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abandonada. Se evalud, de igual manera, el aporte de la asociacién sobre la toma de
fosforo y produccion de biomasa en plantulas crecidas en invernadero, y se determin6
en un bioensayo de invernadero el indice de dependencia micorricica relativa de D.
orthacanthos. Finalmente se evalud la influencia que tiene la asociacién micorricica
sobre la tasa de supervivencia y éxito en el establecimiento de plantulas inoculadas
con hongos micorrizégenos arbusculares en sitios contrastantes: selva y acahual.

Los resultados reportados pueden ser empleados para desarrollar estrategias que
permitan un uso sostenible de este recurso, sin afectar las poblaciones naturales de D.
orthacanthos y promoviendo una mayor produccién de plantas en poco tiempo. Con el
presente trabajo, se pretende evaluar la relacion micorricica desde un punto de vista
ecofisiolégico en la palmera D. orthacanthos, encaminada a la obtencion de
informacién que permita el establecimiento de plantaciones experimentales, ya que
como se ha mencionado anteriormente la asociacibn micorricica puede,
hipotéticamente, mejorar las condiciones de crecimiento de las plantas, con lo cual se
obtendrian individuos sanos con una talla econémicamente importante en un plazo de
tiempo menor.
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las plantas sobrevivir en diversos ecosistemas naturales, asi como en sistemas
cultivados (Allen 1991, Bethlenfalvay 1992, Allen ef al. 1995). Esta asociacién es
indispensable para el crecimiento y supervivencia de las plantulas en un sistema
tropical (Janos 1980). De acuerdo con el comportamiento nutricional de los
componentes de la asociacion, la definicibn mas apropiada es la consideracion de
ésta asociacion de tipo biotréfica no patégena y duradera (Hodge 2000).

Muchos taxa de hongos estan estrechamente ligados con el desarrollo de las
asociaciones micorricicas, incluyéndose miembros de las clases: Zygomycetes,
Ascomycetes y Basidiomycetes. Las caracteristicas distintivas de todos los hongos
que forman la asociacion micorricica es que se encuentran ampliamente distribuidos
en la mayoria de los suelos, presentan una fuerte dependencia biotréfica hacia sus
plantas hospederas y raramente se encuentra libres como saprobios (Srivastava et al.
1996).

En condiciones naturales, los hongos micorrizbgenos colonizan las raices de
aproximadamente el 90% de las plantas terrestres, siendo el tipo de micorriza
arbuscular el mas comun, presentandose en el 80% de las especies de plantas, entre
las que se encuentran muchas de importancia econémica (Malloch et al. 1980,
Bonfante y Perotto 1995, Gianinazzi-Pearson 1996).

Clasificacion de las asociaciones micorricicas

Desde los trabajos de Frank en 1891 (Allen, 1991) se han realizado esfuerzos para
clasificar los diferentes tipos de asociaciones que se presentan entre fas raices y los
diversos hongos del suelo que promueven la micorrizacién. Inicialmente las micorrizas
se clasificaban en dos tipos dependiendo de la penetracién o ausencia de ésta en las
células corticales de la raiz: ectomicorrizas (fuera) o endomicorrizas (dentro) (Harley y
Smith, 1983).

En afios posteriores, se han realizado diferentes clasificaciones de los diferentes tipos
de micorrizas, sin embargo todas coinciden en agrupar a las micorrizas desde el punto
de vista de penetracion de las paredes celulares: ecto (sin penetracién de las células
corticales), endo (estructuras fingicas en el interior de las células corticales) o

ectendomicorriza (estructuras dentro de las células y formacion de manto) (Allen,
1991).

Una clasificacion mas adecuada de acuerdo con Read (1983) es aquella que
incorpora la descripcion de las micorrizas con el ecosistema en el que se presenta, sin
dejar de lado las plantas hospederas y los hongos que participan en esta. Por lo tanto
la clasificaciébn mas moderna no se basa unicamente en los rasgos morfolégicos de la
colonizacién, ya que se enriquece con la descripcion de las plantas hospederas y los
hongos que las colonizan (cuadro 1).

A pesar de que las asociaciones micorricicas son de diferentes tipos y funciones,
coinciden en estar presentes y formar parte importante de todos los ecosistemas
naturales terrestres y es posible realizar algunas generalizaciones acerca del tipo de
asociacion que se presenta en relacion con la latitud, propiedades del suelo y con el
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Micorriza arbuscular

Los hongos que forman la micorriza arbuscular pertenecen en su totalidad al orden de
los Glomerales, géneros Paraglomus, Archaespora, Glomus, Sclerocystis,
Entrophospora, Acaulospora, Gigaspora y Scutellospora (Schenck 1982, Morton 1990,
Morton y Redecker 2001). Ver cuadro 1.2 para la clasificacion mas reciente publicada.

Cuadro 1.2. Clasificaciéon taxondmica de los hongos micorrizégenos arbusculares
(Tomado de Mort~~ y Redecker 2001).
_CI ASE CIGOMICE r™S
ORueN GLOMERALES

SUBORDEN GLOMINEAE
FAMILIAS:

PARAGLOMACEAE
GENERO: Paraglomus

ARCHAESPORACEAE
GENERO: Archaespora

GLOMACEAE
GENEROQ: Glomus
(Sclerocystis)

ACAULOSPORACEAE
GENEROS: Acaulospora y
Entrophosphora

SUBORDEN
GIGASPORINEAE
FAMILIA:

GIGASPORACEAE
GENERO: Gigaspora y
S~tellospora

De acuerdo a la terminologia actual las micorrizas arbusculares son consideradas
endomicorrizas ya que el hongo endéfito sufre de una morfogénesis en el interior de
las raices de los hospederos desarrollando estructuras intercelulares como hifas intra
e intercelulares, arblsculos (estructuras de intercambio de nutrimentos) y en algunos
casos vesiculas (estructuras de almacenamiento de lipidos) y esporas (Bonfante y
Perotto 1995).
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de areas perturbadas. Esta clasificacion se basa en la evaluacion de variables de
crecimiento de las plantas como respuesta a fa asociacion (Menge et al. 1978,
Plenchette et al. 1983, Bagyaraj et al. 1988, Van Der Heijen et al. 1998), lo que
significa que la produccién de biomasa se interpreta como un reflejo directo del aporte
de los HMA sobre las plantas hospederas.

