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ABSTRACT

Ellis, M. A., Grove, G. G., and Ferree, D. C. 1982, Effects of metalaxyl on Phytophthora cactorum and collar rot of apple. Phytopathology 72:1431-1434,

Metalaxyl at low concentrations was highly inhibitory to mycelial
growth, sporangia production, and zoospore germination of Phytophthora
cactorum. Following soil drenches in the greenhouse, metalaxyl was taken
up by apple roots and translocated upward in sufficient quantity to prevent
growth of P. cactorum and Pythium ultimum on sections of wood taken

from 15 cm above the soil line. Soil drenches prevented infection of apple
trees inoculated with P. cactorum in the greenhouse. Soil drenches around
naturally infected trees in the field resulted in remission of typical collar rot
symptoms. The use of metalaxyl as a soil drench may provide an effective
new method of controlling apple collar rot.

Collar or crown rot of apple, which is caused by Phytophthora
cactorum (Leb & Cohn.) Schroet., is a serious problem in many
Ohio apple orchards. Disease incidence is greater in heavy and
poorly drained soils (3,12). At present, there are no effective control
measures for this disease (10,12). Differences in susceptibility of
various apple rootstocks have been reported (14); however, few
apple cultivars or commercially used clonal rootstocks are
considered highly resistant (10,12), and the reports are inconsistent.
Fungicide drenches or sprays applied to soil or infected portions of
the tree have not adequately controlled collar rot (9).

The systemic fungicide metalaxyl (Ridomil®, Subdue®; CIBA-
GEIGY Corp., Greensboro, NC 27419) has effectively controlled
several diseases caused by fungi in the Oomycetes (1,2,5-7,
9,11,19,20,22). Farih et al (8) reported that metalaxyl at low
concentrations was highly inhibitory to mycelial growth and
formation of sporangia, chlamydospores, and oospores of P.
parasitica and/or P. citrophthora. Chlamydospore germination
was sensitive to low concentrations, but zoospore germination was
not greatly reduced. They suggested that metalaxyl controls
diseases by affecting the pathogens at all stages of their life cycle (4).
In addition to being highly efficacious against Oomycetes, uptake
by roots and acropetal translocation have been reported in several
plant species following soil application (1,6,16,17,21). Soil
drenches and stem paints containing metalaxyl have been reported
to control Phytophthora gummosis of sweet orange seedlings (7).

This paper reports the in vitro effects of metalaxyl on mycelial
growth, sporangia production, and zoospore germination of P.
cactorum; upward movement of the fungicide in apple trees
following soil drenches; and efficacy of the fungicide for
postinfection control of apple collar rot.

MATERIALS AND METHODS

Fungus. The isolate of P. cactorum used in all studies was
obtained from an infected apple tree on MM 106 rootstock. Stock
cultures were maintained on dilute V-8 juice agar (13) in 3.5-ml
medicine bottles.

Effect of metalaxyl on mycelial growth. Stock solutions of
fungicide were prepared by mixing metalaxyl formulation 2EC
(240 ga.i./L) in sterile distilled water at appropriate concentrations
and then adding it to lima bean agar (LBA) (18) after autoclaving.
Five-millimeter-diameter LBA disks colonized by P. cactorum
The publication costs of this article were defrayed in part by page charge payment. This

article must therefore be hereby marked “advertisement” in accordance with 18 US.C. §
1734 solely to indicate this fact.

0031-949X/82/11143104/$03.00/0
©1982 The American Phytopathological Society

taken from the margin of 5-day-old cultures were used in all studies
unless otherwise indicated. Fifteen milliliters of media containing
0, 1, 10, 50, 100, 250, 500, or 1,000 ug of metalaxyl per milliliter
were added to each of 10 petri dishes. One colonized LBA disk was
placed in the center of each plate. Plates were incubated at 24 Cand
fungus growth was measured daily.

To determine if mycelia were still alive after 7 days, all disks were
transferred to LBA without fungicide. Presence or absence of
growth was recorded 2 wk after transfer. The experiment was
repeated once.

Effect of metalaxyl on sporangia formation. Three disks were
placed in each of three 52-mm-diameter petri dishes containing 5 ml
of solution with 0, 10, 100, 250, 500, or 1,000 ug of metalaxyl per
milliliter in sterile distilled water and incubated in the light for 3
days. Sporangia present in four different microscope fields (X160)
on each agar disk were counted and recorded daily. The experiment
was repeated once.

