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effect of inoculation with arbuscular mycorrhizae
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Abstract: Inoculation with arbuscular mycorrhizal (AM) fungi has often promoted increased growth of plants
but very little work has been done in the tropics to evaluate the effects of inoculation on the establishment and
development of seedlings in forests. Desmoncus orthacanthos Martius is a scandent palm present both in early
and late succession, and consequentl y can be used in restoration processes. A test was conducted to determine
the effect of AM on the establishment of Desmoncus orthacanthos in tropical forest in the Yucatan Peninsula,
Mexico. Thirty inoculated and 30 non-inoculated seedlings were introduced in two sites of different successional
age, a mature forest and an eight-year old abandoned cornfield (acahual). Survival and growth parameters were
evaluated after 12 months. Leaf area and phosphorus, but not height, were greater in inoculated than non-inocu-
lated plants in the forest but not in the acahual. However, mycorrhizae had a clear effect on plant survival in both
sites, with a threefold increase in survival of inoculated compared with non-inoculated plants bassed on an odds
ratio. The results suggest that inoculation will be important to increase the establishment of this commercially
important palm. Rev. Biol. Trop. 54(1): 65-72. Epub 2006 Mar 31.

Key words: Arbuscular mycorrhizae, tropical palm, seedlings establishment, tropical forest, abandoned corn-

field, acahual.

The establishment of seedlings in the
field is a critical stage in tropical reforestation
and in the success of plantations. Arbuscular
mycorrhizal fungi (AMF) may play an impor-
tant role in successful reforestation, as inocula-
tion of tree seedlings has actually increased the
success of establishment in the field (Mukerji
etal 1991, Allen et al. 2003, 2005). According
to Janos (1980), most tree species of mature
tropical wet forest are obligate mycorrhizal.
However, in oligotrophic environments the
pioneer plants also develop AM colonization,
which is of great importance for their estab-
lishment (Lovera and Cuenca 1996). In well
established or mature vegetation, seedlings
may connect into a pre-existing network of
mycelium of arbuscular mycorrhizae (Simard
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and Durall 2004) that can provide greater
uptake of essential nutrients (Eissenstat and
Newman 1990, Pedersen and Sylvia 199, Zobel
et al. 1997) and phosphorous in tissues (Joner
2000, Fisher and Jayachandran 2002), a greater
resistance to water stress (Augé 2001), protec-
tion against pathogens (Varma 1995) and an
increased competitive advantage over other
seedlings (Grime et al. 1987, Francis and Read
1994, van der Heijden et al. 1998, Guadarrama
et al. 2004).

Given the growing degradation of habitats
in the tropics, it is necessary to evaluate the
role of arbuscular mycorrhizae in the re-intro-
duction and reforestation with seedlings pro-
duced in greenhouses, a topic that has received
relatively little study (Jagpal and Mukerji 1991,
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Fischer et al. 1994, Lovera and Cuenca 1996,
Allen et al. 2003, 2005). The exploitation of
non-timber resources in the wet tropical for-
est located in the Ejido (communally-owned
land) Noh Bec, Quintana Roo, México, has
generated a growing interest in the use of
Desmoncus orthacanthos Martius a palm that
grows in abandoned agricultural fields as well
as mature forests in the Yucatan Peninsula. Due
to the climbing habit of this plant, it produces
long, flexible shoots used in the manufacture
of handcrafts. However, the utilization of this
slow-growing palm will require replanting and
management to avoid depletion of wild stocks.
This may include the use of individuals initi-
ated in the greenhouse with mycorrhizal inocu-
lum to improve establishment.

Although there is a general understanding of
the advantages inoculation with AM provides in
tests with transplants, some studies have reported
cases in which the plant does not respond posi-
tively to inoculation and on occasions may even
have a deleterious effect (Castellano 1996). It
was not clear from existing literature whether D.
orthacanthos would respond positively to inocu-
lation, especially given that it is both a colonizing
species and a plant of mature forests. The aim of
this work is to evaluate the effect of arbuscular
mycorrhizae inoculation on the establishment,
development and survival of D. orthacanthos
seedlings in two sites, a mature forest and an
abandoned comnfield (acahual).

MATERIAL AND METHODS

Plant material: Mature fruits of D.
orthacanthos were collected and seeds were
germinated in humid chambers using sterilized
agrolite as a substrate. Once germinated, the
seedlings were transferred to 500 ml plastic
bags filled with 350 ml of steam-sterilized
soil and with the addition of 50 ml of inocula
depending on the treatment.