La informacion hasta ahora recopilada evidencia que el estado no-micorrizado en las
plantas es una excepcion (Marks 1991). Sin embargo existen algunas famiiias de
plantas en la que la mayoria de las especies que la componen pueden no responder
positivamente a la micorrizacién. Desde este punto de vista, se reconoce que algunas
familias como por ejemplo: Amaranthaceae, Caryophyllaceae, Chenopodiaceae,
Cruciferaceae, Cyperaceae y Polygonaceae, poseen especies que son consideradas
como no micorricicas (Allen 1991, Francis y Read 1994), las cuales por lo general se
establecen en sitios perturbados con una gran cantidad de nutrimentos disponibles a
corto plazo en el suelo, con ciclos de vida cortos y con raices finas capaces de
explotar una gran volumen de suelo.

El término “dependencia micorricica ecolégica” se refiere al requerimiento de hongos
por las plantas en substratos con un nivel de fosforo similar al encontrado en el campo
en el que se distribuyen de manera natural (Gemma et al. 2002). Por otro lado, Kiers
et al. (2000) mencionan que en las selvas tropicales existe una complejidad de
interacciones con respecto a la dependencia micorricica de las especies de plantas,
independientemente de las etapas sucesionales a la que pertenezcan los individuos.

Por lo tanto, la dependencia micorricica esta influenciada por la historia de vida de las
plantas hospederas como son el tamaiio de la semilla (Peat y Fitter, 1993, Huante et
al. 1993, Kiers et al. 2000), requerimientos de germinacion, uso eficiente de
nutrimentos y agua, asi como de la demanda de luz (Huante et al. 1993).

El comportamiento de respuesta diferencial de las plantas a la colonizacién por
hongos micorrizégenos, también es observado en plantas cuitivadas sometidas a una
alta concentracion de fertilizantes y plaguicidas, planteandose un efecto sobre el grado
de respuesta de las plantas a la colonizacién micorricica como resultado directo del
manejo de las especies (Koide ef al. 1988; Khalil et al. 1999).

Micorriza arbuscular en los tropicos
A pesar de la evidente importancia de la asociacion micorricica en los trépicos, se
carece de informacién basica que permita comprender de manera completa el papel

de la asociacion en estos ecosistemas tan diversos y con una alta complejidad de
comunidades (Huante et al. 1993).

Probablemente los primeros reportes de micorrizas arbusculares en los trépicos se
realizaron en 1896 por Janse y en 1949 por Johnston (Gianinazzi-Pearson y Diem
1982). Los ecosistemas tropicales maduros presentan ciclajes rapidos de nutrimentos,
los cuales no se encuentran disponibles para ser lixiviados fuera del sistema, por lo
que la asociacién micorricica es importante para tomar los nutrimentos eficientemente
y canalizarlos hacia la planta hospedera (Bhatia et al. 1996).
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Especie de estudio

Desmoncus orthacanthos Martius; descripcién y distribucién.

Desmoncus orthacanthos Mart., Hist. Nat. Pal. 2:87. 1824. Tipo: Brasil, Rio Macuri,
Max. Neuwied (holotipo M; fototipo F!). Figura 1.

Ubicacién taxondmica (Jones 1995)

Orden: Arecales

Familia: Arecaceae

Subfamilia: Arecoideae

Tribu: Cocoeae

Subtribu: Bactridinae

Género: Desmoncus

Especie: D. orthacanthos Martius.

Nombre comin: hanan (maya), bayal, jahuactal, matamba, matambitia, junco, junco
negro. Quero (1992, 1994)

Planta perenne que presenta tallos uniformes en toda su longitud; vainas de 15-20 cm
de largo, muy espinosas, con espinas negras, pequefias de 0.5-3 cm de largo. Hojas
de mas de 2 m de largo, peciolo corto de 3-5 cm de largo; raquis muy espinoso,
ferrugineo-furfuraceo; en la porcion adaxial armado con espinas de diferentes
tamanios, las mayores hasta 2 cm de largo, la porcion abaxial con espinas escasas,
hasta 2.5 cm de largo, la porcién donde se encuentran las pinnas modificadas no
presenta espinas; pinnas mas de 20 pares, las medias de mas de 30 cm de largo por
3-5 cm de ancho; 7-9 pares de pinnas modificadas en espinas que disminuyen de
tamario hacia el apice, las mas largas de 7-12 cm de largo. Inflorescencia con ramas
simples, la espata inferior pequefia de menos de 8 cm de largo, generalmente poco
espinosa o desarmada, la espata superior fusiforme, muy espinosa, 20-40 cm de
largo; pedunculo de la inflorescencia espinoso solo en la base, raquis generaimente
desarmado, con 30-50 raquillas flexuosas. Flores masculinas hasta 10 mm de largo,
céliz con I6bulos angostamente triangulares. Flores femeninas con caliz cupuliforme
de 1 mm de largo; corola tricuspidada de 4 mm de largo. Fruto globoso a subgloboso,
rojizo a purpura de 1-1.5 cm de didmetro, apiculado con los restos de los estigmas
(Quero 1992, 1994) (figura 1.1).

D. orthacanthos presenta habito trepador y crecimiento clonal a través del cual forma
agregados, sus tallos pueden llegar a medir mas de 30 m de longitud, con un diametro
aparente de 8 cm. Generalmente crece en bosques tropicales maduros, donde
produce una cantidad considerable de tallos y potencialmente puede crecer en sitios
perturbados (Orellana et al. 1999a). D. orthacanthos se distribuye en la republica
mexicana en los estados de Veracruz, Tabasco, Oaxaca, Chiapas y en la Peninsula

de Yucatan se encuentra en la parte sur de los estados de Campeche, Quintana Roo y
Yucatan (Quero 1992, 1994) (figura 1.2).
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Figura 1.3. Localizacion de ejido Noh Bec en el estado de Quintana Roo. Tomado y
modificado de Tropical Rural Latinoamericana (1998).

