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MYCORRHIZAE OF LANDSCAPE TREES
PRODUCED IN RAISED BEDS AND CONTAINERS

by David Sylvia,' Abid Alagely,2 Donald Kent,*and Roy Mecklenburg*

Abstract. Mycorrhizal associations provide a linkage
between tree roots and the soil, thereby contributing to the
tolerance of trees to environmental stresses. Little, however,
is known about the mycorrhizal status or dependency of
many landscape trees. The objective of this study was to
quantify mycorrhizal root colonization and spore formation
on a diverse collection of ornamental tree species grown in
raised beds or containers at an established tree farm in
central Florida. In addition, root diameters were measured to
determine if there was a relationship between this parameter
and mycorrhizal formation. A total of 23 tree species were
sampled; 9 were present both in containers and raised beds,
6 species were present in containers only, and 8 species
were present as embedded plants only. The proportion of
root length colonized by mycorrhizal fungi ranged from 0% to
83%. Mean arbuscular mycorrhizal spore numbers ranged
from <20 to nearly 500 spores 100 g~' (3.5 0z™"). Mean root
diameters ranged from < 500 to > 1,000 pym (0.0197 to
0.0394 in.). No relationship was found between root
coarseness and mycorrhizal root colonization or sporulation.
The majority of trees formed mycorrhizae of the arbuscular
type. Five species in the family Pinaceae or Fagaceae had
the potential to form ectomycorrhizae; however, they were
poorly colonized. Future research should be directed toward
understanding the importance of mycorrhizae to landscape
trees, including effects on tree survival and growth and the
effect of fertilizer and pesticide applications on mycorrhizal
development.

Under natural conditions, the fine roots of woody
plants are colonized by mycorrhizal fungi
(Brundrett 1991; Haselwandter and Bowen 1996).
The resulting symbiotic associations provide a
critical linkage between tree roots and the soil.
Mycorrhizae are characterized by the movement
of plant-produced carbon compounds to the fun-
gus and fungal-acquired nutrients to the tree. My-
corrhizae usually produce a proliferation of fungal
biomass both in the root and in the soit (Read
1992). The soilborne, or extramatrical, hyphae
take up nutrients from the soil solution and trans-
port them to the root (George et al. 1992). By this
mechanism, mycorrhizae increase the effective
absorptive surface area of a tree (O'Keefe and
Sylvia 1991). As a result, mycorrhizal trees may
have better establishment and greater tolerance

of environmental stresses than nonmycorrhizal
trees (Sylvia and Williams 1992). For example,
Garbaye and Churin (1996) found that
ectomycorrhizal (EM) inoculation improved
growth of Tilia tomentosain an urban setting, and
Johnson et al. (1980) reported that arbuscular
mycorrhizal {AM) inoculation improved growth of
several woody ornamentals even under high-fer-
tility conditions.

Disturbances (e.g., mining, tillage, and con-
struction activity) and certain cultural practices
{e.g., high fertilization and pesticide use) may
greatly reduce the number of mycorrhizal
propagules in soil (Doerr et al. 1984; Thompson
1987; Johnson and Pfleger 1992; McGonigle and
Miller 1293). Low propagule numbers may result
in poor mycorrhizal development on plants and
subsequent poor growth of mycorrhizal-depen-
dent plant species placed in the landscape. Baylis
(1975) first proposed that coarse-rooted plants
are more dependent on mycorrhizae for nutrient
uptake than are fine-rooted plants. Pope et al.
(1983) confirmed this hypothesis in 4 hardwood
tree species, finding that plant root fibrosity was
inversely related to mycorrhizal dependency.

