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Abstract: Plant cover loss due to changes in land use promotes a decrease in spore diversity of arbuscular 
mycorrhizal fungi (AMF), viable mycelium and, therefore, in AMF colonization, this has an influence in com-
munity diversity and, as a consequence, in its recovery. To evaluate different AMF propagules, nine plots in 
a tropical dry forest with secondary vegetation were selected: 0, 1, 7, 10, 14, 18, 22, 25, and 27 years after 
abandonment in Nizanda, Oaxaca, Mexico. The secondary vegetation with different stages of development is a 
consequence of slash and burn agriculture, and posterior abandonment. Soil samples (six per plot) were collected 
and percentage of AMF field colonization, extrarradical mycelium, viable spore density, infectivity and most 
probable number (MPN) of AMF propagules were quantified through a bioassay. Means for field colonization 
ranged between 40 % and 70 %, mean of total mycelium length was 15.7 ± 1.88 mg-1 dry soil, with significant 
differences between plots; however, more than 40 % of extracted mycelium was not viable, between 60 and 
456 spores in 100 g of dry soil were recorded, but more than 64 % showed some kind of damage. Infectivity 
values fluctuated between 20 % and 50 %, while MPN showed a mean value of 85.42 ± 44.17 propagules (100 
g dry soil). We conclude that secondary communities generated by elimination of vegetation with agricultural 
purposes in a dry forest in Nizanda do not show elimination of propagules, probably as a consequence of the 
low input agriculture practices in this area, which may encourage natural regeneration. Rev. Biol. Trop. 56 (1): 
269-277. Epub 2008 March 31.

Key words: arbuscular mycorrhizal fungi (AMF), AMF field colonization, AMF spores density, most probable 
number (MPN), secondary vegetation, tropical dry forest.

In Mexico, the dry forest corresponds to 
60 % of tropical vegetation and shows a high 
degree of deterioration due to an expansion in 
agriculture and cattle raising (Trejo and Dirzo 
2000). The change in land use generates a loss 
in plant diversity, as well as in soil microorgan-
isms (Duponois et al. 2001).

Among soil microorganisms community, 
arbuscular mycorrhizal fungi (AMF) form mutu-
alistic associations with most of the plant species 
(Newsham et al. 1995) and have a functional 
diversity which influences several aspects at 

community level, related to an increase in pro-
ductivity and plant diversity (van der Heijden et 
al. 1998a, Munkvold et al. 2004).

Propagules of AMF (free spores and sporo-
carps in soil, extrarradical mycelium and colo-
nized roots) establish a mycorrhizal association 
when they make contact with potential host spe-
cies roots; propagules availability is influenced 
by environmental conditions (Guadarrama and 
Álvarez-Sánchez 1998), and its dynamics has 
been evaluated through estimation of abun-
dance of spores in soil (Mangan et al. 2004), 
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roots colonization (McGonigle and Miller 
2000), extrarradical mycelium length (Jasper 
et al. 1989a) and, total viable propagules (An 
et al. 1998).

On the other hand, vegetation removal also 
influences AMF propagules activity and avail-
ability (Brundrett and Abbott 1994, Kabir et al. 
1999, Boddington and Dodd 2000 a, b) leading 
to a significant decrease in spores diversity, in 
the amount of viable mycelium and in coloniza-
tion, as well as a loss in infectivity (Allen et al. 
1998, Jasper et al. 1989b). Due to these changes 
the time required for the reestablishment of the 
original vegetation, as well as for diversity and 
productivity recovery will be longer (Cuenca et 
al. 1998, van der Heijden et al. 1998b).

In the Nizanda region, in the state of 
Oaxaca, Mexico, a heterogeneous landscape 
is observed and is characterized by secondary 
vegetation with different degrees of develop-
ment as a consequence of slash and burn agri-
cultural practices and posterior abandonment 
(Hernández X 1959). The land may be used 
for agriculture practice once or several times 
depending on particular characteristics of the 
site (v.g. slope and the location in relation to 
bodies of water), which might affect the AMF 
propagules, as well as the vegetation recovery, 
however, these dynamics has not yet been 
evaluated in Nizanda. 

