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ABSTRACT

The objective of thisstudy wasto determine patterns of arbuscular mycorrhizal (AM) colonization of Alnusacuminata
Kunth at two natural forests in relation to soil parameters at two different seasons (autumn and spring). The soil
parameters studied were field capacity, pH, electrical conductivity, available P, total N and organic matter. The per-
centage of AM colonization was estimated and correlated to soil properties and to two different seasons. The results
indicate that the percentage of AM colonization varied among soil types and was higher in spring than autumn. A sig-
nificant positive correlation was found between AM colonization and electrical conductivity, organic matter and total
Nitrogen. Results of this study provide evidence that AM colonization of A. acuminata can be affected by some soil
parameters and seasonality.
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COLONIZACION MICORRICICO ARBUSCUL AR DE Alnusacuminata K UNTH
ENEL NOROESTEARGENTINOENRELACIONALAESTACIONALIDAD
Y A LOSPARAMETROSEDAFICOS

RESUMEN

El objetivo de este estudio fue determinar el patrén de col onizacion micorricico arbuscular (MA) de Alnus acuminata
Kunth en dosbosgquesdel Noroeste Argentino, en relacion alos parémetros edéficosy en dosestacionesdel afio (otofio
y primavera). Los pardmetros edaficos estudiados fueron: capacidad de campo, pH, conductividad eléctrica, fosforo
disponible, N total y materia organica. Se cuantifico el porcentaje de colonizacion MA 'y se lo correlaciond con las
variablesestudiadas (parametros edéficosy estaciones). L osresultadosindican que el porcentaje de colonizacion MA
varid entrelos dos tipos de suelo y |as estaciones, siendo mayor en primavera. Se observé correlacion positivasigni-
ficativaentreel porcentajede colonizacion MA y laconductividad el éctrica, materiaorganicay N total. Losresultados
de este estudio indican que lacolonizacion MA de A. acuminata puede ser afectada por algunos parametros edéficos
y laestacionalidad.

Palabras clave. Alnus, micorrizas arbusculares, estacionalidad, tipo de suelo, bosque de las Y ungas.

INTRODUCTION

In South America, Alnusacuminata Kunth (Andean
alder) forestsare distributed along the AndesMountains
between 400 and 3,000 m a.s.l. at latitude of 28° Sin
Northwestern Argentina (Grau, 1985). Andean alder is
mainly harvested for firewood, pulp, and timber. Itisan
important speciesrecommendedfor managementinland

reclamation, watershed protection, agroforestry, and
erosion control (National Academy of Sciences, 1984).

Alnusacuminataistolerant toinfertile soilsgivenits
ability to form ectomycorrhizal (ECM), arbuscular
mycorrhizal (AM) and actinorrhizal relationships
(Cervantes & Rodriguez Barrueco, 1992). All these
symbionts are known to be beneficial to the host, con-
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tributing to a better nutritional status and pathogen de-
fense and thus enhancing the capacity for establishment
of individual plants and plant populations.

Previousstudieson ectomycorrhizasof alder species
in North America, Europe and South America, have
shown that ectomycorrhizal symbiontsare dominant on
Alnusspp. roots(Milleretal., 1991; Pritschetal., 1997a;
Pritsch et al., 1997b; Becerraet al., 2002; Becerraetal.,
2005a). AM have been found in A. rubra Bong (Rose,
1980), A. glutinosa (L.) Gaertn. (Rose, 1980; Beddiar,
1984), A. crispa(Ait.) Pursh. (Daft, 1983), A.incana(L.)
Moench (Averby & Ulf, 1998), A.japonicaS. et Z. (Cha-
tarpaul et al., 1989) and A. acuminata (Albornoz, 1991,
Becerra, 2002). However AM werenotfoundonA. rubra
and A. glutinosa by Miller et al. (1992) and Pritsch et al.
(1997b) respectively.

Innorthwestern Argentina(Catamarcaand Tucuman
provinces) ectomycorrhizal colonizationof A.acuminata
rangedfrom 30t094% (Becerraetal ., 2005h). Meanwhile,
in CalileguaNational Park (Jujuy province, Argentina)
dual colonization of A. acuminata was consistently
found to be low for AM (0-8%) and high for ECM (23-
96%) (Becerraet al., 2005c¢). Based on these studies, A.
acuminataispredominantly ectomycorrhizal andslightly
arbuscular mycorrhizal . Althoughalow AM colonization
might provide high benefits to plants an increased
colonization could increase the cost of carbohydratesto
plants (Berg et al., 2001).

