weather reports). The soils are derived from 
alluvially deposited volcanic materials (Fluventic Dystropepts), 
and are deep, well drained, and stone free. Soils have low to me- 
dium organic matter content, moderately heavy texture, and are 
generally acid and infertile (Sancho and Mata 1987). 

The 10-ha study site had been converted from forest to grass- 
land in the 1950s, and was grazed until 1980, after which it was 
left to regenerate naturally (Pierce 1992). Within the regeneration 
site, the predominant vegetation type was grass, interspersed with 
patches of fern and approximately 20-year-old secondary forest. 
The dominant species in the fern vegetation were Hypolepsis rep- 
ens and Nephrolepsis biserrata, with few other plant species pres- 
ent. The grass vegetation comprised both native species (Paspa- 
lum fasciculatum, and Cynodon) and introduced species (Bra- 
chiaria, Melinis minutiflora, Panicum maximum). The dominant 
secondary forest species was Pentachlethra macroloba (Willd.) 
Kuntze, with some Piper culebranum, Psidium guajava, and spe- 
cies of the Melastomataceae family, with ferns and tree seedlings 
in the understory. 

Soil analysis 

The soils and VA mycorrhizal propagule abundance within the 
study site were characterized by establishing four 200- to 250-m 
transects. Along each transect, a sampling area representing each 
of the three dominant vegetation types (fern, secondary forest, 
and grass) was selected (4 transects • 3 vegetation types = 12 sam- 
pling areas). At each sampling area, five soil samples were col- 
lected with a trowel from the surface horizon, to an approximate 
depth of 15 cm in March 1991. Sampling was conducted by taking 
one sample from an arbitrarily chosen center point of the sam- 
pling area, and four additional samples approximately 7 m from 
the center in each of the cardinal directions. Soils were air dried 
and passed through a 2-ram sieve prior to analysis. Soils were 

analyzed for phosphorus on soil extracts prepared by mixing 4 g 
of soil with 20 ml of Mehlich's solution and analyzed on a Milton 
Roy Spectronic-501 spectrophotometer (Anderson and Ingram 
1989). Total carbon and total nitrogen content were determined 
by dry combustion using a LECO CHN-600 elemental analyzer. 
The pH was measured on 1 : 2.5 mixtures of soil: deionized water 
with an Orion 701A digital analyzer. Exchangeable cation con- 
centrations (Mg, Ca, K, and A1) were determined on the Mehlich 
extracts using a Thermo Jarrell Ash AtomScan-25 Inductively 
Coupled Plasma Spectrophotometer. 

Mycorrhizal analysis 

From each sampling area, entire root systems of five plants were 
excavated in March 1991 from the dominant plant species within 
each vegetation type: Nephrolepsis biserrata (fern), Pentaclethra 
macroloba (secondary forest) and Brachiaria spp. (grass). The 
roots were cleared with potassium hydroxide and hydrogen pe- 
roxide and stained with 0.05% trypan blue in lactoglycerol solu- 
tion (Kormanik and McGraw 1982). Roots were analyzed for per- 
cent VA mycorrhizal colonization using the +slide method 
(Giovannetti and Mosse 1980), in which 10 1-cm root segments 
were randomly selected from each root sample, and VA mycorr- 
hizal colonization expressed as the percent of root segments colo- 
nized for each root sample. The average percent colonization of 
the five root samples from each sampling area was used for sub- 
sequent analyses. 

