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Abstract We compared the abundance, species

richness and diversity of saprobic filamentous micro-

fungi in the forest and in coffee plantation systems

(with different biophysical structures of the vegetation

and agricultural management) and evaluated the

degree of similarity in species composition among

these sites. Soil washing was used to isolate the

saprobic filamentous microfungi. Emerging colonies

were quantified and transferred to tubes with culture

medium and then mounted on semi-permanent slides

for identification under the microscope. From 90

samples and 4,500 inoculated soils particles, 415

species were distinguished. The genera Trichoderma,

Penicillium, Fusarium, Chaetomium and Humicola

were the most frequent in all study sites. The

transformation of the tropical montane cloud forest

in coffee plantation had no significant effect on the

abundance, species richness and diversity of the

saprobic filamentous microfungi. Effects of the bio-

physical structures of the vegetation and the agricul-

tural management of the sites were only detected at the

level of dominant genera (Fusarium, Trichoderma and

Penicillium) and on the evenness. The low degree of

similarity among the six sites suggests the existence of

a high exchange of species.

Keywords Diversity index � Species richness �
Abundance � Coffea arabica L. � Filamentous fungi

Introduction

Coffee is the main exported agricultural product in

Mexico; more than 70 % of the coffee plantations

practice cultivation under shade (Moguel and Toledo

1999). Depending on the species of trees used for

shade, intensity of pesticide and fertilizer use and the

production and diversity of products for consumption,

it is possible to distinguish the following systems in an

order of lower to greater vegetal complexity:

unshaded, shaded monoculture, commercial polycul-

ture, traditional polyculture and rustic coffee systems

(Moguel and Toledo 1996).

Due to the fact that the climatological requirements

of altitude-grown coffee coincide with the distribution

of tropical montane cloud forest in the central region

of Veracruz, a high proportion of this forest area has

been replaced by coffee plantations. This is in spite of

the fact that tropical montane cloud forest covers just

0.8 % of the Mexican national territory, yet hosts

between 10 and 12 % of all the plant species estimated

for the country and is thus considered one of the most

diverse ecosystems in Mexico (Rzedowski 1996).
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Tropical montane cloud forest also provides important

environmental services such as carbon sequestration,

water capture and purification and the control of soil

erosion and river sedimentation, as well as the

landslides and floods that affect large parts of lowland

Mexico (Bruijnzeel and Hamilton 2001).

Due to their geographical location and biophysical

structure, shaded coffee plantations are considered to

be agroecosystems that host an important diversity of

native plants and animals (Manson et al. 2008).

Various studies have shown that, in contrast to other

agricultural uses, the cultivation of shaded coffee,

especially under the rustic management system, acts to

conserve elements of the vegetal structure of the cloud

forest that function as corridors or reserves for various

organisms, such as birds (Tejeda-Cruz and Gordon

2008), ants (Valenzuela-González et al. 2008), bats

(Sosa et al. 2008), amphibians and reptiles (González-

Romero and Murrieta-Galindo 2008), ferns (Mehltr-

eter 2008), vascular epiphytes (Garcı́a-Franco and

Toledo 2008) and saprobic and mycorrhizal fungi

(Heredia and Arias 2008; Arias et al. 2012).

Little is known regarding the composition and

structure of important groups within the soil micro-

scopic communities, such as the microfungi: In the

coffee producing central region of Veracruz state,

there have been various studies of endomycorrhizal

communities (Riess and Sanvito 1985; Trejo et al.

1998; Arias et al. 2012). However, there are fewer

studies of the saprobic microfungi even though these

play an important role in soil food chains, decompo-

sition of plant and animal material (Dighton 2003) and

solubilization of phosphorous (Pandey et al. 2008).

Among the existing studies of the saprobic microfungi

in coffee plantations are those of Siddiqi (1964) and

Velmourougane et al. (2000), in Malawian and Indian,

respectively. In Mexico, Persiani and Maggi (1988)

analyzed the composition and structure of the saprobic

microfungi in the rhizospheres of a greenhouse and

two coffee plantations (unshaded and shaded).

