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Arbuscular Mycorrhizal Fungus Inoculation Effect on
Korean Ash Tree Seedlings Differs Depending upon
Fungal Species and Soil Conditions’
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ABSTRACT

I examined arbuscular mycorrhizal(AM) fungus inoculation effects on the seedling growth of Korean
ash tree(Fraxinus rhynchophylla Hance), which distributes in fertile mesic soils, under a seven-day
watering cycle of water stress and compost-added fertile conditions. Three Korea-native AM fungi
were inoculated : an unidentified Glomus species, Gigaspora margarita Becker & Hall and Scutellospo-
ra heterogama(Nicol. & Gerd) Walker & Sanders from disturbed forest soils, The effect of AM fun-
gus inoculation on the seedling varied depending upon fungal species and soil conditions. AM forma-
tion was 27 to 65% by the Glomus without forming spores, 47 to 74% with about 10 spores per 20g
soil by G. margarite and about 65% with 35 spores by S. heterogama. The soil conditions did not
affect either AM or spore formation. The Glomus inoculation increased shoot N and P concentrations,
but did not affect seedling growth., . margarita increased shoot N and P, irrespective of soil condi-
tions, in general, but S. heterogama increased N under water stress and P in the control soil only.
These two fungi significantly increased seedling growth in both control and water stress soils.
Compost addition increased the growth of non-mycorrhizal seedlings and offset AM fungus inoculation
effects. The relative field mycorrhizal dependency(RFMD) of the seedlings was significant only in
control and water stress soils by over 40% in G. margarita or S. heterogama AM plants. Under
water stress RFMD was the most evident in S. heterogama AM plants. 1 conclude that some AM
fungi such as G. margarita and S. heterogama can broaden the niche of Korean ash seedlings to a
water stress or nutrient poor site but less likely to more fertile sites.

Key words : Glomus, Gigaspora margarita, Scutellospora heterogama, water stress, compost addition,
ecological specificity
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INTRODUCTION
Over the last decade, mycorrhizal symbiosis
has been increasingly appreciated as an impor-
tant component of forest ecosystem structure
(Varma, 1995) and function(Molina et al., 1992 :
Sanders et al., 1996 ; Douglas, 1995). In terres-
trial ecosystem the symbiosis is a significant
structural component, because the roots of most
plant species associate with mycorrhizal fungi
(Trappe, 1987 : Brundrett, 1991). Molina et al
(1992) estimated that some 6000 species,
10% of soil fungus species, are mycorrhizal, Of

about

them only about 300 species are arbuscular my-
corrhizal(AM) fungi,
in the roots of an enormously wide variety of
host plants(Smith and Read, 1997). One mycor-
rhizal plant can form mycorrhizae with numerous

but they form mycorrhizas

AM fungal species and one AM fungus can
associate with a number of plants. The mycor-
rhizas are so diverse that even different genera
of AM fungi commonly coexist in a root seg-
ment(Sanders et al., 1996).

Mycorrhizas are significantly involved in eco-
system function, such as C-, N- and P-cy-
cling(George et al., 1992; Cui and Caldwell,
1996 ; Lapointe and Molard, 1997,
ity(Tisdall, 1991), host plant survival(Trappe,
1987), plant succession(Barea and Jeffries, 1995)
and plant competition(Hartnett et al., 1993).

soil stabil-
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Mycorrhizal fungi are also an important com-
ponent of the food web through their fruiting
body eaten by animals(Pegler et al., 1993 ; Ma-
ser and Trappe, 1984) and even a precious in-
come source i.e. truffles and matsutake(Hall et
al., 1994). Thus, mycorrhizal function in forest
ecosystems should also be considered for sus-
tainable forest resource management(Barea and
Jeffries, 1995).

