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ABSTRACT

Cahill, D. M., Bennett, I. J., and McComb, J. A. 1992. Resistance of micropropagated Eucalyptus
marginata to Phytophthora cinnamomi. Plant Dis. 76:630-632.

Eighty-eight percent of primary roots of a “resistant” micropropagated line of Eucalyptus
marginata were able to restrict and confine colonization by Phytophthora cinnamomi. In contrast,
no roots of susceptible seedling E. marginata restricted the pathogen. Lesions in roots of the
field-resistant E. calophylla, the clonal line of E. marginata, and the unselected seedlings of
E. marginata were 35 11 mm, 51 + 23 mm, and 125 *+ 13 mm, respectively, 7 days after
inoculation with P. cinnamomi. There was a highly significant (P < 0.01) difference between
mean lesion length in roots of the clonal E. marginata and lesion length in roots of the unselected
seedlings and a significant difference (P = 0.05) between clonal E. marginata and E. calophylla
root lesion lengths. Screening seedling populations of E. marginata for resistance to P. cinnamomi
followed by selection and micropropagation of “resistant” individuals may be a very useful
strategy for developing resistance in an otherwise susceptible species.

The Eucalyptus marginata Donn ex
Sm. (jarrah) forest of southwestern
Western Australia has been severely
affected by the root pathogen Phytoph-
thora cinnamomi Rands (19). In
Australia, many native plant species are
susceptible to this pathogen, and resis-
tance has only been shown in certain
Eucalyptus, Acacia, and monocotyle-
donous species (4,5,9,18,21,22). Resis-
tance has recently been demonstrated in
several avocado rootstocks (8,17) and in
callus tissues derived from selected
mature trees of Pinus echinata Mill. (11)
and E. marginata (15). In addition,
considerable genetic variation in resis-
tance of Pinus radiata D. Don. to P.
cinnamomi has enabled an ongoing
breeding program for resistance (2).

The roots of field-resistant species are
able to restrict and contain P. cinnamomi
within a relatively small region behind
the root tip (5,9), and new roots fre-
quently form from healthy tissue just
above the lesion (18). The slowing of
lesion growth and eventual restriction of
the pathogen is not accompanied by the
hypersensitive response; however, the
hypersensitive-like response of Acacia
pulchella R. Br. to invasion by P.
cinnamomi is an exception (23). Inter-
pretation of the interaction of P. cinna-
momi with its hosts is complicated, and
the terms resistance and susceptibility are
often difficult to define, because across
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the range of host species there is a
continuum of degrees of resistance
ranging from full susceptibility to full
resistance (4).

Compared with other species of the
genus Eucalyptus, E. marginata is highly
susceptible to P. cinnamomi, although
limited resistance in mature trees has
been shown to result from the formation
of periderm (20). Resistance has also
been recently shown in several lines of
micropropagated clonal E. marginata in
field trials (14) and in glasshouse experi-
ments (1).

The research presented here was
undertaken to establish whether lesion
containment was part of the resistance
response of a clonal line of E. marginata
that had been shown to survive in the
field in soil infested with P. cinnamomi
and to possess a high degree of resistance
in preliminary laboratory experiments.
For comparative purposes, unselected
seedlings of E. marginata (susceptible)
and E. calophylla R. Br. (marri, field-
resistant) were also examined.

MATERIALS AND METHODS
Pathogen isolate and zoospore pro-
duction. An isolate of P. cinnamomi (A2
compatibility type) was obtained from
diseased roots of E. marginata and used
in all experiments. Cultures were main-
tained on 20% V8 juice agar. Zoospores
were produced with the method of Byrt
and Grant (3) and were diluted with
sterile distilled water to approximately
10° zoospores mI™! for root inoculation.
Plants and growth conditions. Seed-
lings. Unselected seed of E. marginata
was obtained from the Department of
Conservation and Land Management,
Western Australia; seeds of E. calo-
phylla, from Vaughans Wildflower

Seeds, Gingin, Western Australia. Seeds
were surface-sterilized in a 5% sodium
hypochlorite solution, with stirring (1 hr
for E. marginata and 5 min for E.
calophylla), and then washed three times
with sterile distilled water.

Seeds were sown in flats in moist
vermiculite, and then 5-6 weeks later the
seedlings were transferred to plastic root
trainers (38 X 50 X 184 mm, “WG7,”
Arthur Yates & Co., Cannington, West-
ern Australia) containing a sterile 1:1
(v/v) mixture of vermiculite and acid-
washed sand.

Clonal E. marginata. Clonal line 5-336
was selected from seedlings that had been
screened for P. cinnamomi resistance in
the glasshouse (14; M. Stukely, personal
communication). The screening tech-
nique involved inoculation of seedlings
9- to 12-mo-old by placing mycelium in
ashallow wound in the stem. Plants were
assessed for lesion development after a
set period (7-13 days after inoculation),
and stems showing restricted lesion
development (i.e., the most “resistant”)
were pruned to remove infected tissue
and encourage axillary growth for use
in tissue culture. Sterilized shoots were
multiplied and rooted in vitro (13,16),
and after transfer to soil they were
hardened in seedling trays, then planted
in sand and vermiculite in root trainers.

