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ABSTRACT

Bielenin, A., and Jones, A. L. 1988. Efficacy of sprays of fosetyl-Al and drenches of metalaxyl for
the control of Phytophthora root and crown rot of cherry. Plant Disease 72: 477-480.

A single foliar spray of 4.8 g a.i./ L fosetyl-Al prevented the development of cankers on the scion
and the Mahaleb rootstock of 1-yr-old Montmorency sour cherry trees wound-inoculated with
Phytophthora cactorum. Sprayed trees were protected against infection for at least 7mo. Necrosis
on trees sprayed with fosetyl-Al 1 wk after inoculation was about a third the size of necrosis on
control trees. Fosetyl-Alapplied as a foliar spray three times on a 2-wk interval did not adequately
control root rot on Mahaleb seedlings inoculated with P. megasperma, P. cryptogea, and P.
cambivora isolated from cherry. Foliar sprays of fosetyl-Al and soil drenches of metalaxyl both
reduced P. cactorum on seedlings growing in artificially infested potting medium. Metalaxyl
applied as a soil drench (5§ and 10 mg a.i. per seedling) was more effective then fosetyl-Al applied as
a foliar spray in preventing mortality and root rot of Mahaleb seedlings growing in a potting
medium artificially infested with P. megasperma, P. cryptogea, or P. cambivora.

Phytophthora root and crown rot is a
serious problem in poorly drained soils in
sour cherry (Prunus cerasus L.) orchards
in Michigan (1)and New York (14) and in
sweet cherry (P. avium L.) orchards in
California (10,15). Phytophthora
megasperma Drechsler, P. cambivora
(Petri) Buisman, P. drechsleri Tucker, P.
syringae (Kleb.) Kleb., P. cactorum
(Lebert & Cohn) Sohroet., P. cryptogea
Pethyb. and Laff., and an unidentified
Phytophthora sp. have been reported as
pathogens of cherry trees (1,10,14,15). Itis
not uncommon to find two or more of
these species in a single orchard.
Selection of well-drained planting sites
and the use of Mazzard rootstock, less
susceptible to Phytophthora spp. than
the more commonly used Mahaleb
rootstock (15), are methods of preventing
this disease. These cultural practices
cannot always be implemented after an
infested orchard is identified. Alternative
control procedures need to be developed
for use in established orchards.

Fosetyl-Al is a systemic fungicide with
good activity against several soilborne
diseases caused by Phytophthora spp.
(3). On tree species, fosetyl-Al has been
tested for the control of P. cactorum on
apple (11), P. cinnamomi Rands on
avocado (2,4) and walnut (9), P.
citrophthora (Smith & Smith) Leonian
on walnut (9) and citrus (7), P. parasitica
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Dastur on citrus (5,7,12,13), and P.
citricola Sawada on walnut (9). To our
knowledge, results of tests with fosetyl-
Al for the control of Phytophthora root
and crown rot of cherry have not been
published.

The purpose of this study was to
evaluate the efficacy of spray applications
of fosetyl-Al and drench treatments of
metalaxyl for preventing cankers and
root rot on cherry inoculated with P.
cactorum, P. megasperma, P. cryptogea,
and P. cambivora isolated from cherry.

MATERIALS AND METHODS
Wound inoculation test. One-year-old
Montmorency sour cherry trees grafted
on Prunus mahaleb L. seedlings (Mahaleb)
were planted in 11.4-L plastic pots
containing Pro-Mix potting medium
(Premier Brands, Inc., New Rochelle,
NY) and maintained on a bench in the
greenhouse. Isolate M354 of P. cactorum
from cherry was used to inoculate all
trees. Four-mm-diameter disks taken
from 7- to 10-day-old colonies on V-8
juice agar were placed into holes cut with
a cork borer in the scion and rootstock of
each tree to the depth of the cambium.
The Mahaleb rootstock was inoculated
about 2 mm and the scion about 25 cm
above the soil line. Followinginoculation,
the inoculation sites were wrapped with
Parafilm (American Can Co., Greenwich,
CT). Fosetyl-Al (Aliette 80 WP, Rhone-
Poulenc, Inc., Monmouth Junction, NJ),
at 4.8 g of active ingredient per liter, was
applied as a foliar spray 1 wk after
inoculation or 0—10 wk before inoculation.
Treatments were replicated five times.
The bark above and below the site of
inoculation was removed before measuring

the length and width of the necrotic area
in the wood (Fig. 1). Results were taken
14 days after inoculation, or 21 days after
inoculation when the spray was applied |
wk after inoculation.

