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Bioassay Measurements of Mycorrhizal Inoculum in Soilsfrom
Eucalyptus Plantations of Varying Ages in Western Australia

Chen Yinglong Brundrett Mark Dell Bernie Gong Minggin Malajczuk Nicholus
ABSTRACT Bioassay measurement was used to estimate the inoculum potential of mycorrhizal fungi in
intact ils oollected from Eucalyptus plantations of varying ages in Western Australia. The results
showed that both ectomycorrhizal (ECM) and vescular-arbuscular mycorrhizal (VAM) fungi existed in
ilsfrom most plantation Stes acoording to two bait plants(clover for VAM and Eucalyptus for ECM) .
The levelsof ECM or VAM fungal inoculum were conddered to be moderate. Analyss of roots sampled
from plantations suggest that Eucalyptus stands are more asociated with VAM fungi compared to ECM
fungi that occupied most fine rootsinolder stands. Information from the bioassay experiment suggests that
there may be a need for the introduction of a wider range of inoculum to assst the establishment of new
Eucalyptus plantationsin this region. Further work is required on below-ground ECM funga diverdty in
these plantations.

KEY WORDS hioassay measurement , Eucalyptus plantations, mycorrhizal inoculum ,ectomycorrhiza,

vescular-arbuscular mycorrhiza

1 Introduction

Ectomyocorrhiza( ECM) and vescular-arbuscu-
lar mycorrhiza(VAM) are the two major asociar
tions predominating in most natural ecosystem
with a wide variety of habitats (Brundrett
1991) . It would be expected that these asociar
tions play a vauable rolein plant nutrient uptake
in nature,as recently documented by Smith and
Read (1997). The nature and abundance of
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propagules of mycorrhizal fungi in il determine
their persstence in il during periodsof inactiv-
ity ,their reponse to disturbance ,their red stance
to predation by other il organism and their ca
pacity for digersal to new locations,but none of
these processes are well understood (Brundrett et
al. 1996) . Inoculum potential is defined as the
energy for growth of an organism at the surface
of its host ,and is a consequence of the numbers
of active propagules of that organism and their
nutritional status(Garrett 1956) . The tota myc-
orrhizal inoculum potentia of ils can be tested
by growing bait plantsin intact cores of il to
measure the rate of mycorrhiza formation (Ab-
bott and Robson 1991) . Bioassays alow* typical
levels’ of mycorrhizal activity in different sils
to be compared and the relative contribution of
different types of fungus to be determined from
their colonization patterns within roots (Brun-
drett and Abbott 1995). This paper addresses
an estimation of the inocuum potentia of
propagules of VAM and ECM fung in intact
ils collected from Eucalyptus plantations of
varying agesin Western Austraia,and two rem-
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nant areas of forest, usng biocassay measure-
ment.

2 Methodsand materials

2.1 Fidd sampling procedure

A bulk il sample was collected from the sur-
face horizon(1 10 cm) by taking shovels of il
from 5 equaly saced locations across a 100
transect in each plot in 9 commercia blue gum
( Eucalyptus globulus Labill.) plantations aged
from O to 11 years. The %0ils were brought to a
gasshouse in Perth for bioassay experiment and
a combined il sample from each dte was used
for chemical analyss. Ten cores(2 cm in diame-
ter ,15 cminlength) were taken at each ste and
roots from cores were processed to determine
mycorrhizal formation under natura conditions.
2.2 dasshouse bicassay experiment

il (approx. 2500 g) from each transect locar
tion was placed in pots lined with a plastic bag.
There were 5 replicate potsfor each ste. Steril-
ized Karrakatta Yellow Sand from the Spear-
wood Dune System north of Perth was used as
the control il type for the duration of the ex-
periment. Two relatively uniform seedlings of
Eucalypus globulus (3 monthsold) grownin a
nursery of Bunning Treefarms were trangplanted
into each pot as bait plants for ectomycorrhiza
(ECM) . Clover seeds,pre-germinated by soak-
ing them in aerated water overnight and inocu-
lated with rhizobium, were own in the same
potsof the Eucalyptus to assay for vescular-ar-
buscular mycorrhiza (VAM) . The clover seeds
were inoculated with 1.2 g rhizobium inoculum
in peat. After 2 weeks clover seedings were
thinned to 4 per pot. No mineral nutrients were
applied. Pants were kept in a glasshouse where
temperature and light were adequate for plant
growth. Water was applied to the non-draining
pots by watering them to field capacity usng a
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balance.
2.3 Harvesting and root processing

