Brazilian Journal of Microbiology (2001) 32:81-86
ISSN 1517-8382

VESICULAR-ARBUSCULAR-/ECTO-MYCORRHIZA
SUCCESSION IN SEEDLINGS OF EUCALYPTUS SPP.

Veral Uciados Santos!; Rosa Maria M uchovej %, Arnaldo Chaer Borgest;
Julio César L. Neves’; MariaCatarinaM. Kasuya™

1Departamento de Microbiol ogiaand *Departamento de Sol os, Universidade Federal de Vigosa, Vigosa, MG, Brasil.

2Forages/Sugar Cane Agronomist, University of Florida- IFAS- SWFREC.

Submitted: June 26, 2000; Returned to authors for corrections: February 05, 2001; Approved: May 28, 2001

ABSTRACT

The occurrence of vesicular-arbuscular mycorrhizae (AM) and ectomycorrhizae (ECM) in the same root
system was observed when species of Eucalyptus urophylla S.T. Blake, E. citriodora Hook f., E. grandis
W. Hill ex Maiden, E. cloeziana F. Muell. and E. camaldulensis Dehnh were simultaneously inocul ated with
Glomus etunicatum Becker & Gederman and Pisolithus tinctorius (Per.) Cocker & Couch, isolate Pt 90A.
The succession between the two fungi was observed. In general ectomycorrhizal colonization increased
followed by a decrease in AM. Pisolithus tinctorius was favored in simultaneous inoculation with G.
etunicatum, and the positive effect of the simultaneousinoculation of both fungi in the percent col onization
by the AM fungus occurred up to 60 days after inoculation. After 120 days, colonization of roots by G.
etunicatum decreased in the presence of P. tinctorius. When inoculated simultaneously, the proportion of
AM and ECM varied with eval uation time, while the combined percentage of mycorrhizal roots approached
the maximum and remained more or less constant after 60 days, suggesting that there could be competition
between thefungi for limiting substrate. The maximum percent mycorrhizal colonization varied with Eucalyptus
species and the highest value was observed for E. camaldulensis, followed in order by E. citriodora, E.

urophylla, E. grandis and E. cloeziana.

Key words: Glomus etunicatum, Pisolithus tinctorius, succession, Eucalyptus

INTRODUCTION

Eucalyptusisagenusof commercial forest treesthat presents
many desirable characteristics such asrapid growth, high cellulose
production and resistance to disease and adverse environmental
conditions. Thus, its use in reforestation programs in the tropics
has been increasing steadily. Most forest trees form only one
typeof mycorrhizal association, either ectomycorrhiza(ECM) or
ves cular-arbuscular mycorrhiza(AM) (26). Theoccurrenceof AM
to ECM succession on plants exhibiting both types of symbioses
has been suggested for some host plants, including the genus
Eucalyptus (2,3,10,19,25,29). The possibility of negative
interactions among mycorrhizal fungi has been suggested (22).

The AM-ECM succession may be linked to spatial competition
for infection sites and differential colonization rates by the two
typesof fungi (10). Furthermore, root col onization by mycorrhizal
fungi may be inhibited by chemical compounds produced by a
resident fungus or by the host, by mechanical barriers, by
competition for carbohydrates, and aso by the rhizosphere
community (14,20,21,31).

Thereisnot very much published research on the behavior of
the AM and ECM fungi when inoculated simultaneously onto
Eucalyptus species. Theobjectivesof thiswork wereto verify the
occurrence of AM and ECM fungi in the root systems of five
species of Eucalyptus and to investigate the interaction between
themycorrhizal fungi inhabiting the sameroot system.

* Corresponding author. Mailing address: Departamento de Microbiologia, Universidade Federal de Vicosa, 36571-000 Vicosa, MG, Brasil. Fax: (+5531)

899-2573, E-mail: mkasuya@mail.ufv.br

81



V.L. dos Santos et al.

MATERIALSAND METHODS

Theexperiment wascarried out inagreenhouseusinga4 x 5x
8 factoria design, consisting of four inoculation treatments, five
host species and eight harvests, with eight replicates for each
harvest, totaling 1280 plants. The inoculation treatments were:
(T1) AM fungus; (T2) ECM fungus, (T3) AM fungus and ECM
fungus innoculated simultaneoudly; and (T4) a non-inoculated
control. Thetreatmentswere arranged in randomized blocks. The
hosts specieswere Eucalyptusurophylla S.T. Blake, E. citriodora
Hook f., E. grandisW. Hill ex Maiden, E. cloezianaF. Muell. and
E. camaldulensis Dehnh. Theharvest timeswere 30, 45, 60, 75, 90,
120, 150 and 180 days after transplanting.