Inoculation: For the treatment with

mycorrhizae, 50 ml of soil from the mature for-
est were used for each plant. Soil was collected
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from the surface 20 cm in April. The soil used
as inoculum was sifted through a 2 mm grid
to allow the passage of fine roots colonized
with AMF, spores and extraradical mycelium
distributed in the soil. Soil inoculum was used
because this is appropriate for a field experi-
ment in native soils (Koide and Li 1989), and
has been used successfully previously in sea-
sonal tropical forest (Allen et al. 2003).

The treatment without mycorrhizae was
inoculated with 50 ml of steam-sterilized soil
and a soil filtrate to re-establish the microbiota
of the soil. The soil filtrate was also obtained
from soil taken from forest, which was homog-
enized in distilled water and filtered through
a Whatman 42 filter paper to prevent the pas-
sage of AMF spores (Azcon and Barea 1997);
50 ml of the filtrate were applied to each plastic
growth bag.

Growing conditions: Plants grown in each
treatment were placed randomly in a green-
house for 2 months. When the plants produced
two leaves and reached a height of 10 cm,
they were transplanted to the two field sites,
forest and acahual. Prior to the introduction,
the roots were stained using the bleaching and
staining technique with Trypan blue (Phillips
and Hayman 1970) to determine the percent
of mycorrhizal colonization of the seedlings in
both treatments.

Establishment in the field: In September
2001, 30 seedlings were introduced in each
site (forest and acahual), 15 seedlings inocu-
lated with AMF and 15 seedlings without
inoculation. The mature forest (located at
19°07°28” N and 88°20°25 W), is a medium-
height, sub-perennial forest undisturbed by
human activities for the last 80 — 100 years.
The abandoned cornfield (located at 19°05°54”
N and 8813’30 W), is secondary vegetation,
or acahual, generated from abandoned slash
and burn local agriculture, where the original
vegetation had been burned for the last time
10 years ago, and abandoned from agriculture
eight years ago. The vegetation present in
each of the sites under study shows contrasts
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in composition and average height. Seedlings
were planted randomly near the center of gaps
larger than 3 m diameter, with a 1 m distance
between one mycorrhizal and one non-mycor-
rhizal seedling in each gap.

Parameters evaluated: Root samples
from seedlings were taken from the green-
house prior to transplanting (n =20). Survival
was evaluated 12 months after the introduction
of the seedlings, also values of height and leaf
area was carried out. Samples of the youngest
fully-expanded leaf of each palm were taken
to evaluate the leaf phosphorous concentration
using the technique of digestion in HNO,/
HCIO, (Houba et al. 1988).

Soil analysis: Several soil characteristics
of the forest and abandoned cornfield were
evaluated. Extractable phosphorus was deter-
mined according to Olsen and Dean (1965), and
Kjeldahl semi-micro total nitrogen (Bremmer
1965) as well as pH value in soil solution.

To evaluate the infective capacity of the
soil in both communities, samples were taken
and the mycorrhizal-forming units were deter-
mined using the most probable number test
(MPN) of AM propagules; following a four-
fold soil dilution series (Porter 1979), Sorghum
vulgare L. was used as a trap plant, with four
replicates of each dilution.

Statistical analysis: Values of total
height, leaf area, concentration of leaf P, were
tested using a two way analysis of variance
(ANOVA), in order to compare the effect of
the treatments (with and without AM fungi) in
the sites (forest and acahual). To detect differ-
ences between the values, a Student-Newman-
Keuls multiple comparison test was applied.
The effect of the treatments on survival was
evaluated with a multiple binomial linear
regression analysis and the reason of advan-
tage was calculated (odds ratio) (Zar 1999).
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RESULTS

The chemical and biological characteris-
tics of the soil varied between the two study
sites (Table 1). The number of AMF propagules
was greater in acahual than mature forest, while
extractable P and total N were greater in forest
than acahual. The pH was not different.

TABLE 1
Chemical and biological characteristics
of the soils from the study areas

Soil parameters Forest Acahual
P available ? (mg kg ! soil) 18.80 13.50
Total N” (cmol kg ! soil) 67.75 16.93
Soil pH® 7.3 7.1
Propagules of AMF ¢
(50 mL"! soil) 43 18

a: Olsen P extractable.
b: Semi-micro-Kjeldahl.
¢: Soil solution.

d: MPN (Porter 1979).

The highest value of leaf area in seedlings
was registered in the AM treatment introduced
in the forest. The value of leaf area (Fig. 1) indi-
cates significant differences between the treat-
ments with inoculation (Table 2), with higher
values of leaf area in the seedlings with the
inoculation treatment for both sites. The inter-
action between the inoculation and the site of
establishment was also significantly different.