Mycorrhizal spores in the soil were quantified using a wet- 
sieving technique (Gerdemann and Nicolson 1963) modified with 
centrifugation. Four soil samples approximately 15 cm deep were 
collected and pooled from each of the sampling areas along the 
four transects to produce four replicate 100-g (air dry weight) 
samples from each vegetation type. Each soil sample was agitated 
with a strong stream of water in a beaker, allowed to settle for 
45 s, and decanted through three sieves (425 txm, 106 ~.m, and 
45 ~m). After repeating this ~prgcedure three times, the 45- 
106 ~m and 106M25 ixm fractions were combined and centrifuged 
with water for 3 min at 3000 rpm, followed by centrifugation with 
a 40% sucrose solution for 1 min at 3000 rpm. The supernatant 
(containing suspended spores) was poured through the 45-~m 
sieve and the spores washed thoroughly to remove the sucrose 
solution. The spores from each soil sample were placed into sepa- 
rate petri dishes, and the dishes coded to allow for blind scoring 
of the samples. The total number of VA mycorrhizal spores in 
each soil sample was determined under a dissecting microscope. 
The average number of spores of the four soil samples from each 
sampling area was used for subsequent analyses. 

Inoculum potential 

In order to assess the inoculum potential of the three dominant 
vegetation types and its influence on plant growth, VA mycorrhi- 
zal root colonization, seedling height and number of leaves, and 
biomass were compared over time for S. microstachyum seedlings 
grown in: (1) nonfumigated soil, which included fine root frag- 
ments, and (2) fumigated soil (described below), which included 
fine root fragments. The soil inoculum was collected to a depth of 
approximately 15 cm from sampling areas outside the experimen- 
tal regeneration site supporting each of the three vegetation types 
in June 1991. The soil and fine roots were mixed thoroughly by 
cutting roots into small pieces and mixing by hand. Soils for the 
fumigated group were treated with methyl bromide gas with 2% 
chloropicrin at a concentration of I kg gas/45 1 soil. Methyl brom- 
ide gas has been used effectively to eliminate viable mycorrhizal 
fungi (Janos 1980b). Transplanting to the nonfumigated soils oc- 
curred within 1 day after the soil and roots were collected from 
the field. Fumigated soils were allowed to stand at least 2 days 
before transplanting occurred to ensure complete volatilization of 
the gas. 



Table 1 The vesicular-arbuscular (VA), mycorrhizal colonization 
(% VAM) of Stryphnodendron microstachyum seedlings grown 
in fern, forest, and grass soil inocula, the VA mycorrhizal coloni- 
zation of dominant plant species collected from the fern (N. biser- 
rata), forest (P. macroloba), and grass (Brachiaria spp.) vegeta- 
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tion, and the number of spores in soil collected from beneath 
these vegetation types. Standard deviation and sample size shown 
in parentheses. Matching lowercase letters indicate no significant 
difference at P-< 0.05 across each row 

Fern Forest Grass 

% VAM in soil inoculum 10.56a (11.6, 18) 0.20b (0.3, 18) 0.18b (0.5, 18) 
% VAM of dominant plant species NephroIepsis biserrata Pentaclethra macroloba Brachiaria spp. 

0.42 a (0.1, 4) 0.10b (0.1, 4) 0.05b (0.1, 4) 
Spores/100 g soil 25.5a (10.0, 4) 16.25a (6.1, 4) 10.25a (10.0, 4) 

S. microstachyum seedlings not colonized by VA mycorrhizae 
were obtained by propagating seedlings from seed in a fumigated 
50: 50 sand: soil mixture in an enclosed shade house. At the age of 
6 weeks, S. microstachyum seedlings of uniform size (approxi- 
mately 7-9 cm in height, with 3-5 leaves) were transplanted to 
plastic cups (approximately 0.35 1) containing either nonfumi- 
gated or fumigated soil from each of the three vegetation types as 
described above. Each soil group contained 30 replicates. The fu- 
migated soils received 100 ml of a microbial suspension prepared 
by soaking soil and roots from each vegetation type overnight in 
water and filtering the solution through a 45-1xm sieve the follow- 
ing day. The filtrate served to replace soil microorganisms elimi- 
nated by fumigation (Janos 1980b). 

Growth analysis 

Seedling height and the number of leaves per seedling were re- 
corded prior to each harvest. Three harvests of 10 seedlings from 
each soil group were conducted 49 days, 103 days, and 160 days 
after the transplant date. Visual observations of the roots verified 
that there had been no restriction of root growth. The roots were 
immediately cut off, rinsed with water, and preserved in individu- 
al bottles with F A A  solution (90 ml 50% ethanol, 5 ml acetic acid, 
and 5 ml formalin). The stems and leaves were dried for 48 h at 
70~ and weighed. 