Molina et al.(1992) addressed ecological speci~
ficity phenomena in mycorrhizal association : all
environmental biotic and abiotic factors influence
the ability of host plants to form functional my-
corrhizas with particular fungi in natural soils.
Although most mycorrhizal fungi have broad host
ranges, not all fungi significantly affect their
host growth(Wilson and Tommerup, 1992). A
mycorrhizal fungus known as effective one does
not always improve its host growth(Haselwand-
ter and Bowen, 1996). After observing that AM
plant species associated with different fungal
species across its range, Allen et al.(1995) ar-
gued that AM fungi respond to the environment
directly without doing so individually via the
host. That is, AM fungus diversity is regulated
by genetics of the fungi themselves along with
their responses to the host and the environment,
For example, Gigaspora margarita, an AM fun-
gus, improved sweet gum seedling growth only
1982)
By using AM fungi tolerant to certain soil

at low P and acidic soils(Yawney et al.,
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conditions, we foresters may be able to broaden
the ecological niche of plants through changes in
the availability of nutrients and water(Varma,
1995). The host-plant niche broadening mediated
by mycorrhizal fungi may not be limited to plant
survival under harsh conditions hut may extend
to plant thriving under a fertile mesic environ-
ment.

In this study I tested the hypothesis that the
niche of host plants can be broadened by mycor-
rhizal fungus inoculation under water stressed or
fertile soil conditions. For this experiment, I in-
oculated the seedling of Korean ash tree(Fraxinus
rhynchophylla Hance) with three native AM fun-
gi collected from disturbed forest soils, The ash
tree with its high economic value species is dis-
tributed in fertile mesic soils in Korean forests
(Korean Forestry Research Institute, 1993).

MATERIALS AND METHODS

Organisms

Korean ash tree seeds were collected late au-
tumn and stored under -18C until they were
used. Three AM fungal species were an uni-
dentified Glomus species, Gigaspora margarita
Becker and Hall and Scutellospora heterogama
(Nicol. & Gerd) Walker and Sanders. Spores of
G. margarita and S. heterogama were collected
by wet-sieving loamy sand soils under Kumme-
rocallis, Cassta and Calix grass species near
Cheongju Teacher's College in Chung-buk pro-
vince in Korea. G. margarita spore is white and
usually larger than 300(um. S. hefrogama spore
is brown and had a germination shield with
closely crowded warts on the spore surface.
These two species were clearly identified ac-
cording to the INVAM description(Schenck and
1987). The unidentified Glomus
species inoculum had been potcultured with the
soil from an abandoned coal mine area in Kyung-
buk province in Korea. This fungus formed hya-
line spores, about 40(um diameter, inside sorghum

Perez et al.,

T00ts.

Experimental design
The experiment had three soil conditions and

four mycorrhizal fungus treatments within each
soil condition. The three soil conditions were
control, water stress and compost addition. The
control soil had the basic pot medium, the water
stress soil received water to a field capacity
once a week and the compost addition soil was
doubled in the amount of compost, The four AM
fungus treatments were non-inoculation, uniden-
tified Glomus, G. margarita and S. heterogama
inoculations. Each combination of the compost
addition and fungus inoculation had nine repli-
cated pots. Each combination of the other two
solls and fungus inoculations had 15 replicated
pots.

Inoculation

The spore collections of G. margarita and S.
heterogama were diluted with fine vermiculite.
Ten ml of vermiculite spore mixture was inocu-
lated into each plastic pot(400ml) and the spore
density was 30 spores/pot for G. margarita and
16 spores/pot for S. heterogama. The Glomus
species inoculum was about 10g of air-dried sor-
ghum roots and included about 1} spores per cm
root length., Those fungal inocula were mixed
into 5cm deep and no inoculation pots received
10g of autoclaved pot-cultured sorghum roots.

Growing conditions

The basic rooting medium was 1:1:(0.5(v/v)
mixture of peatmoss, perlite and forestry com-
post. Nutrient contents of the compost were
35.5% organic matter, 1.43% total N, 8l10ppm
P, 5.6me/100g K0, 0.6% Ca0, 1.27% MgO
and pH6.6. The components of the medium
were autoclaved separately for one hour. Ash
tree seeds were planted on 400ml plastic pots
after 24 hours cold-soaking. In seven weeks the
germinated seedlings were thinned to three per
pot. The seedlings were irrigated with chlori-
nated tap water and grown in the greenhouse
covered with clear plastic from April to Septem-
ber for 5 months,

