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Abstract

Alder stands of Andros island have suffered extensive damages during the past few years which
also had a negative impact on the symbiotic microbial structure of their habitat, thus making their
natural regeneration very difficult. At these sites, re-establishment of the population of .A. glutinosa
was decided to be performed through targeted planting of alder seedlings colonized with their
symbiotic microorganisms in order to enhance their establishment and long-term survival. Several
field-trips and various activities took place during the period 2017-2019, which were associated to
alder seeds and fungal inocula collection, establishment of fungal inocula, inoculation trials, seeds
germination, seedlings development and their inoculation, and alder seedlings transplanting to the
restoration areas. Adequate amount of alder seeds was collected during two consecutive seasons
(late autumn of 2017 and 2018), were stratified to overcome dormancy and sowed at large numbers
to finally produce 8000 to 10000 seedlings at each growing period. The outcome of inoculation
trials revealed that the most successful method for the establishment of ectomycorrhizal (ECM)
fungi on alder roots was the addition of soil (originating from the priority habitat in Andros) in
growing pots at the nursery (as opposed to the use of cultures of ECM fungi); such soil samples
were found to be rich in mixed populations of symbiotic microorganisms. Therefore, alder
seedlings were sowed in a mixed substrate of alder natural soil with commercial plant growth
medium. As assessed -through root sampling and examination- prior to final transplanting, all alder
seedlings were naturally colonized by their symbiotic actinobacteria (the genus Frankia was the
dominant), while the majority of seedlings also hosted a variety of ECM fungi as a result of using
soil inocula. About 3500 seedlings (from the first sowing phase, 1% batch) were finally transplanted
and fenced at selected restoration sites in the areas of Vori and Lefka (priority habitat 91E0*).
Implementation of Action C.2 will continue with inoculation and transplanting of ca. 10000 alder

seedlings for completing restoration activities in the target areas.
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ITeiddn

To ahhovBrand Sdor oxdnbpwy g AvSpou éyouvy bTooTel extetapueves {LEg, oL OTOLEG elyay ENLONG
dvopevelg emdpdoels o611 SOUY TV HOWOTNTWY xxt 6Toug TANOLOPOLS TwV  GLUPBLWTHGY
UXEOO0EYOVIG®Y ®xOLGTOVTAG ETGL TOAD SLOYEQY T1] PUGLKY] AVAYEWWY|OY] TwWV OEVORWY. 2e AUTES TG
TIEQLOYEG, ATOYACIOTNIE 7] ATOATAOTNGY] TwV oxANOpwy (Alnus glutinosa) peéow TG GTOYELUEVYQ
pLTELOTC EUPBOMACUEVOY QUTOV HE GLUPBLWTINOLE WIXEOOEYAVIOROVS, TEOXELUEVOL Vo evioyulel 7
IXUVOTYTAL TOLG YL Geoy] TEoouppoyy] nat emtPiwon. Katd m diepreix g meptodov 2017-2019
npaypatononOnuay mokvdptbueg endpopés xar Siapopeg Spdoelg, oL omoleg -petalh IAAWV-
POEOLOAY T1] GLALOYY] TWV OTEEQUATWY GUANDEOL %ot TWV ULUANTLAXOY ELBOALWY, T1] CTEWUATWOY] TWY
OTEQUATOV UL TNV &EGCT] TOL ANB&EYOL TOLG, TIC SOULUES eUBOMAGLOD, TNV AVATITLEY TWV PULTWY Kot
0V TeAMn0 epPBoMacpo toug nabig ot T PETHEHTELOY] TWY VEXEWY OeVOELMW®Y OTIC TEPLOYES
anoxataotaone. Enapuelc mocotniee oneppdtwv ondnbpoov cvldéybnmuav Sdo ocuvveyeic ypoviég
(pOvomweo tov 2017 now tov 2018), otpwuatwbnuay xot onapbnray ce peyddovg aptbpode yo va
npayBodv teding 8000 éwg 10000 putd oe nabe meptodo avantuéng. Ta anotedéopata Twv Soutpwy
epBolacpod edetéay mwg 1 mAgov emttuyNe pebodog Yo TNV ey TAGTAGY] EXTOULHOEELLIMDY LK TWY
ot EWidte Twv oxAnbowyv eivar 7 YONON UUEWY TOCOTNTWY YWUATOC (TEOEEYOUEVOL antd TOV
OMOTOTO TEOTEEALOTNTAS TG AvEp0L) oTa Soyela petapbTevons oTo Yutweto (avtibeta, 1 yoNom
NUAMEQYELOY EXTOPLUOEEILINWY HLUXNTWY Oev NTaY TO Bto anoteAeopatiny]). To ev Adyw edopnd
detypata Boebnuay va drabétovy endpneta pintwy TAnbuopwy and oL PBLWTIHOLE KEOOPYAVIGLOLG.
Kot ovvémeta, to Sevdpditax Twv oxAnbowy HeTaputedTUay o8 UIYIo XTOTEAOLUEVO XTO Y WU
TEOEEYOUEVO aTO TO YuOO BLOTOTO UL EUTOEO LTLOGTEWMIY avanTLéng. ‘Onwg TpoadiopioTne
neta and Serypoatoindieg eltdiwy nat e€ETaoY TOLG TELWY TNV TeMnY| RETHPDTEVEY 010 Tedlo, OAX Ta
devdpbha oxAnbowv Ntay anowtoueva and cupuPBLwTing axtivoBaxtnotx (ke xvElaEYo TO YEVOGS
Frankia), evey v mhetodmepia toug eiye emiong anomiotel and SLapoEovs EXTORLXOEELIMODS LOXNTEG
wg anotéheoux g YENoNS edapmwv epPBorinv pe umtovg mAnbvopovg. Telnd, mept ta 3500
devdpbha onnbipou (TEoeEyoUeva aTd TNV TEWTY Y&oY omoEds, 17 naETida) petaputedOnmray xot
nepuppayOnunay oe emheypéveg Béoelg anoxataotaong ong meptoyés Bopng xar Aednag (otmdTomog
npotepato™tag 91E0*). H vhonoinon e Apdong C.2 npoduetton var cuveytotel pe tov epBoAacuo