All clonal plants and the seedlings were
grown under constant temperature in a
glasshouse (25 C £ 5 C) and were watered
with nutrient solution (12) three times
weekly. After 6-7 mo of growth, plants
were removed from the root trainers, and
their tops and root systems were pruned.
The pruned plants were replanted into
polyvinylchloride root observation
boxes (50 X 50 X 350 mm), which had
a removable face and thus facilitated
inoculation and observation of roots
with minimal disturbance (9). The boxes
were placed in a constant-environment
chamber (25 C day, 22 C night, 12:12
photoperiod, 20-30 umol m™2s™') at an
angle of 35% to the vertical, and plants
were supplied with nutrient solution.

Inoculation and lesion measurements.
Two to three weeks after transfer to the
root boxes, new, white, unsuberized
primary roots were produced. As many
as three roots grew between the remov-
able face and the soil surface. One root
per plant was inoculated by placing 10
pl of zoospore suspension on the root
tip (7). A set of plants that were treated
with distilled water in place of inoculum



served as controls in each experiment.

In experiment 1, the development of
lesions was followed in roots of plants
of each type by measuring lesion lengths
directly with a clear plastic ruler at noon
each day for 7 days after inoculation.
In experiment 2, which used another
group of plants, extension of the fungus
within roots was assessed to determine
whether lesions were contained by
measuring lesion lengths 6 days after
inoculation and then again 7 days after
inoculation. In both types of experi-
ments, total extension of the fungus was
measured 7 days after inoculation. Roots
were gently washed free of sand and
vermiculite and severed. They were then
surface-sterilized with 70% alcohol for
1 min, rinsed in sterile distilled water,
blotted dry, divided into 5-mm segments,
and sequentially plated onto cleared 20%
V8 juice agar in 9-cm diameter plastic
petri dishes. Plates were sealed and
stored in the dark at 25 C and observed
after 24 hr for the presence of P. cinna-
momi hyphae.

All experiments were repeated at least
twice, and the results were pooled.

RESULTS

Symptom development. Inoculation
of roots of E. marginata (clonal and
seedling) and E. calophylla with P.
cinnamomi zoospores produced a brown
lesion extending from the root tip within
12-16 hr. The roots of E. marginata
seedlings became water-soaked in
appearance within 48 hr after inocula-
tion. Identifying the lesion margin in E.
marginata roots required careful obser-
vation to distinguish the darker, lesioned
tissue from the lighter brown, healthy
root tissue. The health of secondary
lateral roots, which arose every few milli-
meters along the main root and were
readily infected as the pathogen pro-
gressed along the root, aided the iden-
tification of the lesion margin. Lesions
of E. calophylla were darker than those
of E. marginata and were clearly visible
against the healthy white root tissue.

Pathogen growth in roots. Lesion
extension in roots of seedlings of the two

-species differed markedly. Lesions in
roots of the E. calophylla seedlings
became restricted and were contained,
whereas those in roots of E. marginata
continued to extend. Lesions in roots of
the clone grew at a much slower rate than
those in the roots of the E. marginata
seedlings and, like those in roots of E.
calophylla, became restricted (Fig. 1).

E. calophylla seedlings. Within 3-4
days after inoculation lesion extension
slowed, and by 6 days after inoculation
lesions were contained. The mean lesion
length was 35+ 11 mm (n=17) onday7.

E. marginata seedlings. Lesion exten-
sion continued over the 7-day experimen-
tal period, and lesions were not
contained. Lesions extended into the
stem of several plants. The rate of lesion

extension was approximately 20 mm
day™!, and 7 days after inoculation the
mean lesion length was 125 + 13 mm
(n=14).

E. marginata clone. Three days after
inoculation, lesion extension had slowed
from an initial rate of 20 mm day™' to
1-2 mm day™' before lesions became
contained. At 7 days after inoculation
the mean lesion length was 51 £+ 23 mm.

Roots of the uninoculated control
plants continued to grow and were white
and healthy.

Lesion containment in E. marginata
clone 5-336. In experiment 2 the lesion
lengths were measured only on the 6th
and 7th days after inoculation, and the
data obtained confirmed the above
observations for roots of E. calophylla
and E. marginata. The lesion lengths in
roots of E. calophylla ranged from 10
to 55 mm, with a mean lesion length on
the 7th day after inoculation of 38 £ 10
mm (n = 18); in roots of E. marginata,
lesions ranged from 100 to 150 mm in
length, with a mean of 130 £ 13 mm
(n=23). Sixty-seven percent of the roots
of the clones tested had lesion lengths
that were less than or equal to those
recorded in E. calophylla roots. The
range of lesion lengths (5-150 mm) was
greater in the clonal line than in roots
of the seedling E. marginata or E.
calophylla. Of the 42 individual plants
of clone 5-336 tested, only five roots had
lesions that were still extending 7 days
after inoculation.

