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How mycorrhizal associations and plant density influence
intra- and inter-specific competition in two tropical tree
species: Cabralea canjerana (Vell.) Mart. and Lafoensia

pacari A.St.-Hil.

Aline Danieli-Silva « Alexandre Uhlmann -
Jos¢ Vicente-Silva - Sidney Luiz Stiirmer

Received: 30 June 2009 / Accepted: 1 October 2009
¢ Springer Science + Business Media B.V. 2009

Abstract Arbuscular mycorrhizal fungi (AMF) asso-
ciations benefit host plants due to increased ability to
obtain resources and hence may influence competitive
mteractions. Here we experimentally examine growth
in Cabralea canjerana and Lafoensia pacari at
different densities and with and without AMF. In
the density treatment pots had either six or 12
individuals. Half of each treatment was innoculated
with AMF and the other half was not. The proportion
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of each species in each pot was also varied. The AMF
did not apparently influence interspecific competitive
interactions because growth was similar in both
treatments. However, intra-specific competition was
very strong in C. canjerana while more moderate in
L. pacari and both were influenced by the presence of
the AMF. The AMF—Cuabralea canjerana interaction
was parasitic, while AMF-—L. pacari interactions
were mutualistic. Thus, dependence upon AMF and
intraspecific interactions that result as a consequence
of that dependence varies among species and may be
an important influence in community structure.

Keywords Arbuscular mycorrhizal fungi -
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Abbreviations

AMF arbuscular mycorrhizal fungi
ANOVA
C carbon

analysis of variance

C. canjerana — Cabralea canjerana

Cii development (biomass) of species
when grown in monoculture

Cij development (biomass) of species
when grown in mixture with specics /

Cji development (biomass) of species /
when grown in mixture with species i

Ci development (biomass) of species j

when grown in monoculture
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FURB Universidade Regional de Blumenau
H>0, hydrogen peroxide
HCl Hydrochloric acid
KOH potassium hydroxide
L. pacari Lafoensia pacari

M mycorrhizal plants
NM non-mycorrhizal plants
P phosphorus

RY relative yields

D total density
Introduction

Relationships between plants and their arbuscular
mycorrhizal fungi (AMF) can influence how those
plants interact with others, such as in interspecific
competition (Hartnett et al. 1993; Hetrick et al. 1994,
Zobel and Moora 1995; van der Heijden et al. 2003).
This is due to the activities of the fungus with respect
to the acquisition by the plant of nutrients and water
(Chapin et al. 1994; van der Heijden 2002). Thus, if
the fungus association benetits the plant by facilitating
nutrient acquisition, the plant can become a better
competitor (Tilman 1982).

Phosphorus (P) is an example of an cssential
macronutrient for plants, but which is not very mobile
within the soil and therefore may often be limiting
(Marschner 1995; Allen 1996) and plant-fungal
associations may often improve the rate of uptake
for the plant (Smith and Read 1997; Ozinga ct al.
1997, Dodd et al. 2000; Jones and Smith 2004).
Additionally, plant-fungal associations increase water
uptake for the plant (Wright and Upadhyaya 1998),
reduce uptake of heavy metals (Sylvia and Williams
1992; Oliveira et al. 2005), improve defense against
pathogens (Newsham et al. 1995) and may influence
plant structural architecture that also influence nutri-
ent acquisition (Jones and Smith 2004). Such inter-
actions may often benetfit the plant in a variety of
ways, thereby increasing the competitive ability of the
plant (Hartnett and Wilson 2002; Kytoviita et al.
2003). Consequently, this competitive benefit may
favor some species over others (Allen and Allen
1990; Pedersen and Sylvia 1996; Sylvia et al. 2001).

Plants are quite variable in their response to
fungal associations (Thingstrup et al. 1998; Khalil
ct al. 1999) and so the role of the fungus as a
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mediator of competitive interactions should occur
when the plants vary widely in their response to the
fungus. For example, mycorrhizal grasses are strong-
ly favored in competitive interactions over those
non-mycorrhizal (Hartnett et al. 1993; Hetrick ct al.
1994).

Thus, AMF associations can influence competitive
interactions (van der Heijden 2002; Hart et al. 2003; van
der Heijden et al. 2003) and influence the maintenance
of plant diversity in communities (Oliveira et al. 20006).
Most studies of these associations, however, have
used grasses as the model species and whether
similar interactions occur in tree species is still
unknown in most cases. In tropical trees the benefit
due to AMF may be large, because nutrients, such
as phosphorus, are often not casily available to the
plants, especially in deforested arcas (Carnciro et
al. 1996). Thus, in this study we examine the
competitive interactions within and between species
with and without AMF. We compare the reactions of
two sympatric species that are frequently used to
help recover previously degraded.

