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Alnus acuminata in dual symbiosis with Frankia and
two different ectomycorrhizal fungi (Alpova austroalnicola
and Alpova diplophloeus) growing in soillcss growth medium
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Abstract
In this study we investigated the capacity of Andean alder (4/nus acuminata Konth), inocnlated with Frankia and two
ectomycorthizal fungi (dlpova austroalnicola Dominguez and Alpova diplophiceus {({Zeller and Dodge] Trappe and
Siith), for nedulation and growth i pots of a soillcss medinm that contained vermiculite or a mixture of ground basalt
rock and vermiculite. The scedlings were inoculated with Framkiz suspensions prepared from root nodules of
A. acuminata, followed by inoculation with spores of either one of the two Alpova species. The scedlings were grown in a
greenhouse for 12 months, The seedlings grown in the vermiculite-based growth medium containing large (1-3 mm) basalt
particles and Alpova austroalnicola or medium-sized {0.5-1 mm) basalt particles and 4. diplophloeus had the heaviest
shoot and root nodule dry weights and abundant ectomycorrhizal colonization. Ectomycorrhizas formed by 4. acaminata
with Alpova austroalnicola is described here for the first time, Growth of Afpus geuminata inoculated with coto-
mycorrhizal fungi and Frankia in the soilless primary minerals indicates that Andean alder can alter resource supply by

tapping an otherwise unavailable nutrient source.
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1. Introduction

Alnis acuminota Kunth (Andean alder), a member of
the Betulaceae, is distributed along the Andes from
Vencenela to latitude 28°S in norihwesiern Argentina
(Grau, 1985). Andean alder is mainly harvested for
firewood, pulp, and timber. [t is an important specics
rccommended for management in land reclamation,
watershed protection, agroforestry, and erosion control
(National Academy of Sciences, 1984). 4. acuminata is
tolerant to inferlile soils given s ability to form
ectomycorthizal (ECM), arbuscular mycorrhical and
actinorhizal relationships (Cervantes and Rodriguez
Barrueco, 1992).
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it is through these highly efficient symbioses, in which
microsymbionis benefit {rom plant photosynthales, that
actinorrhizal plants such as alders colonivze poor substrates,
enrich soil and initiate plant succession (Roy et al., 2007).

Aycorrhizal symbiosis is generally advaniageous for
plants growing in nuftrient-pocr scils (Smith and Read,
1997). Adequate ECM formation is especially critical for
trecs growing on poor soils or in cnvironments where the
seedlings must be established quickly in order fo survive
(Perry et al,, 1987). ECM fungi are known to colonize
mineral soils, and in many laboratory experiments it has
been confirmed that ECM fungi stimulate dissolution of
minerals. Organic acids produced by ECM fungi can
probably acceleraic rock solubilization from solid mineral
substrates, enhancing nuirient (P, X, Ca and Mg)
availability for uptake by plants (Watteau and Berthelin,
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1990; Paris et al., 19953). The abilities of different ECM
fungi to mobilize inorganic nuirients might be species
specific (Lapeyrie et al,, 1991). Actinorhizal alders such as
Alnus  tenuifolia and A. rubra nodulated by Frankia
solubilize basalt rocks, thereby releasing base-clements for
uptake by plants and rapidly increasing soil organic matter
(Li and Bormann, 2003; Yamanaka et al, 2003). Ecto-
mycorrhizal fungi are expected to improve nodulation of
actinorhizal plants, perhaps by solubilizing rock minerals,
and thus improving nufrient acquisition by the plants
(Yamanaka et al., 2003). These combined processes may be
important for the survival and establishment of these plants
i degraded, nutrient-limited soil ecosystems, thereby
improving forest productivity (Bormann et al,, {998; Li and
Strzelcezyk, 2000).

From studies on ECM of alder species in North
America, Hurope and South America, it is known that
ectomycorrhizal symbionts on Almus spp. roots are
dominant (Becerra et al, 2002, 2005a,b,c; Miller et al,
1991; Pritsch 1996; Pritsch ¢t al., 1997). Alnus acuminata is
associated with a number of ECM fungi belonging to the
genera Russula, Lactarius, Inocybe, Laccaria, Cortinarius,
Gyrodon and Naucoria (Singer and Morello, 1961;
Raithethuber, 1988; Moser, 2001).