Trees are usually colonized by either
arbuscular mycorrhizae, ectomycorrhizae, or in
a few cases by both types of mycorrhizae
(Haselwandter and Bowen 1996). However, little
is known about the mycorrhizal status or depen-
dency of many important landscape trees. Land-
scape trees are often grown in a nursery under
high fertility and water conditions and subse-
quently transplanted to disturbed sites. The pur-
pose of our study was to determine the extent of
mycorrhizal development (root colonization and
sporulation) on selected trees grown in contain-
ers and raised beds at an established tree farm
in central Florida. In addition, we evaluated root
coarseness (as indicated by root diameter) as a
predictor of mycorrhizal development.
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Materials and Methods

Sample collection. A total of 23 tree species
were sampled between May 3 and June 8, 1996,
from an established tree farm at Walt Disney
World in Lake Buena Vista, Florida (Table 1). The
majority of the trees were of exotic origin, with
only Magnolia grandifiora, Persea borbonia, and
the 3 Quercus species being native to central
Florida. Nine species were sampled from plants
grown both in containers and raised beds, 6 spe-
cies were sampled from containers only, and the
remaining 8 species were sampled from embed-
ded plants only. Five trees were sampled from
each tree species in each growth environment
where it occurred.

Containers (60 cm high and 70 cm in diameter,
or 24 x 28 in.) were constructed of perforated and
corrugated aluminum sheets formed into cylin-
ders and secured with 2 sheet metal screws.
Containers were placed on pieces of woven plas-
tic cloth (to provide drainage and restrict root
growth into soil) and filled with a blend of approxi-
mately 35% sandy topsoil, 35% green pine bark,

Table 1. Landscape trees and growth environment (container or raised bed)
sampled from an established tree farm at Walt Disney Worid between May 3

and June 8, 1996.

Latin binomial

Family

Common name

Acacia famesiana
Albizia julibrissin

Leguminosae
Leguminosae

sweet acacia
silk tree
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and 30% biosolids compost. Five-gallon-size
trees were purchased from commercial nurser-
ies and transplanted into the containers a mini-
mum of 2 years prior to sampling. Containers
were irrigated daily with a spray stake emitter.

Trees grown in the ground were on raised beds
(30 cm [12 in.] high) in a sandy soil that was top-
dressed annually with approximately 5 cm (2 in.)
of biosolids compost. Trees were pianted as ei-
ther 5- or 10-gallon-size plants and had been
grown in the raised beds for a minimum of 2 years
prior to sampling. Embedded trees were irrigated
daily by overhead irrigation.

The same fertilizer regime was used for trees
grown in containers and in raised beds. Fertility
was maintained by the application of 10-5-10
granular fertilizer (2.5% ammoniacal N, 3.51%
soluble organic N, 3.99% water-insoluble N,
1.51% Mg, and 1.55% Fe) at the rate of 0.97 kg
N 100 m= (2 Ib 1,000 ft-2) for each of 3 applica-
tions made each year during February, June, and
September. The fertilizer was broadcast on the
top of the containers or placed in a 1.8-m-wide
(6-ft) band adjacent to
embedded trees.

Samples were col-
lected by driving a sharp-
Container Raised bed  ened steel pipe (4.5 cm in
+ + diameter, or 1.8 in.) to a
* depth of 25 cm (9.8 in.).

Bambusa glaucescens Bambuseae hedge bamboo +

B. ventricosa Bambuseae Buddha’s belly + Two samples were col-
Cedrus deodara Pinaceae deodora cedar + lected within each con-
Cinnamomum camphora  Lauraceae camphor tree + + tainer or, for trees grown in
Elaeoca'rpus qeclp/ens Elasocarpaceae NCN + + raised beds, around the
Gordonia lasianthus - Theaceaea loblolly bay + L

Ginkgo biloba Ginkgogaceae  ginkgo + + dripline of each tree.
Koelreuteria elegans Sapindaceae  golden rain tree + Samples were placed in
Ligustrum japonicum Oleaceae Japanese privet + plastic bags and kept cool
L lucidum Oleaceae glossy privet + + until they were returned to
Livistona decipiens Palmaceae NCN +

Magnolia grandifiora Magnoliaceae  southern magnolia  + + the laboratory, where they
Persea borbonia Lauraceae redbay + were stored at 4°C (39°F).
Phyllostachys bambusoides Bambuseae timber bamboo + In the laboratory, the 2
Querouls.la.vur/.fo//a Fagaceae laurel oak + -samples from each tree
Q. myrisinifolia Fagaceae myrtle oak + . )

