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ABSTRACT. - - Trees col oni zed by selected mycor-
rhizae-formng fungi may benefit in a variet
of ways fromthe resultln% associ ation.  TheSe
otenfial benefits, and the steps which nust
e followed to achieve them are descri bed.

Certain fungi are capable of infecting roots and form ng
a synbiotic relationship with them The resulting structure
is called a nycorrhiza, or literally fungus-root. The fungus
acquires carbohydrates from the host plant, but the host
plant benefits in a wide variety of ways. First, water and
nutrients absorbed by the fungal hyphae are transferred to
the roots. Not only is the absorbing surface of the roots
effectively increased, but the hyphae are able to absorb
mneral elenments that are in fornms normally unavailable to
roots. The el enents proven to be absorbed nore efficiently
by nycorrhizae than roots are phosphorous, potassium cal-
cium copper, and iron.

Roots of sone nycorrhizal associations have been found
to be resistant to infection by root rotting fungi and
parasitic nematodes. The sourcCe of resistance ha"s not been
fully defined yet, but is probably a combination of things
The nycorrhizal fungus may present a physical barrier to
t he pat hogeni ¢ fungus and/ or produce antibiotics that limt
growth of the pathogen. It is also possible that the nycor-
rhizal fungus stinulates the host to produce chemcals
that inhibit the ?romﬁh of any other fungus on the root.
Once a root is infected by one nycorrhizal fungus it is
even difficult to infect that root systemwith a different
nycorrhi zal fungus.

Plants with nmycorrhizal roots may survive and grow
better than non-nycorrhizal plants under adverse conditions
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such as high soil tenperature, pH extrenes, and soils with
a high metal content. How the nycorrhizae acconplish this
is not well understood, but it appears to be related to an
ability of the fungus hyﬁhae to selectively absorb essenti al
m neral elenments under the adverse conditions.

To achieve these benefits, we must thoroughly under-
stand the different thes of nycorrhizal assocrations and
the inplications of their differences. There are ecto-
mycorrhizae, endonycorrhizae, and ectendonycorrhizae. The
hyphae of ectonycorrhizal fungi growin the intercellular
spaces of the root; they do not penetrate the cells. They
also forma dense fungal mant|le around the root tips and
extend out into the soil. Mbst ectonycorrhizal fungi are
basi di onycetes and reproduce by form ng basidi ocarps, which
are nothing nore than puffballs. The airborne spores are
easily dispersed over a |large area. Exanpl es of genera of
trees formng ectonycorrhizal associations are listed in

Tabl e 1.

Table 1. Plant genera forning ectonycorrhizal associations

Abi es Fagus Popul us

Al nus Lari x Pseudot suga
Betul a Cstrya Quer cus

Car pi nus Pi cea Sal i x

Cedr us Pi nus Tsuga
Coryl us

The hyphae of endonycorrhizal fungi penetrate the root
cortical cells and extend out into the soll, but do not form
a fungal mantle around the root tips. Some form structures
in the root cells called vesicles and arbuscules and are
referred to as vesicular-arbuscular (VA) nycorrhizae. Mpst
are hyconrcetes and reproduce by form ng chl anydospores
in the soil near the surface of the roots. These spores
nust be dissemnated by water or aninmals, as they rarely get
wi ndborne. This severely limts the spread of endonycor-
rhizae formng fungi into areas free of them Despite this
limtation, endonycorrhizae are naturally occurring in al-
nost all soils and form associations with 90% of all higher
plants. The genera of trees listed in Table 2 have been
found to form endonycorrhizal associations.

Ect endonycorrhi zae have characteristice of both, but

W Il not be discussed here because they are consistently
found on a very limted nunber of genera.
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Table 2. Plant genera formng endomnycorrhizal associations

Acer G nkgo Robi ni a
Aescul us Geditsia Sophor a
Amel anchi er Li ri odendr on Sor bus
Celtis Mal us U nmus
Cer ci di phyl I um Pl at anus Zel kova
Fraxi nus

Plants that form ectonycorrhizae do not normally form
endonycorrhi zae, and vice versa. However, the fungi wthin
t hese broad categories are generally not host specific and
wi |l formnycorrhizal associations with a w de range of
plants. For instance, the ectonycorrhizae-formng fungus
Pisolithus tinctorius will formnycorrhizae with plants in
nmost or- the genera listed in Table 1.

The problemis that not all fungi inpart the same
benefits to their hosts, and a specific fungus may benefit
one host nore than anot her. Qur goal is to determne
whi ch fungus-host conbination wll formthe nycorrhizal
associ ation nost beneficial to the plant. Plants grow ng
on adverse sites develop the optinmumrel ationship through
the process of evolution. Those that have it survive and
mul tiply, and those that do not eventuaIIY are crowded out
and die. This process does not take a mllion years but
may occur in the first year a seed or seedling is planted
on a site such as an abandoned strip m ne.

Wiere urban trees are concerned, though, we do not
give them an opportunity to evolve. Trees are taken _
directly from nurseries, where they are grown in good soi
and receive regular applications of fertilizer, and are
often placed in environments not suitable for plant grow h.
The nycorrhizae on their roots are adapted to nursery con-
ditions and not to the hostile environnents found al ong
city streets. The chance of a nore beneficial fungus
colonizing the roots is | ow because there naK be no source
of inoculum readily available; and even if there was, its
infection of the roots would be inhibited by the existing
mycorrhi zal fungus.

