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ABSTRACT
El-Hamalawi, Z. A., Menge, J. A., and Adams, C. J. 1995. Methods of fosetyl-Al application
and phosphonate levels in avocado tissue needed to control stem canker caused by Phy-
tophthora citricola. Plant Dis. 79:770-778.

The efficacy of several methods of fosetyl-Al application to control avocado stem canker dis-
ease, caused by Phytophthora citricola, was evaluated under greenhouse conditions. Fosetyl-Al
was applied to the canker area as paint alone (0.4 g a.i. fosetyl-Al + 1.0 ml water), combined
with Tree Seal (0.4 g a.i. fosetyl-Al + 0.5 g Tree Seal + 0.5 ml water), or applied alone fol-
lowed by Tree Seal on either scraped bark or bark cut in a fish-scale-like pattern (30 cm along
the stem). The use of fosetyl-Al as a soil drench (3.2 g a.i. fosetyl-Al per liter) was also evalu-
ated. The most effective method was either using the fosetyl-Al:Tree Seal:water formulation on
heavily scraped areas of the stem or applying fosetyl-Al alone on the bark cut in a fish-scale-
like pattern. Applying fosetyl-Al as a soil drench was also effective in controlling stem canker
disease, but to a lesser degree than the paint application method. Phosphonate, the anionic
metabolite of fosetyl-Al in plants, was quantified in the bark, leaves, and roots of treated avo-
cado plants by high-performance liquid chromatography following the different application
methods of fosetyl-Al. Application of the fosetyl-Al:Tree Seal:water formulation on heavily
scraped stem areas resulted in the highest level of phosphonate residue in the canker area and
was the most efficacious in controlling the stem canker pathogen. Phosphonate residue in the
plant inhibited infection by P citricola for about 6 months after its application. There was a
strong negative correlation (r = -0.978) between the phosphonate level in the stem bark and the

size of the stem canker caused by P, citricola.

Avocado trunk canker disease, com-
monly known as citricola canker, is caused
by Phytophthora citricola Sawada. This
disease was first described by Fawcett (17)
and Barrett (1), but it was not until 1973
that Zentmyer et al. (40) identified the
pathogen as P. citricola. In recent years, P
citricola has caused increasing losses in
avocado (Persea americana Miller) groves
throughout California (5,6). P citricola
affects the crown, lower trunk, and some-
times the main structural roots (6,41).
Typical symptoms of the disease include
bark cracking and exudation of a white,
sugary material, usually near the base of
the trunk. Scraping the bark reveals a
blackened, necrotic lesion in the inner bark
and phloem. In advanced stages, defolia-
tion and twig dieback occur, and if the
canker encircles the trunk the tree will die.
P. citricola can be isolated from feeder
roots, cankers, and soil from beneath in-
fected avocado trees.

Fosetyl-Al is a systemic anti-Oomycete
fungicide and is used worldwide to control
diseases caused by members of the Pero-

Corresponding author: Z. A. El-Hamalawi
E-mail: plpath@ucrvms

Accepted for publication 4 April 1995.

© 1995 The American Phytopathological Society

770 Plant Disease/Vol. 79 No. 8

nosporales, especially root and crown rots
caused by various soilborne Phytophthora
species and foliar diseases caused by some
downy mildews (4,8,11,14,26). Phos-
phonate has been used successfully in
controlling root and heart rot of pineapple
caused by Phytophthora cinnamomi and P
parasitica (33), root rot of avocado caused
by P. cinnamomi (2,10,18,31,32), and
Phytophthora gummosis caused by P
parasitica and P. citrophthora (24). Phos-
phonate activity can be explained by a
combination of both fungitoxicity to Phy-
tophthora and the elicitation of a defense
reaction in the host (19). The importance
of each component depends on the sensi-
tivity of the pathogen to direct inhibition
of growth and sporulation by phosphonate
in the specific environment and on the
strength of the host plant’s defense re-
sponse in the tissue under attack (19).
Several methods of application of fosetyl-
Al have been employed, such as soil
drenching (15), trunk injection (2,10,32),
trunk paint or spray (24), and foliar sprays
(22,34,36).

Fosetyl-Al is more effective than
metalaxyl and copper fungicides for curing
existing avocado stem canker caused by P,
citricola (12). Fosetyl-Al (aluminum tris-
O-ethyl phosphonate, trade name Aliette)
is the first commercially available ambi-
mobile phosphonate fungicide (15,16).
Fosetyl-Al is unique among fungicides in
that it is translocated in both xylem and

phloem. The phloem mobility of the
highly water-soluble phosphonate was
confirmed by its detection in root tissues
following careful foliar application of
fosetyl-Al (9). Fosetyl-Al is short-lived in
both soil and plant tissues, with no detect-
able residues found in plant or soil 2
weeks after soil treatment (28). Once in
aqueous systems in the soil or inside the
plant, fosetyl-Al is rapidly hydrolyzed to
phosphonic acid (syn. phosphorus acid)
(39), which is the active component in
fosetyl-Al. Plants cannot readily oxidize
phosphonate to phosphate (23). The phos-
phonate anion is extremely inhibitory to
critical stages in the life cycles of certain
Phytophthora spp., especially to sporula-
tion (30).

The objective of this study was to
evaluate several methods of fosetyl-Al
application for their effects on the level
and persistence of phosphonate in avocado
plant tissues and on the efficacy of fosetyl-
Al for controlling stem canker disease of
avocado.

MATERIALS AND METHODS

Materials. Avocado seedlings of the
cultivar Topa Topa were grown from seeds
planted in UC No. 4 soil mix (25) in plas-
tic liners (5.5 x 11.0 cm) with perforated
bases for drainage at 24 + 2°C in the
greenhouse. After 6 weeks, seedlings were
transplanted into 4- or 20-liter pots con-
taining the same soil mix, watered with
dilute (14%) Hoagland’s solution (38) as
needed. Plants of Persea indica L., a non-
commercial close relative of avocado that
is extremely susceptible to Phytophthora
infection, were grown from seed in the
same greenhouse in flats containing sand.
Forty-five days after sowing, Persea indica
seedlings were transplanted individually
into 4-liter pots containing UC No. 4 soil
mix. All plants were maintained in the
greenhouse before being used in the study.