Measurement and statistical analysis
Percentage mycorrhizal formation was estimat-
ed by the grid line intersection method(Giovan-
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netti and Mosse, 1980) after staining the root
with trypan blue in lacto-glycerine solution after
cleaning in 10% KOH solution(Phillips and Hay-
man, 1970). Spores in the pot were counted per
20g of the air-dried potting medium. Height,
root collar diameter and dry weight of shoot and
root were also measured, For shoot N and P
analyses, four pots per treatment were randomly
sub-sampled and analyzed at the Soil and plant
tissue analysis laboratory at the Korean Forestry
Research Institute. N was determined after
Kjeldahl digestion and P was by acid digestion
and molybdovanado-phosphoric acid colorimetry.
Statistical data analysis was done with GLM
procedures in SAS(SAS Institute Inc. Cary, NC,
USA, 1990). ANOVA was done within each soil
condition or each fungus inoculation and then the
means were compared by Tukey's test. Relative
Field Mycorrhizal Dependency(RFMD) was calcu-
lated as Bagyaraj(1992) : RFMD(%)=({dry weight
of mycorrhizal plant - dry weight of non-mycor-
rhizal plant)/dry weight of non-mycorrhizal plant)
* 100

RESULTS

Arbuscular mycorrthiza(AM) and spore

formation

The AM and spore formation of ash tree seed-
lings significantly differed depending upon AM
fungus species and soil conditions(Table 1), The
unidentified Glomus formed mycorrhizas from 27
to 65% but did not form spores either outside or
inside of the roots., AM formation by the Glomus
was significantly decreased by water stress but
not by compost addition. G. margaerita formed
AM by 47% to 74% and 4 to 18 spores per 20g
of potting medium. S. heterogama also formed
AM by 64 to 71% and about 35 spores. The soil
treatments did not affect the formation of AM
and spores in either G. margarita or S. hetero-
gama inoculated seedlings. On the other hand,
AM formation by S. heferogama was signifi-
cantly higher than that by the Glomus species
both in control and water stress soils. AM
formation by . margarita was higher than that
by the Glomus only in the control soil. In the

compost addition soil, AM formation did not dif-
fer among the fungus inoculation treatments.

Seedling growth

In non-mycorrhizal ash tree seedlings, the 7-
day water stress cycle did not affect diameter
and total shoot dry weight, but the compost
addition significantly increased the growth para-
meters(Table 1). On the other hand, AM fungus
inoculations, with G. margarita and S. hetero-
gama significantly increased the growth parame-
ters in the control and water stress soils. The
Glomus species significantly increased only dia-
meter in the control and water stress soils, The
Glomus is less effective than the other two fungi
for the seedling growth.

Soil conditions differently affected the growth
of AM seedlings depending upon fungal species.
In the Glomus AM seedlings water stress signi-
ficantly decreased diameter and total dry weight,
but the compost addition did not affect the
growth. In G. margarita AM seedlings, while
water stress did not affect diameter but reduced
total dry weight, compost addition significantly
increased diameter but did not affect total dry
weight. In S. heterogama inoculated seedlings,
significantly reduced diameter
growth but the compost addition affected neither
diameter nor dry weight. Only S. heterogama
significantly increased shoot to root ratio of ash
tree seedlings in the control and water stress
soils.

water stress

Relative field mycorrhizal dependency

(RFMD)

The RFMD of ash tree seedlings also varied
depending upon AM fungal species and soil
conditions(Fig. 1). RFMD was significant only
in G. margarita or S. heterogama inoculated
seedlings in the control and water stress soils,
as shown in the total dry weight in Table 1.
The RFMD of Glomus AM seedlings was 24%
in the control soil, but almost zero under water
stress and about 10% in the compost addition.
The RFMD of G. margarita AM seedlings was
45% in the control soil, but decreased to around
30% in the water stress and compost addition
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Fig. 1. Relative field mycorrhizal dependency(RFMD) of arbuscular mycorrhizal ash tree seedlings un-
der different soil conditions. RFMD was calculated with the total dry weight in Table 1.

soils, The RFMD of S. heterogama AM plant
was 43% in both control and water stress soils,
but almost zero in the compost addition soil.

Shoot N and P concentration

The Glomus or G. margarita inoculations
significantly increased shoot N concentration in
all the three soils(Table 1). However, S. hete-
rogama increased the N concentration only in
the water stress soil. On the other hand, soil
condition did not affect the
except that water stress significantly increased

the N concentration in S. heterogama AM seed-

N concentration

lings.

