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ABSTRACT

Greenhalgh, F. C., and Taylor, P. A. 1985. Phytophthora clandestina, cause of severe taproot rot of
subterranean clover in Victoria, Australia. Plant Disease 69:1002-1004.

Surveys showed that the recently discovered fungus Phytophthora clandestinais widely distributed
and consistently associated with rotted taproots of subterranean clover in dryland and irrigated
pastures of Victoria. Under controlled environmental conditions, P. clandestina caused extensive
taproot rot of subterranean clover in pasteurized and untreated sandy loam at either continually
high water potentials (0 to —1/3 bar) or alternating high and low (=3 to —5 bar) potentials. The
fungus also rotted taproots of plants in pasteurized clay loam and was the probable cause of the
disease in untreated clay loam at high water potentials. Fusarium avenaceum and Pythium
irregulare did not interact with P. clandestina or cause significant disease in the untreated soils. In
addition, the symptoms that these fungi caused on roots in the pasteurized soils were different from
those commonly observed in the field. Therefore, the role of F. avenaceum and Pythium irregulare
in the etiology of root rots of subterranean clover is questioned.

Subterranean clover (Trifolium
subterraneum L.) is the most important
pasture legume in temperate regions of
southern and eastern Australia (12). It is
grown on more than 20 X 10° ha of mainly
dryland pasture to provide protein for
livestock and to improve soil fertility (4).
This annual plant has been utilized
successfully in Australian agriculture
since the 1920s (11), but during the last
15-20 yr, productivity of the legume has
declined in many areas (3,6).

Root diseases have been associated
with the decline of subterranean clover in
parts of New South Wales (14), Western
Australia (1), and Victoria (2,8,10), and
studies implicated Fusarium avenaceum
(Corda ex. Fr.) Sacc. and Pythium
irregulare Buisman as causal agents.
These conclusions on the etiology of root
rots were based mostly on results of
pathogenicity tests in either sand or
steam-air-treated soils and potting mixes.
Investigations by Greenhalgh and Lucas
(7), however, showed that severity of root
rots caused by F. avenaceum and
Pythium irregulare was markedly
reduced in untreated soils from pastures
of Victoria. This demonstrated the need
for care when interpreting data from
experiments with pasteurized soils and
also suggested that pathogens other than
F. avenaceum and Pythium irregulare
may cause root rots.

Recently, a new species of Phytophthora,
P. clandestina Taylor, Pascoe, &
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Greenhalgh (17), was isolated from rotted
roots of subterranean clover from
irrigated pastures of Victoria (15).
Preliminary tests showed that P.
clandestina is pathogenic to roots of
subterranean clover, and therefore its
role in the etiology of root rots requires
clarification, especially if the fungus is
widely distributed in pastures of Victoria.
This study investigates the association of
P. clandestina with rotted roots of
subterranean clover in dryland and
irrigated pastures of Victoria. It also
compares the virulence of F. avenaceum,
P. clandestina, and Pythium irregulare,
alone and in combinations, in pasteurized
and untreated soils under controlled
environmental conditions.

MATERIALS AND METHODS

Surveys. The occurrence of P.
clandestina on roots of subterranean
clover in pastures of Victoria was studied
in June and July 1983. Plants with
severely rotted taproots were collected
from 82 dryland pastures at widespread
locations in either western, northern,
northeastern, or southeastern Victoria
and from 23 irrigated pastures in
northern Victoria. Roots of five plants
from each site were washed with tap
water, placed in sterile distilled water in
petri dishes for 48 hr at 18 C, and
examined microscopically for sporangia
of P. clandestina (17).

In a second survey in May 1984, the
association of P. clandestina with rotted
roots was studied in more detail. Plants
with taproots in early stages of necrosis
were collected from an irrigated pasture
at Numurkah in northern Victoria and
from two dryland pastures, one at
Harcourt in northern Victoria and the
other at Flinders in southern Victoria.

Roots of 50 plants from each site were
examined for P. clandestina by the
method described.

Tests for virulence. The virulence of F.
avenaceum, P. clandestina, and Pythium
irregulare, alone and in combinations,
was tested ina clay loam (pH 6.2) from an
irrigated pasture at Numurkah and in a
sandy loam (pH 5.4) from a dryland
pasture at Clunes in western Victoria.
The soils were from sites with histories of
root rots of subterranean clover.
Outbreaks of the diseases occurred 2 yr
before the sandy loam was collected and
in each of 3 yr before the clay loam was
sampled. Soil from the surface 15 cm of
each pasture was sieved (4-mm mesh) and
either treated with a steam-air mixture at
60 C for 60 min or left untreated.