Soil inoculation tests. In experiment 1,
2-mo-old Mahaleb seedlings growing in
Pro-Mix potting medium were sprayed
three times with 4.8 g a.i./L fosetyl-Al.
Mahaleb cherry was selected for these
studies because it is the main rootstock
used for sour cherry in Michigan.
Applications were made 0, 2, and 4 wk
before inoculation and were repeated on
a 2-wk interval until a total of three
applications were applied. Seedlings
were inoculated with isolates C-21,
M103, and M 184 of P. cryptogea; M28,
M246, M308, M322, ‘and M375 of P.
megasperma; and MI117, MI130, and
M354 of P. cactorum as described by
Mircetich and Matheron (10). Each
isolate was grown for 6 wk at 21 Cin I-L
flasks containing 500 ml of sterile
vermiculite thoroughly moistened with
V-8 juice broth (10). The inoculum was
rinsed with sterile water and placed at the
rate of 30 ml per each 1-L pot, 10 ml into
each of three holes near each seedling.
Pots were flooded biweekly over a 2-mo

Fig. 1. Trunk of 1-yr-old Montmorency sour
cherry 2 wk after inoculation with Phytoph-
thora cactorum; tree sprayed with4.8 ga.i./L
fosetyl-Al 7 wk before inoculation (left) and
unsprayed control (right). Bark was removed
to expose the necrotic tissue.
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Table 1. Size of cankers on Montmorency sour cherry trees sprayed with fosetyl-Al at 4.8 ga.i./L period by immersing in water for 48 hr at
before or after inoculation with Phytophthora cactorum into wounds on the scion and trunk each flooding.

After 3 mo, the seedlings were removed
from the pots and the roots were washed

Canker length X width (cm?)’

Montmorency scion Mabhaleb rootstock with water to remove the potting
Timing of spray Fosetyl-Al Control Fosetyl-Al Control medium. The degree of root rot was
After inoculation assessed on a scale of 1-5, w_here 1 =
1wk 20.7 756 59 1.0 healthy and 5§ = severe necrosis (lateral
Day of inoculation 0.1 43.8 1.0 8.5 and tap roots necrotic). After drying at
Before inoculation room temperature, the roots were
1 wk 0.0 38.8 1.3 124 weighed. Growth was assessed by
2 wk 0.3 342 0.2 8.9 measuring the height of all plants at the
3 wk 0.0 38.1 0.0 7.7 beginning and at the end of the
4 wk 0.0 12.8 0.1 6.2 experiment, then subtracting to determine
2 z: 88 f;g g§ g‘;' the increase in shoot length over the 3-mo

7 wk 0.0 19.2 0.0 2.7 period. o s
8 wk 0.0 4 0.1 a1 In experiment 2, spray applications of
9 wk 0.0 9.2 0.0 6.8 fosetyl-Al were compared with soil
10 wk 0.9 13.7 0.0 5.3 drench applications of metalaxyl (Ridomil
7 mo’ 0.1 16.2 2E, Ciba-Geigy Corp., Greensboro, NC)
*Lesions measured 14 days after inoculation, or 21 days after inoculation when the spray was on 2:5-mo-old Mahaleb seedllng§. The
applied | wk after inoculation. Each value is the mean of five replications. seedlings were sprayed to runoff with 4.8
"Trees overwintered for about 3.5 mo in a cooler and reinoculated after resuming growth. ga.i./ L of fosetyl-Alat 0; 0 and 60; and 0,

30, and 60 days after inoculation.

Metalaxyl was applied in 100 ml of water
Table 2. Effect of sprays of 4.8 g a.i./L fosetyl-Al on the growth and root rot development of at 5 and 10 mg a.i. per I-L pot at

2-mo-old Mahaleb cherry seedlings (inoculated with Phytophthora spp.) grown in artificially s oculati dats A ot
infested potting medium for 3 mo and flooded for 48 hr at 2-wk intervals for 2 mo l300 Z:;logéagays al?tger. i'nli)ecrl:’lal?(:g’