Fosetyl-Al (Aliette, 80% a.i.) was ob-
tained from Rhone-Poulenc Agric. (Mon-
mouth, NJ), and Tree Seal (Asphaltum
45%, siliceous material 15%, water 40%)
was purchased from Morrison’s Orchard
Supplies (Yuba City, CA). Fosetyl-Al paint
(0.5 g Aliette; 0.4 g a.i. fosetyl-Al + 1 ml
water), fosetyl-Al:Tree seal formulation
paint (0.5 g Aliette; 0.4 g a.i. fosetyl-Al +
0.5 ml Tree Seal + 0.5 ml water), and the
fungicide preparation applied as a soil
drench (4 g Aliette; 3.2 g a.i. fosetyl-Al
per liter) were prepared immediately be-
fore use.



Preparation of inoculum and inocu-
lation method. P. citricola isolate (cc-6)
was originally isolated from cankers on
avocado trees. Stock cultures were main-
tained on slants of V8C-agar medium (12)
and stored at 18°C in the dark. Fresh cul-
tures were grown on V8C-agar plates in-
cubated at 24°C in the dark. To maintain
the pathogen’s virulence, avocado seed-
lings were inoculated and the pathogen
was reisolated monthly from colonized
bark tissue by plating on a selective
PARPH (27) agar medium. Cultures were
examined microscopically to confirm the
identity of P. citricola using the taxonomic
key of Stamps et al. (37). Inoculation of
the stems of avocado plants was made by
removing a disk from the bark using a
cork borer (4 mm diameter) to expose the
cambium on which a culture agar plug (4
mm) of P, citricola was placed. The wound
was moistened with a drop of water after
inoculation and wrapped with a strip of
Parafilm. Disease incidence and canker
development were assessed 2 weeks after
inoculation by measuring lesion areas in
square centimeters (12). Each canker size
is the mean of two experiments, each with
10 plants and four different inoculation
sites per plant.

Phosphonate determination. High-per-
formance liquid chromatography (HPLC)
was used to determine phosphonate in the
avocado tissue samples. All chromato-
graphic equipment, column and reagents
(21) were obtained from Alltech (Deer-
field, IL). Bark strips (5 cm long) were
collected at distances of 30, 60, 90, 120,
and 150 cm above the fungicide-treated
sections of the avocado stem. The bark
samples were chopped finely with a razor
blade and combined, and a 1-g sample was
taken representing the overall plant for the
fungicide analysis. Washed roots or leaves
were chopped finely, and a 1-g sample was
taken from the roots or leaves to represent
the plant tissue. Plant samples were placed
in a round-bottomed centrifuge tube con-
taining 10 ml of 10 mM succinic acid, pH
3.5. Samples were macerated using a tis-
sue homogenizer at medium speed for 30
s, centrifuged at 15,000 rpm in a Sorvall
RC-5B centrifuge (Ivan Sorvall, Inc., Nor-
walk, CT) for 20 min, and filtered through
a 0.45-ym millipore membrane with a
syringe. An aliquot of the sample prepared
for phosphonate residual analysis (100 pl)
was injected into the LC module with 10
mM succinic acid, pH 3.5, as mobile
phase, at a flow rate of 1.0 ml/min. Phos-
phonate standard was prepared to cover a
range of 5 to 50 ppm. Each phosphonate
determination is the mean of two experi-
ments with five plants each.

Methods of fungicide application. In
all fungicide application experiments, 10
avocado plants were used for each data
point and each experiment was performed
twice. In order to facilitate the diffusion of
the fungicide into plant tissue, stem sec-

tions (30 cm long) located 20 cm above
the soil line were prepared for fungicide
paint application by using one of the fol-
lowing methods: (i) light scraping: remov-
ing the cuticle and part of the epidermis
around the circumference of the stem with
a razor blade; (ii) heavy scraping: remov-
ing the cuticle, epidermis, and outer layer
of bark around the circumference of the
stem; (iii) scraping in a fish-scale-like
pattern: making incomplete cuts through
the bark (30-cm-long sections) around the
circumference of the stem to form small
grooves, with the unattached ends of the
scales oriented upward (Fig. 1). When
using the fungicide as a paint on a preex-
isting stem canker, the canker and a sur-
rounding margin of healthy tissue (5 cm
wide) were scraped either lightly or heav-
ily, as described.

The previously scraped areas of healthy
or cankered stems of avocado plants were
painted with either fosetyl-Al, fosetyl-Al
followed by Tree Seal, or fosetyl-Al:Tree
Seal formulation in thin layers, using a
brush. The fungicide paint was applied to
cover the area of scraped stem or cankers
and surroundings approximately 10 to 20
cm above and below the margins. The
amounts of fungicide paint used were 3
and 6 g for 8- to 12-month-old and 18-
month-old avocado plants, respectively.

Soil drench experiments were per-
formed on 8-month-old Persea indica and
Persea americana and 18-month-old Per-
sea americana avocado plants grown in 4-
and 20-liter pots, respectively. Each avo-
cado plant was drenched with either 500
ml per pot (8-month-old plants) or 1 liter
per pot (18-month-old plants) of the fungi-
cide preparation. Each plant received half
the amount of the fungicide preparation
initially, followed by the other half 2 h
later. Saucers were placed under the pots
for 1 day to prevent the fungicide loss.
Two days after fungicide application, the
plants were irrigated regularly. All the
experiments in the study were performed
twice and are described as follows:

Experiment 1. The objective of the ex-
periment was to evaluate the effect of
fungicide paint on scraped active stem
cankers and the development of stem can-
ker caused by new P. citricola inoculations
made after the fungicide application. The
experimental design was a three-factor
factorial: (i) fungicide treatment as a stem
paint with three levels (control, fosetyl-Al,
and fosetyl-Al:Tree Seal formulation), (ii)
stem preparation with two levels of scrap-
ing (light and heavy), and (iii) time of
inoculation with seven levels (1, 2, 3, 4,
and 5 weeks and 5 and 6 months after
fungicide application). Persea americana
plants, 10 months old, were stem inocu-
lated with P. citricola as described above.
The plants were maintained under green-
house conditions for a 2-month period
during which the cankers expanded (12 to
18 cm long) and developed on the stems.