De acuerdo a la divisién fisiografica propuesta por Miranda (1964), el ejido Noh-Bec se
localiza en la subrregion de Planicies del Caribe y del noreste, y se caracteriza por ser
una planice con ondulaciones leves de no mas de 3 metros, la altitud promedio es de
60 metros sobre el nivel del mar, con terrenos bajos inundables que pueden provocar
grandes extensiones donde se forman aguadas como es el caso de la Laguna Noh-
Bec, con una extension aproximada de 12 km de longitud por 8 km de ancho.

El clima es calido subhimedo con un periodo de lluvias en verano y otro periodo corto
de lluvias en febrero y marzo, fa temperatura media anual oscila entre 24 y 26°C, la
precipitacion anual es de 1,200 mm. De acuerdo con la clasificacion climatica de
Képpen modificada por Garcia (1973) el clima es de tipo Aw,(x)i (figura 1.4).

La formacion geolégica de la zona de estudio se origina de la placa calcérea de origen
marino que forma la Peninsula de Yucatén, se caracteriza por poseer niveles
inferiores constituidos por coquinas recubiertas por calizas, originando suelos de
coloracion amarrillo-rojiza, la clasificacion de los suelos del ejido Noh Bec incluye:
rendzinas, luvisoles, vertisoles y gleysoles.
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OBJETIVOS

Objetivo General

Evaluar la respuesta ecofisiologica de Desmoncus orthacanthos Martius a la
asociacion micorricica en sitios con condiciones contrastantes de perturbacion (seiva
madura y milpa abandonada) en una selva tropical mediana en Quintana Roo, México.

Objetivos particulares

e Evaluar el comportamiento estacional y espacial de la asociacién micorricica
en diferentes etapas del crecimiento de la palma D. orthacanthos Martius.

¢ Evaluar el comportamiento estacional y espacial del nimero de propéagulos de
hongos micorrizégenos en el suelo de una selva madura y en una milpa
abandonada.

s Determinar el grado de dependencia de D. orthacanthos a la simbiosis
micorricica.

» Evaluar el efecto de la simbiosis micorricica en el establecimiento, crecimiento
y supervivencia de plantulas de D. orthacanthos introducidas a una selva
madura y a una milpa abandonada.
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dynamics of AM root colonization and spore production of D. orthacanthos in mature and
secondary forest, and to test its dependency on AM in greenhouse conditions.

METHODS

Species of study. Desmoncus orthacanthos is a Neotropical, scandent Arecaceae that is
broadly used for the production of furniture and handcrafts by farmers in regions that
were originally covered with evergreen and semi-evergreen tropical forests from
southern Mexico to Brazil and Bolivia (Henderson et al. 1995). People who use this paim
species prefer to harvest mature individuals with stems more than 30 m in length. D.
orthacanthos can dominate the canopy in some secondary forests, and is recognized by
the production of infructescences composed of red berries that mature from July to
September, and are probably dispersed by birds. Juveniles are frequently found at low
densities in mature forests; but by contrast, their densities are higher in disturbed areas
such as abandoned agriculture, even though predation and sapling mortality may be
intense. Biological and ecological studies of this species are scarce (Orellana et al.
1999, Siebert 2000). Carrillo et al. (2002) have found AM associations in roots of
individuals occurring in both disturbed and undisturbed areas. These were described as
the Magnolioid roots type, as originally classified by Baylis (1975).

Study Area. Field observations and sampling were done at the ejido (communal
farmland) of Noh-Bec which is located in the central-southern portion of Quintana Roo
State, México, between 19 02'30”-19 12'30”"and 88 13'30”-88 27'30". The climate
is warm sub-humid with the rainy season during May through October. Annual mean
temperature varies from 24 to 26 C, and precipitation is 1200-1500 mm:. Soils in this
area have originated from calcareous materials, and rendzins, vertisols, luvisols and
gleysoils dominate. The original vegetation is evergreen to semievergreen tropical
forest with canopy heights between 20 to 30 m. Plants were sampled in mature forest
and abandoned cropland. The populations of D. orthacanthos that were present in the
two sites had different plant structure in terms of age distribution and size.

Mature forest: The mature forest site is located at 19 07' 28" N and 88 20'25”W. itisa
semievergreen mature forest that, according to some elder inhabitants, was not
disturbed for 80 years or more. The tree canopy was 20-30m tall and dominated by
Pouteria unilocularis (Engel) Eyma, Alseis yucatanensis Standl., Metopium brownei
(Jacq.) Urban, with the understory paims Cryosophila stauracantha (Heynh.) R. Evans,
Sabal mauritiiformis (H. Wendl. Ex- H. Karst.) Griseb. & H. Wendl., and Desmoncus
orthacanthos. Extractable phosphorous (Olsen and Dean 1965) for this site was 18.8 mg
kg " soil and total nitrogen (micro-Kjeldaht) was 67.8 cmol kg = soil, with a soil pH of
7.3, and 5.2% organic matter. Soil samples for nutrient determination were collected in
April 2001 (dry season).

Abandoned agriculture (milpa, cornfield): The abandoned cornfield site is located at
19 05'54” N and 88 13'30” W. This area was covered with early secondary vegetation;
originally this area was used for traditional maize slash and burn agriculture to grow corn
for two years 8-10 years prior to the time field work was initiated. The dominant tree
species were Cecropia peltata L., Bursera simaruba (L.) Sarg., Guazuma ulmifolia Lam.,
Guettarda combsii Urb. with a canopy of 10-15m, and_D. orthacanthos occurred in the
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Pots were randomly distributed in a greenhouse. Six treatments were applied: three
levels of phosphorous (P) concentration in solution (0, 10 and 20 ppm) and two
mycorrhizal levels (mycorrhizal and nonmycorrhizal) were used, each treatment with six
replicates. Every 30 days 100 mL of Hoagland’s nutrient solution was applied to the
pots, using KH,PO, (1M) to adjust the P level required. Relative mycorrhizal
dependency of D. orthacanthos was calculated according to Plenchette et al. (1983):
RMD= [(mean dry weight of mycorrhizal plants —~ mean dry weight of nonmycorrhizal
plants) / mean dry weight of non-mycorrhizal plants] X 100.