Mygcorrhizae of Alpova diplophipeus (Zeller and Dodge)
Trappe and Smith and Alpus spp. (except 4. acuminata)
have been described in detail (Godbout and Fortin, 1983;
Massicotte et al., 1986; Molina, 1979; Wiedmer and Senn-
irlet, 2001). Alpova austroainicola Dominguez is a new
fungal species of Afpova recently collected and described
under 4. gouninata in the Yunga district of Argenting
(Nouhra et al., 2005). The mycorrhizae on 4. acuminata
formed with Alpova austroalnicola were never
characterized,

‘the aims of the present study were: 1) determine the
capacity of Alnus acuminata to nodulate and to growth in
nutrient poor substrates when incculated with Frankio an
two ectomycorrhizal fungi under controlled conditions, and
2) characterize the ectomycorrhizaec formed by Alpova
austroalnicola and A. diplophloens synthesized with
A. acuminata.

2. Materiak and Methods

Soil preparation

Basalt rocks were collected from La Calera district
(31°21°10.37S, 64°21°26.6"W), Cérdoba, Argentina. The
rocks were ground and wet sieved to a grain size of
between 250 pm to 3 mm. In order to remove fine dust, the
minerals were washed in 0.1 M HC, foliowed by
demineralized water for several days untii the effluent
reached the pH of the domineralized water. The treatments

were pots containing: 1) rocks of 1-3 mm in diameter for L
(large size), 2) rocks of 500 um — 1 mm in diameter for M
{medium size), 3) rocks of 250300 gm in diameter for S
(small size), and 4) sterilized vermiculite served as control.
Vermiculite is a light, porous silicate mineral that serves as
a base medium; it retains moisture and gives an aerated root
environment, Fifty grams of each rock particle size were
mixed with vermiculite (1:1) and placed into tubes (25 cm
deep, 7 cm in diameter), the botiom of which was sealed
with a 50 um mesh nylon screen to prevent the particles of
vermiculite and the ground basalt rock from falling out of
the tube. The mixed rock-vermiculife substrates as well as
pure vermiculite were sterilized by autoclaving for 1 h at
{21°C. The chemical composition of basalt rock and
vermiculite was analyzed using the Cameca SX50 elecirone
microprobe and are shown in Table 1.

Seediings

Sceds of Alnus acuminata were surface-sterilized in
30% H,0, for 20 min and washed several times with
sterilized distilled water. After sterilization, the seeds were
placed on a moist filter paper in a petri-dish and exposed to
light at room temperature until they germinated. The
emerging scedlings were transplanted into the pots
described above. Fresh nodules {clusters of modified lateral
roots) with Frgnkia were harvested during fall from an
A. acuminata forest in the Yungas, Argentina, The nodules
were kept in a refrigerator for about one month before they
were used as an inoculum. About 5 g of root nodules were
gently crushed in a mortar and pestle. All treatments and
controls were inoculated by pouring 1 ml of a well-
fragmented inoculum suspension (approximately 30 mg
fresh weight nodules) near the base of the seedlings.

‘three weeks after Frankia inoculation, the scedlings
were inoculated with spores of Alpova austroalnicola ot
A diplophloens depending on  the treatments, the
treatments received dual inoculation with Frankic and
A. austroalnicola or Frankia and A. diplophloeus.

Table 1. Chemical composition of the basalt-rock and vermiculite
{% of dry weight) used as substrates in the experiment.

Variable Basalt-rock” Vermiculite”
$i0, 72 33-36.5
ALO, 14 1117

Fe 503 3 4-11

MgO 1 1827

Nz, 0 3 <0.5

K;0 4 <0.1

CaO 1 <05

TiO, 03 <02

MnO 0.05 Not detected
7,04 0.16 Not detected

“aean of 5 samples.
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Table 2. Growth of Alnus acuminata inoculsted with Frankic and Alpova austroalnicoln and grown in soilless subsirates.