Materials and methods

Two tree species with very different reactions to AMF
were used in this study, both native to the Atlantic
Forests of southern Brazil. Lafoensia pacari has an
obligatory association with AMF (Carneiro et al. 1996;
Zangaro et al. 2003) while Cabralea canjerana is
apparently only marginally responsive to AMF
(Pasqualini et al. 2007). Seeds of C. canjerana were
sown individually in trays that were divided into
100 ml “cells” while L. pacari was grown in pots of
1.5 1, each with 15 sceds. Substrate was a mixture of
sand and soil in a ratio of 2:1. Soils were sterilized (1 h
autoclave at 120°C, repeated 24 h later). The AMF
treatment plants were grown in the same previously
sterilized soils, but with cultures of the fungus mixed in
prior to planting. Fungal cultures include Acaulospora
koskei (SPL102), Entrophospora colombiana
(SCT11S5) and Scutellospora heterogama (SCT113),
all from the Germplasm Bank of the AMF at the
Universidade Regional de Blumenau, in the state of
Santa Catarina, in southern Brazil. These fungal
isolates were chosen because they have been shown
to associate with and promote growth in trees (Stiirmer,
pers. com.).
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To produce the fungi for the experiment, pure
cultures were mixed in sterile soil (sand-soil 2:1) in
plastic pots of 1.5 . Around 30 sorghum seeds were
planted in each pot. After 4 mos. of greenhouse
cultivation, the plants and substrates were dried and
the aerial part of the plant and top 2 cm of substrate
were discarded. The roots with the remainder of the
soil (the mycorrhizal inoculum) were stored in plastic
bags and refrigerated until use.

One month after germination the scedlings were
replanted in 100 pots with sterile soil in a 2:1 mixture
of sand and soil (red—yellow argisol). Half of the pots
had a final density of six individuals per pot (low
density) and the other half had 12 individuals per pot
(high density). The AMF was innoculated into half
the pots of each treatment.

Finally, the proportion of cach species in each pot
was also varied, following the “Replacement Series”
design (Begon et al. 1996). Thus, the proportion of
L. pacari and C. canjerana in each pot were 0:0, 2:4,
3:3,4:2 and 6:0 (in the low density treatment, with and
without AMF) and 0:12, 3:9. 6:6, 9:12 and 12:0 (in the
high density treatment, with and without AMF), each
of which was replicated five times.

The experiment started in mid September of 2005
and ended in late January, during the hottest part of
the year (average temperatura>20°C). Plants were
grown in greenhouses with uncontrolled temperature
and lighting. Plants were watered daily ad [lib as
nceessary to avoid water stress. Nutrients were not
measured in the soils, but the original material was
from the B horizon in red—yellow argisol, known in
this region to be naturally low in nutrients.

At harvest after 90 d, plants were carefully
removed from the pots and soil in running water.
The aerial part was separated from the roots and both
were oven dried (60°C for 48 h). Plants were then
weighed (total dry, roots, stems and lcaves) and
measured (stem length).

Acrial dry weight was used to determine the
mfluence of the mycorrhiza on growth as the ratio
ol the difference between those grown without and
with AMI* over those grown without AMI as follows:
(dry weight with minus dry weight without)/(dry
weight without) multiplied by 100 to be represented
as a percentage (Plenchette et al. 1983).

Roots were examined in each replica to determine
the amount of mycorrhizal association following
Koske and Gemma (1989). Roots were immersed in

boiling potassium hydroxide solution (KOH, 10%).
This was followed by immersion in 3% hydrogen
peroxide solution (H,0,) for 5 min and washed once
again. Roots were then placed for 5-10 min in 1%
hydrochloric acid (HCI) and then colored with by
boiling in 0.05% Trypan Blue for 10 min. They were
then washed and stored in a refrigerator until
examined. The degree of colonization was measured
following Giovanetti and Mosse (1980) using plates
with grids in which at the grid intersections the
number of points with the fungus and without are
counted.

Relative yield was calculated as the ratio of the
biomass of plants grown in cach treatment to that of
plants grown alone. Relative yield curves show the
importance of the various variables by being com-
pared to the null model of having been grown alone
(Begon et al. 1996). Relative yield greater than the
null model suggests that competition is unimportant,
while if less than predicted indicates strong competi-
tion. Weight of the stem, roots and lcaves were
compared among treatments, by species by analysis of
variance (ANOVA).

