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Introduction:

Vesicular arbuscular mycorrhizae (VAM) are present in therootsof almost all vascular
plants. These common, soil-bornefungi belong to the family, the Endogonaceae (Zygomycotina)
and producefungal structuresin the cortex of theroots. VAM play acrucial rolein the mineral
nutrition of plants by transferring phosphorus and other mineralsfrom the soil to the plant.
Techniquesfor obtaining VAM samplesfrom natural sourcesand frominoculated pots are outlined.
Methodsof isolating spores, of processing, staining and clearing root samples, and of identifying
thefungal structuresarediscussed

Isolation of Roots and VAM Spores from Natural Sources
and from Inoculated Pots.

[Wetsieving and decanting methodsfor spore isolation, modified from Gerdemann (1955),and
Gerdemann and Nicolson (1963). See Schenck (1982) for other detailsconcerning methods for
spore and root isolation.]

Methods:

1. Processing a plant plus surrounding soil or asoil core for isolation of the roots and the VAM
spores present in the soil.

Remove the plant from the pot or from its natural environment along with the soil
around theroots. Cut off thetop. Soak the root systemin alarge container of tap
water and then wash the roots with arunning stream of tap water to remove the soil.
All of the soil particlesarecollectedin alarge container. Break-up the larger soil
particleswith your hands.

2. Collection of intact roots.

Savetheroots to examinefor VAM and/or use as an inoculum. Placetherootsin a
plastic bag containing a small amount of water so they will not dry out. If theroots
will not be examined or used in acoupleaof hours, put the bag in the

refrigerator, or the roots may be fixed in formal-acetic-alcohol (FAA) to be
processed and examined later for VAM structures.

3. Collection of additional roots and large pieces of organic debris (to be discarded) on a2
mm sieve.

Pour the soil-water mixture discussed in #1 through a2 mm Nalgene sieve that has
been placed aboveits bottom half, a5 liter solid container. The soil-water mixture
iscollectedin the bottom half. Remove the large pieces of organic matter from the
sieve, and then collect the roots by picking off the larger ones and placingthemin a
small container of water or fixing themin FAA.

4. Collection of spores (propagules) of mycorrhizal fungi on a38 um sieve.
Stir the soil-water mixture and pour part of this soil suspensiononto the surface of
the 250 um sieve that has been stacked on top of the 38 um sievein the sink. The

top sieve will concentrate most of the soil particles; so only the fine soil particles
aong with the VAM spores will collect on the 38 um sieve. Useajet of tap water
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to wash the spores and finer soil particles through the top sieve. This water will
quickly pass through the top sieve, but it isdifficult to get the water to drain through
the 38 um sieve because of the build up of fine soil particles. The two sieves are
separated and a jet of water on the surface of the 38 um sieve permits the water to
drain at that spot. Then thetwo sieves are stacked together again, and the processis
repeated until the water washing through the two connecting sieves leaves the
bottom sieve colorless. Generally this means the soil in the top sieve is washed 3
times. Note: The water drains slowly through the lower sieve; hence, the 38 um
sieve must be continuously checked by separating the two sieves and visually
looking at the height of the water. If the water does overflow the lower sieve,
spores are lost.

5. Concentration of VAM sporesin soil pellet.

The screenings are collected from the 38 um sieve by washing them into a beaker
using asmall stream from awash bottle. Then, the soil is placed into a series of 50
ml, round-bottom centrifuge tubes for use in a Sorvall RC-2B centrifuge (1/3 soil
and 2/3 tap water up to within 2 1/2 cm of the top of the tube). The mixtureis
thoroughly stirred, the tubes are balanced and then centrifuged a 4000 rpm for 5
minutes. The supernatant containing thelight organic matter is decanted.

6. Isolation of VAM sporesin 50% sucrose.

The pellet containing the spores is suspended in a 50% sucrose solution and is
mixed well. The tubes are balanced and centrifuged again at 4000 rpm for 5
minutes. The supernatant that contains the spores are poured over the clean 38 um
sieve and immediately washed with tap water to remove the sucrose. The VAM
spores are washed into a beaker of water using a water bottle. This entire
procedure (#6) isrepeated one or two more times to obtain more spores.