Soil conditions did not affect shoot P concen-
tration, but AM fungi differently affected it
(Table 1). While the Glomus species increased
the P concentration in all the soil conditions, G-
margarita increased the P in the control and
compost addition soils, and S. heterogama in-
creased the P only in the control soil. Generally,
the Glomus inoculation increased shoot N and P
concentrations irrespective of soil conditons,
while the effect of the other two fungi on the N
and P varied with soil conditions.

DISCUSSION

The results strongly support AM benefit for
nutrient uptake and growth of plants in a great
many reports(Smith and Read, 1997). However,
a growth enhancement by only G. margarita and
S. heterogama under water stress and nutrient
poor conditions partly support the hypothesis that
the niche of host plants can be broadened by
AM fungus inoculation, That is, the unidenti-
fied Glomus did not affect plant growth in the
water stress and all the AM fungi tested did not
improve the growth in the fertile soil. S. hete-
especially, was more effective than
others under water stress. These differences be-

rogama,

tween fungal species and soil conditions are also
verified in many grass plants(Hetrick et al.,
1985 ; Smith and Read, 1997 ; Noyd et al., 1995).

Whereas water stress did not significantly
affect the growth of non-mycorrhizal plant, it
affected the mycorrhizal plants of the Glomus or
G. margarita. Because the water potential of
the soils and plants were not measured, expla-
nation is very limited. However, nonmycorrhizal
plant may have been less stressed during the
sevenday dry cycle due to its slower growth.
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The AM plants were 30 to 50% higher in total
dry weight.

Several possible mechanisms have been sug-
gested about how mycorrhizas improve plant wa-
ter relations. Subramanian et al.(1995) summa-
rized as follows : by 1)improving hydraulic con-
ductivity 2)increasing transpiration rate and low-
ering stomatal resistance 3)reducing leaf elasticity
4)increasing potentials
5)increasing rooting length and depth and 6)more

leaf water and turgor

rapid recovery from water stress. However,
Smith and Read(1997) argued that mycorrhizal
effects on the drought tolerance of the host
would be rather due to the hyphal contribution to
uptake of nutrients,

In the compost addition, i.e., a mesic and
fertile soil, the RFMD of S. heterogama AM
plants was very low despite the 649% AM for-
mation. In the fertile condition AM plant was
similar to the non-mycorrhizal plant in shoot to
root ratio and total dry. The AM fungus seemed
to form unidirectional symbiosis by depending on
the carbohydrate of their host without either im-
proving or reducing the host growth. Graham et
al.(1997) found that mycorrhizal citrus grown at
high P supply expended less carbon to acquire P
than heavily colonized mycorrhizal plant at low
P supply. They also found that at high P the
more mycorrhizal dependent genotype had a
higher starch concentration in their root tissues
than did less mycorrhizal dependent genotypes,
irrespective of mycorrhizal status. This means
that carbohydrate allocation patterns in plants are
characteristics of the host itself. Thus, it may
be not necessarily true that at high P soil, AM
fungi become parasitic to drain carbohydrate with-
out benefiting the host. In this aspect ash tree
seedlings may not be affected significantly by
the carbohydrate drain to keep mycorrhizal sym-
biosis in fertile soils, but get full benefits dur-
ing water and nutrient stress situations.

Lapointe and Molard(1997) argued that benefit
from the presence of mycorrhizas varied during
the life cycle of the host. They found that in
trout lily, a spring ephemeral of Canadian maple
forests, mycorrhizal plants used more corm car-
bohydrate reserves by about 15% before the host

developed stems and leaves. That is the cost
that the spring ephemeral paid. Nature cycles
with the regimes of light, water and tempera-
ture. During those cycles plants may have bene-
fit by keeping the symbiosis without sacrificing
their growth, At their harvesting, mycorrhizal
plants produced 44% higher corm biomass than
the fungicide-treated plants. That is the profit.
Thus, investing the extra carbohydrate in keep-
ing mycorrhizal symbiosis can be highly profita-
ble.