The objectives of this study were to: (a) determine

whether the biophysical structure of the vegetation and

agricultural management of the different regional coffee

plantation systems influence the composition, diversity

and abundance of the communities of saprobic filamen-

tous microfungi in the soil, and (b) determine the degree

of similarity among these communities in the coffee

plantation systems and those of the tropical montane

cloud forest.

Materials and methods

This study formed part of a project entitled ‘‘An

interdisciplinary study of the biodiversity conserva-

tion and environmental services of the tropical mon-

tane cloud forest in a management intensity gradient of

coffee cultivation in central Veracruz’’ (SEMARNAT/

2002-CO1-0194).

Study area

The study took place in the Coatepec-Huatusco area of

central Veracruz state, Mexico (elevation 1,300–2,200 m

asl). Annual mean temperature in the area ranges from 12

to 19 �C and typically there are three defined seasons: one

relatively dry and temperate from October to March

(season of cold northerly fronts ‘‘nortes’’), another dry

and warm from April to May and one humid and warm

from June to October (Williams-Linera 1997).

The soils in all the coffee plantations included in the

study correspond to andic Acrisols while those of the

forest are umbric Andisols. In both cases, the surface

horizons of the soil present similar edaphogenetic

properties, enabling the comparison of edaphogenetic

characteristics between the coffee plantations and the

studied area of tropical montane cloud forest (Geissert

and Ibáñez 2008).

The coffee plantations and the area of cloud forest

form part of the study sites chosen for the project

described previously. Together, they represent the

main coffee plantation systems practiced in the region

(Table 1). The area of tropical montane cloud forest is

located within the private reserve known as ‘‘Las

Cañadas’’ in the municipality of Huatusco, where the

structure and composition of vegetal elements typical

of tropical montane cloud forest are conserved.

Sampling design

For each of the six sites, three surveys were carried out

(May 2004, and May and September 2005). In each

site, five sampling points were chosen, each 50 m apart

from the others in order to ensure their independence.

To avoid edge effects, the distance between sampling

points and the nearest road was 100 m. In the coffee

plantations and forest, the center of each sampling

point was a coffee plant and a tree, respectively. From

these central points, two 1 m perpendicular axes were
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marked. At the ends of each axis, a 100 g sample of soil

was taken from a depth of 0–10 cm. In the laboratory,

the four soil samples per sampling point were mixed to

obtain a compound sample. The soil was dried at

ambient temperature and stored at 5 �C until process-

ing for isolation of fungi. In total, 90 compound

samples were analyzed (6 sampling sites 9 5 sampling

points 9 3 samples).

Isolation, quantifications and identification

of saprobic filamentous microfungi

For the detection and isolation of the microfungi, a soil

particle filtration technique was used (Chapter 13,

Bills et al. 2004). In each survey, for each site and

individual sampling point, 50 soil particles were sown

in dichloran rose bengal chloramphenicol agar

(DBRC) in ten Petri dishes (50 particles 9 5

points = 250 particles 9 6 sites = 1,500 particles

per survey 9 3 surveys = total of 4,500 inoculated

particles utilized in the study).

The Petri dishes containing the particles were

incubated for 15 days and all emerging colonies were

quantified and transferred to tubes with the culture

medium potato dextrose agar (PDA) for subsequent

quantification and identification.

For each of the species, semi-permanent prepara-

tions were produced in lactic acid, and identification

was performed using taxonomic keys and specialized

literature (Domsch et al. 1980; Ellis 1971, 1976). To

identify species of the genera Penicillium, Fusarium,

Aspergillus and Trichoderma, we used specialized

methodologies recommended for each genus (Pitt

1991; Booth 1971; Klich and Pitt 1988; Gams and

Bisset 1998). Non-fruiting fungal colonies were

quantified and classified as sterile mycelia.