The acahual site showed the highest values
for seedling height. Significant statistical differ-
ences were found between the areas of establish-
ment, but there was no significant difference
between inoculum treatments (Table 2).

The highest value of tissue P concentration
was found in seedlings inoculated with AM and
introduced in the forest (Figure 2). This was
statistically different from the values found for
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Fig. 1. Average leaf area (+1S.E.) of the seedlings, one
year after introduction in the different environments and
with different treatments. The dark bars represent the treat-
ment with mycorrhizae; the open bars represent treatment
without mycorrhizae. The bars marked with the same letter
show no significant differences (n=8).

TABLE 2
F'values of the ANOVA of the parameters evaluated.
LA= leaf area, H=height, Pt=concentration of leaf P.
(n.s. = not significant, *p<0.05, **p<0.01, ***p<0.001)

Source LA H Pt
of variation (n=8) (n=8) (n=5)
Inoculation 20.64 *** 1.1l ns. 278.3 ***
Site 1.37 n.s. 8.72 %% 152.0 ***
Inoculation x Site 6.50 * 0.29 n.s.  254.8 *#**

the other treatments both for forest and acahual.
The P values showed a statistical interaction for
inoculation and site (Table 2).

The survival of plants introduced to the
field was different depending on the inoculum
treatment, when the odds ratio was calculated,
plants inoculated with AM had a probability
of survival three times higher than the plants
without inoculation (Table 3).

DISCUSSION

The establishment of seedlings is one of
the most important stages for the maintenance
and recovery of populations of plant species
(Eriksson 1989), and establishment has been
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Fig. 2. Average leaf content of phosphorous (+1S.E.) in
the seedlings, one year after introduction in the different
environments and with different treatments. The dark bars
represent the treatment with mycorrhizae; the open bars
represent treatment without mycorrhizae. The bars marked
with the same letter show no significant differences (n=>5).

TABLE 3
Odds ratio calculated for the effect of the sites
and treatments on survival (n = 60)

Parameter  Odds ratio U.p p.e ’ Lf)wgr
limit limit
Sites 0.405 1.359 0.121 0.143
Treatments 3.493 11.995 1.017 0.047

observed in the field for this species (Escalante-
Rebolledo et al. 2004). Competition between
established vegetation and the seedlings in
their proximity is one of the greatest biotic
forces determining the structure of a plant
community (Kytoviita et al. 2003). If we
consider the integration of the seedlings in
an existing network of AM mycelium of rel-
evance, then the study of the establishment
of seedlings inoculated with AM fungi is of
prime interest (Zobel et al. 1997).

According to Mosse and Hayman (1980),
colonization of the roots with AM prior to the
introduction of seedlings to the field provides
the plant with advantages for establishment.
Prior to transplanting seedlings, the inoculum
density should be evaluated to determine the
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relative importance or necessity of inoculation.
According to Gianinazzi et al. (1989), when
high values of infective native propagules are
found in the soil, the process of inoculation is
unnecessary. However, not only the number of
propagules, but also the effectiveness in the
formation of new units of infection must be
taken into consideration (Klironomos and Hart
2002). Furthermore, the colonization process
may take time, and pre-inoculated seedlings
may have an advantage even in soils with high
inoculum density, as was demonstrated by
transplanting inoculated and uninoculated seed-
lings in a seasonal tropical forest (Allen ef al.
2003). Inoculation in the greenhouse ensured
that the seedlings introduced to the field had
colonization before transplanting, providing
them with an advantage over the plants without
inoculation, which was evident in this study in
increased leaf area and survival.

The majority of studies carried out on
inoculation have demonstrated the superiority
of mycorrhizal over non-mycorrhizal plants
in aspects such as greater survival and initial
growth in reforested areas (Mukerji et al.
1991). The results obtained in this study agree
with this, showing increased survival of the
inoculated seedlings introduced in the study
sites. According to the analysis these seedlings
present an advantage three times greater in
comparison with seedlings without inocula-
tion, this coincides with observations made
by Estaun ef al. (1997) and Azcon-Aguilar et
al. (2003) who have confirmed that AM fungi
(AMF) inoculation increases the probability of
establishment in disturbed areas.