To formthe specific association nost beneficial to
the plants, the¥ shoul d be inoculated in the nursery during
propagation. |f they are not inoculated at the time of
propagation, they will be infected by naturally occurring
fungi, and it will be very difficult for the specific
desired fungus to colonize themat a later stage in the
production cycle.
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Under standard nursery practices it would be relatively
sinple to inoculate the plants. CQuttings are rooted in
sterile nmedia and seedbeds are normally fum gated, a process
whi ch not only destroys root-rottin% organi snms but often
kills mycorrhizae as well. Under these conditions the
i nocul um has no conpetition and can readily colonize the
roots.

This brings us to the question of how exactly do we
convert the potential benefits of nycorrhizae to actua
benefits? First, we nust determne which relationships
produce the desired results--inproved survival and growth
of trees planted in urban environments. This problemcan
be approached in two ways. W can start with a specific
tree and determ ne which fungus inparts to it the maxi num
benefit. The alternative is to start with a fungus which
Is known to be effective and determne which trees it wll
col oni ze and whether or not it will benefit all of them
The Possibility exists that a fungus which forns a nycorr-
hi zal association with two different tree species nmay
benefit one but not the other.

The fungus which has received the nost attention in
this regard is Pisolithus tinctorius. Tree seedlings
col onized with P. tTnctorius have consistently shown
i ncreased survival and growth on adverse sites when
conpared with seedlings-colonized by other mycorrhiza
fungi. 1t is time to evaluate trees infected with this
fungus on urban streets. The problemis that we need
trees col onized as seedlings and grown for 7 to 10 years
before they can be planted in the hostile urban environ-
ment s.

After we have determ ned which fungus-host relation-
ships are nobst beneficial, nycorrhizal plants will have to
be planted and evaluated in a nunber of |ocations. There
are strains of fungi which are effective in certain
climates but not others. These l[imts will have to be
defined for each fungus.

A systemfor pro agatin? the fungus on a | arge scale
must be developed. This is less of a problemfor ecto-
nycorrhizal fungi because they can be grown in pure culture.
Abbott Laboratories is currently evaluating a systemthey
have devel oped for producing inoculumof P tinctorius.

The system can be used to produce |large quantities of

ot her ectonycorrhizal fungi as well.

Produci ng i nocul um of endonycorrhizal fungi on a |arge

scal e has a number of inherent problens. The fungi nust be
grown on roots of living plants for approximately three
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nont hs before the inoculumis ready to harvest. The chances
of contamnating the roots with another mnycorrhizal fungus
are renote because spores of endonycorrhizae-formng fung
are not airborne, but spores of other fungi such as fusarium
or botrytis may infect the host plants or their residue and
contam nate the inoculum  These problems are currently
bei ng addressed by the personnel of Abbott Laboratories.

After systens for producing the inoculumon a comerci al
basi s have been devel oped, the product nust be eval uat ed.
Initial conparisons between |aboratory grade and commercially
prepared inoculumof P. tinctorius suggested the |aboratory
grade was superior. This 15 to be expected with a new and
rapidly developin? technology. There is no reason to believe
these problens will not be overcone, though

Nur serymen nust then be educated in the benefits of
nycorrhizae and how to use them Instruction on the storage
and handling of inoculum inoculation techniques, and specia
cultural requirements of nycorrhizae will have to be provided.
Wthin a few years inoculation may be sinplified to the point
that tree seeds will be inoculated with a fungal synbiont in
the sane way that soybeans are now.  The International Forest
Seed Cbnpan% Is currently Producing coni fer seeds encapsu-
lated with basidiospores of P. tinctorius for testing by
researchers or interested nursefymen.

Mycorrhi zae do not devel op well under high fertility
condi tions. To educate nurserymen on how to encourage
devel opment of mycorrhizae on their plants, extensive field
denonstrations wll have to be carried out. Research is
currently being performed on the use of slow release ferti-
lizers during the time the nycorrhizal association is being
established. In this way supplenental nmineral elements are
constantly being provided to the plant, but at rates | ow
enough that they do not interfere with root colonization.

Finally, the consumers of these trees with custom zed
root systenms nust be convinced of the trees' value. They
wi || undoubtedly be nore expensive, but a slight increasé
in cost should not be a deterrent. Replanting a tree that
does not survive transplanting involves the costs of renoval
purchasing a new tree, and planting it. \Wen the proper
nycorrhi zal associ ation has been found for urban environ-
ments, the amount of noney saved in these steps will nore
than cover the increased cost of the custom zed trees. The
added benefit provided at this point will be that the
surviving trees will grow and develop better than trees
currently being planted in urban areas.
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The final point | want to nake today is where trees with
these custonized root systens are needed. Sites for urban
trees can be classified into four general categories: parks
wide tree lawns, narrow tree lawns, and holes In concrete.

In parks, wide tree lawns, or any other open areas, tree
roots will develop nmycorrhizal associations with naturally
occurring fungi. They will probably have access to adequate
water and mineral elenents. Customzed trees nmay not be
needed in these sites, and in fact, probably would not per-
formany better than trees grown under standard nursery
practices.

Trees planted in the other site categories will have
very restricted root zones and will be in soil not nmeant to
support plant life. In these sites, carefully selected
nycorrhi zae can inprove the survival and growh of urban
trees by providing themw th sone or all of the recognized
benefits of their associations.
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