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A B S T R A C T

The aim of this study was to compare the arbuscular mycorrhizal fungal (AMF) community of the
rhizosphere and inside the roots of the perennial Polylepis australis tree. Three forest types differing in
their structural complexity due to anthropogenic disturbances were chosen at three different sites at the
high mountains of central Argentina. Rhizosphere spores and P. australis roots of four randomly selected
trees were isolated from 36 soil samples, DNA was extracted and the 18S rDNA fragments were amplified
by nested-PCR. The products were analyzed by DGGE and the bands were excised for sequencing. In total,
36 OTUs were defined from 56 DGGE bands successfully sequenced. Forest disturbance types showed
similar communities of AMF, as rhizosphere spores and within the roots of P. australis. However, DGGE
clustering showed mainly differences between rhizosphere spores and root-colonizing AMF. Members of
Glomeraceae, Pacisporaceae, Acaulosporaceae and Gigasporaceae were shown in rhizosphere spore
samples. Root samples showed only members of Acaulosporaceae and Gigasporaceae, which might be
complementary in terms of soil resources exploration. The prevalence of the root system with their
community of symbionts might explain the resilience of AMF soil communities to forests structural
changes. This study presents evidence of a possible preference in the AMF–P. australis interaction.

ã 2015 Published by Elsevier B.V.

13 1. Introduction

14 The high mountain forests of central Argentina are dominated
15 by the perennial tree Polylepis australis Bitt, an endemic species of
16 Argentina (Renison et al., 2013). These mountain forests have been
17 reduced due to the effect of livestock rearing combined with fires,
18 set to promote grass re-growth. The forests remnants are
19 represented by patches differing in their structural complexity
20 and their degree of conservation, depending on their disturbance
21 history. The most preserved forest fragments are located far away
22 from rancher houses, roads and in deep ravines where livestock
23 and fire ignitions are less frequent; while most degraded wood-
24 lands are easily accessible (Renison et al., 2011).Q2

25Arbuscular mycorrhizal fungi (AMF) are obligate biotrophic
26symbionts that colonize �80% of the land plant species studied to
27date. In exchange for plants assimilated carbon, AMF promote
28hosts nutrition and growth, provide protection against root
29pathogens and improve soil structure (Smith and Read, 2008).
30Forest structural changes might affect native AMF communities
31through changes in vegetation cover, microclimatic conditions or
32soil physical-chemical characteristics (e.g. Zangaro et al., 2013).
33However, in previous studies, AMF communities (richness,
34abundance, diversity and evenness) of P. australis mountain forests
35were not influenced by structural changes (Soteras et al., 2015) nor
36by increasing livestock density (Menoyo et al., 2009), showing that
37AMF soil communities might be resilient to these antropogenic
38disturbances.
39The lack of AMF host specificity has been widely acknowledged
40(Smith and Read, 2008). However, it is becoming evident that
41exists a degree of selectivity in the plant–AMF association (Davison
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42 et al., 2011; Helgason et al., 2002; Öpik et al., 2009). Furthermore,
43 in nature a single root system is usually colonized simultaneously
44 by different species of AMF (Saks et al., 2014), and controlled
45 experiments indicated that different AMF species can work
46 synergistically to improve plant growth (Maherali and Klironomos,
47 2007). There are differences in the AMF colonizing strategies based
48 at the family level, while Gigasporaceae family produce extensive
49 extra-radical mycelia, Glomeraceae mostly colonize inside the
50 roots (De Souza et al., 2005a). Meanwhile, Acaulosporaceae family
51 could be considered as an intermediate strategy, producing low
52 biomass inside and outside the roots (Hart and Reader, 2002; Hart
53 et al., 2001). Moreover, AMF taxa differ in their carbon and
54 phosphorous demand (Pearson and Jakobsen, 1993). Therefore,
55 host–AMF interaction preference could be more related to the
56 reciprocal correspondence of both partners to the same functional
57 group rather than by plant-symbionts identity (Chagnon et al.,
58 2013; Öpik et al., 2009; Saks et al., 2014).
59 The AMF spores of the rhizosphere of P. australis at the high
60 mountains forests of central Argentina have been morphologically
61 described (Menoyo et al., 2009; Soteras et al., 2015). However,
62 molecular techniques that could help improving soil community's
63 characterization have not yet been implemented. In addition,
64 research in this high altitudinal forests has been focused on
65 rhizospheric spore communities without considering root-colo-
66 nizing AMF. The identification of P. australis symbionts will allow to
67 state general ecological hypothesis about host-AMF preferences.
68 But, more meaningful due to the endemic nature and current
69 degradation of P. australis forests, the identification of root-
70 colonizing symbionts will increase the knowledge about the most
71 appropriate AMF-inocula to facilitate reforestation efforts. Molec-
72 ular techniques provide an accurate approach for the identification
73 of the AMF community of the rhizosphere soil and within the
74 target plant roots (Helgason et al., 1998; Husband et al., 2002). The
75 denaturing gradient gel electrophoresis (DGGE) can separate
76 ribosomal DNA (rDNA) fragments of different sequence amplified
77 from total community DNA (Muyzerm and Smalla, 1998).
78 Therefore, this molecular fingerprinting technique together with
79 the sequencing of amplified rDNA fragments has been applied for
80 the AMF community characterization (Kowalchuk et al., 2002;
81 Liang et al., 2008; Öpik et al., 2003).
82 One of the most important dimensions of AMF niche space is
83 comprised by the root system of host plant species. Other niche
84 axes of these obligate plant symbionts include the soil environ-
85 ment, as AMF allocate great part of their biomass to spores and/or
86 extra-radical mycelia (Bever et al., 2001; Lekberg et al., 2011; Smith
87 and Read, 2008). The resilience of the AMF community against
88 anthropogenic disturbances might be mainly influenced by the
89 degree that below- or aboveground changes physically disrupt the
90 soil (Kladivko, 2001). Disturbance history in the high mountain
91 forests of central Argentina has mainly changed vegetation cover
92 and soil impedance but maintaining the dominant plant species of
93 the community (Renison et al., 2004; 2011). Therefore, symbionts
94 of the root system may have prevailed after disturbance occurrence
95 thus restoring the soil community of the ecosystem. In this context
96 and according to previous field evidence (Menoyo et al., 2009;
97 Soteras et al., 2015), we hypothesized that soils of P. australis forests
98 with different disturbance histories are similar in terms of AMF
99 community composition. We expected that the different forest