Shoot Dry root Seedlings inoculated with P. cryptogea

growth* weight* Root rot received an additional treatment of 5 mg

Inoculum Timing of spray (mm) ) rating? a.i. of metalaxyl at inoculation plus
P. cryptogea sprays of fose.tyl-Al at 0, 30, a_nd §0 days
4 and 2 wk before and on after inoculation. The following isolates

day of inoculation 1424 ¢ 0.9 cd 3.6b were used: M212, M117, MI30, and

2 wk before, on day of, M354 of P. cactorum; M 103 and M 104 of

2 wk after inoculation 183.1¢ 1.1 cd 37b P. cryptogea; M246, M308, M332,

On day of and 2 and 4 wk M407, and M408 of P. megasperma; and

after inoculation 271.7b l4c 27c¢ C-45 and M72 of P. cambivora. All

Control (flooded
and inoculated) 1923 ¢ 0.5d 4.7 a
Control (flooded,

isolates were from cherry, except C-45,
which was from soil associated with

not inoculated) 2799 b 37b 1.1d necrotic cherry roots. Inoculum
Control (not flooded, production and preparation, inoculation
inoculated) 4323a 7.3a 1.0d procedures, flooding of pots, and data

collection were as described for experi-

P. megasperma .
o ment 1, except no root rot ratings were

4 and 2 wk before and on

day of inoculation 2039 b 19¢ 2.6a made.
2 wk before, on day of,
2 wk after inoculation 207.0 b ldc 27a RESULTS
On day of and 2 and 4 wk Wound inoculation test. Unsprayed
after inoculation 2044 b 2.0c¢ 23a trees had large cankers and extensive
CO"‘;‘{' (ﬂO‘I’;Z‘;) — L6e e gum formation 2 wk after inoculation
and mocu o B . !
Control (flooded. with P. cactorum (Fig. 1, Table 1). Fosetyl-

notinoculited) 279.9 b 370 11b Al applied asa spray | wk afterinoculation
Control (not flooded, reduced the development of cankers on
inoculated) 43232 73a 1.0b the scion and rootstock by 72.6 and
46.6%, respectively. Sprays applied 0-10

s cortorum 4:and 2wk before and:on wk before inoculation protecFed the s_cion
day of inoculation 259.6 b 37b 13a and rootstock from infection.
2 wk before, on day of, and _Callus tissue formed around the site of
2 wk after inoculation 307.3b 40b l.1a inoculation on sprayed but not on
On day of and 2 and 4 wk unsprayed trees (Fig. 1). When trees
after inoculation 227.0b 340 I.1a sprayed with fosetyl-Al the previous year
Control (flooded were reinoculated 7 mo later, no necrotic
and inoculated)’ 304.7b 27b 14a lesions developed on the scion.

Control (flooded, Soil inoculation tests. In experiment 1
not inoculated) 2799 b 37b Ila o i 2

Coiitrol (et Nooded Mahaleb seedlings flooded but not
inoculated) ! 4323a 73a 10a inoculated with Phytophthora had

g - - _ - significantly less growth and lower dry
Values are the average of seven replicates and represent the increase in shoot length during the root weights than inoculated but not

experiment. .Wuhm each species, rllumbers with the same letter do not differ from each other (P= flooded seedlings (Table 2). Both
0.05) according to Duncan’s multiple range test. bratinenits were fras ot Eot
YRoot systems were rated on a scale of 1-5 (1 = no necrosis and 5 = severe necrosis) 3 mo after d nis;were ree ol root-rot.
planting in infested soil. Rootrot on flooded Mahaleb seedlings

“Cankers were observed on five of seven seedlings. Mean length of the cankers was 42.4 mm. inoculated with isolates of P. cryptogea
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and P. megasperma was severe (Table 2).
Mahaleb seedlings inoculated with P.
cryptogea and sprayed three times with
fosetyl-Alstarting at inoculation had less
root rot and greater shoot growth and
dry root weights then control seedlings.
Seedlings sprayed three times starting 4
or 2 wk before inoculation had signifi-
cantly less root rot, but shoot growth and
dry root weights did not differ from the
flooded and inoculated control. Seedlings
sprayed three times with fosetyl-Al and
inoculated with P. megasperma did not
differ significantly (P = 0.05) from the
inoculated controls in shoot growth, dry
root weight, and root rot. No root rot was
observed on any of the seedlings
inoculated with P. cactorum. However,
cankers were observed on five seedlings
in the inoculated controls.

At the end of the 3-mo experiment,
wound inoculations were made on the
stems of five seedlings per treatment with
isolate M354 of P. cactorum. The length
of necrosis was measured after 5 days. All
five unsprayed seedlings, but none of the
15 seedlings sprayed with fosetyl-Al,
developed necrotic lesions. The average
length of lesions on unsprayed seedlings
was 32.2 mm.

In experiment 2, seedlings that were
flooded every 2 wk grew slower and had
lower dry root weights then seedlings that
did not receive the flooding treatment
(Table 3). Seedlings treated with fosetyl-
Al, metalaxyl, or both fungicides did not
differ in shoot growth, but there were
detectable differences between treatments
in the dry weight of the roots. Leaves on
seedlings drenched three times ona 1-mo
interval with 5 mg a.i. metalaxyl
developed chlorotic margins.