The abandoned cornfield is characterized
by a large number of seedlings in contrast to the
low density of seedlings observed in the mature
forest, where a high mortality rate is also
observed as well as consumption of the seed-
lings by herbivores (personal observations).
The effect of inoculation on the rate of survival
for seedlings introduced in the undisturbed
site is evident, which highlights the potentially
important role the association with AMF plays
in the successful establishment of the seed-
lings. It is interesting to note that the effect
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of inoculation on survival can be observed in
an early stage of establishment in this peren-
nial species, which coincides with previous
reports on the positive effect of inoculation
on the establishment of seedlings in the field
(Francis and Read 1994, Pedersen and Sylvia
1996, Varma 1995, Fisher and Jayachandran
2002, Azcon-Aguilar et al. 2003). The analy-
sis of results obtained in this study allow us
to coincide with Siqueira and Saggin-Junior
(2001) to the effect that, in the tropics, the
seedlings must be inoculated with AM prior
to introduction in the field in order to increase
survival and initial growth.

Although mycorrhizal inoculation caused
increased survival in both sites, effects on plant
growth were different. In mature forest mycor-
rhizae promoted increased leaf P, but not in
acahual. Increased P uptake by mycorrhizae has
been noted in other species (Al-Karaki 2002)
including tropical forest trees (Ba et al. 2000,
Whitbeck 2001). However, in another study six
species of tropical forest trees had no increase
in leaf P concentration following inoculation
and transplanting to the field, although they did
have increased height and survival (Allen ef al.
2003). The different responses by D. orthacan-
thos in this study may be related to the different
sites. The forest soil had higher extractable P
and would not be expected to have a greater
response of leaf P to inoculation, but the forest
seedlings also had a greater leaf area. The leaf
area response may be due to greater shading,
as the forest site has taller trees and therefore
more shade than acahual.

The leaf P concentration in seedlings with-
out AM inoculation were different among the
acahual and forest, the value was higher in aca-
hual, this differences may be due the difference
in the number of infective propagules (Table
1) and in the composition of the community
of AM, since the contribution of phosphorous
from the native AM depends on the abundance
of the propagules and on their effectiveness in
the transfers of P from soil to plant (Solaiman
and Abbot 2003). Mature seasonal tropical
forest has a greater diversity of AM spore
species than acahual, and includes a higher
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density of species in the genera Gigaspora and
Scutellospora (Allen et al. 2003). In another
study, plants inoculated with Scutellospora had
less efficient P uptake and lower growth rates
than those with Glomus (Pearson and Jacobson
1993). This is the first work on inoculation and
introduction of a palm species in the Mexican
tropics, it was found that the establishment
in the field of D. orthacanthos seedlings was
favored by AM inoculation. Although after
six monsth mycorrhizal colonization was low
(ca. 5% root colonized, data does not showed),
the results suggest that inoculation prior to
plant introduction to the field is important
to increase survival and growth, and that the
degree of plant response will depend upon the
field site. Other researchers in the tropics have
also shown beneficial responses of inoculated,
transplanted seedlings (Fischer ef al. 1994,
Siqueira and Saggin-Junior 2001, Allen ef al.
2003, 2005), suggesting that inoculation should
be part of a program for the reintroduction of
the useful palm D. orthacanthos to increase its
abundance for future harvesting.
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RESUMEN

La inoculacion con hongos micorrizégenos arbuscula-
res (AM) promueve un incremento en el crecimiento de las
plantas, sin embargo poco trabajo se ha realizado en los tro-
picos para evaluar el efecto de la inoculacion en el proceso
de establecimiento de plantulas. Desmoncus orthacanthos
Martius es una palmera trepadora que se distribuye tanto
en etapas tempranas y tardias de la sucesion, por lo tanto
puede ser empleada en procesos de restauracion. Se realizo
una prueba de establecimiento de D. orthacanthos en una
selva tropical de la peninsula de Yucatan, México. Treinta
plantulas inoculadas y 30 no inoculadas se establecieron en
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dos sitios con diferentes etapas sucesionales: selva madura
y un campo abandonado de maiz (acahual). Después de
12 meses el valor de area foliar y contenido de fosforo
fue mayor en el tratamiento con micorrizas en la selva
pero no en el acahual, sin embargo, el tratamiento con
micorrizas mostré un claro efecto en la supervivencia
de las palmeras en ambos sitios con un incremento tres
veces mayor en la probabilidad de supervivencia de pal-
meras inoculadas comparadas con las no inoculadas de
acuerdo al analisis de razon de disparidad (odds ratio).
La inoculacion podria ser importante para incrementar el
establecimiento de esta palmera.

Palabras clave: Micorriza arbuscular, palmera tropical,
establecimiento de plantulas, selva tropical, cultivo de maiz
abandonado, acahual.
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