Analysis of variables

In each survey, for each of the six sites, we evaluated:

(i) total abundance of colonies; considered as the total

number of colonies isolated from 750 particles of soil

(50 particles 9 5 sampling points = 250 9 3 sur-

veys = 750 particles per site), (ii) relative abundance

of each species (RA %); calculated by dividing the

number of colonies of a given species by the total

number of isolated communities for a given site, and

multiplying by 100, (iii) frequency of occurrence (Fro

%); the number of sampling dates on which a given

species was isolated divided by the total number of

sampling dates, multiplied by 100, (iv) species rich-

ness (S); obtained by quantification of the total number

of species present in each site, (v) species diversity;

using Shannon Wiener (H0) index, which considers

both the species richness and the uniformity of

distribution of the number of individuals of each

species, calculated using the formula: H0 = -R ((ni/n)

ln (ni)) where ni = number of individuals of species i

and n = number of all the individuals of all species,

and (vi) evenness; obtained by dividing the Shannon

diversity index by the logarithm of the number of taxa.

These analyses were conducted using the program Past

(version 1.84). With the objective of determining

dominance patterns, Whittaker (abundance–domi-

nance) curves were produced for each site, plotting

the total abundance of each species against the range

of species (ordered from highest to lowest abundance).

In order to detect differences in the abundance,

richness and diversity of species among the sites, one-

way analysis of variance was conducted (In each

survey, 15 replicates were utilized per site for abun-

dance and five replicates per site for richness and

diversity). When the effects of the factors were shown

to be significant by the ANOVA, paired Tukey HSD

post hoc tests were performed. These analyses were

conducted using the program Statistica (version 5.5).

Similarity in species composition between sites was

evaluated using Sørensen (presence–absence data) and

Bray Curtis (abundance data) indices; in the latter, a

cluster analysis was conducted and a dendrogram

generated showing the affinity of the sites based on

species composition. These analyses were conducted

using the PAST software (version 1.84).

A simple linear regression was used to determine

the relationship of the abundance, species richness and

diversity (dependent variables) with the physicochem-

ical properties of the soil (data from Geissert e Ibañez

2008), the index of the biophysical structure of the

vegetation and the index of agricultural management

(independent variables).

Results

Taxonomic composition

A total of 415 species were distinguished from the 90

analyzed samples and 4,500 inoculated soil particles in

924 Agroforest Syst (2014) 88:921–933
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culture media. Of these, 186 were identified to species

level, 61 to genus level and 31 to group level, while the

remaining 137 (33 %) were classed as sterile mycelia

(Online Resource 1). The genera most abundant

genera in each site were: Penicillium (24 species),

Humicola (17), Fusarium (14), Trichoderma (13),

Chaetomium (12) and Paecilomyces (7) (Fig. 1). The

cultures were deposited in a culture collection in

Micromycetes Laboratories, Instituto de Ecologia

A.C.

Total abundance, relative abundance, dominance

and frequency of occurrence of the saprobic

filamentous microfungi

The total abundance of colonies varied from 277 to

359; the highest value corresponded to the unshaded

monoculture system and the lowest to the tropical

montane cloud forest. Statistical analysis showed that

there were no significant differences in total abun-

dance among sites (Table 2). The relative abundance
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Fig. 1 Species richness of

genera most common

isolated of study sites. UMO

unshaded monoculture

system, SSL shaded simple

system, SCP shaded

commercial polyculture

system, STP shaded

traditional polyculture

system, STR shaded

traditional rustic system,

FOREST tropical montane

cloud forest

Table 2 Abundance total�a (number of colonies isolated from 750 soil particles), species richness� (S), diversity� (Shannon index