Treatments  Height (cm) Shoot dry Root length Root diy weight  Number of Nodule lobe ECW
weight (g) {cm) {g) nodule lobes dry weight {g) %%)
/ seedling
Control 1.57+0.42d 0.013 +0.02¢ 17.80 +3.20b 0.031 +0037s 3587+3.17¢ 52107 +8.08 107 -
S 3.761-2.04c 1651 0.864b 21431 1432 0424033 94.05:1 52,436 6.08:1 0.03b -
M 15.70 £1.41b 1.77+0.82b 21.85+0.8%a 2.08 +£0.86a 12300 +41.14b  0.14£0.08b +-
268+041a 2222+ 1.124 2.67+0.61a ot

L 18.90 £2.495

178.46x2641a 048+ 0.08a

Treatments: Conirol with vermiculite only; small rock particles (S, 256-500 pm); medium-sized rock particles (M, 5680 um — 1 mm); large
rock particles (L, 1-3 mm). ECM measured as percentage of colonization on 100 roots (- 0%; +/- <10%; + 10-40%; ++ 40-75%;
+i+ 75-100%), nodulation measured as number of nodules lobes. Values in each column followed by different letters differ at P<0.05
according to a Tukey fest. Values are mean of 10 seedlings =+ standard error for each treatment.

‘Table 3. Growth of Alnus acuminata inoculated with Frankia and Alpova diplophloeus and grown in soilless substrates.

Treatments Height (cm) Shoot dry Root length
weight {g) {cim)

Control 1.51 £0.29d 58.10°+8.910%d 1248 +4.58b

S 7.1+ 3.8¢ 1.15+0.8%¢c 22414178

M 17.4 +- 1953 340,39 2253 +0.94a

L 13.24+£0.73b  2£044b 2296 +£2.89%

Rootdry weight  Numberof Nodule lobe ECM
{2 nodule lobes dry weight (g (%)

/ seedling
0.011+2.10%  3.52=1.84c 210%°+1.910% -
1.95+ 141z 1424 £55.03b $.35+£0.036 +
2.5 41752 2832 £95.16a 9.5 :0.23a i+
2.1+£0.56a 194.00+4048  0.40:0.11b b

Treatments: Control with vermiculite only; small rock particles (S, 250-500 pm); medium-sized rock particles (M, 560 um — 1 mm); large
rock particles (L, 1-3 mm). ECM measured as percentage of colonization on 100 roots (- 0%; +/- <10%; + 10-40%; ++ 40-75%;
++ 75-166%), nodulation measured as number of nodules lobes. Values i each colummn followed by different letters differ at P<0.05
according fo a Tukey fest. Values are mean of {0 scedling + standard ervor for each freatment,

Sporocarps of A. gustroalnicola were collected from an
Andean alder forest in the Yungas (Nouhra et al,, 2005);
sporocarps of 4. diplophiceus were collected from a red
alder (4. rubra Bong.) forest near Florence, Oregon, USA.
For each fungus, a spore suspension was prepared by
homogenizing the sporocarps in distilled water in a
Kenwood blender at a high-speed for about 3 min. One ml
spore suspension containing 1 x 10° spores, determined by
haematocytometry, was inoculated at the base of the
seedlings.

Ten replicates were prepared for each (reatment
Seedlings were grown in a greenhouse for 12 months with a
24/16°C (day/night) regime under a 16/8 h photoperiod, and
watered every day. Water content of the growth substrates
was kept constant by addition of water. No fertilization was
provided to the seediings. The pots from different
treatments were systematically rotated to different beneh
positions once a week to minimize differences due to the
location in the greenhouse.

Data collection
The formation of ECM was obscived with a
stereomicroscope. Description of the ECM followed the

methodology of Agerer (1991, 1999), for describing color,
mantle layers, branching patiern, emanaiing hyphsae,

characteristics of rhizomorphs and cystidia. Mantle views
were examined and photographed with a Zeiss Axiophot
light  microscope at  200-1,000x  magnification,
Charactervization of the Hactig net followed the
nomenclature by Godbout and Fortin (1983). The
quantification of the ECM colonization was estimated
visually and characterized using five classes of mycorrhizal
root colonization: - (0%); +/- (<10%); + (10-40%); ++ (40—
75%); +++ (75-100%) (Schenk, 1982).

Seedling growth was measured as shoot height, root
length (mmain root and first lateral roots) and as shoot dry
weight and root dry weight after drving at 50°C to a
constant weight. The capacity for nodulation was measured
as number of nodule Iobes and dry weights of nodule Tobes
afier drying as above.