Recently DNA based molecular techniques have
shown that different genera of AM fungi coexist
in plant roots and that this is a common occur-
rence(Sanders et al., 1996). However, not all of
them are equally effective at improving nutrient
uptake(Wilson and Tommerup, 1992). Allen et
al.(1995) observed that different species of AM
fungi were also active during different times of
the growing season on the same host. Competi-
tive interactions would favor these species which
rapidly colonize an uninfected root and can sub-
sequently exclude infection bv other species
1995). From this study it is
very limited to predict the dynamics of AM fun-
gal communities within a root system, such as

(Sanders et al.,

the interactions among AM fungal species in
forming mycorrhizas under the various soil con-
ditions. However, it is possible for S. heferoga-
ma mycorrhizas to become dominant as roots
turnover during water stress seasons, because
while the Glomus mycorrhizas decrease, S. hefe-
rogama mycorrhizas and spore formations are not
affected by the water stress. On the other hand,
it is still impossible to predict how AM com-
munity changes in fertile soils, because all the
three fungi formed mycorrhizas by similarly high
percentage.

Ecology of G. margarita has been known rel-
atively in detail compared with the other two
species. It widely spreads from agricultural fields
to virgin marine sand dunes, and is present
throughout the year(Becker and Hall, 1976 ; Rose,
1980). G. margarita formed mycorrhiza better at
moderately acid conditions(i.e. pH5.5), and im-
proved sweet gum seedling growth at low soil P
(Yawney et al, 1982). The fungus can form my-
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corrhizas even in aquatic plants, such as Ranun-
culus(Khan and Belik, 1995). These diverse
habitat characteristics of G. margarita may ex-
plain its resilient response to the water stress
and compost addition in this study.

Nitrogen uptake by AM fungi has been in-
conclusive(Smith and Read, 1997), in contrast to
P uptake that has been clearly approved in many
sophisticated experiments(Cui and Caldwell,
1996). Glomus mosseae improved both NH;* and
NO3;  uptake(George et al., 1992) but un-known
Glomus species did not improve NOjs uptake(Cui
and Caldwell, 1996). In this study N concentra-
tions in S. heterogama mycorthizal seedling tis-
sues were significantly lower than those of the
other two mycorrhizal plants in both control and
compost addition soils. The shoot N of S. hete-
rogama AM plants was significantly higher than
that of non-mycorrhizal plants only under water
stress, This experiment is very limited in ex-
plaining N uptake, because NO; and NH," were
not measured. However, N uptake by the AM
plant can be discussed in relation to water stress.

Tobar et al.(1994a) found that in a "“N-labelled
NOs; study NOs; uptake did not differ between
non-mycorrhizal and AM plant inocu-lated with
Glomus fasciculatum and well-watered condi-
tions, However, in dry soils the NO; uptake of
the AM plants was four times higher than that
of the non-mycorrhizal. In another study(Tobar
et al., 1994b) showed that when a trace amount
of BNH;" was applied to lettuce, AM fungi
greatly increased N enrichment of plant tissues,
whereas the "N was negligible in non-mycorrhi-
zal control plants. Smith and Read(1997) argued
that AM fungi would not be effective for the
uptake of NQO3; , which is mobile in moist soils,
but the fungi might increase NH;® which is
adsorbed and relatively non-mobile. Thus, I infer
that S. heterogama may become active in NOg
uptake under water stress. The significantly
higher shoot to root ratio of S. heterogama seed-
lings in the water stress soil may support this
prediction.

In conclusion the AM fungus inoculation ef-
fects or mycorrhizal dependence of ash tree seed-
lings varied depending upon both AM fungal

species and soil conditions. G. margarita distri-
buting in diverse habitats has a potential for
broadening the host niche, S. heferogama that
functions effectively under water stress and nu-
trient poor soils may also facilitate ash tree to
expand from mesic to harsh sites. Therefore,
recognizing the structure and function of mycor-
rhizas at both the species and ecosystem levels
will greatly contribute to a sustainable manage-
ment of forest ecosystems by possibly making
the trees more resilient to environment changes.
Further, diversity of mycorrhizas can be a signi-
ficant indicator for the assessment of ecosystem
viability in both disturbed and undisturbed for-
ests.
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