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CHAPTER ONE 

Tropical forest conversion to pasture alters species composition of arbuscular 

mycorrhizal fungi 

 

INTRODUCTION 

Forest conversion to pasture is a common land use pattern worldwide 

(FAO 2001).  In the tropics, pastures often become quickly degraded and 

abandoned (Serrão et al. 1993).  These abandoned pastures may serve as 

sites for development of tropical forests.  In order to assess the potential of 

former pasturelands for forest regeneration, the limitations to pasture 

colonization by forest plant species must be characterized (Zimmerman et al. 

2000).  Although some limiting factors have been well-studied (e.g., abiotic 

factors, dispersal; Nepstad et al. 1996, Holl 1999, Guariguata and Ostertag 

2001), changes in belowground biota that may inhibit forest regeneration 

following forest conversion to pasture remain poorly understood (Holl and 

Kappelle 1999). 

Arbuscular mycorrhizal (AM) fungi may be of particular importance to 

establishment of tropical forest tree species in pastures.  Most tropical forest 

trees are thought to require formation of arbuscular mycorrhizas for survival, 

growth and reproduction (Janos 1980a, Read 1991).  Arbuscular mycorrhizas 

enhance uptake of poorly-mobile nutrients, particularly phosphorus (Smith and 

Read 1997), which is considered to be a limiting nutrient for plant growth in 

many tropical soils (Vitousek 1984).  Arbuscular mycorrhizas also increase 

plant tolerance to drought (Auge et al. 2004).  Both water and nutrient 

availability are typically lower in pasture than in forest soils (Buschbacher et al. 



 

 

2 

1988, Montagnini and Sancho 1994, Reiners et al. 1994, Holl 1999; but see 

Jin et al. 2000). 

There are two ways in which forest conversion to pasture could influence 

AM fungi to the detriment of subsequent forest regeneration:  a general decline 

in the abundance of AM fungi that results in less mycorrhiza formation in 

pastures than in forests (Janos 1980b), or a shift in the species composition of 

the AM fungal community toward species that fail to act as effective mutualists 

of forest plant species.  The first step in assessing the potential for AM fungi to 

play a limiting role in forest regeneration in pastures is to determine whether 

the AM fungal communities of tropical forest and pasture differ (Johnson and 

Wedin 1997). 

AM fungi occur as hyphae associated with roots and as spores (Smith 

and Read 1997).  Because hyphae in the field are difficult to quantify and 

cannot be identified readily to species by microscopy, researchers either 

examine spores or assess hyphae indirectly through trap cultures.  In a trap 

culture, hyphae associated with roots in the field are used to inoculate plants 

in the greenhouse under conditions likely to trigger sporulation of AM fungi 

(Brundrett et al. 1996).  The resulting spores can be counted and identified to 

species, to obtain an estimate of the size and species composition of the AM 

fungal community occurring as hyphae in the field. 

Studies using spore counts from field soils have either observed no 

difference in abundance of AM fungi between tropical forest and pasture 

(Johnson and Wedin 1997) or greater spore abundance in pasture (Jasper et 

al. 1991, Allen et al. 1998, Picone 2000).  Fischer et al. (1994), using a dilution 

series of trap cultures, found that the abundance of AM fungi is also higher in 

pastures than in secondary forest.  Both Johnson and Wedin (1997) and 
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Picone (2000) found minor differences in species composition between 

tropical forests and pastures, which they concluded were too small to influence 

forest regeneration.  However, Allen et al. (1998) recovered fifteen AM fungal 

species from dry forest in Mexico and only one species from adjacent pasture. 

This study represents the first, to my knowledge, that uses spore counts 

from both field soils and trap cultures to characterize the AM fungal community 

of tropical forest and pasture.  I specifically addressed:  1) whether there was 

a difference in abundance of AM fungi between tropical forest and adjacent 

pasture; and 2) whether there was a shift in species composition of AM fungi 

between forest and pasture.  I expected that total abundance of AM fungi 

would not differ between forest and pasture, since pasture plant species are 

as likely as forest plant species to act as hosts for AM fungi (Howeler et al. 

1986) and higher root densities in pasture may be offset by higher 

aboveground primary productivity in forest (Reich et al. 2001).  However, I did 

expect to observe a shift in species composition of the AM fungal communities 

between forest and pasture, reflecting both the abiotic differences between 

forest and pasture (e.g. soil pH) and differences in root morphology (Janos 

1980a) and physiology of available plant hosts (Larcher 1995). 

 

SITE DESCRIPTION 

Fieldwork was conducted at pairs of forest and pasture plots at three sites 

<1 km apart in the community of Siete Colinas, Coto Brus, Puntarenas 

Province, Costa Rica at ~850 m of elevation (8°53' N, 82°57' W; Figure 1.1).  