Q. virginiana Fagaceae live oak + were combined and mixed

Robinia idahoensis
Tabebuia chrysolricha
Taxodium mucronatum
Uimus parvifolia

Leguminosae -

Bignoniaceae
Pinaceae
Ulmaceae

purple robe Idaho
golden trumpet tree
Montezuma cypress

Chinese elm

thoroughly before a 100-g
+ (3.5-0z) subsample was
removed for further pro-

+ 4+ + +
+

cessing. Roots and spores
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of AM fungi were extracted from the subsample by
decanting and wet sieving (sieve size ranged from
45 to 1,000 um, or 0.002 to 0.039 in.), followed by
sucrose-density-gradient centrifugation for separa-
tion of spores (Sylvia 1994).

Clearing and staining protocols. Roots col-
lected on the 1,000-um (0.039-in.) sieve were
cleared in 1.8 M KOH for 1 hour at 80°C (176°F)
and washed in 3 changes of water. Roots of
woody plants are often difficult to clear because
they contain high levels of phenolic materials;
therefore, 2 additional protocols subsequent to
KOH treatment were evaluated on one sample
from each plant species: 1) 30% H,0, for 10 min-
utes at 50°C (122°F) and 2) 3% NaOCl|, acidi-
fied with several drops of 5 M HCI, for 50
seconds at ambient temperature. Following
clearing, roots were washed in 5 changes of
water, acidified with HCI, and then stained with
trypan blue for 30 minutes at 80°C (176°F)
(Sylvia 1994). Clearing with NaOCI proved most
satisfactory and was used for the preparation of
the remainder of the samples.

Mycorrhizal root colonization, root dia-
meter, and AM spore number. Cleared roots
were spread evenly on a scribed, plastic Petri dish
and total and colonized root lengths were esti-
mated with a dissecting microscope using the
gridline-intersect method (Giovannetti and Mosse
1980). Intersections were scored positive for AM
only if arbuscules or vesicles were present, and
positive for EM only if evidence of a fungal mantle
or Hartig net was observed. Any questionable fun-
gal structures within the roots were evaluated at
400x magnification with a compound microscope.
To quantify fine-root diameters, 10 randomly col-
lected root pieces of each species were mounted
in water on a microscope slide and measured at
400x magnification with an eyepiece microme-
ter. The supernatant of the final centrifuge wash
was placed in a scribed Petri dish, and AM spores
were counted under a dissecting microscope.
Again, any questionable structures were further
evaluated at 400x magnification.

Results
Mycorrhizal root colonization. The proportion
of root length colonized by mycorrhizal fungi

ranged from 0% for Cinnamomum camphora (in
containers), Ulmus parvifolia, and 2 Quercus spe-
cies, to 83% for Bambusa ventricosa growing in
raised beds (Figure 1A, Table 2, and Table 3).
The growth environment did not have a consis-
tent effect on root colonization (Figure 1A).

The majority of trees sampled formed mycor-
rhizae of the arbuscular type. We did, however,
sample 5 species that are in plant families domi-
nated by ectomycorrhizae. Quercus laurifolia and
Q. virginiana were not colonized (Table 3).
Quercus myrisinifolia (Table 2) and Cedrus
deodara (Table 3) had low levels of colonization,
and the colonized regions had distinct manties
of an ectomycorrhiza. In contrast, Taxodium
mucronatum was colonized by AM fungi in both
containers and in raised beds.

AM spore number. Spores of AM fungi were
present in all samples, but mean numbers ranged
from < 20 to nearly 500 spores 100 g™ (3.5 oz™")
(Figure 1B, Table 2, and Table 3). More than 75%
of the spores observed were Glomus spp., with
the remainder belonging to the family
Gigasporineae. Samples from containers tended
to have more spores (146 + 75 spores 100 g™, or
3.5 0z') than samples from the raised beds (76
+ 24 spores 100 g™', or 3.5 0z™").