0.8 

i 
0.4 

'~, 

g 0.,2 

O.C 
Fern Forest Grass 

Vegetation Type 

Fig. 1 Total biomass (above and below ground) of S. microsm- 
chyum seedlings grown in nonfumigated and fumigated soil ino- 
culum collected from beneath fern, forest, and grass vegetation, 
160 days after transplanting. The sample size for each treatment 
group was 6-10 seedlings. Significant differences between treat- 
ment groups are indicated by standard error bars 

Root colonization 

Root colonization of the entire root mass of harvested plants was 
assessed using the grid-line intersect technique (Giovannetti and 
Mosse 1980). After clearing and staining the roots as described 
above, the roots were cut into small pieces and spread evenly in a 
petri dish with a grid of 0.5-inch squares marked on the bottom. 
Petri dishes were coded to allow for blind scoring of the samples. 
The presence of a vesicle with a hyphal attachment was used as 
the criterion for VA mycorrhizal colonization. The percent of the 
total number of root-line intersections that were mycorrhizal was 
determined for each seedling using a MicroZoom II Microscope 
(Cambridge Instruments) at x30-1000 magnification. Roots of 
seedlings grown in the fumigated soils were also scanned under 
the microscope to verify the absence of mycorrhizal colonization. 
Two seedlings from the fumigated soils were contaminated with 
mycorrhizae and were not included in the analyses. After mycor- 
rhizal colonization was scored, the roots were rinsed with distilled 
water on Whatman No. 1 filter paper, dried for 4 days at 70 ~ C, 
and weighed. 

Statistics 

One-way analysis of variance (ANOVA) was performed using 
SYSTAT to determine significant differences at the 95% level 
(SYSTAT 1989, Evanston, Ill.). Data for percent VA mycorrhizal 
colonization of S. microstachyum seedlings and of the dominant 
plant species collected from the field were subjected to arcsin 
transformations. Data on the number of spores in the soil were 
subjected to square-root transformations (Sokal and Rohlf 1981). 
Differences between treatments were confirmed using a Tukey 
test. 

Results 

S. microstachyum seed l ings  g rown  in the  fe rn  soil  had  
s igni f icant ly  g r e a t e r ( P < 0 . 0 1 )  p e r c e n t  V A  m y c o r r h i z a l  
c o l o n i z a t i o n  t han  seed l ings  g rown  in t he  fo res t  or  grass  
soils ( T a b l e  1). S imi lar ly ,  roo t s  co l l ec t ed  f rom the  d o m -  
inan t  p l a n t  spec ies  wi th in  each  v e g e t a t i o n  t ype  in the  
f ie ld  i n d i c a t e d  tha t  fe rn  roo t s  s u p p o r t e d  s igni f icant ly  
g r e a t e r  m y c o r r h i z a l  c o lon i z a t i on  ( P < 0 . 0 1 )  t han  e i the r  
the  s e c o n d a r y  fores t  o r  grass  roots .  In  con t ras t ,  the  
n u m b e r s  of  spo res  p r e s e n t  in the  soils co l l ec t ed  f rom 
b e n e a t h  the  fern,  s e c o n d a r y  fores t ,  and  grass  v e g e t a t i o n  
we re  no t  s igni f icant ly  d i f f e ren t  (P  > 0.05). 