7. Isolation of VAM spores free of nematode cysts.

The VAM spores can be cleaned further by preparing a gradient sucrose solutionin
a 15 ml centrifuge tube (clinical centrifuge tubes). Place 3 ml of each of these
solutionsin this order: bottom layer, 50% sucrose solution; middle layer, 15%
sucrose solution. Slowly add the spore suspension into thetube. The water in the
spore suspension makes up the 3 ml top layer. Centrifuge at 2750 rpm (#7 on the
speed dial of theclinical centrifuge) for 5 minutes. Collect the spores from the first
(top) interface and wash off the sucrose solution. These spores will be free of
nematode cysts and other contaminants found in the other interface (Tang, 1986).
Make a wet mount and examine a small sample of the spores with the dissecting
and compound microscopes.

8. Sterilization and storage of spores.

Sterilization: Concentrate the spores on the 38 um sieve and then with a squeeze
bottle wash the spores into the sterilization solution. Soak the spores in this
solution for 20 minutes. Pour the spores onto the filter which is sticking on the
funnel, and rinse with distilled water 5 times. make a hole in the filter paper and
wash the spores into a 100 ml graduated cylinder. Add more water until the
vol un)19 is100 ml. Samples can be removed to determine the spore number (Tang,
1986).
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Short term storage: The isolated, non-sterilized sporesmay be stored for 2 daysin
therefrigeratorin a beaker of water sealed with parafilm.

. Fill aclean petri dish 34 full of clean, dry sand and pour the
sterilized and rinsed spore suspensionover the sand. Allow the water to evaporate
from the sand by leaving the cover off. This may take overnight to several days.
When the sand is dry, cover the petri dish and seal it with parafilm. Store the
sealed and labelleddish at 4° C. until the spores are used.

9. Retrieval of long term stored spores.

Pour the dry sand/spore mixture onto the 250 um sieve (top), which has been
stacked on the 38 um sieve (bottom). Using distilled water, rinse the spores
through the top sieve and collect them from the bottom one (38 um) with a squeeze
bottle containing distilled water. The sporescan be washedinto a petri dish.

10. Isolated spores may beidentified and/or used to inoculated other plants.

Variation:

A small amount of Calgon or other surfactant may be added to the 50% sucrose
solution (#6) to increase the spore yield (lanson and Allen, 1986).

Materials and Equipment:

Centrifuges-Sorvall RC-2B and aclinical centrifuge.
Centrifuge test tubes:
50 ml, round bottom tubesfor Sorvall centrifuge
15ml glasstubesfor clinical centrifuge
Water bottleswith bent spout, filled with distilled water.
Sieves. 2 mm Nalgene
250 um mesh sieves
38 um mesh sieves
Beakers: 250 ml and 100 m
Petri dishes
Clean sand (small amount to fill 12 petri dishes).
Rubber tube (long enough to attach to tap water faucet). A plastic attachment at the end will
providethe water j et
Compound microscopes
Dissecting microscopes

Preparation of Solutions:

15% sucrose (w/w) - 15 g. sucrose + 85 ml distilled water
50% sucrose (w/w) - 50 g. sucrose + 50 ml distilled water
Sterilization solution (Tang, 1986) -

2 g. chloramineT (2% w/v)

0.02 g. streptomycinsulfate (200 ug/ml)

atracedf Tween80

add water until the total volumeis 100 ml
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Clearing and Staining of Roots to see VAM Structures: Basic Method

M ethods:

1. Clearingtheroots. Wash rootspreserved with FAA in water. Heat at 90° C. for generally 1
hour in 20% KOH in the hood.

2. Pour off KOH solution and rinse with 3 changesof tap water or until therinseis clear.
3. Acidify with 10% HCL and soak for about 4-5 minutes, then pour off. Do not rinse.

4, Cover rootswith a0.01% acid fuchsin-lactic acid solution, which will stain the VAM structures.
Heat at 90° C. for 10 to 60 minutes.

5. Rinse off the solution with distilled water and mount the roots on a slideeither in water
(temporary mount) or in a permanent medium (See Powell and Bagyargj, 1984).