Results

None of the plants grown in sterile soil inadvertently
formed a mycorrhizal association. In the AMF treatment
in C. canjerana, root colonization was 68—71% in
monoculture while it was 54—69% when mixed with L.
pacari. In the AMF treatment in L. pacari root
colonization was 50-57% in monoculture while it
was 51-66% with C. canjerana.

Relative yield in Cabralea canjerana declined
when associated with AME (-27% at six plants
13% at 12 plants pot ). In contrast,
relative yield in L. pacari inereased with AMFE (293%
at six plants pot ', 116% at 12 plants pot ™).

When comparing with and without AMI, dry
weight  was similar in both treatments (/) 0.
0.810, P=0.374). Dry weight was greater without
AMLE than with in C. canjerana (Fy 19=8.1, P=0.01).
On the other hand, in Lafoensia pacari dry weight
was greatest with AME (/7 19=78.3, P<0.0001,
Table 1). Plants of C. canjerana with AMF were
34% smaller than those without (Table 1). Plants of
L. pacari, with AMF were 300% larger than those
without (Table 1).

I
pot ', and
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Table 1 Comparisons of shoot and root development (g dry
weight) between species (ANOVA)

Treatment Leaf Stem Root Total
M-+ 0.54 0.48 0.72 1.73
M- 0.58 0.41 0.79 1.78
M + CC 0.32%* 0.32%* 0.60%* 1:2§%%
M-CC 0.59 0.43 0.86 1.88
M + LP 0:39*% 0.29%* 0.32%% 0.95*%*
M-L.P 0.13 0.08 0.11 0.3
D6 0.63** 0.49* 0.87%* 1.96%*
DI2 0.49 0.40 0.64 1.55
D6 CC 0.49* 0.40%* 0.84%* ] 734
D12 CC 0.42 0.35 0.63 1.41
Do LP 0.30%* 0:120%* 0.25%% 0.72%*
D12 TP 0.20 0.15 0.17 0.53

D total plant density, M+ with mycorrhiza, M- without
mycorrhiza, CC Cabralea canjerana, LP Lafoensia pacari
*p<0.05, **p<0.01

Density strongly influenced final plant weight
(Table 1). At the maximum density of 12 plants
pot ', dry weight was 21% less than that at a density
of six plants pot™' (Table 1).

In the mixed species treatments without AMF, dry
weight (total, leaf, root) in C. canjerana declined as
density of C. canjerana increased (Fig. 1). With
AME, on the other hand, dry weight remained
relatively constant in the low density treatment
(except at the density 6 for roots, Fig. 1¢).

The response to density was the opposite in L.
pacari. Here we found an carly increase followed by
decline (yet neither a large inercase nor large decline)
with intraspecific density in the low density treatment
without AMI (Iig. 1). Relative yield decreased while
density imercased in C. canjerana independently of
AMI treatment (with AMIE, Tig. 2a, ¢ ¢, without
AMI, Fig. 2b, d) and of total density (DT-6, Fig. 2a, b;
DT 12, I'ig. 2¢, d). However, relative yield was greater
m the without AMIF treatment. On the other hand,
relative yield ol L. pacari declined (1o the proportion
LP4:CC2) both without and with AMI® (I, 44 16064,
P=0.001, F,05=2016.0, P=0.001, Fig. 2a and b
respectively), thereby demonstrating inter-specific
competition. In the high density treatments none of
the relative yield was below the expected values under
the null model (Fig. 2¢, d).

2

g .
) Springer

Discussion

The response of L. pacari to the AMF (root
colonization, dry weight) suggests that it is classified
as an obligate mycorrhizal symbiont (Siqueira and
Franco 1988; Zangaro et al. 2003). On the other hand,
C. canjerana is not so casily classified as obligatory
or not (as proposed by Siqueira and Franco 1988),
because of it was strongly colonized by the fungus
although it seemed to be a detrimental association, as
dry weight declined in infected plants. This suggests
that the fungus is actually a parasite of this specices.

Three conditions may cause a detrimental response
by the plant to AMF: low light, low temperatures and
extremely fertile soil. Low light and temperature can
limit photosynthesis with the result that the fungus
extracts too much C from the plant (Smith and Smith
1996). With excessive nutrients, especially P, the
hyphac do not absorb enough P and the excess limits
plant growth (Smith and Smith 1996). None of these
were the case in this experiment, and therefore our
results were not due to these kinds of adverse
conditions.