100 disturbance types (degraded, young and mature) might not
101 strongly affect the AMF community composition thus showing
102 similar DGGE banding patterns. However, considering that
103 coexisting plant species might be colonized by different AMF
104 communities (Vandenkoornhuyse et al., 2003) and that hosts-AMF
105 preference is generally the rule, we hypothesized that P. australis is
106 colonized by a subset of the soil AMF. We expected that this
107 perennial host show a tight relationship with AMF taxa belonging

108to the same functional group (i.e. AMF members of the Giga-
109sporaceae family).
110To test these predictions, the aim of this study was to compare
111the AMF community of the rhizosphere spores of P. australis trees
112with the root-colonizing AMF community in three forests types
113differing in their structural complexity, using nested-PCR DGGE
114analysis of the 18S rDNA followed by sequencing of excised bands.

1152. Materials and methods

1162.1. Field sampling of rhizosphere soil and root system

117During June 2012 soil samples were collected from three
118P. australis forest disturbance types (degraded forest, young forest
119and mature forest) at three river basins (spatial replicates) of the
120high mountains of central Argentina. Lateral roots and rhizospheric
121soil were collected with a trowel 15 cm away from the main trunk
122and below the soil litter layer (0–20 cm depth) of four randomly
123selected P. australis trees separated for at least 20 m of distance.
124Thus rhizosphere soil samples totalized 36 replicates
125(4 trees � 3 forest types � 3 sites).
126Forest disturbance types have been shaped by livestock and fire
127management and differed among each other according to their
128structural complexity (e.g. canopy cover, age and height of the
129oldest tree, exposed rock surfaces; Renison et al., 2011). Mean
130temperature for the coldest and warmest months are 5 �C and
13111.4 �C, respectively, with no frost-free period. Mean annual
132precipitation is 840 mm, being concentrated in the warmest
133months (October–April) (Cabido et al., 1987).

1342.2. Spore isolation from soil and DNA extraction

135AMF spores were extracted by wet sieving and decanting of
13625 cm3 of soil, followed by centrifugation in sucrose solution (50%
137w/v) (Walker et al., 1982). The material on the top sieve (500 mm)
138was discarded and the content on the fine sieve (38 mm) was
139suspended in water and centrifuged for 4 min at 3000 rpm. The
140resulting pellet was resuspended and centrifuged in sucrose for
1412 min at 2000 rpm. Finally, the suspension was transferred to a
14220 ml tube and stored at 4 �C until DNA extraction.
143DNA extraction from the isolated spores was performed using
144UltraCleanTM soil DNA kit (MO BIO Laboratories, Solana beach, CA,
145USA) following the manufacturer's specifications. DNA extracted
146was checked by agarose gel electrophoresis (0.8%), stained with
147ethidium bromide and visualized under UV light.