Statistical analyses. All field data were square root transformed to ensure equality of
variance and normality. One-way analysis of variance for repeated measurements
{(ANOVA-RM) was used (Kleinbaum et al. 1998) to compare root colonization and spore
density in different sampling dates; one-way ANOVA was used to compare the same
parameters between growth stages for each observation date, and Student’s t-tests
were used to compare differences among stages and between sites. In addition,
Pearson’s correlation test was used to evaluate relationships between root colonization,
spore density and soil moisture.

RESULTS

Survivorship. Desmoncus orthacanthos had a survival of 100% in all stages of growth
except for juveniles, which had 60% and 80% in mature forest and abandoned cornfield,
respectively during one year of observation. The decreased survival of juveniles may
have been from leaf and stem predation that was observed in the field.

AM fungi structures. Root colonization was Arum type. AM funga! structures were found
in all root observations. The most common structures observed were intrarradical
hyphae inside the cortical tissue, but vesicles and internal spores were also observed,
and in few cases arbuscules. Only percent total colonization is reported, as structures
other than internal hyphae were sparse (< 5% of observations).

Seasonal patterns of root colonization. Roots of Desmoncus orthacanthos had AM
fungal colonization on all sampling dates. The values ranged from 5 to 33% for
individuals in the mature forest, while individuals from the abandoned cornfield varied
from 6 to 34%. Higher values of root colonization were observed in September for all
stages in the mature forest, and the highest values of root colonization occurred in
mature adults (M) (Figure 1). This is the time of year when the mature adults produce
flowers and fruits. In the abandoned cornfield the highest values of root colonization
were also observed in March 2001 for all stages except for the immature paims (A)
(Figure 2). Overall AM root colonization in mature forest (F=19.8, p<0.001), and in
abandoned cornfield (F=14.3, p<0.001), showed seasonal dynamics for all growth
stages, except for saplings in both sites and juveniles in abandoned cornfield.

Seasonal spore density. Spores of AM fungi were observed in soil from vicinity on all
dates and growth stages. The density of spores from mature forest was higher in both
March 2001 and 2002 than the other sampling dates. In the abandoned cornfield, this
tendency toward higher spore density in March was only observed in samples from
juveniles (J) and mature palms (M) (Figure 4). Spore density of AM fungi from soil
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Figure 2.2. Average (+S.E.) of root colonization in D. orthacanthos from abandoned

cornfield. Groups of bars marked with different letters are significantly different (p<0.05)
(n=5).

Patterns of root colonization and spore density among growth stages. In general there
were no significant differences in percent root colonization among growth stages within a
sample date at either the mature forest or abandoned cornfield. One exception occurred
in abandoned cornfield in June 2001, when juveniles (J) had significantly lower percent
colonization than immature adults (A) (F=3.36, p<0.05). There were no significant
differences among stages in any sample dates in spore density at either site (p>0.05 in
all cases).
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Figure 2.4. Average (+S.E.) of spores per gram of soil from rhizosphere of D.
orthacanthos from abandoned cornfield. Groups of bars marked with different letters
are significantly different (p<0.05) (n=5).

Correlation between root colonization, spores and soil moisture. Using Pearson’s
correlation test, there is no significant correlation (p>0.05 in all cases) between the
values of either spore density or percent colonization and soil moisture, and between
root colonization and spore density. Both AM fungal activity and soil moisture showed
seasonal dynamics, but these did not track each other closely. Fungal activity was
maintained during the dry season, often with no significant reduction compared to the
rainy season.

Mycorrhizal dependency of D. orthacanthos. At the end of the experiment, the actual P
available for plants in the substrate was 4 (0 ppm added), 12 (10 ppm added) and 24
ppm (20ppm added) of P. The relative mycorrhizal dependency was greatest for the
plants that received the lowest level of P (54.9%), but there was a positive biomass
response to all three levels of added P (Table 2.1).
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The studies that have reported seasonality of the mycorrhizal association generally
assume a direct influence of environmental conditions on the fungi, such as temperature
and moisture (Mohammad et al. 1998, Nehl et al. 1998, Sigtienza et al. 1996). in fact,
percentage of root colonization may decrease during the rainy season if there is a high
rate of root production (Allen, 2001). Conversely, during drought there may be high
values of root colonization due to a slow rate of root growth (Cade-Menun et al. 1990,
Koide & Mooney 1987). in this study, the soil moisture was related to root production.
Samples from June 2001 and March 2002 had a high density of fine new roots, even
though June is in the rainy season and March is in the dry season; both of these times
had reduced % colonization. In fact, multiple factors are likely responsible for the
percentage of colonization, including environmental conditions, rate of root vs. fungal
growth, phenology, and physiological status of the plant (Allen 2001, Brundrett 2002, De
Mars & Boerner 1995).

Presence of arbuscules is often considered the best indicator of functioning in the AM
association (Corkidi & Rincon 1997, Gange & Ayres 1999, McGonigle et al. 1990, Tester
et al. 1987), but arbuscules were found in only about 1% of the observations. This was
also the case for other tree and herb species of seasonal tropical forest (Allen et al.
1998; 2003). Arbuscules are not the only structure for transporting nutrients, and
vesicles and intrarradical hyphae, which were observed in D. orthacanthos, are
indicators of current and past colonization (Allen 1991). Furthermore, arbuscules are
ephemeral structures that degrade after 3-7 days (Mohammad ef al. 1998, Tester et al.
1987, Toth & Miller 1984).

Seasonality of spore production has been observed in the wet tropics (Guadarrama &
Alvarez-Sanchez, 1999) and the seasonal tropics (Allen et al. 1998; 2003). The results
from D. orthacanthos show a higher density of spores during the dry season (March of
both years) than the rainy season, indicating spore production was inversely related to
soil moisture. This inverse relationship has also been observed in other studies on
seasonality of spore production (Douds & Miliner 1999, Miller & Bever 1999). The
density of spores was in the same range of values as other studies in tropical and
seasonal tropical forest (Allen et al. 1998, 2003, Johnson & Wedin 1997, Picone, 2000)
although higher than wet tropical forest (Guadarrama & Alvarez-Sanchez, 1999).