The canker and a surrounding margin of
healthy tissue (5 cm wide) were scraped
either lightly or heavily and painted with
either fosetyl-Al paint or fosetyl-Al:Tree
Seal formulation as previously described.
Because scraping the canker obliterated
the margins of the canker, measurements
of the sizes of cankers were not made.
Instead, isolations were made onto the
PARPH agar from the region of the canker
at0,1, 2, 3,4, and 5 weeks and 5 and 6
months after fungicide application. The
stems of the plants received new inocula-
tions with P. citricola at 0, 1, 2, 3, 4, and 5
weeks and 5 and 6 months after the fungi-
cide had been applied as described. Two
weeks after inoculation, disease was as-
sessed. The phosphonate concentrations in
the stem bark were determined 5 and 6
months after fungicide treatment by using
HPLC, as described above. The data for
inoculations at 1 to 5 weeks were statisti-
cally analyzed separately from those in-
oculations at 5 and 6 months.

Experiment 2. To evaluate the effect of
fungicide applied as paint on heavily
scraped avocado stems prior to infection
on disease development and phosphonate
concentrations in the plant tissues, an ex-

Fig. 1. Stem of 8-month-old Persea americana
cv. Topa Topa plant cut in a fish-scale-like
pattern by making incomplete cuts through the
bark (30-cm-long section) around the circum-
ference of the stem to form small grooves with
the unattached ends of the scales oriented up-
ward.
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periment was designed as a two-factor
factorial: (i) fungicide treatment as a stem
paint with four levels (control, fosetyl-Al,
fosetyl-Al followed by Tree Seal, and
fosetyl-Al:Tree Seal formulation), and (ii)
time of inoculation with three levels (3, 6,
and 9 weeks after fungicide application).
The stems of 8-month-old Persea ameri-
cana plants were heavily scraped and then
painted either with 3 g of fosetyl-Al paint
per plant or fosetyl-Al paint followed by
Tree Seal or fosetyl-Al:Tree Seal formula-
tion as described above. At 3-week inter-
vals after fungicide application, plants
were stem inoculated with P citricola.
Phosphonate was determined in the stem,
leaf, and root tissues of inoculated plants
by using HPLC. Disease development was
assessed 2 weeks after inoculation, and a
sample of the inoculation site was cultured
on PARPH agar.

Experiment 3. The objective of the ex-
periment was to evaluate the effect of

fungicides applied as paint to stem scraped
in a fish-scale-like pattern on stem canker
development and tissue phosphonate lev-
els. The treatment, designed as two-factor
factorial, included: (i) fungicide treatment
as a stem paint with three levels (control,
fosetyl-Al, and fosetyl-Al:Tree Seal for-
mulation), and (ii) time of inoculation with
six levels (1, 2, 3, 4, 12, and 20 weeks
after fungicide application). The stem bark
of a group of 12-month-old Topa Topa
plants was cut in a fish-scale-like pattern,
then painted with the fungicide. Stem in-
oculation with P. citricola and the deter-
mination of the residual phosphonate in
the stem bark were performed 0, 1, 2, 3, 4,
12, and 20 weeks after the fungicide
treatment. At each inoculation time, bark
samples were taken to determine phos-
phonate levels. Two weeks after each in-
oculation, the canker size was assessed and
a sample of the inoculation site was cul-
tured on PARPH agar to detect P. citricola.

Table 1. Effects of application of fosetyl-Al or fosetyl-Al:Tree Seal formulation as a paint over
scraped stem cankers of Phytophthora citricola on 12-month-old Persea americana cv. Topa Topa
plants on the development of canker caused by new inoculations made after fungicide application

Canker size (cm?)* on scraped® and fungicide-treated* stems

Inoculation Light scraping

Heavy scraping

(weeks after Fosetyl-Al: Fosetyl-Al:
treatment) Control  Fosetyl-Al  Tree Seal Control  Fosetyl-Al  Tree Seal
1 19.00 1.13 0.48 30.84 0.10 0.00
2 16.38 0.98 0.40 28.31 0.08 0.00
3 17.33 0.80 0.28 24,18 0.05 0.00
4 19.84 0.70 0.08 26.39 0.00 0.00
5 15.67 0.30 0.19 23.25 0.00 0.00
Mean 17.65 0.78 0.29 26.59 0.05 0.00

® Canker size is the mean of two experiments, each with 10 plants and four inoculation sites per
plant; canker areas were measured 2 weeks after inoculation and averaged for all sites. When canker
was zero, P, citricola was not recovered on Phytophthora selective PARPH media.

b The stem canker was scraped along the circumference of the stem by removing the cuticle and part
of the epidermis (light scraping) and the outer layer of the bark (heavy scraping).

¢ Each avocado plant received 3 g of the fosetyl-Al paint (0.4 g a.i. fosetyl-Al + 1 ml water) or fose-
tyl-Al:Tree Seal formulation (0.4 g a.i. fosetyl-Al + 0.5 ml water + 0.5 g Tree Seal) to cover the
scraped lesion.

Table 2. Effects of fosetyl-Al or fosetyl-Al:Tree-Seal formulation as a paint on scraped cankers of
Phytophthora citricola on 12-month-old Persea americana cv. Topa Topa on phosphonate (PHO;2)
concentration in stem bark and on cankers caused by new inoculations made 5 and 6 months after
fungicide treatment

Inoculation Canker size (cm?)® PHO;? (ug/g fresh wt)*
Stem (mo after Fosetyl-Al: Fosetyl-Al:
scraping® treatment)  Control  Fosetyl-Al®  Tree Seal® Fosetyl-AlY  Tree Seal?
Light 5 18.58 2.80 2.62 17.70 17.83
6 20.50 12.10 11.24 5.24 6.94
Mean 19.54 7.45 6.93 11.47 12.39
Heavy 5 25.70 217 0.00 23.10 246.53
6 27.38 6.56 0.00 10.21 129.00
Mean 26.54 4.36 0.00 16.66 187.77

® The stem was scraped with a razor blade to remove the cuticle and part of the epidermis (light
scraping) and the outer layer of the bark (heavy scraping).

b Canker size is the mean of two experiments, each with 10 plants and four inoculation sites per
plant. When canker size was zero, P. citricola was not recovered on Phytophthora PARPH agar.

¢ Phosphonate level is the average of two experiments, each with five replicates. Moisture content of
stem bark was 73%.