H0) and evenness of saprobic filamentous microfungi in the study sites

Study sites Abundance Species richness (S) Diversity (H0) Evenness

Total Mean ± se Total Mean ± se Total Mean ± se Total

UMO 359 23.93 ± 2.76a 121 39.59 ± 3.84a 4.16 3.37 ± 0.09a 0.86

SSL 344 22.93 ± 3.12a 130 41.20 ± 1.90a 4.29 3.07 ± 0.04a 0.88

SCP 270 17.93 ± 8.52a 118 34.0 ± 2.91a 4.36 3.33 ± 0.11a 0.91

STP 331 22.06 ± 12.24a 124 39.20 ± 4.88a 4.3 3.39 ± 0.11a 0.89

STR 334 22.26 ± 12.84a 126 36.20 ± 2.74a 4.09 3.25 ± 0.07a 0.84

FOREST 277 18.46 ± 10.19a 131 36.20 ± 4.07a 4.55 3.40 ± 0.11a 0.93

Abundance total (Number of colonies isolated from 750 soils particles)

UMO unshaded monoculture system, SSL shaded simple system, SCP shaded commercial polyculture system, STP shaded traditional

polyculture system, STR shaded traditional rustic system, FOREST tropical montane cloud forest, se standard error
�a Average of fifteen replicates by pooling data from three samples. se standard error
� Average of five replicates formed by pooling data from three samples

Shared superscripts (a, b) by study sites indicate no significant differences between them
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of the species ranged from 0.4 to 16.7 % (Online

Resource 1). A high percentage of the species

(approximately 97 %) presented values \5 % when-

ever they were detected. Species for which relative

abundance values of between 10 and 16.7 % were

found in at least one survey were: Fusarium poae, F.

tricinctum, Trichoderma cremeum and T. koningii.

With the results of the percentage of frequency of

occurrence (Online Resource 1), the following catego-

ries were established for species: very frequent

(Fro = 100–76 %), frequent (Fro = 75–50 %), occa-

sional (Fro = 49–25 %) and sporadic (Fro = 24–5 %).

Fungi were mainly classed as sporadic species (383

species = 92.1 %), with a low number of species as

occasional (29 = 6.98 %) and very few as frequent

(3 = 0.72 %). No species were classed as very frequent.

The most common species were: F. chlamydosporum,

Paecilomyces lilacinus and T. cremeum, with the former

two species only appearing in the coffee plantation soils.

In terms of species distribution at landscape level,

only Geotrichum candidum, Penicillium implicatum,

Myrmecridium schulzeri var. schulzeri and Tricho-

derma koningii were detected across all the studied

sites in at least one of the three surveys (Online

Resourse 1).

The distribution patterns of abundance–dominance,

or Whittaker plots, of the species were notably similar

among the coffee plantation systems and different in

the forest (Fig. 2; Table 3); while 1–3 dominant

species were clearly distinguishable in the coffee
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Fig. 2 Whittaker plots (Rank/abundance plots) illustrating the

abundance of colonies of the saprobic filamentous microfungi

detected in the study sites. Numerals refer to the list of species in

Table 3. Species are plotted in sequence from highest to lowest

abundance along the X axis. The Y axis represents the total

colony abundance of each specie. Vegetation structure

complexity increases from left to right. UMO unshaded

monoculture system, SSL shaded simple system, SCP shaded

commercial polyculture system, STP shaded traditional poly-

culture system, STR shaded traditional rustic system, FOREST

tropical montane cloud forest
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plantations, no species was found to dominate in the

forest. Moreover, the majority of species in the forest

presented low abundance. A high percentage of the

species detected in the forest were not found in any of

the coffee plantation sites (53 species = 40 %).

The dominant species of the five coffee plantations

were different; in the unshaded monoculture systems,

shaded simple system and shaded commercial poly-

culture system, species of the genus Fusarium (F.

chlamydosporum, F. tricinctum and F. moniliforme,

respectively) dominated, while in the coffee produc-

tion with greater vegetation structure (shaded tradi-

tional polyculture and shaded traditional rustic

systems), the dominant species were of the genus

Trichoderma (T. cremeum and T. koningii).