Four weeks ater planting,one Eucalyptus
and two clover seedlings were caref ully extracted
usgng il cores to provide an early assessment of
mycorrhizal formation. The holes were back
filled with sterilized Yellow Sand. At 8 weeks,
the remaining plants were harvested by washing
the soil from the roots. Thefresh weight of roots
and shoots were determined and the shoots were
dried at 70 in an oven. To assess mycorrhizal
oolonization , roots collected from field dtes and
the glasshouse tria were cleared and stained
with trypan blue in lactoglycerol. The infective
ratesof VAM was determined usng the gric-line
intersect method (Brundrett et al. 1996 ; Gong
et al. 1997) and the number of ectomycorrhizal
root tips per m in root was counted. Morpho-
types of ectomycorrhiza in field root samples
were observed with a compound microscope.
2.4 Data analysis

Data from mycorrhizal colonization were sub-
jected to one-way anadyss of variance and Dun-
can’ s Multiple Range Test (Duncan 1955) with
SAS System oftware (Release 6. 12) . Percent-
agesof VAM infective rates were tranderred by
arcsn (sgrt) for statistica anayss.

3 Results

3.1 Mycorrhizal formation under natural
conditions

Ste locations and <oil properties are described
in Table 1. Soil chemical properties, egecialy
phogphorus and nitrogen ,varied with dte loca
tion and plantation age. There were ggnificant
differences ( p < 0.001) in mycorrhizal colonizar
tion on Eucalyptus roots between dtes ( Table
2) . Multiple comparison between stes for either
VAM infective rates or numbers of ECM tips
per min root was assessed usng Duncan’ s mul-
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tiple range test (Table 3) . Relatively high VAM
colonization rates were observed in roots from
plantation stes 7 and 10 (above 50 % each) |,
while gtes 2,5 and 9 had low colonization ,less
than 10 % (Table 3) . By contrast, Eucalyptus
rootsfrom dtes 2,5 ,and 9 were well asociated
with ectomycorrhizal fungi with more than 120
infected tips per m. Roots collected from dtes 7
and 8 were poorly colonizated by ECM fungi.
VAM asxociations were observed on roots of
clover and other herbsfrom intensvely managed
pasture(ste 6) where no ectomycorrhizae were
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recorded. There was an interaction between colo-
nization by the two typesof mycorrhiza fungi(y
=08.43- 1.434 7x,r*=0.61) . About 5 mor-
photypes of ectomycorrhizal infield root samples
were observed under microscope. A view image
of the 3 morphytypes are shown in Fgure 1.
The unbranched morphotypes with yellow to
brown in colour on the surface are the typica
type of
Cenococcumrlike mycorrhizae were a0 present-
ed (Figure 1)

Eucalyptus mycorrhizae. The black

TABLE 1 Sitelocation and soil properties

Sanples Ste location and land history Soil property
Plantation . ) oM/ P/ NOs/ NH
Ste  Code " Ste name Location Lat(S Long(E) Ste Higtory Texture pH J J
age ppm__ppm _ppm _ppm
1 CARPS86 11 Carpenters _:_L8km SWg Mamr 34°20 116°00 Pasture Loamy 55 5.0 24 12 20
jimup clay
12km NW of M L
2 WRENS88 9  WrensRD " O MAT 3411 11602 Plantedin 1988 @M 55 50 33 4 20
jimup day
3 CARP9 2  Capenters sestel 3420 11600 fg:t:re steplantedin o\ 56 24 12 2 20
ite pl in L
4 CARP9 1  Capenters sestel 320 11600 OreS Steplantedin o Loamy oo L, g
1996 day
Scott River area, o ..., Pasture planted in
5 DUNNOL 6  Dumes 5 SIS 4 18 11520 Lo Sndy 51 1.8 5 1 14