6. Examinethe dlideswith the compound microscopefor VAM structures including spores,
arbusculesand hyphae.

7. Allow dlidesto set and harden on warming tray for two days. Lead weightsmay be used to
flatten root segments.

Variations;

1. Lengthof timein KOH (#1): Some roots such as cattailsare destroyedif heated for
more than 20 minutes (Tang, 1986); however, most grassroots need to be processedfor 1
hour.

2. Typed dain: Other stainswork just as well as acid fuchsin; however, one advantage
of acid fuchsinisthat no destainingis necessary. TrP/pan blueisacommonly used stain
(0.01%) but destainingfor 1 hour or more using the lactic acid solution without stain is

required.

3. Heatingor no heating: KOH (#1). Therootsdo not haveto be heatedin the base
instead they can be |eft at room temperature. The minimum time which my lab has usedis
12 hours, but shorter periodsmay be possible. Heavily suberizedroots may need to be | eft
for several daysor even aweek.

4. Phenal: Do not addtolacticacid solution. It isnot necessary and is potentially
carinogenic.

Materials and Equipment:

Water bath heat to 9P C.
Test tubesand holders
Tweezers

Slides

Coverdlips

Compound microscopes
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Preparation of Solutions:

20% KOH
10% HCL
Lactic Acid Solution -
875 ml lactic acid
63 ml glycerin
63 ml distilled water
Add0.1 g. acid fuchsin to 1 liter lactic acid solution

Discussion:

Details of most of the procedures| have discussed are elaborated on in the excellent
reference book, "Methods and Principles of Mycorrhizal Research," edited by Schenck (1982).
Chapter three by Daniels and Skipper (1982) and chapter four by Kormanik and McGraw (1982)
are particularly useful. Kormanik and McGraw discuss the problems with Phillips and Hayman
(1970) procedure for clearing and staining roots, and make recommendations for improving the
method. Photographsof VAM structures, including spores, arbuscules, vesicles and hyphae are
provided at the back of thisreference (Schenck, 1982). If these structures are found within the
roots of the plant, then the plant if mycorrhizal.

Another useful general reference concerning VAM is the recent book by Powell and
Bagyarg (1984). Keysfor sporeidentification arefound in the books edited by Schenck (1982)
and Powell and Bagyaraj (1984).

Refer ences:

Daniels, B. A. and H. D. Skipper. 1982. Methods for the recovery and quantitative estimation
of propagulesfrom soil. In Methods and Principles of Mycorrhizal Research. Ed. N. C. Schenck.
The American Phytopathological Society. pp. 29-36.

Gerdemann, J. W. 1955. Relation of alarge soil-borne spore to phytomycetous mycorrhizal
infections. Mycologia47. 619-632.

Gerdemann, J. W. and T. H. Nicolson. 1963. Spores of mycorrhizal Endogone extracted from
soil by wet sieving and decanting. Trans. Brit. Mycol. Soc. 46.235-244.

lanson, D. C. and M. F. Allen. 1986. The effects of soil texture on extraction of vesicular-
arbuscular mycorrhizal fungal sporesfrom arid site. Mycologia 78. 164-168.

Kormanik, P. P. and A. C. McGraw. 1982. Quantification of Vesicular-arbuscular
Mycorrhizae in Plant Roots. In Methods and Principles of Mycorrhizal Research. Ed. N.C.
Schenck. The American Phytopathological Society. pp. 37-36.

Phillips, J. M. and D. S. Hayman. 1970. Improved procedures for clearing roots and staining
parasitic and vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection. Trans. Brit.
Mycol. Soc. 55: 158-161.

Powell, C. L. and D. J. Bagyaraj. 1984. VA Mycorrhiza. CRC Press, Inc.

Schenck, N. C. 1982. Methods and Principles of Mycorrhizal Research. The American
Phytopathological Society.

Tang, F. 1986. Colonization of Vesicular-arbuscular Mycorrhizae in Typha angustifolia.
University of Minnesota. Masters thesis.

Acknowledgement:
Funding for the Typha-VAM Project has been supported by grantsfrom the BioEnergy

Coordinating Office (BECO) to I. Charvat. The techniquescovered in this workshop have been
developed as part of this project.

137