T h e  to t a l  b i o m a s s  ( a bove -  and  b e l o w - g r o u n d )  of  S. 
microstachyum seed l ings  g r o w n  in the  n o n f u m i g a t e d  
fo res t  and  grass  soils was s igni f icant ly  g r e a t e r  ( P  < 0.05) 
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Fig. 2 Height of S. microsta- 
chyum seedlings grown in 
nonfumigated and fumigated 
soils collected from beneath 
fern, forest, and grass vegeta- 
tion 49, 103, and 160 days af- 
ter transplanting. The sample 
size for each treatment group 
was 6-10 seedlings. Significant 
differences between treatment 
groups are indicated by stand- 
ard error bars. Fern, Forest, 
and Grass, indicate nonfumi- 
gated soil inocula; FFern, 
FForest, and FGrass, indicate 
fumigated soil inocula 
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Hg. 3 Number of leaves of 
S. microstachyum seedlings 
grown in nonfumigated and 
fumigated soil inoculum col- 
lected from beneath fern, for- 
est, and grass vegetation 49, 
103, and 160 days after trans- 
planting. The sample size for 
each treatment group was 
6-10 seedlings. Significant dif- 
ferences between treatment 
groups are indicated by stand- 
ard error bars. Fern, Forest, 
and Grass, indicate nonfumi- 
gated soil inocula; FFern, 
FForest, and FGrass, indicate 
fumigated soil inocula 
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N u m b e r  o f  d a y s  a f t er  t r a n s p l a n t  

than that of seedlings grown in the fumigated fern soil 
for all three harvests (Fig. 1). There  was no significant 
difference in the biomass of seedlings grown in the non- 
fumigated forest and grass soils. The  total biomass of S. 
microstachyum seedlings grown in the nonfumigated 
forest and grass soils was significantly greater  ( P <  0.05) 
than the respective seedlings grown in the fumigated 
soils for all three harvests. Seedlings grown in the non- 
fumigated fern soil had significantly greater  ( P <  0.05) 
biomass than seedlings grown in the fumigated fern soil 
in the second and third harvests. There  was no signifi- 
cant difference in the biomass of seedlings grown in the 
fumigated soils among the three vegetation types. 
Roo t : shoo t  ratios, leaf weight ratios and root  weight 
ratios reflected the same trends as the biomass data, 
and are not presented here. 

The height of seedlings grown in the nonfumigated 
fern soil was significantly (P < 0.05) than the height of 
seedlings grown in the nonfumigated forest and grass 
soils in the second and third harvests (Fig. 2). The 
height of seedlings grown in the fumigated fern soil was 
significantly lower than the height of seedlings grown in 
the nonfumigated fern soil for the second harvest, but 
by the third harvest there was no significant difference. 
Seedlings grown in the nonfumigated fern soils had sig- 
nificantly fewer leaves than seedlings grown in the non- 
fumigated forest soil (third harvest) or nonfumigated 
grass soil (first harvest; Fig. 3). Seedlings grown in the 
fumigated soils from all three vegetation types had sig- 
nificantly fewer leaves than seedlings grown in the non- 
fumigated soils by the third harvest. 
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Table 2 Nutrient concentrations in soils collected from beneath fern, secondary forest, and grass vegetation within the regeneration 
site. The sample size for all analyses was 20. Matching lower case letters indicate no significant difference at P_< 0.05 

Nutrient pH 

C N P Ca Mg K A1 
(%) (%) (mg/kg) ( c m o l / k g )  ( c m o l / k g )  ( c m o l / k g )  (cmol/kg) 

Fern 4.4a 0.50a 2.5a 0.41a 0.32a 0.1% 5.8a 46b 
Forest 4.4a 0.47a 1.3a 0.38a 0.42a 0.19a 5.8a 4.7ab 
Grass 4.5 0.48a 1.9a 0.56a 0.66b 0.28a 5.8a 4.8a 

Chemical analysis of the soil samples indicated that 
the concentrations of exchangeable P, Ca, and K and 
total N in the fern, secondary forest, and grass soils 
were not significantly different (P>0.05). Only ex- 
changeable Mg in the grass soils was significantly high- 
er (P<0.05) than the forest and fern soils. The pH for 
the fern soils was significantly lower than the grass soil 
(P < 0.05), but was not significantly different (P > 0.05) 
from the secondary forest soil (Table 2). 