Seedsfrom five Eucalyptus specieswere surface desinfested
ina30% (v/v) hydrogen peroxide solution for 8 minutes, washed
with sterile distilled water and sown in plastic trays containing
acid-washed and autoclaved quartz sand. The seedlings were
watered daily. Two 35 day-old plants were transferred to each
perforated black plastic bag containing 500 g of soil-sand mixture
(2:1 w/w). Soil wasremoved from the superficial layer (0to 20
cm) of an oxisol (Yellow-red Latosol) and treated with methyl
bromide (100 cm? /mesoil). Liming was added to raise the soil pH
to 5.6 and incubated for 20-days. At that time, soil sampleswere
removed for analysis. The soil contained 25 mg of extractable P
(Mehlich-1); 1.50 Cmol, of Ca(1M KCI) and 0.40 Cmol.of Mg
(1M KCI) per dmé.

The AM funguswas Glomusetuni catumBecker & Gederman.
The inoculum was produced on Sorghum bicolor L. Moench
plantsinocul ated with thefungusand grown on asoil-sand mixture
(2:1wiw) inthe greenhouse for four months. Inoculum consisted
of 10g of the soil-sand mixture, containing colonized root
fragments, fungal hyphae and approximately 1,700 spores, per
plastic bag. The inoculum was placed 5 cm below the substrate
surface at the time of seedling introduction.

The ECM funguswas Pisolithustinctorius (Pers.) Coker and
Couch, isolate 90A.. For inoculum production, eight 5.0 mm diam.
disks containing funga mycelium, removed from the borders of
thecoloniesgrownin 20 mL of modified Mdin-Norkrans(MMN)
agar (23), pH 5.5, during 17 daysat 28°C, weretransferred to 125
mL Erlenmeyer flasks containing 50mL of liquid MMN. Flasks
were incubated at 28°C, for 25 daysin the absence of light, and
were briefly shaken manually every 2 days, for aeration of the
medium. The mycelium was collected, washed with sterilized
distilled water and fragmented with steriledistilled water for 2sin
a blender (0.334g of mycelium/100mL water). Five mL of this
mycelia suspensionwereinjected around theroot system of each
transplanted Eucalyptusseedling. Additionally, 5 mmdiam. disks
containing mycelium removed from the edge of coloniesgrownin
s0lidMNM for 21 daysat 28°C were placed at thetime of seedling
transfer, close proximity to the root system, to ensure abundant
viableinoculum. Non-inocul ated seedlingswere used as controls
(treatment T4).
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Plantswerewatered daily with distilled water, and soil moisture
content was maintained near field capacity. Twenty days after
transplanting, one of the seedlings was removed to produce a
uniform stand, leaving only one plant per plastic bag. Fifteen
days after transplanting, a second inoculation with the
ectomycorrhizal fungus was done using a fresh suspension of
fragmented mycelium, obtained as previoudy described.

A micronutrient solution providing 0.271 mg B (H;BO,);
1.211 mgMn(MnCl,.4H,0); 0.050mgMo[(NH,)6M0,0,,.4H,0)];
1.334mg Zn (ZnCl,.H,0); 0.519 mg Fe (FeCl,.6H,0); and 0.433
mg Cu(CuCl,.2H,0), per kg of soil wasappliedtothe potsat 21,
49, 77, 105 and 160 days after transplanting. Nitrogen (20 mg/
kg) and S (22.86 mg/kg) were also applied as (NH,),SO, at the
sametime.