The isolate of P. clandestina described
by Taylor et al (17) and isolates of
Pythium irregulare and F. avenaceum
from roots of subterranean clover were
used in the tests. The isolates of Pythium
irregulare and F. avenaceum were
selected because they were highly
pathogenic to roots of subterranean
clover in sand according to a fungal disk
test (10). The fungi were grown on fine-
grade vermiculite after it was moistened
with lima bean broth (2 L of broth per 1
kg of vermiculite) and autoclaved at 121
C for 20 min. The broth was prepared by
blending 200 g of canned lima beans
(Masterfoods) in 1 L of distilled water
and straining the homogenate through
cheesecloth. F. avenaceum and Pythium
irregulare were grown for 2 wk, and P.
clandestina, for 4 wk on the amended
vermiculite at 25 C.

The vermiculite colonized by each
fungus was uniformly incorporated into
the untreated and pasteurized soils 7 days
after the steam-air treatment. Each
fungus, either alone or in combined
treatments, was introduced into the soils
at a rate of 1% (w/w). Uninfested
vermiculite moistened with lima bean
broth was added to the soils at either 1 or
3% for control treatments.

Thirty seeds of subterranean clover
cultivar Mt. Barker were planted 2 mm
deep in amended soil in each pot (10 cm
in diameter X 10 cm high). Previous tests
established that the seed germinated at a
rate of 83% and was free from
contamination by F. avenaceum. After
sowing, soil was wetted with distilled
water to matric potentials between 0 and
—1/3 bar, and pots were placed in a
controlled-environment cabinet at 20 C



and with a 12-hr photoperiod (120
wE/m?/s). Relative humidity was
maintained at 100% for the first 5 days,
then reduced to 80 * 5%. Treatments
were replicated five times in a randomized
block design.

After seedling emergence, soil-water
potentials were maintained at high levels
(0 to —1/3 bar) in tests with the clay and
sandy loams. In a subsequent test with the
sandy loam, water potentials were
alternated between high (0 to —1/3 bar)
and low (—3 to —5 bar) levels. The drying
cycle was included in this test because low
water potentials have been reported to
favor development of diseases caused by
Fusarium spp. (5). The high potentials
were monitored with hydraulic tensio-
meters (13), and the low potentials, with
Wescor PT51 psychrometers and an HR-
33 Dew Point Microvoltmeter (19). The
psychrometer sensors and tensiometers
were installed 4 cm deep in the soil.

Six weeks after sowing, the number of
plants was recorded and severity of root
rot on each plant was rated on a scale of
0-5 (7) (Table 1). In addition, 30 plants
with severely rotted roots were selected
from each treatment and roots of 10
plants were examined in sterile distilled
water for sporangia of P. clandestina as
described. The taproots of the other
plants were dipped in 70% ethanol,
washed in sterile water, and blotted dry.
Segments (1-3 mm) of taproots of 10
plants were placed on P;oVP medium
(18), and those of the remaining 10 plants
were placed on PCNB/Achromycin
medium (9) and incubated at 25 C. After 5
days, Pythium irregulare was identified
on P;oVP medium, and fungi on PCNB/
Achromycin medium were transferred
onto potato-sucrose agar to identify F.
avenaceum.

RESULTS

Surveys. In the extensive survey in
1983, P. clandestina was detected in roots
of subterranean clover from 29 of 35
pastures sampled in the western region,
from 9 to 15 sites in the northeastern
district, and from 13 of 21 sites in
southeastern Victoria. It was also
detected in roots from 21 of the 23
irrigated pastures and fromall 11 dryland
pastures sampled in northern Victoria.

In the intensive survey in 1984, P.
clandestina was detected in 70, 76, and
86% of rotted taproots from Harcourt,
Flinders, and Numurkah, respectively.

Tests for virulence. F. avenaceum and
Pythium irregulare, either individually or
in combined treatments, reduced
(P = 0.01) plant numbers in pasteurized
but not in untreated clay loam (Table 1).
P. clandestina did not affect plant
numbers in the pasteurized or untreated
soil. In the pasteurized soil, root rot
severity was greatest when P. clandestina
was present alone or in combination with
F. avenaceum or Pythium irregulare. In
untreated soil, however, none of the
treatments affected root rot severity,

which was comparable to that obtained
with P. clandestina alone in the
pasteurized soil.