Richness, diversity and evenness

No significant differences in richness and diversity

were found among the sites. The highest number of

species was found in the tropical montane cloud forest

(131 species) and the lowest in the shaded commercial

polyculture system (118 species) (Table 2). The

Shannon diversity index ranged from 4.09 to 4.55

and again the highest value was in the tropical

montane cloud forest while the lowest corresponded

to the shaded traditional rustic system (Table 2).

Evenness among all the sites was within the range

0.84–0.93; the highest value was found in the tropical

montane cloud forest (Table 2), with a marginal

significant difference (ANOVA F = 2.36, P = 0.05)

compared to the shaded traditional rustic system

(t = P = 0.05).

Similarity in saprobic filamentous microfungi

species composition

According to the Sørensen index, similarity among

sites was low (Table 4). The two polyculture systems

(shaded commercial polyculture system and shaded

traditional polyculture system) presented the highest

similarity, while the lowest value of similarity was

found between the shaded commercial polyculture

system and the tropical montane cloud forest.

Table 3 Abundance total

(number of colonies

isolated from 750 soil

particles) of the saprobic

filamentous microfungi

with the highest abundance

in the study sites

UMO unshaded

monoculture system, SSL

shaded simple system, SCP

shaded commercial

polyculture system, STP

shaded traditional

polyculture system, STR

shaded traditional rustic

system, FOREST tropical

montane cloud forest

Species Key UMO SSL SCP STP STR FOREST

Chaetomium cochlioides Sp27 0 0 8 0 0 0

Cladosporium cladosporioides Sp46 3 4 0 4 1 8

Cylindrocarpon obtusisporum Sp52 19 3 0 0 17 0

Eupenicillium sp. 2. Sp63 15 6 0 0 0 0

Fusarium tricinctum Sp75 6 28 0 0 4 0

Fusarium chlamydosporum Sp67 30 10 8 9 5 0

Fusarium moniliforme Sp70 0 0 1 16 0 0

Fusarium moniliforme f. subglutinans Sp71 0 0 21 18 1 0

Fusarium oxysporum Sp73 2 11 6 0 0 0

Fusarium poae Sp74 27 0 1 1 12 0

Myrmecridium schulzeir var. schulzeri Sp205 3 11 8 4 3 3

Paecilomyces carneus Sp144 0 1 0 4 2 11

Paecilomyces lilacinus Sp147 8 9 8 12 13 0

Pseudeurotium sp. Sp201 3 23 0 0 0 0

Talaromyces flavus Sp219 16 4 0 0 0 0

Talaromyces flavus var. flavus Sp220 16 4 4 13 5 0

Trichoderma cremeum Sp232 6 20 0 24 38 8

Trichoderma koningii Sp234 3 10 9 1 42 1

Trichoderma viride Sp241 1 1 2 15 1 0

Cepa estéril 131 Sp386 0 0 0 0 0 9

Cepa estéril 132 Sp387 0 0 0 0 0 11

Xylarial type 3 Sp400 1 0 10 2 1 0
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Similarity values among the coffee plantation sites

were between 0.16 and 0.24, but ranged from 0.12 to

0.18 between the coffee plantations and the forest

(Table 4). The shaded traditional rustic system and the

shaded traditional polyculture system shared the

greatest number of species with the tropical montane

cloud forest. In the dendrogram (Fig. 3), the mycobi-

ota of the tropical montane cloud forest was grouped in

an independent branch while that of the coffee

plantation sites occupied another clade, which placed

the shaded traditional rustic system together with the

shaded traditional polyculture system and shaded

commercial polyculture system in one group, and

with the two monocultures (shaded simple system and

unshaded monoculture system) in another.