not ™ petapbrevon mepimov 10000 Sevdpulinwy wate var ohoxAnewbodv ot oyeTinés SPaoTNELOTNTES.
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Action C.2

Deliverable: “Final Report on the alder seeds, the fungal (ECM) inocula and
the alder seedlings produced for the restoration of alluvial forest in priority

habitat 91E(0*”

Introduction

Intense flooding phenomena are responsible for serious degradation of the A/nus glutinosa alluvial
forests in 91E0* of Andros island during the last few years. Alder stands have suffered extensive
damage, which destroyed or significantly deteriorated the structure of this unique habitat and
rendered the natural regeneration of alder trees very difficult (or even almost impossible in some
sites). At these particular sites, re-establishment of the population of A. glutinosa (and its associated
ectomycotrhizal fungi) was decided to be performed through targeted planting of alder seedlings
colonized with their symbiotic microorganisms to enhance their adaptability and long-term
viability (Actions C.2 in conjunction with A.1 and C.3). This Action included the collection of the
alder seeds and the fungal inocula, seed treatment prior to germination, growth of the young
seedlings, development of microbial inocula, inoculation of seedlings and their final transplanting
in the restoration areas. All previously mentioned activities were implemented during two
consecutive years, i.e. 2018 (1* batch of alder seedlings) and 2019 (2™ batch of alder seedlings); a
third year of pertinent activities might follow in case that additional seedlings will be needed to

cover the requirements of this Action.

Methodology and implementation

Alder trees produce seed cones, each cone containing numerous seeds which grow and mature at
late autumn (or earlier, depending on climatic fluctuations). For two consecutive years (2017,
2018), alder populations of Andros island were closely monitored and seeds collections were

performed at the appropriate time periods. Eventually, two field-trips were performed (one each
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year: 23-28/11/2017, 23-25/11/2018) for this specific purpose, and the required quantity of seeds
were collected from the priority habitat 91E0* (Fig 1a,b). Collection took place in mountainous
(>500 m a.s.l; Evrousies) and coastal (0-250 m a.s.l.; Vori) A. glutinosa stands to obtain seeds at
different state of maturity. Alder cones were manually collected from the trees at a height of ca. 2-

4 m and were placed into well-aerated cloth bags.

Fig. 1. a,b) Collections of alder cones, c) Wet stratification d) Germination tests.

