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1. Coordinates trainee
Name: Rigel Fernández Valle
Country: CUBA
Date of arrival and departure in / from Belgium: 5th September-5th October

Number of training days: 30
Location of training (e.g. RBINS, RAM, RBG,…): Belgium (Mycothéque de l’université catholique de Louvain- MUCL).
Taxon for which training was received: Kingdom, Fungi. Division, Glomeromycota Walker & Schüßler, 2002 sensu lato
2. Taxon specific reporting

Describe the different methodologies for collecting your taxon.

Soil sampling in the field is usually done with a small shovel or with a soil sampler; samples are taken from the upper soil horizon, where most arbuscular mycorrhizal (AM) propagules are expected. At each site several soil subsamples should be taken from rhyzosphere of several specimens of the same plant species; if this is not practical, samples should be taken at several points of the field site. AM fungi are distributed in groups in the soil which makes it unlikely that such fungi present will be obtained with a single sample.

There are some methods to separate spores from soil, but most of them are modifications to the original Wet Sieving and Decanting Method (Gerdeman & Nicholson, 1963). The following method is a modification of an already published first version from Herrera et al.,(1986). Steps to separate AM components are described as follow: 1) soil samples are air-dried and sieved through 2 mm mesh, fine roots are cut into pieces less than 1 cm long and mixed with the soil (optionally entire rootlets might be separated from soil and analyzed separately, looking for AM colonization); 2) 100 g soil sub-samples are covered with 1,5 % aqueous solution of hydrogen peroxide during approximately 1 h to desegregate clayed soil aggregates; 3) the whole sample is then thoroughly washed with water over two sieves, the first, 140 (m mesh (a plastic cylinder is adjusted to the internal borders of the sieve to prevent water splash) is placed inside a large funnel, and the second, 40 (m mesh, is placed slightly sloped under the funnel stem – care have to be taken to prevent overflow of the lower sieve – ; 4) once the whole soil sample pass through the sieves, the larger sieving (140 (m) is blended in a domestic blender, e.g. Moulinex D-71, 330 watts, at 6 500 r.p.m. (speed “4”) during 30 sec adding up to 750 ml tap water; 5) the blended sieving is then passed again by the large sieve inside the funnel and thoroughly washed (if some clay is still present, blending might be repeated); 6) the sieving at the lower sieve is subsequently blended at 10 000 r.p.m. (speed “8”) during 60 sec, passed again through the 40 (m sieve and thoroughly washed (this step is repeated if the sieving is still observed to be clayed after the first blending); 7) both sievings are then separately collected over a filter paper (porosity: coarse; flow rate: fast; Fisherbrand P8 or Whatman Nr. 1) inside a Buchner funnel and vacuum filtered to discard the water excess (optionally, previous to the vacuum filtration, the sievings can be separately decanted in water and sieved again to eliminate as much gravel and sand as possible; 8) sievings are finally air-dried at room temperature to constant weight.

This method allows the elimination of all clay, loam and humus particles smaller then 40 (m so that sievings are finally very clean and composed of raw humus particles larger than 40 (m, sand and gravel, rootlets, mycorrhizal components and other living organisms. When the soil clay content is too high, sodium pyrophosphate (0.4 N, aqueous solution) is recommended, instead of hydrogen peroxide to desegregate soil aggregates. Because of AM external hyphae ability of entangling and clustering together during sieving, mycelial pads are formed and trapped over 40 µm mesh so that, according to our experience, very little to none hyphae are lost throughout this sieve. 

After air-dried, sievings are separated from the filter papers by using an small brush. Then, 140 µm and 40 µm sievings are desegregated by passing them through 500 µm mesh. By this way three fractions are identified: A - larger than 500 (m and smaller than 2 mm; B - 140 to 500 (m; and C - 40 to 140 (m. 
Thus, spores of Glomalean species are taken as follow: 

The fraction A is revised under the dissecting microscope looking for sporocarps and larger spores.
According to the method above, to separate Glomalean spores, 10 % or 5 % by weight of fractions B and C are used, respectively. Each aliquot is passed to a 50 ml centrifuge tube and covered during few minutes with tap water previous to centrifuge at 2 500 r.p.m. in a gradient of water and 2 M sucrose for 5 minutes.