Relationship between the abundance, species

richness and species diversity of saprobic

filamentous microfungi and the physicochemical

properties of the soil, agricultural management

and biophysical structure of the vegetation

No significant relationships were found between the

variables analyzed (indices of agricultural manage-

ment and biophysical structure of the vegetation and

soil physico-chemical properties of soil and the

richness and diversity of the saprobic microfungi in

the study sites. Only a marginal (r = 0.61, P = 0.05)

relationship was detected between the abundance of

colonies and the index of the biophysical structure of

the vegetation (Fig. 4); a higher number of colonies

were present in sites with lower biophysical

structure.

Table 4 Similarity matrix in the composition of saprobic fil-

amentous microfungi calculated by the Sørensen index (above

diagonal) and number of species shared (under diagonal) in the

study sites

Sites UMO SSL SCP STP STR FOREST

UMO 121 0.22 0.18 0.2 0.18 0.14

SSL 46 130 0.16 0.19 0.2 0.15

SCP 37 35 118 0.24 0.2 0.12

STP 42 42 48 124 0.2 0.18

STR 39 43 41 47 126 0.18

FOREST 31 34 28 39 40 131

Numbers in italics indicate the total number of species for each

site. Vegetation structure complexity increases from left to

right

UMO unshaded monoculture system, SSL shaded simple

system, SCP shaded commercial polyculture system, STP

shaded traditional polyculture system, STR shaded traditional

rustic system, FOREST tropical montane cloud forest
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analysis based on the Bray Curtis index. UMO unshaded
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commercial polyculture system, STP shaded traditional poly-
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In the regression analysis at the level of the

dominant genera (Fusarium, Penicillium and Tricho-

derma), however, significant relationships were found

between the abundance and richness of species and the

indices of biophysical structure of the vegetation and

agricultural management of the sites.

For the genus Fusarium, abundance and richness of

species were negatively related to the index of the

biophysical structure of the vegetation (r = 0.91,

P = 0.002 and r = 0.68, P = 0.04, respectively); in

the coffee plantations with vegetation of greater

biophysical structure, lower numbers of colonies and

species of this genus were presented (Fig. 5a and b).

For the genus Penicillium, species richness was related

negatively with the index of agricultural management

(r = 0.76, P = 0.02); the sites with a higher agricul-

tural management index presented lower species

richness (Fig. 6). In contrast, the genus Trichoderma

presented a higher number of species in the coffee

plantations with higher indices of agricultural man-

agement (Fig. 7).

Discussion

In quantitative studies of soil saprobic microfungi, the

number and type of species detected depend to large
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extent on the technique employed (Gams 1992).

Particle filtration, also known as soil washing, has

replaced the practice of suspension planting, a tech-

nique widely applied in recent studies of soil micro-

organisms. Particle filtration favors the growth of the

fungi found as hyphae associated with the soil

particles, and for this reason they are considered to

be in active form in the soil (Bills et al. 2004). With

this technique, the washes eliminate the spores of the

fast growing species and allow the development of

those fungi that require more time for germination.

In common with the majority of the studies of soil

fungi, an important proportion of the isolates did not

present fructification, making their taxonomic identi-

fication impossible by traditional methods. These

isolates must have specific requirements for inducing

sporulation or at least require the presence of natural

substrates. Considering these limiting factors, the

application of molecular techniques would be of great

assistance in identifying the strains. Thus a detailed

morphological description was made of each of the

137 sterile strains, and their abundance was quantified

in each survey. In this way, all of the isolates were

accounted for enabling calculation of the evaluated

parameters.

Composition of the saprobic filamentous

microfungal species

Of the 82 genera distinguished, Penicillium, Humico-

la, Fusarium, Trichoderma, Chaetomium, Paecilomy-

ces and Talaromyces presented the highest species

richness. All of them have been isolated frequently in

agroecosystems, including coffee plantations (Siddiqi

1964; Persiani and Maggi 1988; Velmourougane et al.

2000; Okoth et al. 2007; Belayneh et al. 2010).