1482.3. DNA extraction from root system

149Roots were carefully separated from rhizosphere samples and
150washed with tap water. Then the samples were dried for 48 h at
15150 �C and stored at �5 �C until DNA extraction. Root material
152(60 mg) was ground in a mortar with liquid nitrogen and DNA
153extraction was performed following manufacturer’s protocol of the
154Invisorb1 Spin Plant Mini Kit (Invitek, Berlin, Germany).

1552.4. Amplification of 18S rDNA fragments by nested-PCR

156In order to characterize the AMF community of soil and roots
157the methodology proposed by Liang et al. (2008) with modifica-
158tions was followed. Nested-PCR reactions were done in a sterile
159microcentrifuge 0.5 ml tube using GoTaq1 Flex DNA Polymerase
160(Promega, Madison, USA) according to manufacturer’s advices,
161adding elution buffer (20 mM Tris–HCl, 50 mM KCl, pH 8.4) and
162reaching a total reaction volume of 50 ml.
163A 580 bp sequence of the SSU rRNA gene was amplified using
164the universal eukaryotic primer NS31 (Simon et al., 1992) and the
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165 AM1 fungal-specific primer (Helgason et al., 1998). The reaction
166 mixture for performing the PCR was composed of 200 mM each of
167 the four deoxynucleoside triphosphates, 1.5 mM MgCl2, 0.2 mM of
168 each primer and 1.25 U GoTaq DNA polymerase Flex1. An aliquot of
169 0.8 ml (0.8 mg ml�1) of BSA (Promega) was also added. Also 5 ml of
170 DNA spores and roots were added. The cycling was made on a
171 Mastercycler Ep Gradient (Eppendorf) thermal cycler. The regime
172 used was as follows: first cycle at 94 �C for 1 min, then 1 min at
173 66 �C and 1.30 min at 72 �C, followed by 30 cycles of 94 �C (30 s),
174 66 �C (1 min) and 72 �C (1.30 s), and a final elongation at 72 �C for
175 10 min. To confirm the PCR amplification and quality, the products
176 were checked by agarose gel electrophoresis (0.8%), stained with
177 ethidium bromide and visualized under UV light.
178 The PCR products were diluted ten times with MilliQ sterile
179 water, then 1 ml of the diluted amplicons were used as a template
180 for a second PCR, using the primers NS31-GC (Kowalchuk et al.,
181 2002) and Glo1 (Cornejo et al., 2004) with the same reaction
182 mixture detailed formerly. Conditions for the nested-PCR were: an
183 initial denaturalization step at 94 �C (5 min), followed by 35 cycles
184 of a denaturalization at 94 �C (45 s), then 52 �C (45 s) and 72 �C
185 (1 min), and a final elongation at 72 �C for 30 min. To confirm the
186 PCR amplification and quality, the products were checked by
187 agarose gel electrophoresis (1.5%), stained with ethidium bromide
188 and visualized under UV light. PCR products were stored at –20 �C
189 until the denaturing gradient gel electrophoresis (DGGE) analyses
190 (Liang et al., 2008).