The importance of mycorrhizal fungi in the mineral
nutrition of the host plant depends on the ability of the
fungi toexploit sourcesof nonmobilenutrientsinthesoil.
Root colonization by AM fungi isadynamic processthat
may beinfluenced by the placement and density of their
propagules in soil (spores, infected root fragments,
extraradical hyphae), soil properties (soil type, fertility)
or climate type (temperature, moisture), host factors
(species, root longevity) and the fungal species(Amijee
etal., 1989; Smith & Read, 1997).

AM fungi are sensitive to physical, chemical and
biological conditions(Hamel etal., 1997). Studiesonthe
distribution of AM fungi, quantification, identification,
and biodiversity are important to understand the plant-
fungi-soil interaction. However, thereis alack of
knowledge on edaphic factors influencing mycorrhizae
(as stated by Moyersoen et al., 2001) with emphasisin
South America.

Based onour previousstudies(Becerraetal., 2005b),
we considered important to continue with the analysis
of these under-studied environments, so aiming to help
in the completion of a basic knowledge for the region.
Thus, our objective for this work was to study the
phenology of AM on A. acuminata in northwestern
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Argentina sites in relation to some soil parameters
(electrical conductivity, field capacity, pH, available P,
organic matter and total N) and at two different seasons
(spring and autumn) -chosen on the basis of fungus
seasonality- (Brundrett etal., 1996). Thestudy siteshave
soilsthat belong to the Ustorthent order (these soils are
young, withlittledepth, and no differenceinthehorizons)
(Pritchett & Fisher, 1987). With these characteristicswe
expected to find poor levels of nutrients and an AM
colonizationaffected by thesenutrientlevels. Inthiswork,
we studied the phenology of AM in A. acuminata to
improve our knowledge of the ecology of Alnusforests
andthemycorrhizal biology of thisnativeplant for future
re-vegetation programs.

METHODS

Study sites

Study sites were located in the NW of Argentina namely
(NWA): 1) Quebrada del Portugués, Tafi del Valle, Tucuman
Province, 26°58' S65°45' W, withanelevationof 2187m; average
annual precipitation ranges 1,200-1,500 mm, the soil isclassified
asEpileptic Regosol Eutric; and 2) SierradeNarvaez, Catamarca
Province, 27°43' S65° 54" W, with an elevation of 1820 m, mean
annual preci pitation 698 mm, thesoil i sclassified asHaplic Regosol
Eutric (IUSS Working Group WRB, 2006). Mean annual
temperatures range from 5.8 to 24 °C for NWA.. The vegetation
isanearly homogeneous A. acuminata forest (height: 6-15 m,
age: 20-30years) withfew herbaceousunderstory speciessuchas
Duchesnea sp., Conyza sp., Axonopus sp., Selaginella sp. and
Prunella sp. (Acefiolaza, 1995).

Root and soil sampling

Twenty square plots (10 x 10 m) were established randomly
withinahomogeneousarea(100x 50m) ineach siteduring spring
(November 1999) and autumn (May 2000). A mature tree (i.e.
anindividual producingfema eandmalecone) withatrunk diameter
of 10-25 cm was sampled inside each plot and one soil core of
15 x 15 cn? and 25 cm depth excavated inside the canopy at 15
to 50 cm distance from the tree. The majority of Andean alder
rootsoccurredinthetop 35cmof thesoil withamaximumdistance
of thestem of 50 cm. The sampleswereplacedin plastic bagsand
stored at 4 °C during transport to the laboratory.

Arbuscular mycorrhizaeanalysis

In the laboratory, the roots were washed to remove soil and
roots from other plants. Alder roots were easy to identify from
the others by the presence of actinorrhizal nodules and their
morphological appearance. Non-ectomycorrhizal roots
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(approximately 200root ti ps) wererandomly sampled. They were
placedina50ml beaker containing5ml 20% K OH solution(clearing
agent) and maintained at room temperature (22°C) for 24 h. After
clearing, the roots were rinsed in the beaker with tap water and
transferred to another 50 ml beaker contained 5 ml of 2% HCI
for4min. Rootswerethentransferredtoa50 ml beaker containing
5 ml of 5% Aniline blue. The beakers were maintained at room
temperaturefor 24 h (Grace & Stribley 1991). After staining, the
rootswerestoredfor twoweeksin50%glycerinuntil percentroot
length colonization could be estimated.