Effect of metalaxyl on zoospore germination. Zoospores were
produced and their concentration standardized as previously
described (15).

The effect of metalaxyl on zoospore viability was measured by
pipetting 0.5 ml of a suspension containing 10° zoospores per
milliliter into 4.5 ml of solution containing 0, 10, 100, 250, 500, or
1,000 ng of metalaxyl per milliliter in sterile distilled water. There
were three replicate plates per concentration. After 2 and 4 hr, 200
zoospores in each plate were examined under the microscope at
X160. Zoospores were recorded as either germinated,
ungerminated, or lysed. The experiment was repeated once.

Root uptake and translocation of metalaxyl in apple trees. Four-
year-old Delicious trees on MM 106 rootstock were grown in 8-L
plastic pots in the greenhouse. The mean trunk diameter for all
trees used in greenhouse studies was 3.1 cm at 15 cm above the soil
line. On 2 March 1981, trees were drenched with 500 ml of solution
containing 0, 50, 100, 250, or 500 ug of metalaxyl per milliliter in
distilled water. Care was taken to avoid direct contact of the tree
trunk with the fungicide. This was done by slowly adding the
solution to the soil to avoid flooding the pot. There were three trees
(replications) per concentration arranged on the greenhouse bench
in a randomized block design.

At 72 hr after drenching, wedge-shaped sections were cut from
each tree at 5, 10, and 15 cm above the crown (soil line). Wedges
(each | cm wide, 7 mm long, and 5 mm deep) were cut transversely
with the xylem and contained phloem (bark) and secondary xylem.
These were then placed phloem-side down on pentachloronitrobenzene-
benomyl-neomycin-chloramphenicol (PBNC) medium (13) and a
colonized agar disk was placed on the upper surface of each wedge.
All disks were in contact with secondary xylem. Observations for
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fungal growth on the agar plug and wood surrounding the plug
were made daily. The experiment was repeated once with both P.
cactorum and Pythium ultimum used as test fungi.

Effect of metalaxyl drenches on recovery of P. cactorum from
inoculated apple trees. Four-year-old Delicious trees on MM 106
rootstock were grown in the greenhouse as previously described.
On 9 March 1981, holes (4 mm wide X | cm deep) were drilled into
the trees at 2 and 15 cm above the crown (soil line). Two 4-mm-
diameter agar (PBNC) plugs -from 5-day-old cultures of P.
cactorum were placed in each hole and pushed to the back of the
hole by using a cork borer with a metal rod down the center. Holes
were then plugged with Vaseline petroleum jelly. After 48 hr, three
trees (replications) were drenched with 500 ml of a 0, 50, 100, 250,
or 500 pug/ml solution of metalaxyl in distilled water. Care was
taken not to allow fungicide to directly contact the trunk.
Treatments were arranged in a randomized block design.

At 2] days after the drenching treatment, the trees were removed
from the pots and the periderm (bark) was removed. Notes on
wood discoloration (lesion formation) were made and each tree was
cut into sections approximately 5 mm long from the soil line to 20
cm up the trunk. Each section from bottom to top was numbered
and its location in relation to inoculation holes was recorded. The
sections were surface disinfested in a 0.25% solution of sodium
hypochlorite for 2 min and washed in sterile distilled water for 1
min. Sections were plated on PBNC medium and incubated at 24 C.
All sections were examined and the presence or absence of P.
cactorum was recorded after 7 days. The experiment was repeated
once.

Field study. A 5-yr-old commercial apple orchard of cultivar
Jonathan on MM111 rootstock near Frederictown, OH, developed
severe collar rot in 1979. Infection appeared to be very uniform
across the orchard. Most trees had the following symptoms:
yellowing or chlorosis of leaves in the spring (in the fall this
discoloration often changed to a purplish or bronze color); reduced

TABLE |. Effect of various concentrations of metalaxyl on mycelial growth
of Phytophthora cactorum in vitro®

Growth (cm)

Metalaxyl

(ug/ml) 7 days 14 days”

0 4 40a’

1 0 4.0a

10 0 40a

50 0 3lb

100 0 22¢

250 0 1.0d

500 0 08d

1,000 0 03e

*All tests were conducted on lima bean agar. Metalaxyl was incorporated
after autoclaving. Five-millimeter-diameter agar disks of P. cactorum were
placed in the center of petri dishes; 4 = growth to edge of plate.

YAfter 7 days all 5-mm-diameter disks were transferred to lima bean agar
without metalaxyl. Growth was recorded after 2 wk.