The cones were transferred at the facilities of the Agricultural University of Athens (AUA), and
after they were left to dry for a few days in the open air, seeds were extracted from the cones by
mechanical means. Seeds were then placed in wet sterilized silica sand (Fig. 1c) at 4° C in the
refrigerator for breaking their dormancy (wet stratification). At the same time, seeds germination
tests (Fig. 1d) were conducted in Petri dishes, before, during and after wet stratification for
assessing their germination index; the latter was subsequently determined to be approx. 50%. After

stratification, and when the climatic conditions were favorable, the seeds were sowed in seeding
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trays made of perforated thin plastic, sized 39.0 x 29.5 cm with 35 sowing compartments each.
The size of the compartment is 5x5x5.5 cm and has a substrate capacity of ca. 140 ml (Fig. 2a).
Seeds were left to germinate and emerging seedlings to grow for approximately three months at
AUA’s nursery (Fig. 2b). At that stage, the young seedlings were transported to the newly-
established nursery at Agadaki Estate (please see the respective deliverable, Action C.2), where
they were transplanted to pots (approx. vol. 3 It) in order to grow and acclimatize prior to their
final planting at the selected sites. Because of the mediocre ability of alder seeds to germinate (as
evidenced by their germination index) and their relatively small size, 2-3 seeds were sowed in every
compartment, and the most robust and healthy seedlings were kept after their emergence. In

addition, each seeding tray was placed inside a plastic crate to facilitate transportation (Fig. 2c).

Fig. 2. a) First sowing of alder seeds, b) Propagation of alder seedlings at AUA facilities, c) Arrival of alder
seedlings at Agadaki Estate, d) Transplanting of alder seedlings in larger pots.

For the 1% batch of seedlings produced (year 2018), the substrate commonly used for seed
germination and eatly grow of seedlings was a commercial organic medium composed from
coconut, blond and brown peat, sand and dolomite.

< ACcC
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Fig. 3 a) Collection of P. olivellus inocula, b) Inoculation of alder seedlings — Mixing alder natural soil and root fragments with
commercial substrate, ¢) Inoculation of alder seedlings — Snapshot of the propagating seedlings in alder natural soil. d) Photos of
Nauncoria sp. inocula e) Small scale inoculation — Growth chamber, f) Small scale inoculation — Inoculation with spore suspensions, g)
Small scale inoculation — Transplanting after three months in AUA’s nursery, h) Small scale inoculation — Growth after 3 months, i)
Small scale inoculation — Growth after 6 months j) Small scale inoculation — Growth pot before colonization assessment, k) Small
scale inoculation — Colonization assessment procedure 1) Small scale inoculation — Alder rooting system with distinct actinobacteria
nodules, m) Inoculation by using alder natural soil (seedlings marked with yellow ribbons) — Snapshot from Agadaki Estate nursery,
n) Large scale inoculation — Preparing inocula by slicing hymenophores from P. o/ivellus basidiomes (ECM fungus), o) Large scale
inoculation — Spraying seedlings with inocula, p) Large scale inoculation — Alder roots colonization assessment: rooting system with
distinct actinobacteria nodules and ECM root tips.
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However, 500 seedlings were prepared at a 1:1:1 mix of the commercial organic medium,
vermiculite and natural soil obtained from the priority habitat in Andros. At the Agadaki Estate
nursery, the seedlings were transplanted in larger plastic pots (Fig. 2d) containing a commercial
organic substrate made of blond and brown peat moss, sphagnum moss, perlite and vermicompost
mixed with extra perlite, coconut fibers, vermiculite and geolite. The young seedlings were finally
transplanted and fenced at selected restoration sites in the areas of Vori and Letka (March 2019).

Suspensions of basidiospores or hymenophore fragments were obtained from fresh
basidiomes (mushrooms); their preparation process was according to the general guidelines
adopted for developing inocula in commercial applications of ECM fungi (e.g. cultivation of
truffles), which were suitably modified. Inocula originated from basidiomes of ECM fungi or from
cultures obtained from the alder soil rhizosphere and root fragments, as described in the pertinent
Deliverable (A.1; “preparation of inocula for alder seedlings”). Basidiomes were collected from
the priority habitat, while environmental samples (alder rhizosphere soil and root fragments)
detrived from positions adjacent to Aluus glutinosa trees and/or from where the presence of
ectomycorrhizal mushrooms was detected (Fig. 3a). Natural soil was collected from different sites
within the priority habitat during the previously-mentioned sampling process. Soil and root parts
were obtained after sieving which was performed during the ECM root tips examination
procedure; they were then homogenized and stored (at 4°C) until further use (Fig. 3b,c).