Fine root diameter. Mean root diameters
ranged from < 500 pum (0.019 in.) for Ulmus
parvifolia, Bambusa spp., and Gordonia
lasianthus to > 1,000 um (0.039 in.) for Quercus
virginiana, Robinia idahoensis, and Taxodium
mucronatum (Figure 1C, Table 2, and Table 3).
When comparing plants growing in both environ-
ments, samples from the raised beds had greater
root diameters (914 £ 97 um, or 0.036 £ 0.004 in.)
than samples from containers (684 + 65 um, or
0.027 £ 0.003 in.). No significant relationship was
found between root coarseness and root coloni-
zation or AM sporulation.

Discussion

The sampled trees differed widely in the propor-
tion of root length colonized by mycorrhizal fungi
and associated AM sporulation. Because the
trees were grown under similar conditions within
growth environments, these data suggest some
host control on mycorrhizal interactions (Graham
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Figure 1. Mycorrhizal root colonization (A), AM spore number (B), and root diameter (C) of landscape
trees samples both in containers and raised beds at Walt Disney World on May 3 or June 8, 1996. Bars

represent the mean of 5 replicates + S.E.M.
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Table 2. Mycorrhizal root colonization, AM spore
numbers, and fine root diameters of landscape
trees sampled in containers only at Walt Disney
World between May 3 and June 8, 1996. Values
represent the mean of 5 replicates + S.E.M.

AM root AM spore Fine root

colonization  number diameter
Host plant (%) (100 g (um)
A. julibrissin 12+ 3 102 + 29 692 + 84
@G. lasianthus 13+6 103+ 37 505 + 48
K. elegans 8+2 116 + 52 624 + 19
P. bambusoides 53+ 12 176 £ 62 836+ 118
Q. myrisinifolia 6+ 2 40+ 14 611 £ 143
R. idahoensis 1419 498 + 235 537 + 66

Table 3. Mycorrhizal root colonization, AM spore
numbers, and fine root diameters of landscape
trees sampled in raised beds only at Walt Disney
World between May 3 and June 8, 1996. Values
represent the mean of 5 replicates + S.E.M.

AM root AM spore Fine root

colonization number diameter
Host plant (%) (100 g™ {(um)
B. glaucescens 4815 35+19 556 £ 71
B. ventricosa 8316 234 £ 85 552 + 89
C. deodara 3+1 176 £ 53 907 £72
L. japonicum 78+7 90 + 29 835 + 144
L. decipiens 618 187 1008 + 160
P. borbonia 23+17 7333 845 + 96
Q. Jaurifolia 0 48+ 16 639 + 50
Q. virginiana 0 48+ 5 1110 £ 85

and Eissenstat 1994). However, other factors
such as variable inoculum density may have also
contributed to differing levels of root colonization.
For example, the trees were originally obtained
from several different nurseries and likely had
different exposures to mycorrhizal inoculum prior
to their establishment at the tree farm.

The one host parameter we measured, root
coarseness (as indicated by root diameter), was
not a good predictor of mycorrhizal colonization
or sporulation. However, one should not conclude
that root coarseness is not related to mycorrhizal
function because the absolute amount of coloni-
zation may not be directly related to nutrient up-
take efficiency or other measures of functionality
{Jakobsen 1994). Nonetheless, even though we
do not expect to find a direct relationship between
root colonization and mycorrhizal function, main-

taining some “critical level” of colonization is im-
portant for obtaining a mycorrhizal response.
Many factors affect the function of mycorrhizae
in the field, so a definitive critical level cannot be
given. Future research, however, should be di-
rected toward defining a minimum level of inocu-
lum and root colonization that is required to
achieve a desired mycorrhizal response.

The ectomycorrhizal hosts were especially low
in colonization. Cultural practices may have a
negative impact on ectomycorrhizal development.
Relatively low AM spore numbers (overall mean
of approximately 1 spore g, or 0.035 oz™") also
suggest that cultural practices are impairing func-
tion of AM fungi in the tree farm. High rates of
fertilization with inorganic nutrients and pesticides
are known to inhibit mycorrhizal development
(Nemec 1987). Use of less readily available fer-
tilizers such as rock phosphate (Graham and
Timmer 1985; Asmah 1995) and careful selec-
tion of compatible pesticides (Trappe et al. 1984;
Moorman 1989) should be considered to achieve
optimal mycorrhizal development.