4 Each avocado plant received 3 g of the fosetyl-Al paint (0.4 g a.i. fosetyl-Al + 1 ml water) or fose-
tyl-Al:Tree Seal formulation (0.4 g a.i. fosetyl-Al + 0.5 ml water + 0.5 g Tree Seal) to cover the
scraped lesion.
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Experiment 4. The objective of the ex-
periment was to evaluate the effect of
fungicide application as a soil drench on
stem canker development and phosphonate
concentrations in the tissues of Persea
indica and Persea americana. The treat-
ment design was a three-factor factorial
and included: (i) avocado species with two
levels (Persea indica and Persea ameri-
cana), (ii) fungicide treatment with two
levels (control and fosetyl-Al), and (iii)
time of inoculation with five levels (3, 6,
9, 12, and 15 weeks after fungicide appli-
cation). At 3-week intervals after fungicide
application, plants were stem inoculated
with P, citricola, and the phosphonate was
determined in the stem, leaf, and root tis-
sues. Two weeks after inoculation, the
disease development was assessed and
samples of the inoculation sites were cul-
tured on PARPH agar,

Experiment 5. The objective of the ex-
periment was to compare stem paint and
soil drench applications of fosetyl-Al on
tissue phosphonate levels and stem canker
development. The treatment design was a
two-factor factorial: (i) fungicide treatment
with three levels (control, stem paint, and
soil drench), and (ii) time of inoculation
with five levels (3, 6, 9, 12, and 15 weeks
after fungicide application). Persea ameri-
cana plants (18 months old) grown in 20-
liter pots were divided into two groups: the
first group of plants was drenched with 1
liter of fosetyl-Al preparation as previ-
ously described. The stems of the second
group of plants were cut in a fish-scale-
like pattern and then painted with 6 g of
fosetyl-Al paint per plant. At 3-week in-
tervals after fungicide application, plants
were stem inoculated with P. citricola and
the phosphonate was determined in stem,
leaf, and root tissues. The disease devel-
opment was assessed 2 weeks after inocu-
lation, and samples of the inoculation sites
were cultured on PARPH agar.

Statistical analysis. The experimental
design used throughout the study was
completely randomized. The design of the
treatments was either a two-factor or a
three-factor factorial. There were 10 repli-
cate plants for each treatment combination.
Canker size and phosphonate concentra-
tion were transformed to logarithms to
homogenize the variance. Any treatment
combination for which no cankers devel-
oped for any of the replicate plants was
excluded from the calculation of the error
term. Analysis of variance was done to test
all main effects and interactions. Single
degree of freedom contrasts were done to
test for mean separation, linear or quad-
ratic trends over time, and specific inter-
action effects. Data were analyzed with the
general linear models procedure (GLM)
using the SAS computer program (35).

RESULTS
Fosetyl-Al as a paint on stem cankers
(experiments 1, 2, and 3). Fungicide



paint application on either lightly or heav-
ily scraped active stem cankers (experi-
ment 1) was effective in controlling treated
cankers. One week after application of
either fosetyl-Al or fosetyl-Al:Tree Seal
formulation on scraped active stem cankers
on 12-month-old Persea americana plants,
cankers ceased to expand and P. citricola
was not recovered from canker sites. This
curative effect was confirmed by the
absence of P. citricola over a 6-month
period (the duration of the experiment)
following the fungicide treatment.
Fungicide treatments were also effective
in protecting the avocado plants against
new stem infections, since either very
small or no cankers developed after inocu-
lations with P. citricola at sites distant
from the fungicide-treated cankers (Tables
1 and 2). Analysis of variance of canker
size indicated no significant interaction
with experiment and no significant differ-
ence between experiments. All other main
effects and interactions were significant
(Tables 3 and 4). Cankers were signifi-
cantly larger for untreated stems than for
the stems treated with fungicide. The fun-
gicide application as a stem paint to heav-
ily scraped stems of 12-month-old Persea
americana was more effective in control-
ling P, citricola stem cankers than fungi-
cide applied to lightly-scraped stems
(Tables 1 and 2). The interaction of scrap-
ing by fungicide treatment was significant,
since heavy scraping resulted in the devel-
opment of larger cankers than light scrap-
ing for the untreated stems but showed the
reverse effect for the two fungicide treat-
ments of fosetyl-Al. The fungicide by
scraping by week interaction was also
significant. One component of this signifi-
cant interaction was the fact that heavy
scraping combined with fosetyl-Al:Tree
Seal formulation treatment showed no
trend over the course of the experiment,
since cankers were not formed (Table 1).
The other five combinations of scraping by
fungicide treatments showed a general
trend toward decreasing canker size over
the length of the experiment (Table 3).
Canker size changed from 19 to 15.7 cm?
for the untreated control with light scrap-
ing but from 30.8 to 23.3 cm? for heavy
scraping for inoculations done 1 to 5
weeks after fungicide treatment (Table 1).
The linear trend over weeks for heavy
scraping was not significant compared to
light scraping for the two treatments with
fosetyl-Al but was the reverse for the con-
trol, which showed a greater decrease in
canker size over time with heavy scraping
than with light scraping (Tables 1 and 3).
Treating heavily scraped stems with
fosetyl-Al:Tree Seal formulation (experi-
ment 1) completely protected avocado
plants against the stem canker for a 6-
month period (the duration of the experi-
ment), and P. citricola was not recovered
from the inoculation sites. Using fosetyl-
Al alone resulted in significantly less pro-

tection (76% protection) after the same
period of time (Tables 2 and 4). On lightly
scraped stems, the decline in the protective
effect of both fosetyl-Al and fosetyl-
Al:Tree Seal formulation was evidenced
by the significantly larger canker size at 6

than at 5 months (Table 2). When fosetyl-
Al alone, fosetyl-Al followed by Tree Seal,
or fosetyl-Al:Tree Seal formulation was
applied as a paint on heavily scraped stem
sections of 8-month-old Persea americana
(experiment 2), no stem cankers developed

Table 3. Summary of analysis of variance and contrasts? for the effect of application of fosetyl-Al or
fosetyl-Al:Tree Seal formulation as a paint over scraped stem cankers of Phytophthora citricola on
12-month-old Persea americana cv. Topa Topa plants on the development of canker caused by new
inoculations made after fungicide application

Source of variation drb F value® Prob>F
Experiment? 1 0.01 0913
Week 4 49.59 0.000
Scraping treatment 1 156.09 0.000
Fungicide treatment 2 >999.99 0.000
Control vs. fungicide treatment 1 >999.99 0.000
Fosetyl-Al vs. fosetyl-Al: Tree Seal 1 219.72 0.000
Scraping x week 4 9.07 0.000
Scraping x fungicide 2 744.76 0.000
Scraping for control 1 524.94 0.000
Scraping for fosetyl-Al 1 916.64 0.000
Scraping for fosetyl-Al:Tree Seal 1 204.27 0.000
Fungicide x week 8 8.90 0.000
Scraping x fungicide x week 8 12.44 0.000
Linear regression with time for
Light scraping control 1 5.11 0.024
Light scraping fosetyl-Al 1 86.16 0.000
Light scraping fosetyl-Al:Tree Seal 1 66.77 0.000
Heavy scraping control 1 50.26 0.000
Heavy scraping fosetyl-Al 1 9.10 0.003
Heavy scraping fosetyl-Al:Tree Seal 1 0.00 1.000

2 Statistical analysis of data given in Table 1.

® Error df = 414.