Vegetation was a mosaic of coffee and corn fields, pastures, and small 

(0.5-7 ha) fragments of tropical premontane wet forest (Holdridge Life Zone 

System; Tosi 1969).  Soils are Andepts (Vásquez Morera 1983).  The study  
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Figure 1.1.  Map of lower Siete Colinas, Coto Brus, Costa Rica, with the 

locations of the three pairs of forest (closed circles) and pasture (open circles) 

plots (Site 1 = Cascante, 2 = Delgado, and 3 = Ramírez).  Road from Siete 

Colinas to Fila Pinar is outlined in black; streams and rivers are shown in gray.  

Each contour line indicates a 100 m change in elevation.  Areas shown in 

white are above 900 m; area in dark gray is between 600-700 m.  Insets 

indicate the location of the study area in Central America, and with respect to 

the nearest town (San Vito) and the Panamanian border. 
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Plate 1.1  Pasture-forest edge at one of three study sites in Siete Colinas, 

Coto Brus, Costa Rica (with Evelyn Cascante Arrieta; photo by author). 
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area receives 3000-4000 mm of rainfall yearly, concentrated in a wet season 

from May-December (Coen 1983, Borgella et al. 2001).  Common plant 

species in pastures are two introduced forage grasses, Urochloa decumbens 

and U. ruziziensis, the herbs Ageratum conyzoides, Calea sp., Sida spp. and 

Spermacoce hondurensis, and bracken fern, Pteridium aquilinum.  Common 

trees in the forest fragments include Ardisia revoluta, Lacistema aggregata, 

Matayba sp., Protium sp., Pseudolmedia mollis, Tapirira miriunata, Terminalia 

amazonia, Virola cerifera, and Vochysia ferruginea, with an understory 

dominated by species in the genera Miconia and Psychotria (personal 

observations). 

 

METHODS 

Site selection and history 

I selected sites with abrupt forest-pasture transitions (Plate 1.1) and 

similar land-use histories.  The sites differed somewhat in aspect and 

topography:  the Cascante site was located on a steep, north-facing slope 

adjacent to a stream, the Delgado on a gentle slope facing southwest, and the 

Ramirez site on a steep slope facing northeast.  I established one forest and 

one pasture plot at each site; each plot was ~800 m2.  Forest vegetation at all 

forest plots was mature at the time of Costa Rican settlement of the area (ca. 

1970; Juan Cascante, personal communication; aerial photos).  All forest plots 

were fenced, but were occasionally disturbed by incursions of domestic 

animals, limited extractions of understory plants for household use and cutting 

of timber from treefalls (personal observations).  The pasture sites were 

converted from mature forest to grain crops (rice and corn) in the mid-1970s, 

and after one to several growing seasons were converted to pasture (José 
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Ramírez and Juan Cascante, personal communications).  Although 

periodically cleared with machetes or burned, the pastures have never been 

tilled; they were improved with introduced grass species during the 1980s and 

early 1990s.  Cattle were excluded from the three pasture plots for the duration 

of the study. 

Table 1.1 provides a summary of soil characteristics at the six plots.  

Forest soils experienced smaller diurnal fluctuations in temperature, with much 

lower maximum temperatures, than pasture soils (F1,54 = 0.742, P = 0.3906).  

Forest soils were more acidic than adjacent pasture soils (F1,24 = 8.17, 

P = 0.0087).  Soil moisture and potassium availability did not differ between 

forest and pasture (F1,54 = 406.34, P < 0.0001 and F1,24 = 0.132, P = 0.7199, 

respectively), while both available nitrogen and phosphorus were slightly 

higher in forest than in pasture (F1,12 = 6.46, P = 0.0259 and F1,24 = 2.98, 

P = 0.0974, respectively).  Additional soil nutrient data is provided in Chapter 

Two (Table 2.2). 

Sample collection 

Soil samples were taken at a depth of 0-20 cm at ten randomly selected 

points in each of the six plots during three dry seasons (4-7 April 1997, 24-28 

February 1998, and 30-31 March 1999) and four wet seasons (16-20 August 

1997, 28 August 1998, 15-21 August 1999, and 22-24 July 2000).  Samples 

from within a plot were pooled and mixed, for a total sample volume per plot of 

~6 L.  Each of the 42 pooled samples was divided into two parts, one of which 

was air-dried, transported to Cornell University, and stored at room 

temperature to be used for enumeration and identification of spores from the 

field.  The second portion of the pooled samples was used to establish trap 

cultures.