Multipleroot samples (approximately 25-30, 1 cmlongroot)
from each plant were mounted on slides and viewed under a
compound microscope at 400x magnification (McGonigleetal.,
1990). The presence of AM fungal structureswas scored for 100
intersections of root and reticle line per plant. An intersection
wasconsidered mycorrhizal if thereticleintersectedanarbuscule,
acoil, avesicle or an internal hypha attached to one of these
structures. Thecol onization percentagesareexpressed ascol onized
intersects/total number of intersects x 100.

Soil analysis

Soil sampleswereair-driedandsieved (2mm) andthe<2mm
fraction was analyzed as follows. Electrical conductivity of a
saturationextract wasmeasuredat 25°Cfollowing Bower & Wilcox
(1965). Field capacity was determined in a previously saturated
sampleof soil (1 cm thick), after being subjected to acentrifugal
force of 1,000 times gravity for 30 min (Veihmeyer & Hen-
drickson, 1931). Soil pH was determined with a glass electrode
in soil water relation 1:2.5 (w w?) (Peech, 1965). Available
phosphorus was determined using the method Bray and Kurtz |
(Jackson, 1964) by relating the spectral absorbance of thesample

and that of a standard. Organic matter content was determined
following themethod by Nelson & Sommers(1982). Total nitro-
gen was determined using the micro-Kjeldhal method (Bremner
& Mulvaney, 1982).

Statistical analysis

AM colonization was not normally distributed, and data
transformation was not suitable for parametric analysis. 80 data
pointsfrom two sites, two seasonsand twenty sampleseachwere
analyzed by Mann-Whitney U-testsfor comparisonsbetweensites
and seasons. For soil x season interaction we used atest for non
parametric analysis (Patel & Hoel, 1973). Associations between
AM colonization and soil parameterswere determined using the
Kendall Tau non parametric tests correlations.

RESULTS

Both soils were slightly acidic, with low electrical
conductivity but differed in texture and in nutrient
content (Table 1). Due to the higher clay content, soils
from Sierrade Narvaez had higher contents of organic
matter (3.65-3.78%), total N (0.35-0.38%), and field
capacity (25.75-25.92% of dry weight) in both seasons
than soils from Quebrada del Portugués, which had
dlightly higher levelsinPinboth seasons. Thesiteat Sierra
de Narvéez presents alower mean annual precipitation
than that at Quebradadel Portugués (698 and 1,350 mm

Table 1. Soil propertiesin the two sites (Quebrada del Portugués -QP, Tucuman- and Sierra de Narvéez -SN,
Catamarca-) and thetwo seasons (autumn and spring) asanalyzed from soil profilestakenduringfieldwork. Mean

and standart error are values of twenty trees.

Tabla 1. Propiedades edéficas de los sitios (Quebrada del Portugués -QP, Tucuman y Sierrade Narvaez -SN,
Catamarcar) y las estaciones (otofio y primavera) analizadas apartir delos perfilesdel suelo. Losvaloressonla

mediay el desvio estandar de veinte arboles.

Autumn Spring

Parameters QP N QP N

EC (dSm%) 0.18 + 0.08 0.16 + 0.05 0.43 + 0.28 054 + 0.34
FC (% of dry weight) 23.00 + 4.28 25.92 + 2.48* 20.01 + 3.64 2575 + 6.14*
pH 1. 25 594 + 0.23 6.18 + 0.26* 5.37 £ 0.28* 514 + 0.33
P (mg kg?) 14.01 + 3.99* 11.15 + 3.27 13.48 + 5.88* 8.32 + 1.89
OM (%) 248 £+ 0.99 3.65 + 0.83* 1.73 + 055 3.78 £ 0.62*
N (%) 0.25 = 0.04 0.38 £ 0.07* 0.19 = 0.04 0.35 £ 0.08*
Texture Sandy loam Loam Sandy loam Loam

EC: electrical conductivity, FC: field capacity, P: available phosphorus, OM: organic matter, N: total nitrogen.
Significance between sites for each season are indicated by *, Tukey's test at P < 0.05.
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respectively), mean springand autumntemperatureswere
similar at bothlocations, with17°Cand 10°Crespectively.

Arbuscular mycorrhizal fungal colonization on A.
acuminatawas characterized by inter- and intra-cellular
oval vesicles, 16-26 umdiameter, wall ssmooth; inter- and
intracellular hyphae, 2-12 pmdiameter. Weal soobserved
simpleand terminal arbusculesduring autumn. Based on
these morphological characteristicsAM colonizationin
A. acuminata was Arum-type (Smith & Smith, 1997).