¢ Canker size + 1 transformed to logs for analysis.

d All interactions with experiment were not significant and they were not included in the table.

Table 4. Summary of analysis of variance and contrasts® for the effect of fosetyl-Al or fosetyl-
Al:Tree-Seal formulation as a paint on scraped cankers on 12-month-old Persea americana cv. Topa
Topa on phosphonate (PHO;2) concentration in stem bark and on canker caused by Phytophthora
citricola made 5 and 6 months after fungicide treatment

Canker size® Residual phosphonate®
Source of variation df¢  Fvalue Prob>F df¢ Fvalue Prob>F
Experimentd 1 0.04 0.845 1 0.45 0.506
Month 1 610.28 0.000 1 271.97 0.000
Scraping treatment 1 776.10 0.000 1 938.75 0.000
Fungicide treatment 2 >999.99 0.000 1 612.98 0.000
Control vs. fungicide 1 >999.99 0.000 . -
Fosetyl-Al vs. fosetyl-Al:Tree Seal 1 698.34 0.000
Scraping x month 1 135.02 0.000 1 7.61 0.008
Fungicide x month 2 144.50 0.000 1 291 0.093
Scraping x fungicide 2 752.75 0.000 1 494.04 0.000
Light scraping
Control vs. fungicide 1 874.67 0.000 e . .
Fosetyl-Al vs. fosetyl-Al:Tree Seal 1 1.52 0.219 1 3.20 0.078
Heavy scraping
Control vs. fungicide 1 >999.99 0.000 e .. .
Fosetyl-Al vs. fosetyl-Al:Tree Seal 1  >999.99 0.000 1 >999.99 0.000
Scraping x fungicide x month 2 51.45 0.000 1 80.44 0.510
5-mo vs. 6-mo
Light scraping
Control 1 2.21 0.139
Fosetyl-Al 1 409.50 0.000 1 118.82 0.000
Fosetyl-Al:Tree Seal 1 405.27 0.000 1 72.78 0.000
Heavy scraping
Control 1 1.15 0.285
Fosetyl-Al 1 198.83 0.000 1 55.92 0.000
Fosetyl-Al:Tree Seal 1 0.00 1.000 1 41.41 0.000

2 Statistical analysis of data given in Table 2.

® Canker size + 1 and residual phosphonate + 1 transformed to logs for analysis.

¢ Error df = 190 and 64 for canker size and residual phosphonate, respectively.

¢ All interactions with experiment were not significant and they were not included in the table.
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and P. citricola was not recovered on
PARPH agar during a 9-week duration of
the experiment.

The application of fosetyl-Al alone as a
paint on stem bark cut in a fish-scale-like
pattern (experiment 3) was slightly more
effective in protecting 12-month-old Per-
sea americana plants against P. citricola
than fosetyl-Al:Tree Seal formulation. The
effect of fosetyl-Al alone lasted for a 20-
week period (the duration of the experi-
ment, Table 5), while fosetyl-Al:Tree Seal
formulation did not prevent canker devel-
opment after 12 weeks of fungicide treat-
ment. The analysis of variance showed that
applying fosetyl-Al alone was significantly
more effective in controlling stem canker
development compared with fosetyl-
Al:Tree Seal formulation (Table 6). The

treatments resulted in 100% inhibition
after 4 weeks with fosetyl-Al and after 12
weeks with fosetyl-Al:Tree Seal formula-
tion (Table 5). The linear and quadratic
regressions of canker size with time were
not significant for the control, but they
were significant for either fungicide treat-
ment (Table 6).

Soil drench of fosetyl-Al on stem can-
kers (experiments 4 and 5). The applica-
tion of fosetyl-Al as a soil drench
(experiment 4) was also effective in pro-
tecting 8-month-old avocado plants against
stem canker disease caused by P. citricola.
Fifteen weeks after fungicide application,
Persea americana plants were still resis-
tant to P citricola, while Persea indica
developed small cankers after 9 weeks of
the fungicide treatment (Table 7). The

Table 5. Levels of phosphonate in stem bark of 12-month-old Persea americana cv. Topa Topa fol-
lowing application of fosetyl-Al or fosetyl-Al:Tree Seal formulation as a paint on stem bark cut in a
fish-scale-like pattern® and the effect of residual phosphonate on disease incidence and stem canker
development caused by Phytophthora citricola

Canker size® (cm?) Phosphonate (ug/g fresh wt)d

Fosetyl-Al: Fosetyl-Al:
TimeP (wk) Control Fosetyl-Al® Tree Seall Fosetyl-Al® Tree Sealf
1 26.59 5.92 9.05 9.85 8.32
2 28.34 2.50 4.00 16.53 13.54
3 22.60 0.13 1.45 23.55 17.35
4 25.27 0.00 0.30 32.20 19.80
12 27.42 0.00 0.00 54.80 26.90
20 24.95 0.00 491 32.65 11.84
Mean 25.86 1.43 3.28 28.76 16.29

2 Incomplete cuts were introduced to the bark around the circumference of the stem to form small
grooves in a fish-scale-like pattern.

® Time of phosphonate determination and inoculation by P. citricola after fungicide application.

¢ Canker size is the mean of two experiments, each with 10 plants. When canker size was zero, P,
citricola was not recovered on Phytophthora PARPH agar.

9 Phosphonate level is the mean of two experiments, each with five replicates. The moisture content
of the stem bark was 73%.