It is important to consider different types 
of AMF propagules to evaluate soil potential 
inoculum since focusing on only one type can 
give less reliable results; spores, for example, 
are produced in some species as result of envi-
ronmental stress (McGee et al. 1997, Allen et 
al. 1998), as a consequence, high abundance of 
spores does not correlate to high root coloniza-
tion or host benefit (Douds and Miller 1999); 
also, high root colonization does not imply 
a higher effectiveness (Clapperton and Reid 
1992). To evaluate soil potential inoculum in 
secondary vegetation with different degrees of 
development in Nizanda, we have analyzed the 
AMF propagules (colonized roots, mycelium 
length, live spores, infectivity and infective 
propagules) and their densities in plots of dif-
ferent ages.

MATERIALS AND METHODS

Study site: Nizanda is located at 16°39’ 
N and 95°00’ W, in Oaxaca state, Mexico, and 
has an approximated area of 90 km² (Pérez-
García and Meave 2006). Secondary vegetation 
in this region was originated from a tropical 
dry forest subjected to traditional agricultural 
practices of slash-burn with a posterior aban-
donment. The climate is Aw0(w)igw” (García 
1988) with 25 °C of mean temperature and 1 
000 mm of mean annual precipitation. Rains 
occur with a marked seasonality, therefore 
there are two seasons easily observed, the dry 
season, between November and April, and the 
rainy season, from May to October (SSP 1984a, 
b). Rocks from the Mesozoic are dominant, 
particularly metamorphic groups (schists), and 
limestone rocks from the inferior Cretaceous, 
the predominant soil types in the region are 
lithosols and, as secondary soils, haplic phae-
ozems and eutric regosols (SPP 1981). Mimosa 
acantholoba (Humb. & Bonpl. ex Willd) Poir. 
(Leguminosae) is the dominant species in this 
secondary vegetation (Lebrija 2004). 

Soil sampling: nine plots of 900 m² each 
with secondary vegetation were established in 
a 2 km² area of dry forest that has been used 
for agricultural practices with a subsequent 
abandonment. Each plot showed different ages 
since abandonment: one plot with zero years 
(sown and abandoned in the year of this study) 
and plots with 1, 7, 10, 14, 18, 22, 25, 27 years 
of abandonment. At the end of the rainy season 
(October 2004), six soil samples of 2 kg each 
were collected, from the first 15 cm of soil 
depth, cleaning the surface from litter, and then 
samples were dried at room temperature.

Field colonization: fine living roots (less 
than 2 mm in diameter) were separated from 
each soil sample, washed with tap water and 
stained according to Phillips and Hayman 
(1970) method. Permanent slides were elabo-
rated and mycorrhizal colonization was quan-
tified as stated by McGonigle et al. (1990) 
method.
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Extraradical mycelium: six 5 g sub-
samples from each soil sample were weighed, 
roots and rocks were removed and the AMF 
mycelium was separated according to Miller 
and Jastrow (1992) and Brundrett et al. (1994) 
techniques, mycelium was isolated from three 
sub-samples and stained with trypan blue, 
and the rest of them with tetrazolium in order 
to quantify total mycelium length and viable 
mycelium length respectively, using a modifi-
cation of Tennats’ method (Miller and Jastrow 
1992, Brundrett et al. 1994).

Spore density: a 100 g soil sub-sam-
ple was taken from each collected soil sam-
ple to isolate spores by the wet-decanting 
(Gerderman and Nicolson 1963) and flotation 
in gradients of sucrose method (Daniels and 
Skipper 1982, modified by Brundett et al. 
1996). Isolated spores were observed with a 
stereoscopic microscope, their viability was 
estimated, considering their turgidity, color 
and damage, counting was carried out taking 
into account alive, dead and total spores. We 
express density based on 100 g dry soil. 

Infectivity and MPN: two greenhouse 
bioassays were carried out (25 °C and 80 % 
moisture), the first one to estimate infectivity 
and the second one to evaluate the most proba-
ble number of infective propagules (MPN). For 
this, remnant soil from each plot was homog-
enized and a compound sample was obtained, 
and then passed through a 2 mm sieve.

To measure infectivity, 250 g of soil from 
each plot were used in 300 g capacity pot, 
with five replicates and Sorgum vulgarae L. 
seedlings as trap plants, which were previously 
germinated in a sterile substrate, according 
to Jasper et al. (1991). Each pot was watered 
daily and after six weeks, seedlings were har-
vested, roots were stained according to Phillips 
and Hayman (1970) method, and from each 
individual, permanent slides were elaborated 
for quantifying total colonization percentage 
(McGonigle et al. 1990).