The colonization significantly differed between the
two seasons (Mann-Whitney U-test: 463.00; P<0.01).
Percentage of AM colonization in autumn was 2.40%
(Standard Error, S.E.= 3.52), meanwhilein spring was
6.15%(S.E.=6.57) (Table2).

For each type of soil, AM colonization was signi-
ficantly different (Mann-Whitney U-test: 495.50; P<0.01).
The mean general level of mycorrhizal colonization in
Quebrada del Portugués was higher than in Sierra de
Narvéez. Percentage of AM colonizationin Quebradadel
Portuguéswasb.73%(S.E.=6.0) witharangefrom0t025%,
meanwhileinSerradeNarvéezwas2.81%(S.E.=4.72) with
arangefrom0t018% (Table2). Therewasnotasignificant
interaction of type soils x season (P = 0.102).

For SierradeNarvaez therewasavery highly signifi-
cant difference between seasons for AM colonization
(Mann-Whitney U-test: 73.5; P < 0.001) (Table 2).
Percentageof AM col onizationwashigher inspringthan
inautumn. Therewasnot asignificant differencebetween
seasonsfor AM colonizationfor Quebradadel Portugués
(Mann-Whitney U-test: 146.5; P = 0.1479) (Table 2).

Significant positive correlation was found between
AM colonization and electrical conductivity, organic
matter and total nitrogen in Sierra de Narvéez during
spring (Table 3). No significant correlationin Quebrada
del Portugués were detected (Table 3).

DISCUSSION

The results of this study explains the influence of
some soil parameters and differences between seasons
on AM colonization of A. acuminata mountainforestin
the northwestern of Argentina.

Therehavebeenfew reportsonthelevel of AM colo-
nization in Alnus roots. In this study AM colonization
of A. acuminata ranged from 0to 25%. Theseresultsare
in agreement with Becerra et al. (2005c) who obtained
lower colonizationon A. acuminatain CalileguaNational
Park. A possible reason for thislow percentage of colo-
nization could be the dual presence of ectomycorrhizal/
arbuscular mycorrhizal symbiosisonA. acuminataroots,
what may bring some competition effects. If ectomy-
corrhizal fungi colonizefirst theroot, aphysical barrier
to AM penetrationisestablished. However, someauthors
have found that in roots of some Acacia and Eucalyptus
spp. both fungal symbionts can coexist without com-
petition (Lapeyrie & Chilvers, 1985; Founoune et al.,
2002), what clearly shows that further analysis may be
needed on this.

A. acuminata belongs to the Betulaceae family
(Furlow, 1979). For thisfamily few reportsexist regarding
their arbuscular mycorrhizal type. The mycorrhizal
colonization of A. acuminata observed resembles the
typical Arum-type(Smith& Smith, 1997) intheir entirely
inter- andintracellular spread of thehyphaeandvesicles,
and the arbuscules were always simple and terminal.
Similar resultswereobserved by Maremmani et al. (2003)
in Alnus glutinosa (L.) Gaetrn. roots.

At the two seasons of sampling, influence on the
percentage of AM colonization was observed with the
highest AM colonizationin spring (Table 2). In contrast
Becerraet al. (2005c¢) found higher colonization during
autumn for A. acuminata in Calilegua National Park

Table 2. Percentage of AM colonization between seasons and sites (QP: Quebrada del Portugués,
Tucuman province; SN: Sierrade Narvéaez, Catamarcaprovince).

Tabla 2. Porcentaje de colonizacion MA entre estaciones y sitios (QP: Quebrada del Portugués,
provinciade Tucuman; SN: Sierrade Narvaez, provinciade Catamarca).

Autumn

Spring

Variable QP

QP N

% AM 394 +411*

0.86 + 1.90

754 £ 7.09 * 477 + 585

% AM: Percentage of AM colonization. Significance between sites for each season are indicated as *, Mann

Whitney non parametric test P< 0.05.