191 2.5. Nested-PCR products analysis by DGGE

192 In order to compare DGGE bands, Glomeromycota reference
193 markers were performed using 15 ml of a mixture of Glomus clarum
194 from in vitro collection (Laboratory of Mycorrhizal Associations,
195 Universidade Federal de Viçosa—Viçosa, Brazil), Acaulospora koskei
196 SCT406A, A. tuberculata SCT250B, Gigaspora albida PRN201A, Gi.
197 decipiens SCT304A and Scutellospora heterogama PNB102A, collec-
198 tions from the International Glomeromycota Culture of the
199 Regional University of Blumenau (FURB), Santa Catarina.
200 A sample of 10 ml of the products of the nested–PCR was
201 analyzed by DGGE (Modelo DcodeTM System—BIO Rad California,
202 USA). Electrophoresis vertical gels contained polyacrylamide
203 (37.5:1 acrylamide:bisacrylamide), 8% (wt/v) of Tris–acetate–EDTA
204 (TAE) buffer 1X (Tris/acetic acid/EDTA, pH 8.0). A final gradient
205 varying from 35% at the top to 55% at the bottom of the gel was
206 prepared aided by the Gradient Hoefer SG50 (Amersham
207 Biosciences). The condition of 100% denaturant was formed by
208 7 M urea (Sigma, Cat#U5378) plus 40% v/v formamide (Sigma,
209 Cat#F9037). DGGE was performed in TAE 1X buffer at a constant
210 temperature of 60 �C at 80 V (10 min), followed by 60 V (20 h).
211 DGGE gels were stained with 1X SYBR GOLD1 (Sigma–Aldrich)
212 according to manufacturer’s advices. Gels were visualized under
213 UV light, captured and digitized using a photodocumentation
214 imaging system (Loccus Biotecnologic L-Pix Chemi). Dendrograms
215 were constructed with the Bionumeric software version 6.0
216 (Applied Maths, Inc., Austin, Texas, USA) using Jaccard’s similarity
217 index and cluster analysis with the un-weighted pair-group
218 method with arithmetic averages (UPGMA).

219 2.6. Nested-PCR products sequencing and OTU delimiting

220 From the DGGE gels, more frequent and intense bands were
221 excised and transferred to microtubes of 0.5 ml containing 30 ml of
222 MilliQ sterile water for re-amplification by PCR.
223 The new PCR reaction was performed as the nested-PCR
224 described formerly, using NS31 and Glo1 primers but without
225 GC-clamp. The DNA fragments were sequenced using primer
226 Glo1 and NS31 by the Macrogen Company (Macrogen Inc., Korea).

227The sequences obtained were analyzed using SEQUENCHER
228software version 4.1.4 (Gene Codes Corporation, Ann Arbor,
229Michigan, USA).
230Sequences were grouped into operational taxonomic units
231(OTUs) with the following criteria: �97 % of identity and no more
232than 10 bp shorter than the query length. Sequence of each OTU
233were compared with those in the MaarjAM database (Öpik et al.,
2342010) and in the National Center for Biotechnology Information
235(NCBI) by conducting a BLAST-n (Altschul et al., 1997) and
236morphospecies taxa were assigned following the criteria previ-
237ously stated. Sequences not similar to known taxa were
238automatically aligned using the MAFT web service in Jalview
239version 2.8 (Waterhouse et al., 2009) together with all virtual taxa
240type sequences of MaarjAM database (status 31.03.2013) and the
241closest sequences. Neighbor-joining analysis (F84 model with
242gamma substitution rates and bootstrapping over 100 runs) was
243performed in TOPALi v2.5 (Milne et al., 2004). New OTUs were
244defined based on bootstrap support and the same criteria formerly
245described. Sequences of all the determined OTUs were submitted
246to the European Nucleotide Archive of EMBL-EBI (accession
247numbers from LM993888– LM993943).
248Following the removal of sequences of Glomeromycota families
249that did not appear in the sample and potential sequencing
250artifacts, a Bayesian tree was built using MrBayes version
2513.1.2 software (Ronquist and Huelsenbeck, 2003) including the
25236 OTUs defined and the closest GenBank sequences. The best
253nucleotide substitution model (GTR with gamma distributed rate
254heterogeneity among sites) according to the Akaike Information
255Criterion (AIC) was determined with jModelTest version 2.1.4
256(Darriba et al., 2012).

2573. Results

2583.1. Nested-PCR products analysis by DGGE

259The DGGE analysis of the nested-PCR products evidenced a total
260of 56 bands that were used for pattern comparison based on band
261matching and intensity. DGGE clustering showed that AMF
262community was mainly different between rhizosphere spores
263and roots (bootstrap 90%) rather than among forest structural
264types, excepting for three DGGE bands of spore samples (6–8) that
265were grouped with root bands (Fig. S1).