To know the infective propagules num-
ber, the most probable number of infective 

propagules (MPN) bioassay was carried out 
(Porter 1979), using a four-fold soil dilution 
series, with five replicates and seven dilutions 
and an undiluted soil. S. vulgare was used as 
trap plant. Plants were watered everyday and 
after six weeks each plant was harvested. Roots 
were trypan blue stained according to Phillips 
and Hayman method (1970), and placed on 
permanent slides with PVLG (polivinilic alco-
hol-lactic acid-glycerine), to observe root colo-
nization with help of a microscope.

Statistical analyses: data of field colo-
nization, infectivity and live mycelium length 
were analyzed with one way ANOVA test. 
Abandonment time of plots was the factor, 
after testing for data normality, while spores 
viability was analyzed with a Kruskal-Wallis 
non parametric test (Zar 1999). The number of 
infective propagules (MPN) was analyzed with 
a likelihood test (Sprott 2000).

RESULTS

Percentages for AMF root field coloniza-
tion were found to be between 40 and 69 % in 
most plots, this value was smaller in the plot 
with 14 years of abandonment (29 %), never-
theless the ANOVA did not show significant 
differences (p>0.05) (Table 1).

Mean of total mycelium length was 15.7 
±1.88 mg-1 dry soil, nevertheless we found 
that only 40 % of the mycelium was viable. 
With respect to the viable mycelium, length 
value was higher in the plot with one year 
of abandonment (8.57 ±0.468 mg-1 dry soil) 
and the lowest value corresponded to the plot 
abandoned for 25 years (2.96 ±9.661 mg-1 dry 
soil). The ANOVA test carried out showed sig-
nificant differences only between these plots 
(p<0.05) (Fig. 1). 

Between 60 and 456 spores were found 
in 100 g of dry soil, in 22 and 27 year old 
plots, but more than 64 % showed some kind 
of damage, ANOVA test did not show sig-
nificant differences (p>0.05). For alive spores, 
plots with 18 and 22 years of abandonment 
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showed between 16 and 18 spores (100 g dry 
soil), while the highest value of 110 spores 
corresponded to the 27 years old plot. Kruskal-
Wallis non parametric test showed significant 
differences for this variable (H=25.384, gl=14, 
p<0.05) (Table 1).

On the other hand, estimated infectivity 
values in the bioassay were found to be close 
to 20 % in the 25 and 27 years old plots, this 
value increased to 50 % in the 18 years old plot. 
ANOVA test showed significant differences 

(p<0.001), 18 years old plot was different from 
the other ones except from the 1 year old aban-
donment plot, while this one was different to 
the 7 and the 25 years old plots (Fig. 2).

In relation to the number of viable 
propagules detected with the MPN method, a 
total mean of 85.42 ±44.17 (100 g dry soil) 
was found, the lowest value was found in the 
plot with 27 years of abandonment (4) and the 
highest propagules number (421) was estimat-
ed in the plot abandoned for 18 years (Fig.  3). 

TABLE 1
Mean values (±SE) of field root colonization (%), viable spores and infective propagules of soils from abandoned 

field in the tropical dry forest in Nizanda, Oaxaca

Time of abandonment 
(years)

Field root colonization 
(%)

Viable spores 
(100g dry soil)

Infective propagules 
(100g dry soil)

0 44.7±4.3 34.0±3.2  37 bcd

1 47.0±8.1 29.1±6.0  14 de

7 56.3±4.4 18.1±2.8  33 cd

10 47.3±11.9 35.5±3.8  19 d

14 29.3±5.3 28.0±9.0  35 cd

18 51.6±4.09 19.1±16.0 421 a

22 39.7±9.3 34.0±10.1  62 bc

25 53.7±11.3 25.1±8.5 144 ab

27 69.3±10.1 23.4±3.6   4 e

Values in same column followed with same letter are not significantly different.