An absence of differences in the mycorrhizal association between a mature forest and
abandoned cuitivated field obtained in our results, could be explained in terms of
sufficient time for recovery (successional stage), since the latter was abandoned 8 to 10
years ago, and secondary vegetation has colonized the area. Furthermore, slash and
burn agriculture maintains high levels of soil inoculum (Allen et al. 2003). The ability of
juveniles to form a mycorrhizal association similar to older stages may be promoted by
the high soil inoculum. The AM assaciation likely influences the fitness of this species at
all growth.

Mygorrhizal dependency of D. orthacanthos. Individuals of D. orthacanthos showed
mycorrhizal dependency. The response of tropical plants to mycorrhizae may range from
facultative to obligate, depending on the successional stage, size of seed, and nutrient
requirements (Allen et al. 2003, Huante et al. 1993, Janos 1980b, Sharma et al. 2001,
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This work contributes to the body of knowledge on mycorrhizae in tropical paims, which
have received relatively little attention (Fisher & Jayachandran 1999). Desmoncus
orthacanthos in particular is important to study because of its high economic potential
(Escalante et al.2004, Orellana et al. 1999, Siebert 2000,). An understanding of its
mycorrhizal relationships may contribute to its conservation by enabling cultivation for
economic purposes. The fact that mycorrhizal colonization was equally high in the
abandoned agriculture and the mature forest indicates that the indigenous practice of
slash and burn agriculture maintains a healthy soil inoculum, and is congruent with
initiating a plantation program for a species such as D. orthacanthos that has a high
mycorrhizal dependency.
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seleccionan los mejores competidores, que por lo general son las plantas que se
asocian de manera obligada con los HMA.

Las perturbaciones en los ecosistemas reduce, de manera general, la cantidad de
propagulos de los HMA (esporas, esporocarpos, hifas extrarradicales, fragmentos de
raices colonizadas) debido a la remocién de las plantas hospedantes, de las cuales
dependen para la obtencion de carbono y también como resultado de la ruptura del
micelio de hifas de los HMA (Allen et al. 1998), las cuales pueden llegar a ocupar una
densidad tan elevada como 25 m de hifas por gramo de suelo (Smith y Read, 1997).

La ausencia en el suelo de propagulos de HMA es un factor que puede ser limitante
en la reforestacion de las selvas tropicales, en las cuales la densidad de esporas es
baja, siendo el micelio de hongos micorrizégenos arbusculares la principal fuente de
inoculo (Fischer et al. 1994). El proceso de reforestacion en algunos ecosistemas ha
demostrado elevar la densidad de propagulos de HMA comparados con la densidad
en sitios sin reforestar (Cuenca y Lovera, 1992). La dinamica de los propagulos de
HMA se relaciona, por lo tanto, con las condiciones bibticas presentes en el sistema;
por un lado la presencia de plantas hospederas y por otro la remocion y alteracion de
la estructura del suelo, pueden tener un impacto negativo sobre la densidad y
viabilidad de los propagulos.

Las condiciones climaticas también influyen de manera directa sobre algunos de los
propagulos de HMA, como son las esporas. En ecosistemas tropicales la densidad de
esporas de HMA fluctda de manera estacional (Allen et al. 1998, Guadarrama vy
Alvarez-Sanchez 1999 y Carrillo et al. 2002) esto se debe a que la cantidad de agua
del suelo tiene un efecto directo sobre la germinacién de las esporas estimulandola en

condiciones de humedad adecuada y motivando la esporulaciéon en condiciones de
déficit,

Es inexacto evaluar la comunidad de los HMA basados Unicamente en la densidad de
esporas en el suelo, porcentaje de raices colonizadas o densidad de hifas en el suelo,
ya que se subestima el efecto real de los propagulos y por lo tanto el valor de
potencial de in6culo del suelo. Este valor de inoculo del suelo por la dinamica misma

del sistema, no puede ser estable, siendo necesario estimarlo de una manera
estacional.

El objetivo de este trabajo ha sido evaluar el nimero de propagulos de hongos
micorrizégenos en dos sitios con caracteristicas contrastantes de perturbacion durante
un ciclo anual, abarcando las lluvias de verano, de invierno y el periodo de secas.

MATERIALES Y METODOS

Sitio de muestreo

Este trabajo se realiz6 en una reserva forestal perteneciente al Ejido Noh-Bec, que se
encuentra en la parte sur del estado de Quintana Roo, México; se localiza entre los
paralelos 19 02'30" y 19 12'30” y los meridianos 88 13'30" y 88 27'30". El tipo de
vegetacion dominante en esta zona es mediana sub-perennifolia, con una altura
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cuatro. Se reanzo el bioensayo en invernadero utilizando plantas de Sorghum vulgare
L. (sorgo) como planta trampa hospedera y se empleé el suelo fresco, recién
colectado en las diferentes fechas para ambos sitios, como fuente de inoculo.

Los tratamientos se aplicaron por cuadriplicado, siendo las siguientes concentracnones
evaluadas Suelo sin diluir y suelo diluido a las siguientes concentraciones: 4™, 42 47
4%, 4°, 4°. 50 mL de las diluciones obtenidas se evaluaron emple4ndose macetas de
300 mL de capacidad con 200 mL de suelo esterilizado y 50 mL de suelo a estudiar,
cubierto con una capa de suelo esterilizado para evitar contaminaciones entre los
diferentes tratamientos.

Las macetas con las diferentes diluciones se distribuyeron aleatoriamente en una
mesa de invernadero, las plantas fueron regadas por capilaridad para evitar la
lixiviacion de nutrimentos, las condiciones de humedad y temperatura ambiental no
fueron controladas.