“Numbers followed by the same letter within columns are not significantly
different (P = 0.05) according to Duncan’s new multiple range test.

terminal growth; reduced fruit size and yield; and (on most trees) a
visible canker or discolored, rotted bark was visible at and below
the soil line or crown of the tree. Forty-five trees with the above
symptoms were selected for treatment. The mean trunk diameter
for all trees used in the field study was 5.2 cm at 15 cm above the soil
line. Bark and wood samples were cut from the margin of
discolored tissue on each tree, surface disinfested as previously
described, and plated on PBNC prior to treatment. Fifteen trees
(replications) were treated with water as checks. Fifteen trees each
were drenched with 1 L of a 250 or a 500 pg/ml solution of
metalaxyl in water around the base of the trunk on 5 September
1980, 4 May 1981, and 7 August 1981.

On 14 August 1981 (approximately | yr after initial treatment),
terminal growth (current season) was measured on each of 10
randomly selected branches per tree. Differences in leaf color and
reflectance were also measured by using a Gardner automatic color
difference meter (Gardner Laboratory, Inc., P.O. Box 5728,
Bethesda, MD 20014) standardized with the white plate.
Measurements were taken in the midsection of five randomly
selected leaves from each tree. Leaves were placed so that the
midrib bisected the 2.54-cm (1-inch) orifice of the meter. Isolations
were made as previously described from bark and wood samples
cut from the same region where previous samples were taken.

RESULTS AND DISCUSSION

No mycelial growth was observed on any plate containing agar
media amended with metalaxyl (Table 1). Metalaxyl was highly
inhibitory to mycelial growth of P. cactorum at concentrations as
low as 1 pg/ml. At 2 wk after transfer to nonamended media,
growth was observed on all plugs, but growth rate after exposure to
metalaxyl was reduced with exposure to increased concentrations
of the compound, and only slight growth was observed from agar
plugs exposed to 1,000 pg/ml for 7 days (Table 1). Metalaxyl
appeared to be fungistatic and not fungicidal to mycelium of P.
cactorum.

Although metalaxyl was fungistatic to mycelium of P. cactorum,
itappeared to be fungicidal to zoospores. After2hrina 100 pg/ml
solution, 83% of all zoospores observed had lysed compared with
4% in the distilled water control (Table 2). At 10 pg/ml, the
fungicidal effect, although greatly reduced, was still present. At
concentrations of 100 pug/ml and above very few zoospores
germinated. Those that did germinate formed small germ tubes that
did not elongate.

Sporangia production of P. cactorum was significantly reduced
at concentrations of 1 pg/ml (Table 3). Sporangia that were
produced at concentrations of 100 ug/ml and higher were lysed
within 72 hr. The effects of metalaxyl on mycelial growth,
sporangia production, and zoospore germination of P. cactorum
observed in this study were very similar to those reported for P.
parasiticaand P. citrophthora (8), except that metalaxyl appears to
be much more fungitoxic to zoospores of P. cactorum thanto those
of P. parasitica and P. citrophthora. These results suggest that
metalaxyl could be highly efficacious in controlling apple collar rot
since it affects P. cactorum in at least three important stages of its

TABLE 2. Effect of various concentrations of metalaxyl on zoospore germination of Phytophthora cactorum

Mean number of zoospores®:

after 2 hr after 4 hr

Metalaxyl Non- Non-
(ug/ml) Germinated germinated Lysed” Germinated germinated Lysed
0 139 a* 53a 8a 163 a 19 b 18 a
10 77.b 75b 48 b 73b 40 a 87b
100 13¢ 20¢ 167 ¢ 12¢ 13b 175¢
250 10¢ 7b 183 d 8¢ Oc 192d
500 2d le 197 e 1d Oc 199 d
1,000 1d Oe 199 e 0d Oc 200 d

*Based on counting 200 zoospores per each of three dishes (replications) per concentration under a microscope at X 160.
*Lysed = cell wall broken or internal contents disorganized.
“Numbers followed by the same letter within columns are not significantly different (£ = 0.05) according to Duncan’s new multiple range test.
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TABLE 3. Effect of various concentrations of metalaxyl on sporangia
production of Phyvtophthora cactorum in vitro*

Mean number of sporangia after':

Metalaxyl

(ug/ml) 24 hr 48 hr 72 hr
0 32.1a" 65.6a 119.1 a
1 6.5b 123 b 194 b

10 1.5¢ 28¢ 49c¢
100 1.2¢ 1.2d 3.0d
250 1.2¢ 1.1d 1.2e
500 0.7¢ 0.6d 0.6¢
1,000 0.6¢c 0.2d 0.2e

“Lima bean agar disks colonized by P. cactorum were placed in 5 ml of each
concentration of metalaxyl in distilled water.