Once centrifuged the Glomalean spores are observed under a dissecting microscope using up to 28 x magnification. Only spores with oily content (supposed to be alive) are taken and separated by types. A Doncaster’s dish is recommended for this step. 

Describe how to preserve the collected specimens for taxonomic purposes.

A common method is used for preparation of herbarium material of spores. Spores are transferred with a little water to microscopic slides; after evaporation of water a drop of PVLG (polyvinyl alcohol-lactoglycerine) with other one of PVLG + Melzer’s reagent are given to the site where spores were placed before mounting medium. Using the blunt tip of a pencil, forceps, or needle, a certain pressure is exerted directly on each coverslip over individual spores. When this is done under a dissecting microscope, each spore can be crushed to varying degrees (thus exposing hard-to-see thin flexible inner layers if present). Add more mountant to edge if needed to fill in. After 5 days at room temp or two days at 60°C, mountants harden.

The slide label should include as a minimum the following information: genus name and specific epithet if known date, code number for culture of origin. More detailed information on source of the specimen is needed if a code number is not linked to a specimen database or some other record-keeping method. Slides are stored flat in aluminium trays in oak boxes and organized by genus and species.

Spores not mounted can be preserved on their original soil under refrigeration conditions (4°C). Cryopreservation and lyophilization are storage methods still not suitable and recommendable for this taxon.

Describe how to curate a collection.

As AM fungi are obligate symbionts, the majority of them cannot yet be cultured on artificial media common in microbiology and phytopatology. They are distinguished by the morphology (size, colour, shape of hyphal connection, ornamentations, surface features, etc.)and the number of wall layers of their resting spores. This implies that for taxonomic purposes, the fungi must have sporulated and that spores must be separated from the substrate or soil in which they started their reproductive phase on a host plant.

Trapping is necessary to obtain many healthy spores of colonizing fungi for identification and as inoculum to establish monospecific cultures. Spores collected directly from a field soil suffer from many problems: they appear healthy but are not viable (some persisting as dead husks for years or possibly decades), they lose or change appearance of their structural characters in response to root pigments, soil chemistry, temperature, moisture, and microbial activity, and they represent only those colonizing AM fungi with enough activity and biomass to trigger sporulation. Trap cultures yield very different results, depending on all of the biotic and abiotic factors that go into growth, reproduction, and the partitioning of colonization and sporulation.

Cultures are grown in a greenhouse or growth room for at least four months. Some sporulation occurs during the first three months, but it is during the fourth month when plant shoots (and roots) have ceased growth and carbon seems to be repartitioned to sporulation rather than mycorrhizal development. A longer time often is undesirable because other fungi often colonize the cultures which can lead to hyperparasitism and poorer conditions for dry storage. Fertilization is kept to a minimum, being applied only when plants show signs of phosphorus deficiencies (purpling of leaf sheaths), or nitrogen deficiency (chlorosis of young leaves).

Pots are left to dry undisturbed in a shaded room with a fairly stable temperature so that the drying period is not too rapid (1-2 weeks). 

Spores should be extracted before pot contents are dry to obtain the brightest and cleanest specimens. If there is any chance that spores are to be collected to set up monospecific cultures within 3 months of harvest, we generally only dry long enough to eliminate free moisture when contents are bagged (to be sure again of retrieving highly infective propagules).

All trap cultures are stored in zip-loc plastic bags for at least 30 days before spores are extracted for inoculation onto seedlings. Spores of many species appear to require a dormancy period before they are infective, but this can vary with habitat. The 30-day rest period appears to reduce or eliminate this variable.

For trap cultures that are to be propagated for 1-2 additional cycles, the bagged material is used as inoculum (undiluted) and set up within 30 days of harvest. If sporulation is extremely low, then the pots aren't harvested, but shoots removed and the pot contents reseeded. Some material boundaries like plastic bags, pots, bookcases, boxes for slides collections and refrigeration to conspire against the optimal development of our collection.

Describe how your collection will be made accessible for other scientists by means of a relational database.