Metalaxyl was more effective than
fosetyl-Al for preventing cankers caused
by P. cactorum, and for preventing the
death of seedlings from root rot caused by
P. cryptogeaand P. cambivora(Table 3).
Dry weights of roots of seedlings
drenched with metalaxyl and inoculated
with P. cryptogea or P. cambivora were
higher than for roots of the flooded
control or for roots of seedlings sprayed
with fosetyl-Al. Dry root weights of
seedlings inoculated with P. megasperma
and treated with metalaxyl or with two to
three applications of fosetyl-Al were
significantly higher than root weights in
the flooded control. On seedlings
inoculated with P. cryptogea, a metalaxyl
drench plus three sprays of fosetyl-Al did
not prevent seedling mortality or
improve root growth over that in the
flooded control.

DISCUSSION

As reported for apple (11), sprays with
fosetyl-Alare highly effective in preventing
cankers caused by P. cactorum. Our
results indicate that foliar sprays of
fosetyl-Al should help to reduce losses of
cherry trees in orchards and nurseries
where P. cactorum is the problem.

Sprays would be less helpful in orchards
and nurseries where P. megasperma and
P. cryptogea are the problem, since in
cherry orchards these latter species are
frequently isolated, whereas P. cactorum
is rarely isolated (1,10,14,15).
Fosetyl-Al was active against P.
cactorum on cherry trees in our trial for
at least 7 mo and on apple in the trials of

Orlikowski et al (11) for at least 15 mo,
compared with at least | mo in trials on
1-yr-old Etrog citron (Citrus medica L.)
trees inoculated with P. parasitica (12).
This difference in longevity of activity
may reflect a higher sensitivity of P.
cactorum than P. parasitica to fosetyl-Al
or a toxic breakdown product present in
the stems of treated trees. Fosetyl-Al

Table 3. Effect of fungicide treatment on the growth and survival of 2.5-mo-old Mahaleb cherry
seedlings (inoculated with Phyrophthora spp.) grown in artificially infested potting medium for 3
mo and flooded for 48 hr on a 2-wk interval for 2 mo

Shoot Dry root Mabhaleb seedlings
Timing" growth™* weight* Killed”  With cankers
Treatment" (days) (mm) (g) (no.) (no.)
P. cactorum
Fosetyl-Al 0 469.7 b 4.9 be 0 4 (18.3)
0, 60 448.6 b 50b 0 0
0, 30, 60 423.3 bc 4.3 be 0 3(20.3)
Metalaxyl (10 mg) 0 469.6 b 50b 0 0
(5 mg) 0 424.0 be 50b 0 0
(5 mg) 0, 30, 60 417.3 be 29d 0 0
Control (flooded) 338.0c 3.6 cd 0 7(31.3)
Control (not flooded) 567.6 a 8.6a 0 5(25.4)
P. cryptogea
Fosetyl-Al 0 300.6 bc 1.1 de 3 5(26.0)
0, 60 365.6 bc 1.9 cd 4 3(27.7)
0, 30, 60 353.3 be 1.3 de 3 5(28.2)
Metalaxyl (10 mg) 0 380.1 b 34b 0 0
(5 mg) 0 352.4 be 34b 0 0
(5 mg) 0, 30, 60 376.1 b 2.8 be 0 0
Fosetyl-Al
+ metalaxyl 328.4 be 0.9 de 5 5(34.0)
Control (flooded) 2710 ¢ 03e 7
Control (not flooded) 552.0a 93a 0 1 (25.0)
P. megasperma
Fosetyl-Al 0 343.1b 0.6 c 4 4 (52.5)
0, 60 372.1b 32b 1 0
0, 30, 60 3733 b 33b 0 1 (30.0)
Metalaxyl (10 mg) 0 3514b 40b 0 0
(5 mg) 0 3920b 4.1b 0 0
(5 mg) 0, 30, 60 353.0b 29b 0 0
Control (flooded) 317.3 b I.1c 3 3(43.3)
Control (not flooded) 511.4a 9.1a 0 0
P. cambivora
Fosetyl-Al 0 325.7 cd 09c 2 5(42.6)
0, 60 292.0d 0.5¢ 5 5(50.0)
0, 30, 60 350.4 be 0.6 ¢ 6 6 (57.5)
Metalaxyl (10 mg) 0 376.0 bc 37b 0 0
(5 mg) 0 382.3b 390 0 0
(5 mg) 0, 30, 60 374.1 be 28Db 0 0
Control (flooded) 292.1d 03¢ 7 6(103.3)
Control (not flooded) 485.1a 57a 0 6 (85.0)
Not inoculated
Fosetyl-Al 0 357.7b 4.8 bc 0 0
0, 60 401.7b 38c¢c 0 0
0, 30, 60 4144 b 4.6 bc 0 0
Metalaxyl (10 mg) 0 3814 b 56b 0 0
(5 mg) 0 3904 b 4.8 bc 0 0
(5 mg) 0, 30, 60 379.4 b 4.4 bc 0 0
Fosetyl-Al
+ metalaxyl 4234 b 4.0 be 0 0
Control (flooded) 353.1b 4.4 be 0 0
Control (not flooded) 536.1 a 10.6 a 0 0