Each fungal treatment reduced
(P = 0.05) plant numbers in pasteurized
but not in untreated sandy loam at
continually high water potentials (Table 2).
P. clandestina alone or in combinations
with F. avenaceum and Pythium
irregulare caused the most severe root rot
in the pasteurized and untreated soil.
Disease was more severe in the pasteurized
than in the untreated soil.

F. avenaceum and Pythium irregulare
alone and in combinations decreased

plant numbers in pasteurized but not in
untreated sandy loam under alternating
moist and dry conditions (Table 3). P.
clandestina did not affect plant numbers
in the pasteurized or untreated soil. In the
pasteurized soil, root rot severity was
high with P. clandestina and greatest for
the P. clandestina X F. avenaceum
treatment. However, analysis of the data
showed that there was no significant
(P =0.05) interaction between P.
clandestina and F. avenaceum. P.
clandestina alone or in combined
treatments caused the most severe root
rot in the untreated soil, but disease

Table 1. Individual and combined effects of Fusarium avenaceum, Phytophthora clandestina, and
Pythium irregulare on severity of root rot and number of subterranean clover plants in pasteurized
and untreated clay loam at continually high water potentials®

Number of plants®

Root rot severity®

Fungi introduced into soil Pasteurized Untreated Pasteurized Untreated
F. avenaceum 17.0 19.6 0.9 2.2
Pythium irregulare 11.8 18.2 1.8 2.1
P. clandestina 22.8 21.8 2.7 24
F. avenaceum + Pythium irregulare 1.2 20.6 ND' 2.3
P. clandestina + Pythium irregulare 14.8 21.2 2.2 2.3
P. clandestina + F. avenaceum 15.6 21.8 29 2.3
P. clandestina + F. avenaceum 34 19.6 ND 2.4
+ Pythium irregulare
Uninoculated controls
1% Level of vermiculite 23.2 20.6 0.1 2.0
3% Level of vermiculite 23.0 22.2 0.1 2.2
LSD between any two values
P=10.05 2.8 0.6
P=0.01 3.7 0.8

“Fungi on vermiculite moistened with lima bean broth were introduced into either pasteurized (60 C
for 60 min) or untreated soil, which was then maintained at water potentials between 0 and —1/3
bar. Values represent means of five replicates and were obtained 6 wk after seeds were sown in pots

in a growth cabinet at 20 C.

An average of 25 germinable seeds were sown in each pot.

“Root rot severity was rated on a scale of 0—5, where 0 = roots healthy, | = slightly lateral root rot,
2 = moderately severe lateral root rot or slight taproot rot or both, 3 = severe lateral root rot or
moderately severe taproot rot or both, 4 = severe taproot rot, and 5 = plant dead.

Root rot severity was not determined because of low number of plants.

Table 2. Individual and combined effects of Fusarium avenaceum, Phytophthora clandestina, and
Pythium irregulare on severity of root rot and number of subterranean clover plants in pasteurized
and untreated sandy loam at continually high water potentials®

Number of plants®

Root rot severity®

Fungi introduced into soil Pasteurized Untreated Pasteurized Untreated
F. avenaceum 13.2 21.6 1.3 0.7
Pythium irregulare 9.8 18.0 2.8 1.7
P. clandestina 13.4 17.0 4.6 2.8
F. avenaceum + Pythium irregulare 10.0 20.0 2.6 0.7
P. clandestina + Pythium irregulare 32 16.0 4.9 2.8
P. clandestina + F. avenaceum 11.6 16.8 4.5 29
P. clandestina + F. avenaceum 5.8 16.2 4.7 3.1
+ Pythium irregulare
Uninoculated controls
1% Level of vermiculite 18.4 20.0 0.1 0.5
3% Level of vermiculite 19.8 21.6 0.5 1.3
LSD between any two values
P=0.05 4.0 0.5
P=10.01 53 0.7

“Fungi on vermiculite moistened with lima bean broth were introduced into either pasteurized (60 C
for 60 min) or untreated soil, which was then maintained at water potentials between 0 and —1/3
bar. Values represent means of five replicates and were obtained 6 wk after seeds were sown in pots

in a growth cabinet at 20 C.