Warendla  Karridde,12 km N of

6 WARN 97 0 34°12
Farm Augusta
Landdls
7 LA 1 K A 4°1
96 Farm udardup (Augusta) ~ 34°15
Hartridges  Scott River area,

8 HARTS3 4 Farm 45 km E of Augusta

9 HARTO5 2 HAMUS o gieo
Farm
Mathews ~ Mumbdlup ,43 km E o
10 MATO1 6 Trefarm  of Donnybrook 3134

115°06 pasture sampled just

115°09

Intensvely  managed Sandy

5.7 88 189 30 20
clay

before 1997 planting

Intendvdy  managed
pasture planted in 1996

Pasture planted in Sandy

Sendy 5.7 2.4 35 5 20

1993 loam
Pasture planted in
1995 sy - -
J Marri ~ f
’ arrah/ Marri ore_st Sandy
116°04' deared and planted in day 6.5 3.9 18

1991

Note :Methods for chemica anayss:pH(water durry) ,OM (Wakley-Black method) ,NOs(extract in 1 mol- L ~* KO ,Sdicylate/ Hypochlorite ,Quikchem
method No 10-107-04-1-7) ,P(Bray extractable) ,NHa(extract in 1 mol-L ~* KO ,Anayssis performed on Lachat FIA (Colourmetric) ,Quikchem
method No 12-107-06-2-B) . Some data were not available shown as - ' ingead.

TABLE 2 Analysis of variance for VAM percentage and ECM tips per m in rootsfrom Eucalyptus plantations

Variable Source DF Adj SS Adj MS F
VAM Ste 9 37 864.6 4 207.2 15.37 "
Error 87 23943.1 275.2
ECM Ste 9 243 909. 4 27 101.0 15.0° "7

Error 87 157 234.6 1807.3

Note: “P<0.05,  "P<0.0land """ P<0.001
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TABLE 3 Mycorrhizal colonization on roots sampled from Eucalyptus plantation sites
(both VAM infective percentage and ECM tips per m in root were counted)

Ste 1 2 3 5 6 7 8 9 10
VAM Means % 20.05 9.52 15.16 36.67 2.30 0 50.72 43.29 5.80 52.82
Duncan’ s Test B-C CGD C CGD D A A GD A

ECM  Meand tips m™*
Duncan’ s Test B-C A A

56.27 123.96 70.70 74.19 147.18 0

15.02 2.10 120.50 35.32
A E D D-E A CD

Note : Percentages of VAM colonization were tranformed by arcsn(sgrt) for statistica andyss. Means with the same letter are not s gnificantly different
(Duncan’ s Multiple Range Test , Alpha=0.05, df =87) . Mycorrhiza asociations were d found in root samples of clover or other herbsfrom

dte 6(data were not presented here) .

A

B C

FIGURE 1 Morphotypes of Eucalyptusectomycorrhiza in field root samples
A :cenococcunrlike mycorrhizae with radiating external hyphae;B-C:typical
unbranched morphologica typesof Eucalyptus mycorrhizae

3.2 (dasshouse bicasay trial

There was a large difference ( P < 0.001) in
VAM oolonization in clover plants with dte fol-
lowed by ECM ( P <0.001) ( Table 4) . Howev-
er ,infective rates of both types of mycorrhiza
fungi on bait plants were generaly low reveding
low fungal inoculum levels in wils ( Table 5).
The average colonizatin of both types of mycor-
rhizae varied in the range of 14.5% 63.5%

(VAM)and 3.7% 32.0%(ECM tips- m™ ).
No mycorrhizal roots were observed in the ster-
ilised yellow sand. The ECM inoculum level was
very low in ils from dte 6. Few ectomycor-
rhizas were observed in Eucalyptus globulus
sampled at 4 weeks(data not presented) . Over-
al ,the results indicate the universa occurrence
of VAM inoculum across the plantation estate.