Discussion 

Mycorrhizal propagule abundance, mycorrhizal inocu- 
lum potential, and growth of the test plant S. rnicrosta- 
chyurn were found to vary among soils from the three 
dominant vegetation types within the regeneration site. 
The significantly higher VA mycorrhizal root coloniza- 
tion of S. rnicrostachyum seedlings grown in the fern 
soil as compared to seedlings grown in the forest and 
grass soils suggests that the fern soil has a greater my- 
corrhizal inoculum potential. The significantly lower 
biomass of seedlings grown in the fumigated soil as 
compared to the nonfumigated soils, and the lack of 
significant difference in seedling biomass among the 
three vegetation types for the fumigated soils, suggests 
that growth differences may be related to mycorrhizal 
interactions. However, the consistently poorer growth 
performance of seedlings grown in the fern soil as com- 
pared to seedlings grown in the grass and forest soils 
suggests that the mycorrhizae-plant associations formed 
in the fern soil may be less effective at enhancing plant 
growth than those which formed in the forest or grass 
soils. 

The occurrence of VA mycorrhizae in ferns has 
been extensively documented (Cooper 1976; Iqbal et al. 
1980; Haefeel and Guantilleke 1988; Gemma et al. 
1992). The relatively high inoculum potential of fern 
soil may be a result of the dense rhizomatous mat typ- 
ical of fern vegetation, as the greater surface area for 
contact between the seedling and fern roots could facil- 
itate the transfer of VA mycorrhizal colonization. Ha- 
feel and Gunatilleke (1988) hypothesized that the thick 
root mat of ferns in a Pinus spp. plantation in Sri Lanka 
increased the degree of VA mycorrhizal colonization 
and spore production as compared with the natural for- 
est. The fern soil inoculum potential may be further ac- 

centuated by the greater mycorrhizal propagule abun- 
dance in the form of colonized root fragments observed 
in the fern soil. In addition, the slow rate of root turn- 
over in ferns may have contributed to their high rates 
of mycorrhizal colonization by allowing a build up of 
colonization to occur (D. P. Janos, personal communi- 
cation). 

The relatively low inoculum potential of the grass 
and forest soils may be related to the mycorrhizal de- 
pendency of species within these vegetation types. 
Grasses are commonly facultative mycotrophs (Miller 
1987), and are hypothesized to be the most indepen- 
dent of mycotrophic plants (Baylis 1975), and thus to 
tolerate low fertility in spite of low mycorrhizal coloni- 
zation (Janos 1980a). Mycorrhizal dependency of obli- 
gate plant species is hypothesized to decrease after ma- 
turity (Janos 1980a), possibly accounting for the lower 
mycorrhizal colonization observed in the roots of the 
secondary forest vegetation. 

The inverse relationship between inoculum potential 
and S. rnicrostachyurn seedling growth may reflect dif- 
ferences in the infectivity and effectivity of mycorrhizal 
species among the fern, forest, and grass soils. VA my- 
corrhizal species composition has been hypothesized to 
vary across habitats and microsites (Sieverding 1989; 
Janos 1992). Different mycorrhizal species may also 
vary in their capacity to colonize plant roots (infectivi- 
ty) and to enhance phosphorus uptake or provide other 
benefits to the host plant (effectivity; Hayman 1983). 
Mycorrhizal species in soils supporting fern vegetation 
may be more effective at colonizing plant roots, while 
less effective at enhancing phosphorus uptake, resulting 
in a lower capacity of fern soil inoculum to stimulate 
seedling growth in the initial stages of plant develop- 
ment. In addition, specificity between the mycorrhizal 
species and S. microstachyurn may have contributed to 
the differential seedling growth response if mycorrhizal 
species in the fern vegetation established more benefi- 
cial associations with S. microstachyum than mycorrhi- 
zal species in the grass and forest vegetation (Hayman 
1983; Sieverding 1989). 