Fig. 1. Mean length of external mycorrhizal hyphae (+SE) from soil samples from abandoned plots in the tropical dry forest 
in Nizanda, Oaxaca. Full bars = total, gray bars = dead, empty bars = alive. Bars marked with (*) differ from each other at 
p< 0.05 (n=21).
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Likelihood test showed five groups, where the 
18 and the 27 years old plots differed most 
from the rest of the plots (Table 1).

DISCUSSION

The results showed the presence of AMF 
propagules in all plots, however there was not 
a clear relationship between the dynamics of 
AMF propagules and the time of abandonment 
of plots. Similar results have been previously 
reported in a tropical rain forest (Zangaro et al. 

2000) and in a semi-evergreen tropical forest 
(Ramos-Zapata et al. 2006). 

Presence of infective AMF propagules 
is important in the regeneration of vegetation 
since it offers benefits to the plants that support 
colonization, which depends on the inoculum 
type (spores, hyphae, colonized roots) and 
their density (McGee et al. 1997) that remains 
viable after disturbance. Boddington and Dodd 
(2000a) have pointed out that soil disturbance 
caused by agricultural activities has a direct 
effect on the availability of propagules, since 
richness and spore density are reduced, as well 

Fig. 2. Mean infectivity (±SE) of soils from abandoned plots in the tropical dry forest in Nizanda, Oaxaca. Bars marked with 
same letters do not differ from each other at p< 0.05 (n=21).
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as the AMF extrarradical mycelium length. In 
contrast, in this study we found that the tradi-
tional agricultural practices in Nizanda do not 
reduce the AMF soil inoculum potential.

Spore density in this study is not related to 
the abandonment age of the sites which coin-
cides with the study reported by Ingham and 
Wilson (1999) and contrasts with data obtained 
by Zangaro et al. (2000). They reported a value 
50 times higher for the number of spores in soils 
from sites under recuperation when compared to 
forest soil; which depends on the plant species 
that established on abandoned sites in the former 
AMF community and on the edaphic conditions. 
It is important to mention that in our study only 
those spores that have the appearance to be 
viable are reported, since it is more important 
to consider only spores that may be able to pro-
mote mycorrhiza formation, which is not taken 
into account in other reports. Less than 50 % of 
the quantified spores in our study were found to 
be viable in the abandoned plots.

In recently abandoned plots, with minor 
plant cover, AMF root field colonization was 
higher, which can be related to light intensity, 
as has been suggested by Gamage et al. (2004), 
who have studied the response of several spe-
cies of Syzigium (Myrtaceae) to this variable 
and have found a high AMF root colonization 
when light amount was increased, suggesting 
that photosynthetic activity increases with a 
higher light intensity and, in consequence, the 
available carbohydrates for AMF development; 
in addition to the formation of lateral roots 
that increase the area for AMF entry points. 
However, we did not find significant differ-
ences between plots; similar results have been 
reported by Richter et al. (2002), who did not 
find differences in the AMF field root coloni-
zation percentages when compared with the 
results obtained between agricultural abandon-
ment sites and grasslands. 

Perturbation created by agricultural prac-
tices breaks the extrarradical mycelium in 
smaller units which may be rising up infec-
tion units, but as time goes by, a reduction 
of their infectivity occurs (Boddington and 
Douds 2000b), this effect can be caused by soil 

compaction (Drew et al. 2003). In this study, 
more than 40 % of the extrarradical myce-
lium was found not to be viable, promoting a 
decrease in AMF infectivity. On the other hand, 
the infectivity bioassay indicated low percent-
ages of AMF root colonization in soils from 
plots with longer times of abandonment, which 
is interpreted as a reduced number of infectiv-
ity propagules in those sites.

Extrarradical mycelium density determines 
the phosphorous uptake from soil, but efficiency 
depends on hyphae distribution and on the fungi 
species, in particular the highest efficiency of 
Acaulospora on Glomus and on Scutellospora 
has been proved (Jackobsen et al. 1992). 
Species identified in these plots (Guadarrama 
et al. 2007) indicated a higher dominance of 
Glomus species than of Acaulospora, although 
it is necessary to know the species composition 
in each plot to have a clear picture of AMF suc-
cession dynamics.