TABLE 4 Analysis of variance for mycorrhizal colonization in soilsfrom bicassay measurement

Variable Source DF Adj SS Adj MS F
VAM/ % Ste 10 18 938.5 1893.8 5.56" "
Error 44 14 985. 9 340. 6
ECM/tips m™* Ste 10 4 448.5 444.8 1.97°°
Error 44 9911.1 225.3

Note: “P<0.05, " "P<0.0land "~ " P<0.001
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TABLES5 Mycorrhizal colonization of clover( VAM %)

Ste 1 2 3 4

5 6 7 8 9 10 11

VAM Means %

Duncan’ s Test B-C B-C A-B B-C

ECM Meand tips m™*

Duncan’ s Test B-C B-C A-B A-C

22.84 20.52 39.55 14.51 39.64 28.18 63.49 62.07 17.20 34.34 O

A-B B A A B-C B C

6.38 9.82 25.04 18.27 18.71 3.74 18.47 15.94 32.00 18.13 O

B-C C A-C_ A-C A A-C D

Note :Ste 11 refers to the control il type(sterilized sand) . Percentages of VAM colonization were transerred by arcin(sgrt) for satigtica andyss.

Means with the same letter are not dgnificantly different (Duncan’ s Multiple Range Test. Alpha=0.05, n=44) .

4 Discussion and conclusion

The moderate levelsof ECM and VAM fungal
inocuum in ils of blue gum plantation dtes
were generaly recognized according to the infec
tion rates of roots from both plantations and
glasshouse bhioassay tria. Eght-week growing of
clovers could well detect VAM inoculum levelsin
intact ils,but may be less enough for Eucalyp-
tus asciate with ECM fungi. From the bioassay
experiment ,the overal trend in mycorrhiza col-
onization showed an early decline for VAM and
a later increae for ECM with plantation age.
This is congstent with endo-and ectomycor-
rhizae suggested by other workers for Australia
(L apeyrie and Chilvers 1985) and Brazil (Bellei
et al. 1992). Oliveira et al. (1997) discerned
three patternsof VAM and ECM colonization of
Eucalyptus dunnii in outhern Brazil. These
were: 1) Pattern A followed the VAM-forming
ya bean—the redatively large incidence of
VAM 5 months &ter planting progressvely de-
creased while that of ECM increased; 2) Pattern
B followed the VAM/ ECM-forming E. vimi-
nalis —the incidence of VAM remained minimal
while that of ECM reatively repidy reached a
high plateau; and 3) Pattern C followed the
ECM-forming Pinus taeda—both VAM and
ECM progressvely increased but were never
abundant. Negative asociations were a0 found
on the same root system of Populus deltoides
and Salix nigra(Lodge and Wentworth 1990) .

In native Austraian Eucalyptus dominated
forests there is a high diverdty of ectomycor-
rrhizal fungi (Bougher 1995) . However ,in Eu
calyptus plantations the diverdty is greatly re-
duced. Lu et al. (1999) recorded, for planta
tions of blue gum in the same region as this
study, ECM secies (from sporocarp oollec-
tions) increasng from 2 in 1-year-old stands to
12 17 in 6year-old stands. In our study, we
observed 3 5 morphotypesof ECM in thefied
and glasshouse grown Eucalyptus roots. How-
ever , no work has been done to compare theflo-
ra of vedcular-arbuscular mycorrhizal fung in
Eucalyptus plantations in Austraia. Thereis a
study on nearby native E. marginata forest
(Brundrett and Abbort 1991) .

In China, alow diversty of VAM and ECM
fung in Eucalyptus plantations has been identi-
fied (Chen et al. 1998a). As a consequence,
incoculation programs with ECM fungi are being
developed to increase the biodiversty of symbi-
otic fung in plantations. In Western Austraia,
the dtuationislessclear. Certainly thereis sosme
ECM inoculum in plantations being established
on ex-farm dtes. It is unclear what the origins
of thisinoculum are or whether the diversty of
the ECM fung in the bioassay is equivalent to
that discerned in Lu’ s study above mentioned.
Inoculation with combined types of mycorrhiza
fung could be more efficient than pure inoculum
for Eucalyptus urophylla(Chen et al. 1998b)
and Pinus patula ( Sudhakara Reddy and
Natargan 1997) in the nursery. Further re
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search isrequired to screen mycorrhizal inoculum
fung as optima candidates with potential for
commercia application in forest production.
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