Seis semanas después de la siembra, las plantulas fueron cosechadas y se
prepararon las raices de acuerdo con la tincién propuesta por Phillips y Hayman
(1970) para evaluar la presencia de HMA en las raices.

De acuerdo a Porter (1979) se aplico la siguiente formula para estimar el NMP de
propagulos de HMA:

Logi=[x*loga]-K

A = numero de propagulos infectivos

= promedio de macetas con raices colonizadas (numero de macetas con raices
colonizadas dividido entre el nUmero de replicaciones por dilucién)
a = factor de dilucién (en este caso se empleara con base cuatro)

K = valor de la tabla de Fisher y Yates (1970), segln el nivel de dilucion y el vaior de x
calculado.

Anélisis estadisticos

Se aplic el analisis de correlacion para detectar si los factores evaluados: humedad
del suelo y densidad de esporas por gramo, tienen influencia sobre el valor del nimero
de propagulos de HMA en el suelo. Los valores del NMP de propagulos calculados se
analizaron mediante una prueba de verosimilitud (Kalbfleisch 1985, Sprott 2000), la
cual consiste en calcular los limites inferiores y superiores mas probables con base en
los valores reales de las muestras estimados por maxima verosimilitud; para

48












Selva

110 ~

100

Porcentaje de verosimilitud relativa

Numero mas probabie de propagulos de HMA

—@— Lluvias de verano
0. Lluvias de inviemo
—w-— Secas

Figura 3.3. Valores de los limites inferiores y superiores de A calculado en las
diferentes épocas de muestreo para el sitio conservado (Selva). Se empled el
programa DILUTION para obtener el porcentaje de verosimilitud.

DISCUSION

El valor de indculo del suelo s. Jetermina por la concentracion de propagulos viables
de HMA en el suelo. La densidad de propagulos de HMA en los suelos evaluados
presenta una dinamica espacial, encontrandose una mayor concentracion de
propéagulos por volumen de suelo evaluado en el Acahual, lo que coincide con lo
reportado por Fischer et al. (1994) en el sentido de que los valores de propagulos en
el suelo de la selva son menores que los hallados en sitios en recuperacion.
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Figura 3.5. Comparacion de los valores de A en ambos sitios para la época de lluvias
de verano. Valores calculados con el programa DILUTION.

La variacién estacional del numero de propagulos totales en el suelo del sitio
perturbado, se puede relacionar con la variacion de algunas fuentes de propagulos,
como son las esporas, cuya densidad varia de manera estacional en la mayoria de los
ecosistemas con estaciones marcadas. Es de esperar que el valor de indculo varie en
relacioén con estos cambios en la densidad de esporas. Sin embargo otros propagulos
de los HMA como hifas en el suelo y raices colonizadas son una fuente importante de
in6éculo. La evaluacién de la dindmica del potencial de indéculo es compleja, como se

muestra en los resultados de este estudio.
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Figura 3.7. Comparacién de los valores de A en ambos sitios para la época de secas.
Valores calculados con el programa DILUTION.

Los resultados obtenidos sugieren que puede existir una sucesion diacronica de
fuentes de ino6culo en los suelos estudiados, siendo que en épocas de seca (Figura
3.8) la presencia de esporas influye de manera mas importante en la conservacion del
potencial de in6culo ya que una baja cantidad de agua en el suelo puede afectar la
actividad de las hifas extrarradicales como fuente de in6culo (Jasper et al. 1993). En
épocas de lluvia, la fuente principal de inéculo en los suelos analizados serian las
hifas del suelo y las raices colonizadas con anterioridad, debido a que un alto valor de
humedad en los suelos en la época de lluvia puede disminuir la densidad de esporas
(Guadarrama y Alvarez-Sanchez, 1999) ya sea por lixiviacién o por germinacién. Se
propone y presenta una grafica tedrica de la sucesion diacrénica de las diferentes
fuentes de propagulos, la cual se ajusta de manera mas precisa a lo observado en el
suelo de la selva (Figura 3.2).
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Figura 3.8. Sucesion diacronica tedrica pronosticada de los propagulos en el suelo de
la selva y su relacién con la humedad del suelo.

CONCLUSIONES

Se presenta una mayor cantidad de propagulos de HMA en el suelo del acahual en
todas las épocas de muestreo. Ei potencial de inéculo del suelo muestra una variacion
estacional marcada en el acahual. Sin embargo no se correlaciona con los factores
evaluados de humedad del suelo y densidad de esporas.

A partir de los resultados, se puede interpretar que existe una sucesién de fuentes de
propagulos de HMA en los sitios de estudio. La perturbacién o quizas el proceso de
recuperacion y de establecimiento de nueva vegetacion en el sitio perturbado, parece
haber afectado de manera positiva la densidad de propagulos de HMA en el suelo.

La interpretacién de los factores que afectan la densidad de propagulos de HMA en
los suelos es compleja, ya que existen factores ambientales y bi6ticos que interactuan,
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the host plant obtains from mycorrhizal association (Marschner and Dell 1894), the
concentration level of those nutrients in soil may affects the association development.

The effect of mycorrhizae on seedlings growth and the dependence of them to the
mycorrhizal association may be evaluated measuring total dry biomass (Menge et al.
1978, Plenchette et al. 1983; Bagyaraj et al. 1988; Van Der Heijden et al. 1998).
Biomass production can be interpreted as a reflection to the mycorrhizae role on
growth of host plant and therefore the ecological advantage obtained, mycorrhizal
association improve phosphorous uptake by plant roots and its accumulation in
tissues, which influences growth in both annual and perennial plants (Joner 2000;
Kiers et al. 2000; Clark 2002; Fisher and Jayachandran 2002).

Desmoncus orthacanthos Martius is a neotropical palm, it may be found in the Yucatan
peninsula growing in both disturbed and undisturbed zones, in both zones soils are
poor in nutrients, particularly P is weakly available. Since D. orthacanthos has
magnolioid roots (thick and unbranched roots) according to Baylis (1975), it may have
mycorrhizal dependency, however there are not knowledge about the role of
arbuscular mycorrhizae on D. orthacanthos and his influence in recruitment of
seedlings and factors involve in this process. Tropical tree seedlings have showed to
benefit from arbuscular mycorrhizea on survival, initial growth and nutrients uptake
which influence the recruitment and diversity of seedlings in forest, including the
establishment in nutrient-poor soils (Zobel et al. 1997; Kiers et al. 2000; Khurana and
Singh 2001; Fisher and Jayachandran 2002).