In a near future we will be accessible. When we get access to the WWW we’ll have plenty exchange with other herbariums. Furthermore, we need, and we are working at present in that sense, to re-standardize our database in order to improve it and gain a total compatibility with potential customers. However, we recognized that perhaps due to a certain lack of previous experience and material limitations, some aspects referring to detailed information ,e.g. of the site of soil samples collects (soil chemical or physical variables, exhaustive geographic location, and type of vegetation and/or collector’s data) could be insufficient. In spite of this handicap, we are recognized as a very functional collection by others curators. We have all the minimal conditions to offer photographs of reference isolates of each species, together with photos of type specimens, which will be organized in ringed binders with published descriptions for rapid access by staff or any visitors. All pictures are numbered and will be linked to associated information on the fungal organism into a Microsoft Access database. 

Describe in detail the taxonomic characters at the different hierarchical levels (e.g. on order level, family, genus, species) and use this information to describe in detail one species.

-Species described (still not have molecular data) was placed in other file with extension .doc-. 

This classification is based on a consensus of morphological and molecular characters.
Division Glomeromycota Walker & Schüßler, 2001
    Class: Glomeromycetes Walker & Schüßler, 2001
Arbuscular mycorrhizal (AM) fungi are soil-borne fungi that establish an obligately mutualistic symbiosis with many plant species. They are characterized by transient dichotomously-branched arbuscules that form inside cortical cells of plant roots from intraradical branch hyphae. Spores appear to be obligately asexual, forming outside or, less frequently, within plant roots singly or in loose aggregates. In some cases they are produced in compact and highly organized sporocarps. Fungi in some families form their spores in ways not found in any other fungal group, and species in all families synthesize unique and often diverse subcellular structural components of the spore wall and (in some groups) flexible inner "germinal" walls. These morphological properties attest to an ancient evolutionary departure from other fungal lineages.
            Order: Glomerales Morton & Benny, 1990
Asexual spores formed singly, in loose aggregates, in tight clusters with or without a binding peridium, or in highly organized sporocarps. In all forms, spores arise from a nonspecialized cylindrical to flared (or constricted) fertile hypha; either terminally, intercalarily, or laterally. They generally less than 200 µm in diameter at maturity, although some exceptions exist; white to dark red-black in color. Spores generally form in soil, but some species also may form abundant spores within roots.

                                     Family: Glomaceae Pirozynski & Dalpé, 1989
Spores are produced singly (see photo immediately above), in aggregates, in an unorganized hyphal matrix, or in a highly ordered hyphal matrix (see photos at right), with layers of the spore wall usually continuous with a wall of the subtending hypha. They also may form within roots, possibly as a substitute or as a replacement for vesicle development. Develop on a cylindrical, flared, or constricted unspecialized fertile hypha. In most cases, spores are borne terminally, but some may form intercalarily (rare). Partition contents from that of the subtending hypha by different structural mechanisms such as an amorphous plug, a septum, an inner sublayer of the laminate layer of the spore wall, or thickening of all sublayers of the laminate layer of the spore wall. Form the greatest number of layers with the widest variety of phenotypes amongst the three families of Glomales. Only a few species do not have an evanescent mucilagenous outer layer (stains pink to red in Melzer's reagent) that is a major component of the juvenile spore and hyphal walls. All have a rigid layer with sublayers (or laminae) that is continuous with the subtending hyphal wall. May synthesize a separable thin (and hence flexible) sublayer, which has been defined previously, as a "membranous wall". However, it originates as part of the subtending hypha and remains attached in some broken spores, so it is not a separate wall. Germinate usually by emergence of the germ tube through the lumen of the subtending hypha.

                                                    Genus: Glomus Tulasne & Tulasne, 1845
Member species have all characters of the family Glomaceae, except that spores are not formed in a highly organized matrix originating from a columnar base. Development of spores proceeds by blastic expansion of a hyphal tip as shown below. Intercalary spore formation also has been reported in some species, but its occurrence is much rarer. Outer layers of the spore wall often slough as the spore ages (in soil or in pot culture storage). Developmentally, these layers are the first components of the spore wall to form in juvenile spores. Usually, the outermost layer is mucilaginous, a property which appears to correlate with a dextrinoid (red) reaction in Melzer's reagent. The hypha subtending the spore differentiates at the same rate and synthesizes the same component layers as that found in the spore wall. In some species the subtending hypha of mature spores is so thin that it is hard to see or separates from the spore. To separate these sessile-appearing spores from those in Acaulosporaceae, one only needs to examine for completely separated flexible inner walls in crushed spores mounted on a glass slide , it is absent in this Glomus.
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