¢ Each plant received 3 g of fosetyl-Al paint (0.4 g a.i. fosetyl-Al + 1 ml water).

f Each plant received 3 g of fosetyl-Al:Tree Seal formulation (0.4 a.i. fosetyl-Al + 0.5 g Tree Seal +
0.5 ml water).

Table 6. Summary of analysis of variance and contrasts? for the levels of phosphonate in stem bark of
12-month-old Persea americana cv. Topa Topa following application of fosetyl-Al or fosetyl-Al:Tree
Seal formulation as a paint on stem bark cut in a fish-scale-like pattern and the effect of residual
phosphonate on disease incidence and stem canker development caused by Phytophthora citricola

Canker size? Residual phosphonate®
Source of variation df¢ F value Prob > F df F value Prob > F
Experimentd 1 0.27 0.602 1 0.09 0.768
Week 5 491.24 0.000 5 127.48 0.000
Fungicide treatment 2 >999.99 0.000 1 200.48 0.000
Control vs. fungicide 1 >999.99 0.000
Fosetyl-Al vs. fosetyl-Al:

Tree Seal 1 556.50 0.000 1 25.00 0.000
Fungicide x week 10 166.97 0.000 5 17.48 0.000
Regression with time

Control, linear 1 0.03 0.869
Quadratic 1 0.33 0.564
Fosetyl-Al, linear 1 644.21 0.000 1 237.80 0.000

Quadratic 1 500.75 0.000 1 223.86 0.000
Fosetyl-Al vs. fosetyl-Al:

Tree Seal, linear 1 19.17 0.000 1 5.99 0.016

Quadratic 1 >999.99 0.000 1 200.38 0.000

* Statistical analysis of data given in Table 5.

® Canker size + 1 and residual phosphonate + 1 transformed to logs for analysis.

¢ Error df = 252.

4 All interactions with experiment were not significant and they were not included in the table.
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fungicide applied as a soil drench
(experiment 5) prevented stem infection of
18-month-old Persea americana for 9
weeks and showed a protective effect that
lasted for the 15-week duration of the
experiment (83.35% canker inhibition
after 15 weeks, Table 8). The fungicide
application as a stem paint prevented can-
ker development throughout the 15-week
duration of the experiment. In all cases
where no lesions developed, P. citricola
was not recovered. The fungicide applied
as a stem paint was more efficacious than
soil drench in controlling stem canker
(Table 8).

Phosphonate levels in fungicide-
treated avocado tissues (experiments 1
to 5). The phosphonate levels in the plant
tissues varied according to the method of
fungicide application and the time follow-
ing the fungicide treatment. Analysis of
variance of the phosphonate concentra-
tions showed no significant interaction
with experiment and no significant differ-
ence between experiments. There was no
significant difference in the phosphonate
level of the stem bark (experiment 1) after
the application of either fosetyl-Al alone
or fosetyl-Al:Tree Seal formulation as a
paint on lightly scraped stem bark (Tables
2 and 4). The fosetyl-Al:Tree Seal formu-
lation resulted in significantly higher re-
sidual phosphonate in the bark than fose-
tyl-Al alone when the fungicide was
applied on heavily scraped stems (Table
4). Six months after fungicide treatment of
a heavily scraped stem, the phosphonate
concentration in the bark with fosetyl-Al
paint was only 8% of that with fosetyl-
Al:Tree Seal formulation (Table 2). Also,
the concentration of phosphonate in the
bark of lightly scraped stems treated with
fosetyl-Al:Tree Seal formulation was only
5% of that on heavily scraped stems (Table
2). The residual phosphonate level in the
bark was the highest with fosetyl-Al:Tree
Seal formulation on heavily scraped stems
and the lowest with fosetyl-Al alone on a
lightly scraped stem.

Applying the fungicide as a paint on
heavily scraped stems of 8-month-old
Persea americana by using either fosetyl-
Al alone, fosetyl-Al followed by Tree Seal,
or fosetyl-Al:Tree Seal formulation (experi-
ment 2) did not result in significant
differences in the phosphonate levels in
the leaves, but did result in significantly
different phosphonate levels in the stem
and the roots (Fig. 2 and Table 9). Fosetyl-
Al:Tree Seal formulation resulted in sig-
nificantly higher phosphonate levels than
Tree Seal applied separately following
fosetyl-Al application in roots and stems
of avocado (Table 9). The analysis of vari-
ance for residual phosphonate levels showed
significant interactions between time and
fungicide treatment in the roots and stems
but not in the leaves. The pattern of change
in phosphonate levels over time, for either
roots or stems, was not significantly differ-



ent between the two treatments with Tree
Seal, but fosetyl-Al alone showed a sig-
nificantly different pattern from the Tree
Seal treatments (Fig. 2). The phosphonate
levels declined over time in stems, with a
slightly steeper rate of decline for the Tree
Seal treatments than for the treatment
without Tree Seal (Fig. 2).

Stem bark cut in a fish-scale-like pattern
(experiment 3) and then treated with fose-
tyl-Al alone showed significantly higher
levels of phosphonate in the bark tissue
after 20 weeks than did those treated with
fosetyl-Al:Tree Seal formulation (Table 5).
Analysis of variance of phosphonate con-
centration indicated no significant interac-
tion with experiment and no significant
differences between experiments (Table 6).
The phosphonate level in the stem bark
after the fungicide application as a paint
on stems cut in a fish-scale-like pattern
increased with time and reached its maxi-
mum 12 weeks after the treatment (Table
5). After applying fosetyl-Al as a soil
drench to 8-month-old Persea indica and
Persea americana (experiment 4), the
phosphonate levels were significantly
higher in the stem bark of Persea ameri-
cana after 3 weeks compared with Persea
indica (Tables 7 and 10). The residual
phosphonate (experiment 4) was signifi-
cantly higher in the stems and leaves of
Persea americana compared to Persea
indica (Tables 7 and 10). There was no
significant difference in residual phos-
phonate in the roots of Persea americana
and of Persea indica (Table 10). Six weeks
after the fungicide treatment there was no
significant difference in phosphonate lev-
els in the stem bark of both avocado spe-
cies. Fifteen weeks after treatment, Persea
americana plants were still resistant to P,
citricola, while Persea indica developed
small cankers 9 weeks after the fungicide
treatments (Table 7).