"An average of 25 germinable seeds were sown in each pot.
‘Root rot severity was rated on a scale of 0—5, where 0 = roots healthy, | = slightly lateral root rot,
= moderately severe lateral root rot or slight taproot rot or both, 3 = severe lateral root rot or
moderately severe taproot rot or both, 4 = severe taproot rot, and 5 = plant dead.
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Table 3. Individual and combined effects of Fusarium avenaceum, Phytophthora clandestina, and
Pythium irregulare on severity of root rot and number of subterranean clover plants in pasteurized
and untreated sandy loam at alternating high and low water potentials’

Number of plants® Root rot severity®

Fungi introduced into soil Pasteurized Untreated Pasteurized Untreated
F. avenaceum 16.6 19.2 0.3 0.7
Pythium irregulare 14.8 19.6 1.6 0.7
P. clandestina 21.4 20.6 4.2 2.8
F. avenaceum + Pythium irregulare 10.8 20.4 1.4 0.7
P. clandestina + Pythium irregulare 17.6 17.6 4.2 2.7
P. clandestina + F. avenaceum 17.2 20.6 4.9 2.7
P. clandestina + F. avenaceum

+ Pythium irregulare 12.2 18.4 4.4 2.6
Uninoculated controls

19 Level of vermiculite 21.4 19.8 0.2 0.5

3% Level of vermiculite 22.2 19.6 0.2 0.5
LSD between any two values

P =0.05 33 0.3

P=10.01 4.3 0.5

“Fungi on vermiculite moistened with lima bean broth were introduced into either pasteurized (60 C
for 60 min) or untreated soil, which was then subjected to a cycle of wetting (0 to —1/3 bar) and
drying (—3 to—5 bar). Values represent means of five replicates and were obtained 6 wk after seeds

were sown in pots in a growth cabinet at 20 C.

"An average of 25 germinable seeds were sown in each pot.

“Root rot severity was rated on a scale of 0=5, where 0 = roots healthy, | = slightly lateral rootrot,
2 = moderately severe lateral root rot or slight taproot rot or both, 3 = severe lateral root rot or
moderately severe taproot rot or both, 4 = severe taproot rot, and 5 = plant dead.

severity was less than in the pasteurized
soil.

In each test, fungi introduced either
alone or in combination into pasteurized
and untreated soil were recovered
consistently on rotted roots. None of the
fungi was detected in roots in control
treatments for the pasteurized soils, and
F. avenaceum and Pythium irregulare
were isolated infrequently from roots in
the controls for the untreated soils. The
frequency of detection of P. clandestina
onroots in controls for untreated soil was
low (10—-30%) in the two tests with sandy
loam and high (100%) in the test with clay
loam.

Examination of roots in the pasteurized
soils showed that each fungus caused a
different type of rot. F. avenaceum
caused a blackening of cortical tissue of
the taproot immediately below the
hypocotyl. Pythium irregulare caused a
black discoloration of cortical and
vascular tissues on the lower part of the
taproot and brown to black lesions at the
tips of lateral roots. In contrast, P.
clandestina caused an orange-brown to
dark brown discoloration of cortical
tissue and the stele on the upper part of
the taproot. The lesion severed the
taproot and occasionally extended into
the hypocotyl.

DISCUSSION

The study indicates that the etiology of
root rots of subterranean clover in
Australia needs to be reappraised. The
widespread distribution of P. clandestina
and its virulence on taproots in untreated
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soil suggest that this newly discovered
fungus is the cause of severe taproot rotin
Victoria. Results of the tests for virulence
also indicate that in comparison with P.
clandestina, F. avenaceum and Pythium
irregulare are only minor pathogens of
subterranean clover.

The dramatic reduction in severity of
diseases caused by F. avenaceum and
Pythium irregulare in untreated soils is
apparently due to the biological buffering
capacity of soils, which is eliminated by
the pasteurization treatment. Therefore,
previous results obtained with F.
avenaceum and Pythium irregulare in
pasteurized soils or artificial media
(1,2,8,10,14) cannot be regarded as
conclusive evidence that these fungi are
important root pathogens of subterranean
clover. The role of F. avenaceum and
Pythium irregulare is also questioned
because they did not interact with P.
clandestina or cause symptoms on roots
similar to those commonly observed in
the field (16; F. C. Greenhalgh, un-
published).

ACKNOWLEDGMENTS

We thank Mrs. S. Yates for invaluable technical
assistance, P. Trutmann and R. Clarke for assistance
with the surveys, and the Australian Wool
Corporation and Dairy Research Committee for
financial support.