In all of the studied coffee plantations, the genera

Fusarium and Trichoderma (Fig. 1) presented the

highest number of species. Both of these genera are

characterized by a considerable competitive sapro-

phytic ability, related to their potential for producing a

large quantity of spores that germinate rapidly and

colonize practically any type of substrate. They also

produce mycotoxins, which gives them a competitive

advantage over other soil microorganisms. Within the

genus Fusarium are phytopathogenic species that

cause root rotting, leaf spotting and death of plants

(‘‘damping off’’) in seedbeds (Agrios 1978). It is

important to note that, despite the presence of these

fungi, there were not major problems with diseases on

the coffee plants in any of the plantations, which leads

us to believe that a balance exists in all the analyzed

soils between the saprobic fungal communities and

parasites that impede their pathological expression.

The genus Trichoderma is also widely distributed

in nature; various studies have confirmed their abun-

dance in Mexican (Persiani and Maggi 1988), Indian

(Velmourougane et al. 2000), Kenyan (Okoth et al.

2007, 2009) and Ethiopian (Belayneh et al. 2010)

coffee plantations. Some Trichoderma species are

used in agriculture, for example T. harzianum, which

has a proven potential as a growth promoter in various

crops including coffee. The species produces sub-

stances that act as catalyzers or accelerators of the

primary meristematic tissues in the young parts of the

plants (Castro and Rivillas 2005). The presence of T.

viride in the coffee plantations is of great significance,

since it has been shown that various strains of this

species have the capacity to accelerate the germination

of coffee (Cupull et al. 2000, 2003), as well as acting

as a biological control of the phytopathogen Rhizoc-

tonia solani, which causes ‘‘damping off’’ in coffee

seedbeds (Rincón 1992; Andreu and Cupull 2000;

Cupull et al. 2003).

Similarly, the presence in the coffee plantations of

Paecilomyces lilacinus, Metarhizium anisopliae and

Pochonia suchalsporia is important, since these

entomopathogenic species are potential agents for

the biological control of the coffee berry borer

(Hypothenemus hampei), a pest that causes significant

losses in coffee production in the region (Vega et al.

2009). Some strains of P. lilacinus and P. suchalsporia

also present activity against gall-forming phytopath-

ogenic nematodes (Kerry and Jaffee 1997).

Colony abundance, species richness, diversity

and evenness

Our results indicate that neither the biophysical

structure of the vegetation nor the agricultural man-

agement of the coffee plantations in the region cause

significant changes to the culturable populations of

saprobic microfungi, in terms of abundance, species

richness and diversity. Similar results were found by

Persiani and Maggi (1988) in two coffee plantations

(unshaded and shaded) in the region. This may be

related to the high capacity of the microfungi to

recover following disturbances (Persiani and Maggi
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1988). The resilience of the soil microfungi could be

related to their high functional plasticity given the fact

that they possess a great biochemical capacity for

degradation of substrates (Taylor et al. 2010). More-

over, these fungi are highly competitive, effective

colonizers, present rapid life cycles and produce

resistant structures (chlamydospores, sclerotia) and

abundant propagules from fragments of mycelium and

from sexual and asexual spores. These characteristics

enable the microfungi to present a dynamic and

efficient response to disturbance events, in terms of

their dispersal and colonization of new environments

(Zak 1992).

Unlike other transitory crops, in which the agricul-

tural practices of leaving land fallow and constantly

removing herbaceous plants can cause a negative

impact on the mycobiota (Wu et al. 2008), the

perennial nature of the coffee crop, together with its

management within agroforestry systems, are factors

that actually favor the maintenance of fungal commu-

nities. Even in the unshaded monoculture, the prolif-

eration of weeds and grasses in the herbaceous stratum

are favorable for saprobe fungi growth.