A different block of plants was harvested at each evaluation
time, when therootswerewashed in running tap water and bl otted
with paper towels. Three samples from different root system
positionswererandomly collected to form acomposite samplefor
mycorrhizal colonization assays. Roots were cut into 1 to 2 cm
long pieces and preserved in a FAA solution (5 mL of
formal dehyde, 5 mL of acetic acid and 90 mL of ethyl dcohol). To
assess colonization, fine roots were cleared with 10% KOH and
stained with 0.05% Trypan Blue(27). For morelignified ssgments,
thetechnique of Koske and Gemma (18) was used. Subsequently
both typesof mycorrhizal were estimated by thegrid-lineintersect
method (15). Positive counts for AM colonization included the
presence of vesiclesor arbusculesor typical myceliumwithinthe
roots. Roots colonized by ectomycorrhizal fungi but lacking either
a Hartig net or a fully formed mantle were included with
ectomycorrhizae. When observed, the dual mycorrhizae were
included when cal cul ating the percentage of root length colonized
by AM, and also when calculating the percentage of root length
colonized by ECM.

Statistical analysis consisted of a full analysis of variance.
Percent colonization (%) wastransformed by arcsine (%/100)¥2x
(180/m), to evaluate the effects of fungal treatments, Eucalyptus
species and time of evaluation.

The influence of symbionts on the respective colonization
percentages was eval uated by contrast analysis described as: C1
= (AM-T1) vs (AM-T3) for contrasts comparing the percentage
of colonization by the AM fungus when individually inoculated
versus the colonization percentage by the AM fungus in the
simultaneous inoculation treatment; and as C2 = (ECM-T2) vs
(ECM-T3) for contrastscomparing the percentage of colonization
by the ectomycorrhizal fungus when individually inoculated
versus the percentage of colonization by the ectomycorrhizal
fungus in the simultaneous inocul ation treatment.

RESULTSAND DISCUSSION

Root colonization of Eucalyptus spp. by G. etunicatum or P.
tinctorius occurred in al seedlings treatments when inoculated



100 150
A =
80 F1205
~_~ el
S g
E 60 - 905
3 s
£ 40+ B L 605
o £ = k=
° Suap = “
20 o §¢ E% L 30E
W/ = | E Z
1 - E
0. = ) 1| I | L
0 45 75 90 120 150 180
Time of evaluation (days)
100 150
¢ =
80 F1203
—_ =l
S g
E 60 % - 905
3 = = kS
£ 40- TR || o3
S = = £ =
© = = = bt
= = g/ e
20 = E| | E]|F30E
= E|E z
0- = =7 — =7/ | I
0 90 120 150 180
Time of evaluation (days)
100 150
E =
80 120 ©
= m
— = =
g = - 5
= 60 = = | [F 90=
S g g <
£ 40- S E|E|IF o2
S = = £ 2
© g g g =
=7 £ £ ©
20 17 £ B =L |- 30 E
0_ =i =4 =, = =i
3

60 75 90

(=1
N
[

Time of evaluation (days)

Figure 1. Percentage col onization of root length of Eucalyptus
grandis (A), E. camaldulensis (B), E. cloeziana (C), E.
citriodora (D) and E. urophyla (E) seedlings inoculated with
Glomusetunicatum (AM) (T1) I, Pisolithustinctorius (ECM)
(T2)H, G. etunicatum and P. tinctorius [ (T3) at the
respective time of evaluation (->-) sum of the percentage
colonization of AM and ECM. Data represent the mean + s.d.
eight replicates.
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alone or smultaneoudly with these fungi (Fig. 1). Therefore, the
inocula used were viable and the symbionts were compatible.
Methyl bromide fumigation of the substrate was efficient in
eliminating propagules of mycorrhizal fungi that may have been
present in the soil, asindicated by the non-colonized control (T4)
treatment.

The ocurrence of AM and ectomycorrhizae in the same root
system was verified in seedlings in which G. etunicatum and P.
tinctoriuswereinoculated smultaneoudy (Fig. 1). Thissupports
earlier observations with Eucalyptus by other authors (4,10,19).

Colonization by both fungi, either when inoculated alone or
simultaneoudy, had occurred by 30 days after seedling transplant.
When both fungi were simultaneously inoculated, the ratio
between percent colonization by the AM fungus and percent
colonization by the ECM fungus (AM/ECM) increased up to 45
daysin al of Eucalyptus species (Fig. 2). The (AM/ECM) ratio
values decreased after this period. These observations suggest a
succession in this dua system, where increased colonization by
ECM wasaccompanied by decreased AM colonization. Theinitia
dominance of AM may be due to the faster germination and
growth of the AM propagules, to the reserves available in these
propagules which may support hyphal growth in the direction of
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roots, or the quantity of existent propagules. Growth of
ectomycorrhizal hyphal fragments used as inoculum and the
primary colonization of rootsby P. tinctoriuswas slower, and yet,
after a period of time, there was an increase in the rate of
colonization due to secondary infections. Various authors has
been emphasized the importance of secondary infections in the
formation of ectomycorrhizae process(9,10).