Poor growth in the grass Koeleria pyramidata that
is facultatively associated with mycorrhizae in com-
petition with the grass Andropogon gerardii that is
obligatorily associated with mycorrhiza, shows that
the former species is being parasitized by the fungus
(Hetrick et al. 1989). Another non-mycorrhizal plant
species, Salsola kali, can be invaded by mycorrhizal
fungus to the detriment of the plant survival (Allen et
al. 1989). Thus, fungal associations are not always
symbiotic, but when they are symbiotic, they may
become obligatory (Francis and Read 1994).

These kinds of differences may in part explain the
results observed in this experiment and the association
between the plants and fungus may be a consequence of
the conditions in which cach species is typically found.
For example, L. pacari is a pioncer species with very
small sceds while C. canjerana is a sccondary species
with large sceds. Some studies suggest that in the
tropics, carly successional species are usually not
assoctated with fungi and in succession are followed
by facultative and then obligatory associations (Janos
1980; Siqueira et al. 1998; Zangaro ct al. 2003;
Pasqualini ct al. 2007). In contrast, in temperate
latitudes, pioneers are associated with mycorrhiza and
often in low quality soils (Allen and Allen 1990). A
study of 80 tropical tree species in different succes-
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Fig. 1 Influence of
mycorrhizal symbiosis on
dry weight of Cabralea
canjerana (CC) and
Lafoensia pacari (LP) at
different densities. a and b
Leat dry weight; ¢ and d
Root dry weight; e and
Stem dry weight; g and

h Total dry weight. (/) Low
density, (2) High density.
w (C with and o without
AMEF; A LP with and A
without AMF. Asterisks
indicate differences
(<0.05) between AMF
treatments

Leaf Weight (g)

(]

Root Weight (g)

Stem Weight (g)

Total Weight (g)

1 2 1 2
1.0 1.0 1.0 1.0
*
*
* *
*
* w *
*
0.5 0.5 0.5 4 T 0.5 4
s I
i/i\i/. *ox *
0.0 0.0 0.0 0.0
2346 36 9 12 2 34 6 3 6 9 12
1 2 1 2
1.5 15 1.5 1.5
*
% *
*
1.0 1.0 1.0 1.0
*
*
05 | 05 05{ X x * 05 |
Er—t—s A Y
0.0 0.0 0.0 0.0
234 6 36 9 12 2 34 6 36 912
1 2 1 2
1.5 15 1.5 15
1.0 4 1.0 4 1.0 104
ks il * * *
0.5 - * 0.5 A * 0.5 * 0.5 A
E ;_;\.ﬁa ﬁ\ﬁ\a\ﬂ I/I\;\; L,
A
-y I\I -
M D151
0.0 +—o =i 00 - 0.0 0.0
234 6 36 912 234 6 36 9 12
1 2 1 2
2.5 2.5 2.5 2.5
[]' * * *
2.0 4 * 2.0 * ok 2.0' 2.0 4
1.5 IAI\I\- 1.5 . 1.5 *_ * 1.5
) * ~ *
W KI ol
1.0 10 F g = 1.0 - f 104 T % 4 4
0.5 4 0.5 4 0.5 4 0.5
o
0.0+ 0.0 0.0
234 6 36 9 12 234 6 36 9 12

@ Springer



Plant Soil

a
3.0 3.0
25 25
5 2.0 2.0 A
o
>_
2 154 1.5 |
I
& 1.0 4 1.0 & s
0.5 0.5 4
s RS
e * 2
0.0 &~ : ; ; 0.0 , . .
cCo 2 3 4 6 0 2 3 4 6
LP 6 4 3 2 0 6 4 3 2 0
c d
3.0 3.0
2.5 | 2.5
o 20 2.0 |
o
>_
2 15 4
k5]
& 1.0 4 .
0.5 -
0.0 " , : :
cC o 3 6 9 12
LP 12 9 6 3 0

Fig. 2 Relative yield without (a-low density, ¢--high
density) and with (b——low density, d-—high density) AMF.
A Lafoensia pacari; w—Cabralea canjerana. The lighter

sional stages found strong associations in pioneer
species and not so strong in those in later successional
stages (Zangaro et al. 2000). This may be in part due to
the correlated characteristic of larger sceds (with larger
cnergetic reserves) in later successional stages (Zangaro
et al, 2000).