Another possible explanation for the different 
growth rates of seedlings grown in the fern, forest, and 
grass soils is the ability of S. microstachyum seedlings to 
regulate mycorrhizal colonization of its roots. S. excel- 
sum is characterized as an obligate mycotroph (Janos 
1980a). Obligate mycotrophs are hypothesized to have 
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a poor  capacity to regulate mycorrhizal colonization of 
their roots (Janos 1985). If S. rnicrostachyum is adapted 
to relatively low VA mycorrhizal inoculum conditions 
in its natural habitat, it may be less able to regulate col- 
onization of its roots, which may allow mycorrhizal col- 
onization to exceed optimum levels for plant growth 
under  the conditions of high inoculum potential  present 
in the fern soils. 

A final factor which may affect seedling growth in 
the fern soil inoculum is allelopathic interactions, a 
phenomenon  which has been documented for several 
fern species and geographic regions (Bohm and Tryon 
1967; Munther  and Fairbrothers 1980; Rice 1984). Phy- 
totoxins leached from dead, standing bracken fronds 
and transferred by the soil medium was found to cause 
herb suppression (Gliessman and Muller 1972, 1978). 
Allelopathic chemicals have been shown to influence 
soil microorganisms (Rovira 1969), and both ecto- and 
endo-mycorrhizae appear  to be sensitive to allelochem- 
icals in litter and soil organic material (Perry and Cho- 
quette 1987). However ,  Pteridiurn aquilinurn (bracken 
fern) did not affect the rate or degree of mycorrhizal 
colonization nor  the foliar phosphorus concentrat ion of 
black cherry seedlings (Horsely 1992). If phytotoxins 
are produced by the fern vegetation, they may in- 
fluence VA mycorrhizal colonization and subsequent 
plant growth, possibly through effects on plant regula- 
tory mechanisms as determined by membrane  permea- 
bility and root  exudation. 

Although rapid VA mycorrhizal colonization of 
roots may be expected to provide a competit ive advan- 
tage to seedlings, the degree of mycorrhizal coloniza- 
tion is not necessarily positively correlated with seed- 
ling growth (Hayman 1983; Saif 1987). It has been sug- 
gested that a growth depression may occur if the costs 
of mycorrhizal colonization to the host plant outweigh 
the benefits provided by the mycorrhizal symbiont 
(Snellgrove et al. 1982; Bethlenfalvay et al. 1983; Koide 
and Elliott 1989). The mycorrhizal associations of seed- 
lings grown in the fern soils may have posed a greater 
photosynthetic  cost to the plant as compared with the 
mycorrhizal associations of seedlings grown in the for- 
est or grass soils, possibly due to the high infectivity 
and low effectivity of VA mycorrhizal species, the ina- 
bility of S. microstachyum seedlings to maintain V A  
mycorrhizal colonization of its roots within the opti- 
mum range for plant growth, or the presence of allelo- 
pathic interactions. However ,  the relatively short dura- 
tion of this experiment  precludes determinat ion of 
whether  the S. microstachyum seedlings may eventually 
benefit  from the symbiosis once sufficient photosyn- 
thetic capacity is established to support  the higher lev- 
els of colonization. 

This study suggests that it may be important  to con- 
sider differences in the VA mycorrhizal inoculum po- 
tential across vegetation types, and its influence on 
plant establishment, growth, and competit ive interac- 
tions, in designing restoration and management  strate- 
gies for degraded areas. In sites where inoculum poten- 

tial is low, reforestation efforts may be facilitated by 
inoculating seedlings with V A  mycorrhizae prior to 
transplanting to the field. However,  for certain plant 
species, such as S. microstachyurn, inoculation does not 
appear  to be necessary, and may even reduce plant 
growth rates during the early stages of establishment. 
Excessively high inoculum potential  in some succes- 
sional communities may require other  measures to en- 
sure successful initial establishment and growth of 
transplanted seedlings, particularly if the VA mycorrhi- 
zae species are relatively ineffective, if plant species 
transplanted to the site are adapted to conditions of 
low mycorrhizal inoculum potential, or if phytotoxins 
interfere with the establishment of plant-mycorrhizal 
associations. 
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