The phosphonate levels of all plant tis-
sues tested after fungicide application as a
paint on bark cut in a fish-scale-like pat-
tern (experiment 5) were higher compared
to that of the tissues of plants treated with
fungicide as a soil drench (Tables 8 and
11). Six to 15 weeks after fungicide appli-
cation, the phosphonate concentration was
lowest in the roots and highest in the
leaves in both methods of fungicide appli-
cation (Table 8). The time required for the
residual phosphonate to reach its maxi-
mum level was 6 weeks when applying the
fungicide as a paint on stem bark cut in a
fish-scale-like pattern and 3 to 6 weeks for
soil drench treatment (Tables 7 and 8). The
correlation analysis showed a strong nega-
tive correlation (r = —-0.99) between phos-
phonate concentration and time. The per-
cent inhibition of canker development
increased as the level of phosphonate in-
creased in the bark. The correlation analy-
sis showed a strong negative correlation (r
= -0.978) between phosphonate level and
canker size (Fig. 3). Stem bark phos-

phonate concentration of 21 pg/g fresh
tissue bark is required to completely
inhibit cankers caused by P. citricola.

DISCUSSION

This study showed that the application
of fosetyl-Al as a stem paint on heavily
scraped active stem cankers was effective
in curing the existing infections and pro-
tecting avocado plants against new infec-
tions. Scraping cankerous tissues is one of

the cultural practices growers use to re-
move active cankers with the intention of
curing diseased avocado trees. However,
canker scraping alone greatly increased P.
citricola canker disease since it resulted in
rapid movement of the pathogen through
the phloem, spreading the disease to the
rest of the tree (13). It is recommended to
use the scraping technique only when fol-
lowed by fosetyl-Al application as a stem
paint for curing diseased plants. While

Table 7. Levels of phosphonate in the tissues of 8-month-old plants of Persea indica and Persea
americana cv. Topa Topa following application of fosetyl-Al as a soil drench? and the effect of resid-
ual fungicide on disease incidence and stem canker development caused by Phytophthora citricola

Phosphonate (ug/g fresh wt) Canker size (cm?)4

Plant species Time (wk)P Root Stem Leaves Control Treated
Persea indica 3 283.0 211.6 130.1 140.1 0.0
6 237.5 139.5 2135 150.3 0.0
9 200.1 111.6 146.7 98.2 0.2
12 140.0 75.0 98.3 75.5 0.5
15 79.4 51.4 71.3 67.9 1.0
Mean 187.97 117.65 133.27 106.4 0.3
Persea americana 3 308.8 571.6 621.7 243 0.0
6 193.9 148.6 428.5 219 0.0
9 180.7 112.5 297.0 22.7 0.0
12 163.0 101.8 227.8 18.0 0.0
15 90.2 88.2 140.1 15.0 0.0
Mean 187.35 204.52 343.13 20.4 0.0

 The fungicide treatment consisted of a 500-ml (3.2 g a.i. fosetyl-Al/liter water) per 4-liter pot ap-
plied as soil drench.

® Time of phosphonate determination and inoculation by P. citricola after fungicide application.

¢ Phosphonate level is the mean of two experiments with five replicates each. The moisture contents
of the stem bark, roots, and leaves were 74, 86, and 86%, respectively.

4 Canker size is the mean of two experiments, each with 10 plant replicates and four inoculation sites.
When canker was zero, P. citricola was not recovered on Phytophthora PARPH agar.

Table 8. Levels of phosphonate in tissues of 18-month-old Persea americana cv. Topa Topa plants
following application of fosetyl-Al as a soil drench or as a stem paint after cutting the bark in fish
scale-like pattern and effects of residual fungicide on disease incidence and stem canker development
caused by Phytophthora citricola

Phosphonate (ug/g fresh wt)® Canker size

Fungicide treatment Time (wk)? Root Stem Leaves (cm?)*
Stem paint! 3 54.9 60.6 256.1 0.0
6 80.0 202.8 320.0 0.0
9 67.8 190.0 401.9 0.0
12 43.0 151.2 260.8 0.0
15 16.0 82.4 119.3 0.0
Mean 523 137.4 271.7 0.0
Soil drench® 3 36.4 30.2 126.5 0.0
6 48.9 92.5 191.7 0.0
9 220 50.2 108.2 0.0
12 9.5 13.8 42.5 2.0
15 6.0 9.7 26.3 43
Mean 24.55 39.27 99.0 13
Control 3 30.0
6 27.1
9 41.2
12 30.7
15 252
Mean 30.8

2 Time of phosphonate determination and inoculation by P. citricola after fungicide treatment.

® Phosphonate level is the mean of two experiments, each with five replicates. The moisture contents
of root, stem bark, and leaves were 88, 73, and 85 %, respectively.

¢ Canker size is the mean of two experiments, each with 10 plants and four inoculation sites per
plant. When canker size was zero, P. citricola was not recovered on Phytophthora selective PARPH
agar.

4 The stem bark of each plant was cut in a fish-scale-like pattern, then painted with 6 g of fungicide
paint (0.4 g a.i. fosetyl-Al + 1 ml water) using a brush.

¢ Plants grown in 20-liter pots received 1-liter of fungicide preparation (3.2 g a.i. fosetyl-Al/liter).
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scraping young plants with a razor blade
may not completely reflect field treat-
ments, the intent was to duplicate treat-

Table 9. Summary of analysis of variance and contrasts® for the levels of residual phosphonate in the
tissues of 8-month-old Persea americana cv. Topa Topa plants following the application of fosetyl-Al
or fosetyl-Al:Tree Seal formulation as a paint on heavily scraped stems

ments carried out by growers with an ax or Roott Stem® Leavest
:u;?:i)l}et;i:r;tzla;)gleir:f;zzs\téntl‘izte g 2::;{11-{‘:; Source of variation df® Fvalue Pr>F Fvalue Pr>F Fvalue Pr>F
treatments to control P citricola canker  Experimentd 1 0.00  0.959 012 0732 0.00 0981
can be greatly facilitated by scraping or  Week 2 1175 0000  887.85 0000  40.87  0.000
cutting the bark in a fish-scale-like pattern Linear ) 1 6.60 0.012  >999.99  0.000 81.55 0.000
before applying the fungicide. Qqa@ranc 1 16.89 0.000 4574  0.000 0.20 0.657
pplying g1cl Fungicide treatment 2 577  0.005 4298  0.000 073  0.483