LITERATURE CITED
1. Barbetti, M. J., and MacNish, G. C. 1978. Root
rot of subterranean clover in the irrigated areas of
south-western Western Australia. Aust. J. Exp.
Agric. Anim. Husb. 18:426-433.
2. Burgess, L. W., Ogle, H. J., Edgerton, J. P.,
Stubbs, L. L., and Nelson, P. E. 1973. The

~

i

hd

biology of fungi associated with root rot of
subterranean clover in Victoria. Proc. R. Soc.
Victoria 86:19-28.

. Carter, E. D., Wolfe, E. C., and Francis, C. M.

1982. Problems of maintaining pastures in the
cereal-livestock areas of southern Australia.
Pages 68-82 in: Proc. Aust. Agron. Conf., 2nd.
Wagga Wagga.

. Cocks, P. S., Mathison, M. J., and Crawford, E.

J. 1978. From wild plants to pasture cultivars:
Annual medics and subterranean clover in
southern Australia. Pages 569-596 in: Advances
in Legume Science. Vol. 1. Proc. Int. Legume
Conf. R. J. Summerficld and A. H. Bunting, eds.
Royal Botanical Gardens, Kew, England. 667 pp.

. Cook, R. J.,and Papendick, R. 1. 1972. Influence

of water potentials of soils and plants on root
disease. Annu. Rev. Phytopathol. 10:349-372.

. Greenhalgh, F. C., and Clarke, R. G. 1985. Use

of fungicides to study significance and etiology of
root rot of subterranean clover in dryland
pastures of Victoria. Pages 234-236 in: Ecology
and Management of Soilborne Plant Pathogens.
C. A. Parker, A. D. Rovira, K. J. Moore, P. T.
W. Wong, and J. F. Kollmorgen, eds. American
Phytopathological Society, St. Paul, MN.
358 pp.

. Greenhalgh, F. C., and Lucas, S. E. 1984. Effect

of soil pasteurization on damping-off and root
rot of subterranean clover caused by Fusarium
avenaceum and Pythium spp. Soil Biol.
Biochem. 16:87-88.

Kellock, A. W. 1972. A fungus that rots the roots
of subterranean clover. J. Dep. Agric. Victoria
70:112-113.

Kellock, A. W., Stubbs, L. L., and Parberry, D.
G. 1978. Seed-borne Fusarium species on
subterranean clover and other pasture legumes.
Aust. J. Agric. Res. 29:975-982.

. McGee, D. C., and Kellock, A. W. 1974,

Fusarium avenaceum, a seed-borne pathogen of
subterranean clover roots. Aust. J. Agric. Res.
25:549-557.

. Morley, F. H. W. 1961. Subterranean clover.

Adv. Agron. 13:57-123.

. Powell, S. C. 1970. Subterranean clover, our

most important pasture legume. J. Dep. Agric.
Victoria 68:274-277.

. Richards, S. J. 1965. Soil suction measurements

with tensiometers. Pages 153-163 in: Methods of
Soil Analysis. Part I. Agron. No. 1. D. A. Black,
ed. American Society of Agronomy, Madison,
WI. 770 pp.

. Stovold, G. E. 1974. Root rot caused by Pythium

irregulare Buisman, an important factor in the
decline of established subterranean clover
pastures. Aust. J. Agric. Res. 25:537-548.

. Taylor, P. A. 1984. An unusual Phytophthora

associated with root rot of subterranean clover.
Plant Dis. 68:450.

. Taylor, P. A., Clarke, R. G., Kelly, K., and

Smiley, R. 1985. Root rot of irrigated
subterranean clover in northern Victoria:
Significance and prospects for control. Pages
271-273 in: Ecology and Management of
Soilborne Plant Pathogens. C. A. Parker, A. D.
Rovira, K. J. Moore, P. T. W. Wong, and J. F.
Kollmorgen, eds. American Phytopathological
Society, St. Paul, MN. 358 pp.

. Taylor, P. A., Pascoe, I. G., and Greenhalgh, F.

C. 1985. Phytophthora clandestina sp. nov. in
roots of subterranean clover. Mycotaxon
22:77-85.

. Tsao, P. H., and Ocana, G. 1969. Selective

isolation of species of Phytophthora from
natural soils on an improved antibiotic medium.
Nature 223:636-638.

. Weibe, H. H., Campbell, G. S., Gardner, W. H.,

Rawlins, S. L., Cary, J. W., and Brown, R. W.
1971. Measurements of plant and soil water
status. Utah Agric. Exp. Stn. Bull. 484. 71 pp.