"Based on the mean of all sporangia in four microscope fields (X160) on
three 5-mm-diameter lima bean agar disks in each of three petri dishes
(replications) per concentration.

“Numbers followed by the same letter within columns are not significantly
different (P = 0.05) according to Duncan’s new multiple range test.

life cycle.

At concentrations tested on 4-yr-old trees in the greenhouse,
metalaxyl was taken up by apple roots within 42 hr and
translocated upward in sufficient concentration to completely
inhibit the growth of P. cactorum and P. ultimum on wood cut
from 15 cm above the soil line. Three days after placing colonized
agar disks on wedges, both fungi had grown from agar disks,
colonized the wood, and grown out onto the surrounding media on
all wedges cut from nontreated trees. No growth was observed on
agar disks on any of the wedges cut from metalaxyl-treated trees.
Root uptake of metalaxyl and translocation through the crown
region following a soil drench, combined with the highly efficacious
nature of metalaxyl against P. cactorum, further suggests that it
might be beneficial in controlling apple collar rot.

P. cactorum was isolated from all inoculated, nontreated trees in
the greenhouse. The fungus was recovered from trunk cross
sections up to 3 cm above and below each inoculation hole. In
addition, inoculated, nontreated trees had a brown discoloration in
the wood extending for up to 4 cm above and below each hole. P.
cactorum was not recovered from any inoculated trees that were
treated with metalaxyl, and no discoloration was observed in wood
around the inoculation holes. At the concentrations tested,
metalaxyl was taken up by roots and translocated upward in
sufficient concentrations to control P. cactorum infection in
inoculated trees up to 15 cm above the soil line.

P. cactorum was isolated from 25 of the 45 trees in the field trial
before treatment began. By June 1981 (after two treatments)
marked differences were observed between treated and nontreated
trees. Four of the nontreated trees died during the summer of 1981.
There was no visible differences between trees treated with 250 or
500 pg of metalaxyl per milliliter. All treated trees developed green
(apparently normal) leaves. Leaves from treated trees were
significantly greener than those from nontreated trees (Table 4).
There were no significant differences in greenness between trees
treated with 250 or 500 ug of metalaxyl per milliliter. There were no
significant differences in yellowness of leaves between any
treatments. Leaves from nontreated trees had significantly greater
reflectance than leaves from treated trees. The reason for this is not
known, but it is probably related to differences in wax or cutin
deposition on the leaf surface.

Terminal growth was significantly greater on treated than on
nontreated trees (Table 4), but there were no significant differences
between trees treated with 250 or 500 ug of metalaxyl per milliliter.
In addition to increased terminal growth and increased green color
of leaves, all visible cankers on treated trees developed apparently
healthy callus tissue at the margin. P. cactorum was not recovered
from any treated trees, but was recovered from seven of 11
surviving nontreated trees. There were no changes in visible
cankers on the nontreated trees.

The results of this study indicate that metalaxyl is highly
efficacious against P. cactorum and is readily taken up by apple
roots and translocated upward following application as a soil

TABLE 4. Effect of soil drenches with metalaxyl on leaf color
measurements and terminal growth of Jonathan apple trees infected with
collar rot"

Mean color values® Thrmisal

Metalaxyl growth’
(ug/ml) L A— B+ (cm)
0 32.3a° 32a 7.4 a 88a
250 23.2b 120 b 5.6a 50.5b
500 23.0b 119b 6.0a 51.3b

“All trees developed typical collar rot symptoms in 1979. Trees received
fungicide drenches on 5 September 1980 and 4 May 1981. Color
measurements were taken on 15 July 1981 and terminal growth was
measured on 14 August 1981,

*L =reflectance; A—= greenness; B+ = yellowness. Based on readings from
five terminal leaves per tree.

" Based on terminal growth of 10 randomly selected branches per tree.

“Numbers followed by letters in the same column are not significantly
different (P = 0.05) according to Duncan’s new multiple range test.

drench. Metalaxyl controlled P. cactorum in inoculated trees in the
greenhouse and apparently provided postinfection curative activity
on infected trees in the field. Up to the present, there have been no
satisfactory chemical control recommendations for apple collar

rot. Soil drenches with metalaxyl may provide a new and effective
method of controlling this disease.
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