Where root colonization is very low or absent,
inoculation with a compatible fungus may be ben-
eficial. Even in situations where root colonization
is higher, inoculation may still be appropriate. It
is important to distinguish infectiveness (amount
of colonization) and effectiveness (plant response
to colonization). Mycorrhizal fungi differ widely in
the level of colonization they produce in a root
system as well as in their impact on nutrient up-
take and plant growth (Burgess et al. 1993;
Mcarthur and Knowles 1993; Sylvia et al. 1993;
Newsham et al. 1995). High nutrient levels may
actually provide a selective pressure for ineffec-
tive fungi (Johnson 1993), resulting in coloniza-
tion but no subsequent benefit to the host.
Therefore, screening trials are a necessary pre-
requisite for recommending inoculation of trees
with specific mycorrhizal fungi.

To effectively manage mycorrhizae for the
benefit of landscape trees, arborists need to un-
derstand the 1) extent and diversity of mycorrhizal
fungi associated with their plants, 2) mycorrhizal
responsiveness of different trees species, and 3)
impact of various cultural practices on mycorrhizal
function. In this study, we addressed only the first
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concern. Further research is needed to under-
stand the importance of mycorrhizae to landscape
trees including effects on tree survival and growth,
and the effect of fertilizer and pesticide applica-
tions on mycorrhizal development.
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Résumé. Les associations de mycorrhizes fournissent un
lien entre les racines de 'arbre et le sol, contribuant ainsi a ta
tolérance des arbres aux stress environnementaux.
Cependant, peu de choses sont connues en ce qui touche
I'état des mycorrhizes et la dépendance de plusieurs arbres
ornementaux. Les objectifs de cette étude sont: 1) évaluer
I'état des mycorrhizes sur des arbres ornementaux élevés en
pépiniére avant leur transplantation sur un site permanent en
milieu urbain; 2) évaluer I'effet de I'environnement de
croissance sur la formation de mycorrhizes. Un total de 23
espéces ont été étudiées: 9 cultivées en contenant et en plein
champs, 6 cultivées uniquement en contenant, et 8 seulement
en plein champs. Des interactions significatives entre les
espéces d'arbres et 'environnement de croissance ont été
découvertes pour la colonisation racinaire, le nombre de

spores de mycorrhizes arbusculaires et les diamétres des
radicelles. La proportion (par unité de longueur) de fines
radicelles colonisées par des champignons de mycorrhizes
s'étalait de <20 & prés de 500 spores par 100g. Le diamétre
moyen des fines radicelles variait de <500 & >1,000 pm, et
jorsqu’on comparait les végétaux élevés dans les deux mi-
lisux de croissance, ceux en plein champs avaient
généralement des radicelles plus fines. La majorité des arbres
ont formé des mycorrhizes du type arbusculaire; cependant,
cing espéces étaient de la famille des Pinacées ou des
Fagacées et avaient donc le potentiel de former des
ectomycorrhizes, mais elles en étaient pauvrement colonisées.
Les pratiques culturales peuvent avoir eu un effet négatif sur
le développement des ectomycorrhizes. Les faibles nombres
de spores laissent aussi suggérer que les pratiques culturales
peuvent avoir limité la formation de mycorrhizes arbusculaires
sur les arbres en pépiniére. Les recherches futures devraient
étre focalisées directement sur la compréhension de
Pimportance des mycorrhizes sur les arbres ornementaux,
incluant leur effet sur la survie des arbres et la croissance,
ainsi que l'effet des applications d’engrais et de
pesticides sur le développement des mycorrhizes.