Differences observed in percent of roots colonized by both
AM and ectomycorrhizal fungi may be due to the competition
between both of them (10). These authors discuss three
probable and distinctive alternatives for the two-symbiont
system. First, the root colonized by the AM fungus would
leave aroot cap/meristem region that was not colonized and
open to later colonization by the ectomycorrhizal fungus.
Second, the dual mycorrhizae result from AM colonization
extending internally into an ECM. The third alternative
considers that when an ectomycorrhizal colonization occurs
first, the mantle persists and restricts the preferential entry
sitesfor the arbuscular fungus (young differentiated epidermal
cells) preventing subsequent entrance by AM fungus (22,24).
Alternatively, such temporal replacements of AM by ECM
might result from changesin host physiology and carbohydrate
productivity with age (12).

The proportion of AM and ECM colonization varied with the
time of evaluation, but the sum of the percent root colonization
of AM and ECM was closeto amaximum and constancy after 60
days (Fig. 1). This result suggests that there is a limitation to
how much fungal biomassa Eucal yptusroot system will support.
It may bethat there is a competition between both mycorrhizal
fungi for infection sitesand for carbohydrates. The higher values
of these sumsvaried with Eucalyptus species. These sums(mean

6=

AM/ECM ratio

0 30 6IO 90 150 150 180
Evaluation times (days)

Figur e 2. Ratio between percent colonization by the G. etunicatum

and by P. tinctorius in roots of Eucalyptus grandis (-@-), E.

camaldulensis(-l-), E. cloeziana (- A-), E. citriodora (- ¢-) and

E. urophyla (-*-) in different evaluation times.

84

over time) were 117%for E. camaldulensis (Fig. 1B), 106.2%for
E. citriodora (Fig. 1D), 93.1%for E. urophylla(Fig. 1E), 86.8 %
for E. grandis (Fig. 1A), and 63.3% for E. cloeziana (Fig. 1C).
These results may be consequence of the different root dry
weight, root system growth rates, and symbiont compatibility.
In general, plant speciesdiffer asto the period of timeneeded for
the establishment of mycorrhizal associations (16), and in the
maximum proportion of root system that may become colonized
(56,17,30).

The established contrasts indicate that the simultaneous
inoculation of G. etunicatum and P. tinctorius affected the
colonization percentage these fungus relative to single
inoculationsthroughout the experimental period (Table1). The
C1 positive values contrasts, in the three last evaluations,
indicate that inoculation with G. etunicatum resulted in
percent-colonized root significantly higher than those
simultaneously inoculated with P. tinctorius. This result
suggests that a negative interaction existed between the two
fungi at these stages of the association. Negative interactions
may occur and are characterized by the decreasein growth or
reproduction of a species in the presence of another species
(22). The positive effect of the simultaneous inoculation of
both fungi in the percent colonization by the AM fungus (C1
negative values) was verified at 45 and 60 days for E.
camaldulensisand E. citriodora, and at 45, 60 and 75 daysfor
E. cloeziana (Table 1).

In a number of the evaluation periods, inoculation of P.
tinctorius simultaneoudy with G. etunicatumresulted in percent
colonized root of P. tinctorius significantly higher than those
where inoculation was done individually (Table 1). These
percentages occurred at 60, 75, 120 and 150 days after
transplanting for E. grandis; at 45, 150 and 180 days for E.
citriodora, and 120 daysfor E. camaldulensis. For E. cloeziana
and E. urophylla, these trends of positive effects of the
simultaneousinocul ation were observed but were not significant
by the Ftest (* P<0.05) (Table 1).

Noticethat thereisaninitia predominance of the AM fungus
followed by its substitution by the ectomycorrhizal fungus as
time progressed. Our data.on the succession of ectomycorrhizal
fungi over AM are consistent with previous reports of fungal
sucessionin AM/ectomycorrhizal hostsand local or short-range
inhibition of colonization by AM fungi inthe presence of certain
ectomycorrhizal fungi (10,13,22).
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Table1. Contrast vauesfor percent root col onization of Eucalyptus
seedlings by Glomus etunicatum and Pisolithustinctorius at the
respective evaluation times.