Also, associations with mycorrhiza may be-
come parasitic at particular stages in development
(Bethlenfalvay ct al. 1982; Koide 1985). Early mycor-
rhizal association may reduce growth in plants soon
alter germination, since the fungus removes C neces-
sary for plant growth (Bethlenfalvay et al. 1982,

Oy

Koide
1985). This was probably not the case here in this
experiment, because the time interval was sufficient
and the growing conditions were not limiting.
Relative yield of each species in this experiment
showed strong competition between the two species

@ Springer

lines indicate the null model. When the observed values lie
beneath the line of null model, inter-specific competition
occurred. Asterisks indicate P<0.05

only at 4:2 (LP 4, CC 2, in the low density treatment),
with and without AMF (Fig. 2a ¢ 2b). This may be
due to intra-specific competition in C. canjerana, that
which at low density (two individuals) may impact
the growth of L. pacari. Intra-specific competition is
apparently important tor C. canjerana that, duc to its
larger size, generates a larger impact at higher
densities (Fig. 2a. b, ¢, d). This trend s supported
by the observations that relative yield of C. canjerana
declines with increasing  density, independently  of
treatment. However, it s stll possible that inter-
specific competition may also play a role that is
difficult to scparate in this experiment.

In the treatments without AMFE, the reduction in
relative yield of C. canjerana due to intra-specific
competition favored the increase in relative yield of
L. pacari. This would suggest that increasing density
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ot C. canjerana could cause a reduction in relative
yield of L. pacari, which in fact did not occur. The
reduction in yield of L. pacari associated with the
increase in yield of C. canjerana may be due to
attenuation of intra-specific competition in the later
species or an increase in intra-specific competition in
the former species.

When grown with AMF, while the effect was
similar, yield in C. canjerana was less than that
without AMFE. On the other hand, yield in L. pacari
was greater with AMF and tended to increase as
density of C. canjerana declined. This trend supports
the suggestion that intra-specific competition is
important. Thus, while inter-specific competition
may occur, its effects were not apparent in this
experiment—perhaps because intra-specific competi-
tion was so strong. Thus, the presence of AMF did
not benefit the obligate associate species (L. pacari)
to the detriment of the other species (C. canjerana) as
was expected.

These results seem to disagree with others, in
which AMF favor the competitive qualities of the
associated plant species in inter-specific competitive
interactions (Allen and Allen 1990; Hartnett ct al.
1993; Zobel and Moora 1995). In Centaura jacea and
Fragaria vesca as competitors, with AMF, the
difference in biomass of cach species increased as
they grew mycorrhiza, which was suggested to be due
to differential response to the fungus by the plants
(Zobel and Moora 1995). Therefore, these data
supported the hypothesis that AMF may mediate
important interactions that determine plant dominance
in the field (Zobel and Moora 1995). Similarly,
competition between two  grasses, one non-
mycorrhizal, favored the mycorrhizal species (Allen
and Allen 1990).

A possible factor that may explain why intra-specific
competition was dominant is the difference in size of the
two species. Cabralea canjerana has very large leaves
and which may result in competition by shading the
other plants, while L. pacari has small lcaves and so
will not cause a similar effect. This suggests that

competitive interactions may be a consequence of

characteristics inherent to cach specics in addition to
the influence of other biotic and abiotic factors
(Johnson et al. 1997; Sylvia et al. 2001; van der
Heijden 2002).

While apparently not important for inter-specific
competition, AMF do influence intra-specific

competition for both species. The difference in
growth in cach species when with and without
AMF (Fig. 1) show that C. canjerana is strongly
competitive with itself in the absence of AMF, while
L. pacari grows best with AMF. Additionally, dry
weight varies little on inoculated soils in C.
canjerana, while dry weight varies little in L. pacari
on sterile soils. Thus, growth in each species is
linked to its reaction to AMF.

Our results suggest that Lafoensia pacari, while
strongly influenced by its AMF association, does not
acquirc a competitive advantage when in association
over Cabralea canjerana (either with AMF or
without). Despite this, the AMF seems to accentuate
intra-specific interactions for L. pacari and to para-
sitize C. canjerana. By parasitizing C. canjerana,
intra-specific competition is reduced.

Thus, we suggest the hypothesis that tree species
do not respond in the same way to mycorrhiza as do
grasses, in which the species with mycorrhiza has an
increased inter-specific competitive edge over species
without mycorrhiza. As this experiment was carried
out with young trees, the next question is whether
AMF actually do influence competitive interactions
among adult trees?
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