In total, three inoculation methodologies with ECM fungi were examined: (a) small-scale
inoculation of alder seedlings was performed by preparing suspensions of basidiospores and
hymenophore fragments obtained from ECM fungi (Paxillus olivellus and/otr Naucoria spp.) and by
applying them at the early growth stages of alder seedlings placed into growth chambers at AUA’s
premises (Fig. 3d,e), while large-scale inoculation was implemented either (b) through the use of
P. olivellus hymenophores suspension applied at the soil surface of pots with plants growing at the
Agadaki Estate (after their first transplanting), or (c) by using natural soil from the priority habitat
and applying it to small pots or trays where alder seeds were sowed (at AUA’s nursery; 500
seedlings of the 1% batch and all seedlings of the 2™ batch).

Especially as regards small-scale inoculations, in the case of mushrooms of the genus
Nancoria, suspensions derived from entire basidiomes due to their small size, whereas fragments
of hymenophores were sufficient for preparing suspensions of P. o/vellus. Suspensions (4 ml each)
were applied three times during A. glutinosa early growth stages (Fig. 3f) either immediately after

their preparation or after being stored (4°C) for a short period. During trials, plants were inoculated
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either by P. olivellus or by Naucoria spp. suspensions, or by a suspension containing both of them;
part of seedlings were not inoculated and were evaluated as control. After a three-month growth
period at controlled conditions (inside the growth chamber), the seedlings were transferred in
AUA’s nursery, where they were transplanted into larger pots (Fig. 3g,h). Seedlings were left to
grow for extra three months, and then examined for colonization by ECM fungi (Fig. 3i-l). As
regards large-scale inoculations, hymenophore suspensions deriving from P. o/ivellus basidiomes
were applied by spraying directly onto the soil surface of pots with plants maintained at Agadaki
Estate (Fig. 3n,0). Approx. three months after inoculation, a representative sample of seedling was
assessed for ECM root colonization (Fig. 3p).

As regards the 2™ batch of seedlings produced (year 2019), all plants were produced at a
1:1 mix of the commercial organic medium and natural soil obtained from the priority habitat in
Andros. Seeds sowing was performed at early March of 2019 and their growth is in progress at
AUA’s nursery.

On the basis of the alder seeds average weight, it is estimated that a few hundred thousand
seeds were collected and stored during the first two years. Approx. 40000 seeds were sowed at the
first year (four-five seeds per compartment in ca. 8500 sowing compartments) and approx. 20000
seeds were sowed at the second year (two-three seeds per sowing compartment). As regards the
first batch of seedlings produced (2018), ca. 9000 seedlings were transferred to Andros in early
June to be transplanted in larger pots, but due to the adverse weather conditions that prevailed at
the end of June (very high temperatures and hail storms), only 3500 of them finally survived.
These seedlings were inoculated as previously described, and transplanted at the selected
restoration sites in early March 2019. The final transplanting was performed along the shores of
the Vori (500-1000 seedlings) and Lefka (ca. 2500 seedlings) streams, and it was accompanied by
wire fencing to protect the young plants from grazing by feral goats (activities implemented by
the AUA and MA teams) (Fig. 4a,b,c,d).

Inoculated trees were examined after three (large-scale inoculation) or six months (small-
scale inoculation) to ascertain their colonization state. The most successful method for ECM
establishment was adding soil from the priority habitat, which resulted in alder roots colonization
with several different ECM morphotypes thus exhibiting far better results than by inoculation
through the use of spore/basidiome/hymenophore suspensions (in the latter case, only traces of

some ECM morphotypes were observed).
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Figure 4 a,b,c,d. Transplanting and fencing of the seedlings during the first restoration phase.

Hence soil amendments yielded the highest number of morphotypes, with satisfactory abundance
and density of colonization. Four different ECM morphotypes were detected, i.e. two dominant
which were particularly abundant and were identified as Tomentella sp. (Fig. 5a, b), one single root-
tip with paxilloid morphology (Fig. 5¢) and a (still) unidentified ECM morphotype (Fig. 5d). It is
noteworthy that during large-scale inoculations by P. o/ivellus (performed on 3500 seedlings at the
Agadaki Estate), two tomentelloid ECM morphotypes were detected on the majority of the
examined plants and were mainly localized at seedlings external rooting system (Fig. 3p). These
morphotypes were the same as those detected when alder soil was used for inoculation purposes.
It is quite possible that seedlings were colonized by other locally occurring ECM fungi (probably

with a broad host-range spectrum, e.g. Tomentella spp.) during their stay at the Agadaki Estate
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nursery, which may have prevented the colonization of roots by P. o/ivel/us inocula used in large-

scale trials.

