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of root or soil inoculum precludes the ability to control for the negative effects 

of pathogens associated with the host.  In a field study, Hood et al. (2004) 

found that seedling growth was highest at intermediate distances from 

maternal trees, reflecting an apparent trade-off between pathogen density and 

root colonization by AM fungi.  The identity and relative abundance of AM 

fungal species in root or soil inoculum are also difficult to determine. 

With the study of AM fungal spore communities presented in Chapter 

One, I documented a shift in the species composition of AM fungi from forest 

to pasture.  In the field experiment in Chapter Two, I observed higher initial 

root colonization by AM fungi and seedling growth in seedlings of T. amazonia 

inoculated with forest soil relative to seedlings inoculated with pasture soil. 

Because the field experiment used soil inoculum, the benefit of forest soil 

could not necessarily be attributed to AM fungi. 

In this study, I used a growth-chamber experiment with mixed-species AM 

spore inocula derived from natural communities to test whether forest and 

pasture AM fungal communities differ in their benefit to seedlings of the 

neotropical forest tree species Terminalia amazonia (J. F. Gmel.) Exell 

(Combretaceae).  Seedlings were inoculated with one of three AM fungal 

treatments:  1) spores of AM fungi from trap cultures from forest; 2) spores of 

AM fungi from trap cultures from pasture; or 3) spore-free media.  Because I 

used spores as the inoculum, species composition of AM fungi was held 

constant from seedling to seedling within a treatment, each seedling in the 

inocula treatments received similar number of spores, and seedlings only 

differed in their AM fungi.  Seedlings were grown in the growth chamber for six 

months, and then harvested to determine percent root colonization by AM 

fungi, nutrient status, and biomass. 
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I expected that T. amazonia seedlings inoculated with forest AM fungi 

would be more heavily colonized by AM fungi, exhibit improved uptake of 

poorly-mobile nutrients, and grow larger than either seedlings inoculated with 

pasture AM fungi or seedlings receiving no AM fungi.  I anticipated that 

seedlings inoculated with pasture AM fungi would either 1) fail to form 

mycorrhizas, in which case they would not differ in any of the measured 

variables from control plants, or 2) that the seedlings would form fewer or less 

effective mycorrhizas than seedlings inoculated with forest AM fungi, in which 

case pasture AM-inoculated seedlings would show intermediate levels of 

measured variables relative to forest AM-inoculated seedlings and non-

inoculated controls. 

 

MATERIALS AND METHODS 

Trap cultures 

Soil samples were taken at a depth of 0-20 cm at 10 haphazardly-selected 

points in each of three pairs of forest fragments and adjacent pasture sites in 

Siete Colinas, Coto Brus, Costa Rica (8°53' N, 82°57' W) during the dry 

season (February 1998 and April 1999).  Soils at these sites are Andepts 

(Vásquez Morera 1983); sites are described in detail in Chapter One.  To 

create cultures of AM fungi, samples from a single year within a site were 

pooled, mixed with perlite (2:1 v/v), seeded with sorghum-sudangrass 

(Sorghum bicolor (L.) Moench) and grown in 2-L pots for 5 mo under ambient 

conditions in the greenhouse at Las Cruces Biological Station, San Vito, Costa 

Rica.  A control for mycorrhizal contamination was established by seeding a 2-

L pot filled with soil mix free of AM fungi (soil from samples steamed in a 
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pressure-cooker twice at 15 psi (~103 kPa) for 30 min, and mixed 2:1 (v/v) 

with perlite). 

At harvest, roots of the control were cleared for 10 min in 10% KOH (w/v) 

at 90 °C, rinsed in water, acidified for 5 min in 2% HCl, stained with 0.05% 

(w/v) trypan blue in lactoglycerol, and destained in water (protocol modified 

from Phillips and Hayman 1970, Grace and Stribley 1991).  Stained roots were 

examined under a compound microscope at 100× magnification and found to 

be free of colonization by AM fungi.  Each pot was allowed to dry at room 

temperature, and then the root system and associated soil were stored 

undisturbed in a sealed plastic bag at room temperature for ≤17 mo.  Each 

trap culture was mixed thoroughly by hand immediately prior to use in 

inoculum preparation. 

Spore inocula 

Spores produced in trap cultures were extracted by wet-sieving equal 

volumes of all trap cultures from a single vegetation type through 45-µm mesh, 

followed by centrifugation in a 60% sucrose solution (w/v) for 3 min at 2100 

rpm and a water rinse (modified from Daniels 1982).  Viable spores (based on 

color, surface condition and appearance of spore contents) were sorted from 

remaining debris in deionized water under a stereomicroscope and stored on 

moist filter paper at room temperature in the dark for ≤3 d.  A subset of spores 

were mounted in polyvinyl-lacto-glycerol and Melzer's reagent for species 

identification at the International Culture Collection of (Vesicular) Arbuscular 

Mycorrhizal Fungi (INVAM Morton et al. 1993). 

The spore abundance of a given species in each inoculum was 

proportional to its abundance in the trap cultures.  Only AM fungal species with 

sufficient spores for each seedling to receive equivalent inoculum were 
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included.  Both total spore volume and spore number were similar between 

inocula (Table 3.1).  Relative abundances of Acaulospora delicata and A. 

morrowiae were estimated from their known abundances in the trap cultures, 

since their live spores are difficult to distinguish. 

Seedling inoculation 

Seeds were collected during the dry season (April 1999) from four T. 

amazonia trees in Siete Colinas and germinated in soil free of AM fungi 

(Scott's soil mix and medium-grade vermiculite (1:1 v/v) autoclaved twice for 1 

h at 121 ºC) under ambient light at 24 ºC in a greenhouse at Cornell University 

in July 1999.  To provide additional seedlings, a second set of seeds were 

germinated in October 1999.  Four- to five-month-old seedlings were 

transplanted from germination beds to individual 164-mL Ray Leach cone-

tainers (Stuewe & Sons, Corvallis, Oregon, USA).  AM fungal inoculum was 

applied by placing filter paper containing spores in direct contact with the root 

system.  Uninoculated seedlings received filter paper containing no spores.  

An equal number of seedlings were randomly assigned to each treatment from 

each source tree for a total of 14-17 seedlings per AM fungal inoculum type.  

Conetainers were filled with soil mix free of AM fungi.  To create soil mix, soil 

collected from forest and pasture at the field sites in Costa Rica was 

transported to Cornell University, mixed with quartzite sand (1:1:2 v/v/v) to 

improve drainage without altering other soil properties, moistened and 

autoclaved twice for 1 h at 121 °C).  Mix contained 24.5 mg kg-1 available NO3, 

0.4 mg kg-1 available P (Morgan), 57 mg kg-1 K, 18.9 mg kg-1 Fe, 224 mg kg-1 

Al, 201 mg kg-1 Mn, with pH (in H2O ) of 5.83 (Bradfield Soil Testing 

Laboratory, Cornell University, Ithaca, New York, USA).  All seedlings, 

including those that were uninoculated, received spore washings (filtered 