Zusammenfassung. Die Verbindungen durch Mycor-
rhiza stellen eine Briicke zwischen Baumwurzeln und Boden
dar und sie kénnen dadurch zur Toleranz der Bdume
gegeniiber umweltbedingten Stress beitragen. Uber den
Status und die Abhangigkeit von Myccorhiza bei vielen
Baumen ist wenig bekannt. Die Ziele dieser Studie waren
1. den Status von Mycorrhiza bei Landschaftsbdumen, die
in einer Baumschule gezogen wurden, vor dem Verpflanzen
an einen permanenten Standort zu untersuchen und 2. den
EinfluB eines wiichsigen Umfeldes auf die Entwicklung von
Mycorrhiza zu bewerten. Insgesamt wurden 23 Baumarten
erfasst; neun Arten waren sowohl in Containern als auch
im Boden, sechs Arten waren nur im Container und act Arten
waren nur im Boden durch diese Studie prasent. Es wurden
signifikante Interaktionen zwischen den Baumarten und dem
Wachstumsmedium bez{liglich der Kolonisation von
Wurzeln, der Anzahl der arbuskularen Mycorrhiza-Sporen
(AM) und des Feinwurzeldurchmessers. Die Propottionen
der Feinwurzelen, die durch Mycorrhiza-Pilza vesiedelt
waren, reichte von < 20 bis zu fast 500 Sporen 100 g~'. Der
mittlere Feinwurzeldurchmeser reichte von < 500 bis > 1,000
um und wenn Pflanzen verglichen wurden, die in beiden
Medien wuchsen, hatten die Wurzeln in der Tiefe einen
grof3eren Feinwurzeldurchmesser. Die Mehrzah! der Baume
bildete arbuskulare Mycorrhiza au. Trotzdem waren fiinf
Arten aus den Pinaceae und Fagaceae mit der Fahigkeit,
Mycorrhiza zu formen, nur schwach kolonisiert.
Kulturtechnische MaBnahmen kénnten einen negativen
EinfluB auf die Ausbildung von Ektomycorrhiza gehabt
haben. Die reltiv nie3drigen Sporenzahlen verdeutlichen,
daB KulturmaBnahmen die Funktionen der AM-Pilze in
Baumschulen beeintrachtigen kénnen. Zukinftige
Forschung sollte in Richtung eines Versténdnisses der
Bedeutung von Mycorrhiza fir Baume geleitet werden,
einschlieBlich der Auswirkungen auf das Uberleben und
Wachstum der Badume und der Einflisse von Diingung und
Pflanzenschutz auf die Entwicklung von Mycorrhiza.
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Resumen. Las asociaciones micorrizicas proveen un
eslabonamiento entre las raices de los arboles y el suelo,
de ese modo contribuyen a la tolerancia de los arboles al
estrés ambiental. Poco, sin embargo, se conoce acerca del
estado micorrizico o dependencia de muchos arboles en el
paisaje. Los objetivos de este estudio fueron 1) evaluar el
estado micorrizico de los arboles que crecen en granjas,
antes del transplante a un sitio permanente y 2) evaluar el
efecto del ambiente de crecimiento sobre la formacién de
micorrizas. Un total de 23 especies de arboles fueron
muestreados: 9 estuvieron tanto en contenedores como en
el terreno; 6 especies estuvieron en contenedores solamente
y 8 especies estuvieron en el terreno solamente. Fueron
encontradas interacciones significativas para la colonizacién
de raices, numero de esporas del tipo micorrizico arbuscular
(MA) y didmetro de las raices finas, entre las especies de
arboles y el ambiente de crecimiento. La proporcién de
elongacion de raices finas colonizadas por hongos
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micorrizicos varié de <20 a cerca de 500 esporas en
100 g™'. Los diametros de las raices finas variaron de < 500
a > 1,000 um, y cuando se compararon las plantas que
crecieron en ambos ambientes, las del terreno generaimente
tuvieron mayores diametros de raices finas. La mayoria de
los arboles forman micorrizas del tipo arbuscular; sin em-
bargo, 5 especies estuvieron en las Pinaceae o Fagaceae y
tuvieron el potencial para formar ectomicorrizas, pero esos
hospederos estuvieron pobremente colonizados. Las
précticas culturales pueden haber tenido un impacto negativo
sobre el desarrollo de las ectomicorrizas. El nlimero de
esporas relativamente bajo sugiere que las practicas
culturales pueden empeorar la funcién de hongos MA en
arboles de granja. La investigacién futura debe ir dirigida
hacia el entendimiento de la importancia de la micorriza para
los arboles en el paisaje incluyendo efectos sobre
sobrevivencia y crecimiento, y el efecto de fertilizar y la
aplicacion de pesticidas sobre el desarrollo micorrizico.