Inoculum potential decreases in the suc-
cessional process, and propagule density in 
abandonment sites tends to increase to the point 
where it then decreases while plant recoloniza-
tion process continues (Richter et al. 2002, 
Zangaro et al. 2000). In early stages of suc-
cession, Zangaro et al. (2000) found a higher 
number of spores and of inoculum potential 
in a tropical rain forest, due to the fact that 
pioneer species are dominant in these stages, 
and they are very efficient in AMF multiplica-
tion, which favors new seedling recruiting. On 
the contrary, plant species from later stages in 
succession are less dependent on AMF, they 
are weak multipliers and this is reflected in a 
low number of propagules in the forest soil. 
Ramos-Zapata et al. (2006) reported a higher 
number of propagules in a cornfield abandoned 
for 10 years originated from semi-evergreen 
tropical forest, when compared with natural 
surrounding vegetation, which could indicate 
that in latter successional stages the adequate 
host species are absent. 

Results obtained in this study coincide 
with those reported by Zangaro et al. (2000) 
and Ramos-Zapata et al. (2006), since the num-
ber of propagules is low in recently abandoned 
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plots, until reaching the highest values in the 18 
years old plot, and afterwards it decreases, and 
in the plots with the longest period of abandon-
ment, the smallest number of propagules was 
detected. Richter et al. (2002) mentioned that 
the soil inoculum potential does not depend 
only in the abandonment age, but also in the 
vegetation involved in the process of recoloni-
zation and on the persistent AMF species that 
are capable of reproducing themselves and col-
onizing new hosts through spores and hyphae 
fragments (Hart and Reader 2004). This is the 
reason why data analysis should involve the 
former AMF identity and their probable effect 
on seedling establishment and development.

In this study, different sources of propagules 
were measured in order to obtain a com-
plete vision of their response to disturbance. 
Apparently the slash-burn agricultural prac-
tices applied in Nizanda do not cause a drastic 
disturbance on the AMF community. There 
probably is a rapid arrival of potential hosts 
during the first years of abandonment and, in 
consequence, the propagule density is high due 
to the incorporation of plants, as weed species, 
which stimulate the production of propagules 
(Jordan et al. 2000). We conclude that tradi-
tional slash-burn agricultural practices (low 
input agriculture) in Nizanda´s tropical dry 
forest does not eliminate AMF propagules and 
in consequence does not affect their dynamics 
which may support the natural plant commu-
nity regeneration.
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RESUMEN

La vegetación secundaria con diferentes grados de 
desarrollo es consecuencia de prácticas agrícolas de roza-
tumba-quema y su posterior abandono. La remoción de 
la vegetación por cambios de uso de suelo promueve una 
disminución en la diversidad de esporas, micelio viable y 
por lo tanto de la colonización de los hongos micorrizóge-
nos arbusculares (HMA), lo cual repercute en la diversidad 
de la comunidad y como consecuencia en su regeneración. 
Para evaluar los propágulos de HMA se seleccionaron 
nueve parcelas con vegetación secundaria con diferentes 
edades de abandono: 0, 1, 7, 10, 14, 18, 22, 25, 27 años, 
en la región de Nizanda, Oaxaca, México. Se recolectaron 
muestras de suelo (seis por parcela) y se cuantificó la colo-
nización de campo, el micelio extrarradical, la densidad de 
esporas viables, así como la infectividad y el número más 
probable de propágulos infectivos (NMP). Los promedios 
de la colonización de campo fueron de 40 a 70 %, el prome-
dio de la longitud de micelio total alcanzó 15.7 ± 1.88 mg-1 
suelo seco con diferencias significativas entre parcelas, 
pero más del 40 % del micelio extraído no fue viable. Se 
encontraron entre 60 y 456 esporas en 100 g de suelo pero 
más del 64 % presentaron algún tipo de daño. Los valores 
de infectividad se encontraron entre 20 % y 50 %, mien-
tras que el NMP presentó un promedio de 85.42 ±44.17 
(100 g de suelo seco). Concluimos que las comunidades 
secundarias generadas por la eliminación de la vegetación 
con fines agrícolas en la selva baja caducifolia en Nizanda 
no presentan eliminación de propágulos, probablemente 
por el bajo impacto de la agricultura, lo cual indica que la 
regeneración natural es posible.

Palabras clave: hongos micorrizógenos arbusculares 
(HMA), colonización de campo, densidad de esporas, 
número más probable, vegetación secundaria, selva tropi-
cal caducifolia.
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