There was a highly significant differ-
ence (P < 0.01, Duncan’s new multiple
range test) between the mean root lesion
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Fig. 1. Lesion extension in individual roots
of Eucalyptus calophylla O, E. marginata
seedlings @, and E. marginata clone 5-336 W,
Bars are the standard error of the mean of
each data point.

length of the clone and those of the F.
marginata seedlings. There was also a
significant difference (P = 0.05) between
the mean root lesion length of the clone
and the E. calophylla seedlings. The fre-
quency distribution of lesion length for
the total number of roots inoculated was
similar for seedlings of E. calophylla and
E. marginata clone 5-336 but shifted to
a greater lesion length for unselected E.
marginata seedlings (Fig. 2).

Roots of the clonal plants that had
restricted lesion growth had as little as
20% of their length infected, whereas
those few roots in which the lesion was
still expanding 7 days after inoculation
had greater than 80% of their length
infected. The mean length of infected
root for the clone was 50% of total
inoculated root length. There was no
correlation (P = 0.05) between the
percentage of root length infected and
root length (r = 0.0043) (Fig. 3).

DISCUSSION

We have shown that plants of E.
marginata derived from a seedling that
was selected for resistance to the root
pathogen P. cinnamomi using underbark
stem inoculation and then cloned
through tissue culture have the ability
to restrict the spread of P. cinnamomi
within their roots. This containment of
the pathogen in the primary, unsuberized
root is similar to that found in the field-
resistant species E. calophylla. Eighty-
eight percent of inoculated roots of the
E. marginata clone showed restricted
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Fig. 2. Frequency distribution of the number
of roots showing lesions of differzat lengths.
(A) Eucalyptus calophylla. (B) E. marginata
clone 5-336. (C) E. marginata seedlings.
Lesion lengths were measured 7 days after
inoculation with Phytophthora cinnamomi by
placing root pieces onto 20% V8 juice agar.
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Fig. 3. Scatter diagram of root length versus
percentage of root length infected for a single
root from each of 25 plants of Eucalyptus
marginata clone 5-336 7 days after inocula-
tion. The correlation coefficient r = 0.0043
was not significant at P = 0.05.

lesion development and cessation of the
spread of the pathogen within 7 days.
This result is in direct contrast to the
unlimited lesion development demon-
strated in roots of unselected seedlings
of E. marginata. The present work may
be compared with the study of Grant and
Byrt (9), in which only four of 160 (2.5%)
of unselected seedlings of E. marginata
showed the capacity to restrict invasion
of root tissue by P. cinnamomi. Our
results show the power of selection for
resistance by drawing on a species’
inherent genetic variability followed by
micropropagation as a tool for develop-
ing clonal lines resistant to P. cinna-
momi.

The mechanisms by which roots are
able to restrict the spread of P. cinna-
momi are not well understood. Anatom-
ical barriers, whether preformed or
induced, may play a role, as has been
shown for callose (6,10), the formation
of periderm (17,20), and lignin (4),
especially in secondary tissues. There is
increasing evidence to suggest that
resistance to P. cinnamomi is, however,
predominantly physiologically or bio-
chemically based (4,9,11).

The results reported here, which
indicate that lesion length in roots of
clone 5-336 of E. marginata did not
correlate with root length (i.e., the
percentage of root length infected in
those roots that had restricted the
pathogen varied from 20 to 70%), also
support this conclusion and strongly
suggest that pathogen confinement is not
related to the developmental state of the
root (e.g., presence of secondarily
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thickened tissues). It is unlikely, there-
fore, that preformed anatomical barriers
are important in the resistance of roots
of clone 5-336 to P. cinnamomi, a con-
tention supported by previous work with
Eucalyptus spp. (4,9,21).

We have recently found that the
activity of the key enzyme in the phenyl-
propanoid pathway, phenylalanine
ammonia-lyase (EC 4.3.1.5), is increased
in the resistant reaction of roots of E.
calophylla to P. cinnamomi, and that
increased lignification in conjunction
with the synthesis of new phenolic
compounds also occurs (Cahill and
McComb, unpublished). It is possible
that similar responses are invoived in the
resistant reaction of roots of clonal E.
marginata with P. cinnamomi.

Although lesions were restricted in
roots of the majority of the clonal E.
marginata plants used in our experi-
ments, there were a few “lesion escapes”
(129% of roots infected), which resulted
in lesions comparable in length to those
found in the roots of the susceptible
seedlings. It is not known whether these
lesions may have eventually been
restricted or, indeed, whether all roots
on those plants would have behaved
similarly to inoculation.

The durability of the general resistance
displayed by clonal E. marginata is now
being critically evaluated in work that
has been extended to examine resistance
in several more clonal lines of E.
marginata, both in the laboratory and
in field trials.
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