Fig. 5 a, b) Dominant morphotypes identified as Tomentella sp. Fig. 5¢) One single paxilloid morphotype among
dominant tomentelloid morphotypes Fig. 5d) Non-identified ECM-root morphotype.

Moreover, actinobacteria nodules responsible for nitrogen fixation were also abundant on every
alder root examined irrespectively of whether the trees were inoculated or not (Fig 31). The non-
inoculated control seedlings growing in pasteurized commercial soil also presented a high number
of actinobacteria nodules, indicating that these symbiotic microorganisms exist as endophytes and
are present in the seeds (and subsequently transferred to the growing plant).

From all above-mentioned data, it is obvious that seeds sowing and seedlings growth in
alder natural soil is the fastest and safest way to accomplish alder colonization with a variety of
microorganisms, which would in turn facilitate their subsequent establishment and survival at the
restoration sites. Therefore, it was decided to use this particular approach for the 2™ batch of

seedlings, and the pertinent process is in progress.
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Important Dates

1* sowing (1% batch) of alder seedlings (medium-scale inoculation of 500 seedlings during

test trials)

22-26/11/2017: Collection of alder cones from two sites (Evrousies and Vori).

Cones drying and extraction of seeds at AUA’s facilities.

18/1/2018: Wet stratification of seeds in sterilized silica sand at 4 °C.

Seeds germination tests, before, during and after wet stratification for assessing their
germination index.

9/3/2018: Sowing alder stratified seeds in sowing trays of approx. 9000 sowing
compartments.

Developing of extra 500 seedlings in a substrate mix (1:1:1) consisting of commercial

medium, alder natural soil and vermiculite.

2" sowing (2" batch) of alder seedlings (large scale inoculation of the new seedlings)

23-25/11/2018: Collection of alder cones from two sites, Evrousies and Vori.

Cones drying and extraction of seeds at AUA’s facilities.

6/2/2019: Wet stratification of seeds in sterilized silica sand at 4 "C.

27-28/3/2019: Sowing alder stratified seeds in sowing trays and development of approx.
10000 seedlings.

Seeds were sowed in a substrate mix (1:1) consisting of commercial medium and alder

natural soil.

Inoculation of alder seedlings

Small-scale inoculation

22/1/2018: Sowing approx. 80 seeds in hydroponic sponges inside growth chambers.
22-24/2/2018: Collection of P. olivellus and Naucoria spp. mushrooms from Vori.
26/02/18: Preparing inocula suspensions (4 ml) from hymenophores, entire basidiomes
and/or spores of ECM fungi, and application to seedlings

16/3/18: Inocula suspensions applied to seedlings

28/3/2019: Inocula suspensions applied to seedlings
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Large-scale inoculation
o 23-25/11/2018: Collection of P. olivellus mushrooms to prepare suspensions of
hymenophore fragments to inoculate 3500 seedlings at Agadaki Estate.
e 27-28/3/2019: Generalized use of soil (detiving from the priotity area) as inoculum for ca.
10000 seedlings growing in AUA’s premises.
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Conclusions

Alder seeds collection, development of alder seedlings and root colonization by symbiotic fungi
was performed as anticipated. Alder trees were rather easily propagated and grown under nursery
conditions, while establishment of symbiosis with ectomycorrhizal (ECM) fungi is fast if they
occur at the same biotope or if care is taken to inoculate with the suitable biological material.
Although initially one of the main targets was to establish ECM symbiosis with young alder
seedlings by isolating autochthonous fungi in pure cultures and then using them as inoculants, the
difficulty/delay at making them produce mycelium and grow at satisfactory rates (which would
permit colonization of the alder roots in the timeframe set by the project) rendered this approach
not suitable for our purpose. Instead, an alternative approach was adopted, i.e. using of soil
(containing ECM inoculants) obtained from the rhizosphere of alder trees to mass inoculate young
seedlings at the nursery. This proved to be the best (fastest and safest) way for implementing large-
scale inoculation which would consequently ascertain forest restoration. It is worth mentioning
that natural soil hosts a large range of alder symbiotic microorganisms, including plant growth
promoting fungi or bacteria, which facilitate seedlings growth at a considerably larger extent than
by using just one microorganism through controlled inoculation. In conclusion, the alder seedlings
used in the restoration Action C.2 were colonized by several different symbiotic microorganisms
before their final transplanting in the field, thus their adaptivity was enhanced as initially envisaged.
The success of this approach was verified through the inspection of an adequate number of alder

seedlings; in all cases, the presence of several ECM morphotypes was detected on the roots.
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