" Fosetyl-Al was applied as a foliar spray at the rate of 4.8 g a.i./ L; metalaxyl was applied as a soil
drench in 100 ml of water at the rate of 5 or 10 mg a.i. per pot.

‘ Treatments were applied on the day of inoculation and, if indicated, 30 and 60 days later.

“Shoot growth is the increase in shoot length during the experiment.

*Values are the average of seven replicates. Within each species, numbers with the same letter do
not differ from each other (P = 0.05) according to Duncan’s multiple range test.

¥ Number of seedlings out of seven.

“Number of parentheses is mean length of cankers in millimeters.
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generally shows a narrower spectrum of
biological activity than metalaxyl (3).

Wound inoculation with P. cactorum
was a useful assay for testing for the
presence of fosetyl-Al in stems of treated
trees. In our experiments with Mahaleb
seedlings, we were concerned, based on
poor control from a single foliar spray to
Mahaleb seedlings in preliminary
experiments, that uptake or translocation
of the fungicide might not be as good in
seedlings as in 1-yr-old grafted trees.
Thus, we sprayed seedlings more
frequently than grafted trees. However,
wound inoculations made 10 days before
the experiment ended indicated that
fosetyl-Al or a toxic breakdown product
was present in the stems of sprayed
seedlings. This indicated that the low
activity of fosetyl-Al against P. cryptogea,
P. megasperma, and P. cambivora was
not the result of poor uptake of the
fungicide by the leaves.

The development of seven cankers on
Mahaleb seedlings sprayed with fosetyl-
Al in experiment 2 was inconsistent with
the high level of control of P. cactorum in
experiment 1 and in the wound inoculation
test. Estimates of P. cactorum, as
measured by dilution and plating soil
samples from each pot on a selective
medium (8), indicated 100-150 colony-
forming units (cfu) per gram dry weight
of soil were applied to the potting
medium and 50-100 cfu were present
after the initial 48-hr flooding. Although
these estimates of P. cactorum were
slightly higher than estimates for soils in
a problem orchard in England (8),
multiple sprays of fosetyl-Al should have
been adequate for control. When an
isolate from one of the cankers (isolate A)
was compared with isolate M354 on
Mahaleb seedlings sprayed with fosetyl-
Al, isolate M354 failed to infect the
seedlings, whereas isolate A caused small
cankers (5.3 mm of necrosis after 10 days
at 17 C). Cankers on unsprayed seedlings
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were 40.3 and 41.7 mm long for isolate
M354 and isolate A, respectively. The
detection of isolate A suggests that the
four isolates used in experiment 2 may
not have been equally sensitive to
fosetyl-Al.

Soil drenches with metalaxyl reduced
root and crown rot of Mahaleb cherry in
potting medium artificially infested with
P. cactorum, P. cryptogea, P. mega-
sperma, and P. cambivora from cherry.
Control was most dramatic in tests
involving P. cambivora and P. cryptogea.
As several species of Phytophthora occur
together on cherries, there would be an
advantage in the broad spectrum activity
of metalaxyl against Phycomycetes.
Combinations of soil drenches of
metalaxyl and of sprays of fosetyl-Al
need further evaluation because they did
not increase the level of control over
fosetyl-Al or metalaxyl alone.

Field studies are needed to define the
rates of metalaxyl required to control the
species of Phytophthora likely to cause
Phytophthora root and crown rot of
cherry (1,10,14,15). Because P. cactorum
attacks the crown of the tree, drench
treatments directed at the soil around the
crown have been highly effective (6,11).
However, P. megasperma and P.
cryptogea attack the roots before moving
into the crown. Because the large volume
of soil occupied by roots may prevent
metalaxyl from reaching the roots in
adequate amounts, higher rates of
metalaxyl applied over a wider area may
be required to control infections on roots
by P. megasperma and P. cryptogea than
to control infections in the crown by P.
cactorum.
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