Data analyses

‘fhe variables shoot height, root length, number of
nodule Iobes and dry weighis of shoct, reots and nodule
lobes were analyzed by two-way analysis of variance and
contrast test (Tukey, P<0.05) to determine the significance
of mean differences between treatments of basali-rock and
inoculation. Statistical analyses were performed with
Infostat (2001).
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Growth

Alnus acuminata secdlings with dual Frankia-Alpova
austroalnicola or Frankia-A. diplophloeus inoculation in
vermiculite-basalt growth medium had significantly higher
shoot height, dry weights of shoot and nodule lobes, and
number of nodule lobes than the seedlings in vermiculite
only (Fig. 1A, B; Tables 2 and 3). With /rankia and
A. austroalnicola inoculations, the seedlings cultivated in
vermiculite mixed with large basalt particles had
significantly higher shoot height, shoot dry weight, number
of nodule lobes, and nodule iobe dry weight than in the
treatments with small or medium-sized basalt particles (Fig.
LA, Table 2). However, 4. acuminata seedlings inoculated
with Frankia and Alpova diplophiceus and grown in the
medium-sized basalt particles mixed with vermiculite
produced significantly higher shoot dry weight, mumber of
nodule lobes, and podule lobes dry weight than in the
treatments with small or large basalt particles (Fig. 1B,
Table 3).

Alpova gustroalnicola

Figare 1. A: Almusy acuminate-Frankia-Alpova austroalnicola
plants in different basalt-rock treatments. B: Alnus acuminaio-
Frankia Alpova  diplophlocus plants in  different basalt-rock
treatments. The numbers indicate particle size of basalt in mixture
with vermiculite, Control denote vermiculife only.

A very low no
in vermiculite only as compared to all other ireatments.
This could be duc to available phosphorus released from
breakdown of basalt, by not from vermiculite (able 1), by
Andean alder.

wag observed in controls grown

Eciomycorvki

Sormation

Ectomycorrhizal formation by Alpova agustroalnicola
and 4. diplophloeus on Alnus acuminaiu were observed in
all treatments except in the control. Abundant ECM in the
mixture of large basalt particles and vermiculite were
observed with both fungi (lables 2 and 3; ¥Fig. 2A and 34).
No other ECM types were seen on the plants.

Description of the morphotypes

Alpova austroalicola-Alnus acuminata. Monopodial
pinnate to irregular pinnate (Kig. 2A), root tips straight,
bent to tortuous, up to 10 mm long and 0.3-0.6 mm in
diameter, yellowish brown to brown. Root tips are acute to

cylindrical. Emanating hyphae: abundant, irregularly
sinuous, membranacecusly yellow to brown, branched, thin

surface rough with crystals; hyphal ends simple or inflated
(Fig. 2B). Hyphae with simple anastomoses without septa
{Agerer 1991, Type A). Rhizomorphs: hyaline to pale
yellow, straight, up to 20 pm in diameter {Fig. 20).
Mycorrhiza mantle (plane view): mantle usually contimuous
over the root apex. Outer mantle layer plectenchymatous
{Fig. 2D}, with bundles of hyphae growing in parallel and
forming a distinct ring-like pattern {(Agerer and Rambold,
1998); surface rough, with few mineral particles and
isodiamefric to elliptic crysials; hyphae membranaceously
yellowish, thin-walled, septa always with clamps, hyphae
forming terminally globular inflations, 3-6 um in diameter,
Middie mantle layer plectenchymatous (Fig. 2E), hyphae
arranged without pattern, 2—4 um in diameter, cell walls
thin. Inner mantle layer plectenchymatous (Fig. 2F),
parallel hyphae running in parallel to root axis, 2-4 uym in
diameter, clamps not observed. Mycorrhiza {cross section):
mantle 50--90 pm thick (Fig. 2G), differentiated into a
plectenchymatous outer layer of tangentially arranged
hyphae 2-7 pm in diameter, a middle plectenchymatous
layer of globosc cells 2-5 um in diameter, and 2
plectenchymatous inner layer of globose cells 1.2-5 pm in
diameter; paraepidermical Hartig net, hyphae lined up in
one row between epidermal cells 2-8 um in diameter.
Voucher specimen: ectomycorrhizas under 4. qeuminata, in
herbarium A. Becerra AB 21 (CORD).

Alpova diplophioeus-Alnus  acuminata. Monopodial
pmnaie (Fig. 3A}), root tips siraight, beni (o {oriuous, up 1o
15 mm long and 0.4-0.9 mm in diameter, vellowish brown
fo brown; oldor mycorrhizac brown to dark brown. Root
tips are cylindrical  Emanating hyphae: abuadant,