2663.2. DGGE excised bands sequencing

267In total 56 bands grouped in 36 OTUs that belonged to four AMF
268families (Glomeraceae, Acaulosporaceae, Gigasporaceae and
269Pacisporaceae) were successfully sequenced. Among them,
27018 bands could be assigned to known AMF morphospecies.
271Forest structural types shared most of the ribotypes present in
272the rhizosphere of P. australis. Spore bands revealed that OTU4
273(accession number: LM993898, best score: 100% of query coverage
274and 99% of identity) and OTU5 (accession number: LM993908, best
275score: 98% of query coverage and 98% of identity) in the
276rhizosphere of the degraded and mature forests matched with
277Acaulospora laevis. This morphospecie was also found in the young
278forests rhizosphere. The OTU7 appeared in the rhizosphere of
279mature forest type and its closest match was with Gigaspora
280margarita (accession number: LM993919, 100% of query coverage
281and 98% of identity). Root bands showed OTU1 which was closely
282related with Gi. rosea (accession number: LM993918, best score:
28398% of query coverage and 98% of identity) as the only known
284morphospecies in both degraded and mature forests (Table S1).
285The sequences of excised bands showed differences between
286the AMF community of spores and roots. DGGE bands of spore
287samples (46 successfully sequenced) revealed 31 OTUs belonging
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288 to the four families. Contrary to that, DGGE bands of root samples
289 showed only affiliations with Acaulosporaceae and Gigasporaceae
290 (7 OTUs). From the total of OTUs inside P. australis roots only 2 were
291 also present as spores: OTU1 and OTU4, respectively related to Gi.
292 rosea and Acaulospora laevis. Gigasporaceae OTU18, OTU19 and
293 OTU35 were related to Scutellospora arenicola, Scutellospora
294 pellucida, Gi. roseae (OTU1) and Gi. margarita (OTU7) (Fig. 1).
295 Pacispora OTU12, OTU13, OTU14 and OTU33 were related to
296 Pacispora scintillans (Fig. 1).

297 4. Discussion

298 In accordance with the hypothesis stated and as with Soteras
299 et al. (2015), forest disturbance types did not influence the AMF
300 community, as molecularly characterized. Rather, differences in
301 the composition between rhizosphere spores and root-colonizing
302 AMF of P. australis were observed, the latter showing the lower
303 diversity. The different forest disturbance types of P. australis have
304 been shaped by the disturbance history of the high mountain
305 ecosystems of central Argentina. Livestock rearing and intentional
306 fires to promote grass re-growth are the main anthropogenic
307 impacts on these forests, causing changes in forest structural
308 complexity, mainly cover reduction and soil compactation increase
309 (Renison et al., 2004; 2011). However, dominant tree and shrub
310 species are still present in the different forest types thus
311 maintaining the root system with their community of symbionts.
312 The prevalence of the root ecosystem is probably the cause of the
313 lack of differences among forest disturbance types of the AMF
314 community, characterized by either morphological or molecular
315 techniques.
316 Similar to previous morphological approaches of rhizosphere
317 samples of P. australis (Soteras et al., 2015), excised bands
318 sequences were related to Gi. rosea OTU1 (accession number:
319 LM993918) and Gi. margarita OTU7 (accession number: LM993919)
320 according to the BLAST against MaarjAM database. Of the total
321 OTUs defined, OTU4 (accession number: LM993898), affiliated to
322 Acaulospora laevis, was the most frequent (18 % of the sequenced
323 bands). This morphospecies was also morphologically recorded by
324 Menoyo et al. (2009) at the high mountain forests of central
325 Argentina. In addition, members of Pacispora sp., previously
326 identified by morphological techniques were detected in this
327 study, thus confirming its presence and increasing the current
328 knowledge about the distribution range of this genus (Novas et al.,
329 2005).
330 As was revealed by other authors (Öpik et al., 2009; Saks et al.,
331 2014; Torrecillas et al., 2011), and supporting the hypothesis stated,
332 P. australis trees were colonized by a subset of the rhizosphere
333 spore AMF taxa. Among the four different Glomeromycota families
334 obtained from DGGE bands of the spores samples, only members of
335 Acaulosporaceae and Gigasporaceae were found inside P. australis
336 roots. There are numerous potential hypotheses that could explain
337 the differences among AMF root-colonizing and spore community.
338 First, there could be a degree of host specificity or preference by
339 the AMF community of the rhizosphere, or vice versa (Chagnon
340 et al., 2013; Davison et al., 2011; Helgason et al., 2002; Öpik et al.,
341 2009; Torrecillas et al., 2011). As was depicted by Öpik et al. (2009)
342 and Davison et al. (2011) for specialist vs. generalist forest species
343 and by Torrecillas et al. (2011) for annual vs. perennial hosts, the
344 preference of the P. australis–AMF association may be occurring at
345 the level of functional groups. The “competitive” members of
346 Gigasporaceae (Chagnon et al., 2013), shown inside the roots of the
347 target tree as expected, tend to demand high carbon supply from
348 plants, producing extensive extra-radical mycelia (Hart and Reader,
349 2002; Pearson and Jakobsen, 1993) and large spores (De Souza
350 et al., 2005a,b). Therefore, in general this Glomeromycota family
351 colonizes perennial species, while members of the ruderal family