The objectives of this research has been i) to evaluate the P uptake and initial growth
response of seedlings of Desmoncus orthacanthos to arbuscular mycorrhizae, and ii)
to calculate the degree of mycorrhizal dependency of this species.

MATERIALS AND METHODS

Biological material: Mature fruits of D. orthacanthos were collected from five individuals
in mature forest, seeds were germinated on sterilized sand. Once germinated, 36
individuals of 21 days old were randomly selected for the experiment and transferred,
one per container, to plant pots with 450 mL of sterilized Perlite (inert, inorganic
substrate with low CIC), treatments were applied as descript below.

Inoculation: A bi-factorial experimental design was carried out with two levels of
mycorrhizae (inoculated or not) and three levels of phosphorous in nutrient solution (O,
10, 20 ppm), there were six treatments with six replicates. Mycorrhizae treatment
consist of 100 mL of soil from a secondary forest with 36 infective propagules (spores,
extraradical hyphae and colonized roots) on average used as inocula according to
MPN dilution test (Porter 1979). The soil used as inocula was sifted in a 2 mm grid to
allow roots and spores on inocula but eliminating leaf particles and other plant material.

No-mycorrhizae treatment consist of 100 mL of sterile soil and 100 mL of soil filtrate to
re-establish the soil microbiota (Azcén and Barea 1997). The soil filtrate was obtained
from soil used as inocula in the mycorrhizae treatment, it was homogenized in distilled
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The highest relative growth rate (RGR) was registered at 4 ppm of P with mycorrhizal
inoculum (Figure 1). The ANOVA shows significant differences between the different
levels of P and in the interaction between the treatments, the inoculation as isolate
factor does not show a significant effect on RGR. The multiple comparison of means
indicates that the RGR in the treatment with inoculation of AMF and the concentration
at 4 ppm of phosphorous differs significantly from the rest of the treatments (Table

0,018
0,016
0,014
0,012 A
0,010 o

0,008

RGR (mg day'1)

0,006

0,004

0,002

0,000 4 T T
4 ppm 12 ppm 24 ppm

P available in substrate

Figure 4.1. Average relative growth rates (+1S.E.) at different P additions. The gray
bars represent the treatment with inoculation; the open bars represent treatment
without inoculation. The bars marked with the same letter show no significant
differences (p<0.05) (n=6).
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Figure 4.2. Average dry weight (+1S.E.) of D. orthacanthos seedlings. The gray bars
represent the treatment with inoculation; the open bars represent treatment without
inoculation (n=6).

We observed a positive effect of AM inaculation on DW for D. orthacanthos seedlings,
indicating that the establishment of the mycorrhizal association in seedlings increases
the growth. The improve of DW in mycorrhizal seedlings coincide with previous reports,
where at low P concentrations on substrate, AM inoculation increased the growth on
Jacquemontia reclinata seedlings (Fisher and Jayachandran 2002), also the increase
in biomass and P concentration in tissues (Joner 2000) and greater distribution of
biomass towards the roots and shoots (Rubio et al. 2003) are the result of AM
inoculation and improved P uptake by plant (Ba et al. 2000). In spite of the fact that
results from this greenhouse experiment agree to most research done in greenhouse
(Allison and Goldberg 2002), we should be careful in extrapolating the results to field
conditions, since biomass production depends on plant physiology, mycorrhizal fungi
and environmental factors (Solaiman and Abbott 2003).

When we analyzed the results of DW for mycorrhizai plants only, we found significant
differences (F=10.5, p=0.0014), mycorrhizal plants at 4 ppm of P showed the greatest
DW values, it was not significant differences between 12 and 24 ppm of available P. At
high P availability, the effects of mycorrhizae on dry weight was diminished or
detriment, growth depression by arbuscular mycorrhizae at high P availability has been
demonstrated for some plant species (Jifon et al. 2002, Schroeder and Janos 2004), in
this research we found the same detrimal effect on mycorrhizal plants growing at high
P available on substrate.

66






40

LA (cm?)

0 - L }
4 ppm 12 ppm

P available in substrate

Figure 4.4. Mean values (+1S.E.) of leaf area of the Desmoncus orthacanthos
seedlings with the different treatments. The gray bars represent the treatment with
inoculation; the open bars represent treatment without inoculation (n=6).

The total P content in leaf tissues (Pt) showed statistically significant differences to AM
treatment and to P concentration on substrate, but not to the interaction of both factors
as indicated by ANOVA (Table 4.1) (Figure 4.5). Highest values of Pt were found at
mycorrhizal treatment and at 24 ppm of available P on substrate. The Pt values
indicate that the AM mycorrhiza has a stimulating effect on P uptake and consequently
on the concentration of this in tissues, concurring with data reported by Joner (2000)
for Trifolium subterraneum and by Al-Karaki (2002) for Allium sativum. Ba et al. (2000)
found a relationship between the increase in P uptake and a greater production of
biomass, which does not coincide with the results of this study, since the treatment in
which the highest Pt concentration was registered does not coincide with the greatest
quantity of biomass produced (Figures 4.2 and 4.5). The analysis of the effect of AM
inoculation therefore, is more complex and must incorporate all the factors intervening
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mentioned that in tropical forest, there is a complexity of interactions relating to the
mycorrhizal dependency of plant species, regardless of the successional stages to
which the plants belong. Mycorrhizal dependency is influenced by the characteristics of
the host plants themselves, such as the size of the seed (Peat and Fitter1993; Huante
et al. 1993; Kiers et al. 2000), germination requirements, efficient use of nutrients and
water and the demand for light (Huante et al. 1993). For this reason, the extrapolation
of the calculations to the natural field conditions must be carried out with caution
(Munyanziza et al. 1997).