Ci. SUELO (ARGENTINA) 25(1) 7-13, 2007



MICORRIZAS, SUELOy ESTACIONALIDAD 11

(Argentina). AsBrundrett and Kendrick (1988) sugges-
ted for deciduous forest, arbuscular mycorrhizal plants
show their root growth and mycorrhizal activity during
spring season. Thiscould be attributed to thelow tempe-
ratures and the photoperiod during autumn and winter,
which affect plant phenology and symbiotic activity
(Brundrett & Abbott, 1994; Wilson & Hartnett, 1997).
Factors such as soil moisture, nutrient pulse or host
phenology can also affect AM colonization (Abbott &
Robson, 1991; Sanders, 1993). Giovannetti (1985) found
thehighest AM coloni zation during theflowering period
of Ammophilaarenaria(L.) Link. A.acuminataflowered
during spring and the highest AM colonization was
foundduringthisperiod. AM fungi arebeableto colonize
roots without physical barriers formed by ectomyco-
rrhizal fungi evenin pine (Horton et al., 1998), and un-
colonizedrootsmay beweremoreabundantinthespring
in our system.

Sailsinthe present study havelow el ectrical conduc-
tivity (Table 1). The AM colonization was positively
influenced by thehigher el ectrical conductivity of loamy
stand (SierradeNarvaez) (Table3), whichmay berelated
toahigher availability of minera nutrients. Similar results
wereobtained by VanDuinetal. (1989), Mendozaet al.
(2000), and Hildebrandt et al. (2001).

AM colonization was affected positively by organic
matter and total N in Sierrade Narvéez (Table 3). These
results are in contrast with Becerra et al. (2005c) who
found negative correlation between organic matter and
AM colonizationwiththe samehost. AsHayman (1982)
suggested, some plants present high mycorrhizal
colonization in soils with high levels of soil nutrients.

Trees (such as Alnus acuminata) add a lot of organic
material each year to soils, and this organic matter may
leadto higher mycorrhizal development. Ingeneral, AM
isabundant in both poor and rich soils, which showsthat
low soil fertility is not a prerequisite for extensive
mycorrhizal development (Hayman, 1982).

AM colonizationwasnot correl ated with Pinthe soil
samples (Table 3). As Smith & Read (1997) stated, itis
frequent that high P concentrations eliminate AM co-
lonization, although it iswell known that P availability
influencespercentage col onization morethanitsconcen-
tration.

Percentage of AM colonization was associated
positively withelectrical conductivity, organicmatter and
total N. Contrary to our expectations, the studied soils
werenot|low innutrients, but AM col onizationwasasso-
ciated by these parameters. Although only some soil pa-
rameters were measured, others such as soil texture
(Hamel etal.,1997), bulk density (Hamel etal., 1997), Ca,
Cu, Fe,K,Mg,Mn, Zn(Cade-Menunetal.,1991; Hamel
etal.,1997; Diagneetal.,2001) and soil microorganisms
(Haselwandter & Bowen, 1996) may affectthe AM colo-
nization.

This study partialy explains how AM colonization
of A. acuminataisaffected by some soil parametersand
seasonal changes. Future research could involve: 1) the
dynamics of AM fungal diversity and density in the
rhizosphere and their relationships between AM fungal
spore production with soil parameters, 2) long term
seasonal variationsincluding winter and summer of the
AM colonization on Andean alder and 3) relationships
between AM, ECM and actinomycetes associated with

Table3. Kendall-Tau coeficientsof correlation between percentage of AM col onization, seasonsand sites
(QP: Quebradadel Portugués, Tucuman province; SN: Sierrade Narvaez, Catamarca province).

Tabla 3. Coeficientes de correlacion de Kendall-Tau entre los porcentajes de colonizacion MA, las
estaciones y los sitios (QP: Quebrada del Portugués, provincia de Tucuman; SN: Sierra de Narvaez,

provinciade Catamarca).

Autumn Spring

Variables QP N QP SN

% AM vs. EC (dS m?) + 0.273 + 0.157 + 0.177 + 0.328
% AM vs. FC (% of dry weight) + 0.229 - 0.115 - 0.167 + 0.259
% AM vs. pH - 0.139 + 0.011 - 0.076 - 0.259
% AM vs. P (mg kg?) + 0.042 + 0.286 + 0.162 - 0.105
% AM vs. OM (%) - 0.080 - 0.132 - 0.266 + 0.521"
% AM vs. N (%) - 0.041 - 0.075 + 0.060 + 0.355"

% AM: Percentage of AM colonization, EC: electrica conductivity, FC: field capacity, P: available phosphorus,

OM: organic matter, N: total nitrogen. Significance indicated as *

P< 0.05.
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A. acuminata. Further long-term studies are necessary
toelucidatetheecol ogical roleof AM fungi intheforests
of northwestern Argentina.
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