Species Evaluation % Colonization
times (days) C1'C2?
E. grandis 30 3.21 NS 5.15 NS
45 -6.54 NS -1.97 NS
60 -0.78 NS -22.21*%*
75 -230NS  -30.48%**
90 10.36 NS -1590 NS
120 28.53%* -22.32%
150 41.38*%* -26.76%
180 41.81%* -19.14 NS
E. camaldulensis 30 10.55 NS 0.11 NS
45 -42.18%* 8.76 NS
60 -17.93* 2.15NS
75 -7.94 NS -2.87 NS
90 2.06 NS -0.96 NS
120 19.21* -21.00**
150 37.63* 4.06 NS
180 41.81%%* -7.13 NS
E. cloeziana 30 0.81 NS -11.73 NS
45 -20.32%* -2.95NS
60 -17.94* -20.39 NS
75 24.91** 10.76 NS
90 17.22 NS 2.36 NS
120 37.06** -16.53 NS
150 27.90%** -9.65 NS
180 50.09%* -3.10 NS
E. citriodora 30 -2.53 NS 12.55 NS
45 -20.35% 24.08*
60 -20.15* -6.86 NS
75 13.41 NS -5.63 NS
90 2.45NS  -10.83 NS
120 18.24* 8.87 NS
150 51.92%* -25.05%*
180 53.81%** -33.17**
E. urophyla 30 -7.01 NS -4.48 NS
45 -6.68 NS 0.40 NS
60 -12.57 NS 5.20 NS
75 6.61 NS 15.12 NS
90 28.30%** -0.26 NS
120 29.90** -18.72 NS
150 42.95%* 3.2 4NS
180 66.88** -15.58 NS

** P<(.01,* P<0.05and NSnot-significant by the F test at 5% of
probability; *C1=(AM -T1) vs (AM -T3); this contrast compares
the percentage of colonization by the AM funguswhenindividudly
inoculated versusthe percentage of colonization by theAM fungus
inthetreatment of Smultaneousinoculaionwiththeectomycorrhiza
fungus; 2C2=(ECM -T2) vs(ECM -T3); thiscontrast comparesthe
percentage of colonization by the ectomycorrhizal fungus when
individualy inoculated versus the percentage of colonization by
the ectomycorrhizal fungus in the treatment of the smultaneous
inoculation with theectomycorrhizal fungus.

Vesi cular-arbuscul ar-/ecto-mycorrhiza succession

RESUMO

Sucessdo de micorrizas vesicular-arbuscular e
ectomicorrizas em mudas de Eucalyptus spp.

A ocorréncia de micorrizas arbusculares (AM) e
ectomicorrizas(ECM) no mesmo sistemaradicular foi observada
quando Eucalyptusurophylla S.T. Blake, E. citriodora Hook F.,
E. grandis W. Hill ex Maiden, E. cloeziana F. Muell e E.
camaldulensis Dehnh foram inoculadas simultaneamente com
Glomus etunicatum Becker & Gederman and Pisolithus
tinctorius (Per.) Cocker & Couch. A sucessdo entre os dois
fungosfoi observada. De modo geral, 0 aumento dacolonizacdo
ECM foi acompanhado de um decréscimoem AM. A inoculagdo
simultanea resultou em percentagens de colonizagéo
diferenciadas das obtidas com ainoculagéo isolada. Pisolithus
tinctorius beneficiou-se da inoculagdo simulténea com G.
etunicatum. Para o fungo AM, o efeito positivo da inoculagéo
simultanea ocorreu até aos 60 dias apds ainoculagdo. A partir
de 120 dias, acolonizagdo dasraizes por G. etunicatumdiminuiu
napresencadeP. tinctorius. A propor¢éo de AM e ECM variou
com o tempo de avaliagdo e o total da percentagem de raizes
colonizadas aproximou-se do valor méximo aos 60 dias da
inoculagdo, mantendo-se constante. Os maiores valores foram
observados para E. camaldulensis, seguido por E. citriodora,
E. urophylla, E. grandis e E. cloeziana.

Palavras-chave: Glomus etunicatum, Pisolithus tinctorius,
sucessdo, Eucalyptus
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