The presence of hyphae and vesicles was observed, as well as very scarce amount of
arbuscules in mycorrhizal seedlings roots, it was 15.3, 8.8 and 5.3 % of total root
colonized at 0, 10 and 20 ppm of P added respectively, however there was not
significant difference according to Kruskal-Wallis non parametric ANOVA test (P>0.05).
The treatment without inoculation showed none arbuscular mycorrhizal fungal
structures.

AM inoculation and P added play an important role in growth of D. orthacanthos
seedlings, although the absence of an interaction between phosphorous and
inoculation suggests that the analysis is more complex and involves more factors and
environment conditions. In spite of the complexity in the analysis of these results and of
the interaction with abiotic and biotic factors present in tropical forests- which were not
taken into account in this study- we were able to demonstrate that D. orthacanthos is a
species which obtains benefits from the association with mycorrhizae.
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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-introduction and reforestation with seedlings
produced in greenhouses, a topic that has received relatively little study (Jagpal and
Mukeriji, 1991; Fischer st al., 1994; Lovera and Cuenca, 1996; Allen et al., 2003). The
exploitation of non-timber resources in the wet tropical forest located in the Ejido
(communally-owned land) Noh Bec 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 initiated in the
greenhouse with mycorrhizal inoculum 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 positively 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 inoculation, especially given that it is both
a colonizing species and a plant of mature forests. The aim of this work is to evaiuate
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 cornfield (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 m! of steam-sterilized soil and with the
addition of 50 ml of inocula depending on the treatment.

{noculation

For the treatment with mycorrhizae, 50 mi of soil from the mature forest were used for
each plant. Soil was collected 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 experiment in native soils (Koide and Li,
1989), and has been used successfully previously in seasonal tropical forest (Allen et
al., 2003).

The treatment without mycorrhizae was inoculated with 50 mi of steam-sterilized soil

and a soll filtrate to re-establish the microbiota of the soil. The soil filtrate was aiso
obtained from soil taken from forest, which was homogenized in distilied water and
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Soil analysis

Several soil characteristics of the forest and abandoned cornfield were evaluated.
Extractable phosphorus was determined according to Olsen and Dean (1965), and
Kieldahl 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 determined 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 differences between
the values, a Student-Newman-Keuls multiple comparison test was applied. The
values of colonization were transformed with square root to comply with the
assumptions of normality for the ANOVA. The effect of the treatments on survival was
evaluated with a multiple binomial linear regression analysis and the reason of
advantage was calculated (odds ratio) (Zar, 1999).

RESULTS

The chemical and biological characteristics of the soil varied between the two study
sites (Table 5.1). 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 5.1. 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) 4.5 18

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

d: MPN (Porter, 1979).

Transplanted seedlings in acahual had significantly higher percent root colonization
than mature forest, although the highest percentage was only 6% whether the plants
were inoculated or not (Figure 5.1). Conversely, the inoculated plants were analyzed in
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Even though there was no effect of mycorrhizal inoculation on percent colonization, the
survival of plants introduced to the field was different depending on the inoculum
treatment and on the site of introduction (forest or acahual). The highest survival
average occurred in acahual for the AM treatment, while the treatments without AM
showed lower survival values both for the acahual and for the forest (Figure 5.2). The
number of surviving inoculated seedlings was ca. 25% greater than uninoculated
treatments, but when the odds ratio was calculated, plants inoculated with AM had a
probability of survival three times higher than the plants without inoculation (Table 5.3).

100 4

Suvivorship (%)

Forest Acahual
Sites

Figure 5.2. Percentage of survival of the plants introduced in different sites and with
different treatments The dark bars represent the treatment with mycorrhizae; the open
bars represent treatment without mycorrhizae (n=15).

Table 5.3. Odds ratio calculated for the effect of the sites and treatments on survival (n
= 60).

Parameter Odds ratio Upper limit Lower limit P
SITES 0.405 1.359 0.121 0.143
TREATMENTS 3.493 11.995 1.017 0.047
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the diversity of the plant community and differences in the soils under evaluation
(Carvalho et al,, 2003). The effects of inoculum density may interact with muitiple
factors at a site, such as was observed for pathogen invasion of one species and
herbivory of another that both affected AM colonization and plant survival (Allen et al.
2005). Although mycorrhizal colonization was low with 4-6%, inoculation was sufficient
to make a difference in 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 inoculation. The highest value of
survival for the D. orthacanthos seedlings was observed in the acahual, this coincides
with observations made by Estaln et al. (1997) and Azcdn-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 humber 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 seedlings 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 seedlings. It is
interesting to note that the effect of inoculation on survival can be observed in an early
stage of establishment in this perennial 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 observations made in this study concur with Janos (1980) who concluded that the
majority of seedlings from many species at advanced successional stages in wet
tropical forests are obligate mycorrhizal; their growth and survival, therefore, are
increased by AM. The analysis of resuits obtained in this study allow us to coincide
with Siqueira and Saggin-Janior (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 mycorrhizae promoted increased plant
height and 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 et al. 2003). The different
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Los valores de dependencia calculados para D. orthacanthos demuestran la
importancia que la asociacion de sus raices con HMA juega en el crecimiento de las
plantulas, al menos en las condiciones de invernadero.

El establecimiento en el campo de plantulas de D. orthacanthos fue favorecido por fa
inoculacién con HMA. El efecto observado de la inoculacién con HMA sugiere que
debe emplearse la inoculacién de plantulas de D. orthacanthos desarrolladas en
viveros, en programas de manejo en los se desee elevar las tasa de establecimiento y
supervivencia en el campo.

A pesar de que la permanencia de D. orthacanthos en las selvas por medio de
rebrotes generados de los rizomas parece ser una estrategia exitosa, la asociacién
micorrizica en las raices de esta especie también juega un papel importante. Los
programas de manejo y conservacion de esta palmera deben considerar este
componente como fundamental en el éxito para el establecimiento de plantaciones
experimentales. Sin embargo se debe evaluar el potencial de inéculo de los suelos
donde se pretenda establecer las plantaciones, antes de decidir si es necesario
realizar la inoculacién en vivero.
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