Differences were only detected between the coffee

plantations and the forest in terms of the evenness and

dominance of species (Fig. 2); while species of the

genera Fusarium and Trichoderma were the most

abundant in the coffee plantations, no species was

found to dominate in the forest, where the genus

Paecilomyces was the most abundant. This result

could be due to the greater diversity of biological

resources in the forest soil because of the presence of

deciduous and perennial species. These species con-

stantly provide the humus with an input of leaves,

branches and fruits thus creating a wide range of

niches for colonization by different types of saprobic

fungi. Similarly, the interactions between the edaphic

meso- and macrofauna are factors that regulate the

fungal communities. In particular, species of the genus

Paecilomyces could be linked with the populations of

arthropods and nematodes that proliferate in the forest

soils because of the high content of organic material

that accumulates in the upper soil horizons.

In spite of the fact that the differences in total

abundance of colonies between the sites were non-

significant, the biophysical structure of the vegetation

and the agricultural management was observed to have

an effect on the abundance of the dominant genera.

Persiani and Maggi (1988) also detected the influence

of management practices on the dominance of partic-

ular groups in two coffee plantations. Linear regres-

sion analysis revealed that there was a higher

abundance of fungal colonies in sites with lower

biophysical structure of the vegetation, (Fig. 4). This

result is closely related to the high proliferation of

certain species of the genus Fusarium in these kinds of

coffee plantations, such as the unshaded monocultures

and the shaded simple system (Fig. 5a). The incidence

of Fusarium species in sites with a higher density of

coffee plants and lower tree coverage could be related

to the rhizosphere environment of the weeds, grasses

and coffee, the root exudates of which favor the

germination of Fusarium chlamydospores (Thornton

1960).

The contrast between the high richness of species of

the genus Trichoderma and the lower number of

Penicillium species in sites with a high index of

agricultural management demonstrates the complexity

of species responses and the need for detailed study of

the autoecology of soil microfungi.

Similarity in species composition of the saprobic

filamentous microfungi

Of the 415 species isolated for this study, 53 were only

present in the forest. These mainly corresponded to

sterile strains and xylarial type mycelia.

The low percentage of similarity among the differ-

ent coffee plantation sites suggests that the manage-

ment practices and the structure of the regional coffee

plantations cause substantial differences in the species

composition of saprobic filamentous microfungi, since

this group of fungi does not exhibit a random

distribution, but typically presents clustering patterns

at very different scales. This type of structure is

governed by a series of factors, including substrate

availability. The dendrogram obtained using the Bray

Curtis index corroborates these results by separating

the forest from the coffee plantations. The results

suggest that, by maintaining a greater similarity to the

biophysical structure of the vegetation in the tropical

montane cloud forest and presenting a high concen-

tration of organic material, the shaded traditional

rustic system has a higher similarity in terms of species

composition compared to the other coffee plantation

systems. The degree of similarity in composition of

the study sites is clearly very low (range 0.12–0.24),

suggesting a high exchange of species at the regional
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level; these results differ from those reported by Arias

et al. (2012) for endomycorrhizal fungi, where there

was no notable loss of the native morphospecies of the

forest (range 0.59–0.85).

Our results lead us to conclude that transformation

of the tropical montane cloud forest in the coffee

plantations of central Veracruz does not cause signif-

icant changes to the abundance, species richness and

community diversity of the soil saprobic filamentous

microfungi. The effects of agricultural management

and the biophysical structure of the vegetation in the

coffee plantations are only detected at the level of the

dominant genera Fusarium, Trichoderma and Peni-

cillium. The low degree of similarity among the six

sites indicates the existence of a high exchange of

species without affecting the diversity and richness of

the microfungal community.

It is important to highlight the fact that this is the

first study to present a detailed ecological analysis of a

community of saprobic fungi in a tropical montane

cloud forest soil. Our results reveal the existence of

high species richness in this ecosystem and, unlike the

communities of saprobic fungi in the coffee planta-

tions, the assembly of species in the forest contains a

more equitative range of species of anamorphs,

ascomycetes and basidiomycetes. With increased

understanding of edaphic fungal community ecology,

it is possible to develop strategies to conserve and use

the native microfungal species in order to contribute to

the organic management of the coffee plantations and

allow producers to get better prices on the interna-

tional market.
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