Fig. 1. Phylogram of the Q4midpoint-rooted majority rule consensus tree based on
Bayesian analysis of the nested-PCR DGGE bands sequences of spores and roots of
P. australis rhizosphere in three forest types. Posterior probabilities > 0.5 are shown.
OTUs determined in this study are highlighted in bold along with DGGE band
number as designated in the figure and ENA accession number. Symbols at the right
of the tree indicate OTUs detected from spores of the rhizosphere (squares) and
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352 Glomeraceae typically colonize roots of herbaceous annual plants
353 (Chagnon et al., 2013; Grilli et al., 2014).
354 Additionally, OTUs related to Acaulosporaceae family were
355 found colonizing P. australis roots. Acaulospora spp. have been
356 previously recorded colonizing roots of mountain grassland
357 species of central Argentina (Öpik et al., 2013) and they are
358 widespread in forest ecosystems in Brazil (Zangaro et al., 2013). In
359 the North Yorkshire, OTUs related to Acaulosporaceae were also
360 found as the most frequent in root of Hyacinthoides non-scripta
361 (Helgason et al., 1999). This family was not expected to colonize
362 P. australis roots. However, due to the low production of both extra-
363 and intra-radical hyphae and it low competition for spatial niche,
364 taxa belonging to this “stress tolerant” family may colonize
365 together with Glomeraceae or Gigasporaceae (Chagnon et al.,
366 2013; Maherali and Klironomos, 2007).
367 Second, dormant spores may be present in the AMF rhizosphere
368 pool and could potentially initiate root colonization of host plants
369 under certain conditions or during one season (Hart et al., 2001).
370 Hempel et al. (2007) evidenced different AMF taxa as intra- or
371 extra-radical mycelium or as spores in a grassland ecosystem. In
372 agreement with these and other author findings (Saks et al., 2014;
373 Torrecillas et al., 2011), some of the OTUs found in root samples
374 (Acaulospora OTU30, OTU31 and OTU32; Gigasporaceae OTU18 and
375 OTU19) were not found as spores. Probably, these taxa were not
376 present as this propagule type at the sampling time (Saks et al.,
377 2014; Torrecillas et al., 2011). Further seasonal sampling may
378 reveal other AMF taxa inside tree roots.
379 Third, AMF root-colonizing taxa could vary along the target
380 plant life cycle (Kuramae et al., 2013). For instance, Husband et al.
381 (2002) showed that the richness and diversity of AMF community
382 colonizing Tetragastris panamensis roots decreased with seedlings
383 age. This issue should be tested in future studies.
384 Although general patterns of the rhizosphere AMF community
385 could be evidenced using DGGE analyses, a possible limitation of
386 this molecular technique is that rare AMF taxa may not be
387 detected. Future root analysis performing clones from the Sanger
388 sequencing products (Kowalchuk et al., 2002; Öpik et al., 2003) or
389 directly pyrosequencing of the samples could help revealing them
390 (Öpik et al., 2009).
391 Finally, it should be kept in mind that members of Archae-
392 osporaceae and Paraglomeraceae cannot be detected using the
393 NS31/AM1 primer combination applied in this work (Helgason
394 et al., 1998). However, AMF taxa belonging to these families were
395 not previously detected in morphological approaches of the spores
396 of P. australis rhizosphere (Menoyo et al., 2009; Soteras et al., 2015).
397 This study presents evidence of a possible preference in the
398 AMF–P. australis interaction. Only Gigasporaceae and Acaulospor-
399 aceae members, which may be functionally complementing, were
400 inside the roots of this perennial woody host. As was widely
401 evidenced, different AMF assemblages had distinctive effects on
402 plant performance (Bever et al., 2001); thus our findings could be
403 of great relevance for the reforestation activities with P. australis, as
404 AMF communities could be isolated and used for inoculation of
405 nursery trees. During field transplant, seedlings have to face with
406 livestock browsing; therefore higher biomass production through
407 the inoculation with the symbionts that show a degree of
408 specificity, which are likely the most beneficial, might improve
409 reforestation success. We suggest future researches should attain
410 the hypothesis of the specificity of the interaction between hosts
411 and AMF belonging to the same functional group, including plants
412 of the high mountain of central Argentina of different life-history
413 strategies.
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