The phosphonate levels in avocado plant Fosetyl-Al vs. fosetyl-
tissues and the protective effects of phos- Al with Tree Seal 1 692  0.010 7.65  0.000 1.73 0.153
phonate against infection by P. citricola Fosetyl-Al followed by
seemed to be affected by: (i) the method of Tree Seal vs. fosetyl-
fungicide application, (ii) fungicide con- A'l:.Tl‘ee Seal 1 4.61 0.030 57.43 0.000 1.07 0.305
Centration and formulation, (lll) method Of Funglclde x week 4 2.52 0.048 28.54 0.000 0.40 0.529

. . . Fosetyl-Al vs. fosetyl-Al
stem preparation before stem paint appli- with Tree Seal X week
cation, and (iv) time following fungicide Linear 1 381 0055 2303 0000 004 0837
application. Applying the fungicide as a Quadratic 1 582 0.018 6.16  0.015 395  0.051
stem paint was about twofold more effec- Fosetyl-Al followed by
tive in delivering the phosphonate into the Tree Seal vs. fosetyl-Al:
plant tissues than the soil drench method Tree Seal x week
(Table 8). Heavy scraping followed by Linear 1 001 0933 008 0779 282  0.098
fosetyl-Al application as a stem paint gave Quadratic 1 0.45 0.504 1.34 0251 0.10 0.753
a higher residual phosphonate than apply- : ;tatist(i;f:al a;x;alysis of data presented in Figure 2.
ITOIr = .

ing the fungicide either after light scraping
or after cutting the stem in a fish-scale-like
pattern. The phosphonate reached its
maximum level in the stem bark in about 3

¢ Residual phosphonate + 1 transformed to logs for analysis.
9 All interactions with experiment were not significant and they were not included in the table.

Table 10. Summary of analysis of variance and contrasts® for the levels of phosphonate in the tissues
of 8-month-old plants of Persea indica and Persea americana cv. Topa Topa following application of
fosetyl-Al as a soil drench and the effect of residual fungicide on disease incidence and stem canker

:;8((: O.Fosety-Al Al development caused by Phytophthora citricola
Fosetyl-AlT.S.. ..... Residual phosphonate®
Root Stem Leaves

Source of variation df® Fvalue Prob>F Fvalue Prob>F Fvalue Prob>F

Experiment? 1 0.00 0.977 0.04 0.840 0.04 0.836
Week 4 328.64 0.000 482.58 0.000 279.70 0.000
Linear 1 >999.99 0.000 >999.99 0.000 >999.99 0.000
Quadratic 1 42.33 0.000 139.54 0.000 64.56 0.000

Plant species 1 0.41 0.523 226.58 0.000 >999.99 0.000

Plant species x week 4 9.38 0.000 48.80 0.000 54.23 0.000
Linear 1 7.24 0.009 13.34 0.000 114.43 0.000
Quadratic 1 12.49 0.000 153.88 0.000 47.06 0.000

2 Statistical analysis of data given in Table 7.

b Error df = 80.

¢ Residual phosphonate + 1 transformed to logs for analysis.

4 All interactions with experiment were not significant and they were not included in the table.

Table 11. Summary of analysis of variance and contrasts® for the levels of phosphonate in the tissues
of 18-month-old Persea americana cv. Topa Topa plants following application of fosetyl-Al as a soil
drench or as a stem paint after cutting the bark in fish-scale-like pattern and effects of residual fungi-
cide on disease incidence and stem canker development caused by Phytophthora citricola

Residual phosphonate®
Root Stem Leaves
Source of variation df® Fvalue Prob>F Fvalue Prob>F Fvalue Prob>F
Week e 4 20 0000 32760 0000 39424 o000
. . . €e. R A . .| . !
£, 2. Lovels of esidua) phosphonate in the Linear 1 97070 0000 20348 0000 >999.99  0.000
;SS“CST° {“°t" ‘;’te 3”;“’ ‘;”’;”“”‘l‘: "f Quadratic 1 22680  0.000 77330  0.000 43844  0.000
f°Pa l?la lf’a"tsl*:“ ‘f Tow :“b TW°° ; ‘;l Fungicide treatment 1 61578  0.000  >999.99  0.000  >999.99  0.000
(‘f’se“t’ . m‘?? Y osetyl AL Trer Seal form.  Fungicide x week 4 3100 0000  113.86  0.000 8295  0.000
Ia‘t’is:ny(f'ose LALT Sy :pyp lication as a paint on Linear 1 4847 0000  331.81 0000  180.68  0.000
heavily scraped stems. Bars of (A) stoms, (B) Quadratic 1 28.10  0.000 124 0269 828  0.005
leaves, and (C) roots are the average of two * Statistical analysis of data given in Table 8.
experiments, each with 10 plants. No stem b Error df = 80.

cankers developed in all cases after Phy-
tophthora citricola inoculation.

¢ Residual phosphonate + 1 transformed to logs for analysis.
4 All interactions with experiment were not significant and they were not included in the table.
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to 6 weeks in all methods of fungicide
application. The high phosphonate ab-
sorption rate and the effectiveness in con-
trolling cankers associated with heavy
scraping are probably due to the direct
exposure of the phloem to the fungicide,
which facilitates fungicide uptake. Al-
though cutting the bark in a fish-scale-like
pattern resulted in phloem exposure, the
extent of surface area exposed to the fun-
gicide was probably less than in the case
of heavy scraping. The level of residual
phosphonate in the tissue was higher when
fosetyl-Al:Tree Seal formulation was ap-
plied as a paint on the scraped stems,
probably because Tree Seal allowed the
fungicide to adhere tightly to the phloem,
resulting in longer contact time for con-
tinuous fungicide uptake. Fosetyl-Al alone
was more effective when applied on fish-
scale-like cuttings, since it apparently was
trapped in pockets, allowing continued
contact of the fungicide with the bark.

Canker size decreased as the level of
phosphonate in the bark increased (R* =
0.957). The results indicated that the re-
sidual phosphonate level required for
complete disease prevention is 21 pg or
higher per g of fresh bark tissue. Fosetyl-
Al and its breakdown product, phos-
phonate, have been experimentally proved
to give protection against diseases caused
by Phytophthora spp. by inducing a num-
ber of physiological changes in the plant
(3). Coffey and Joseph (7) found that
phosphonate was highly inhibitory to criti-
cal stages in the life cycle of P. cinnamomi
such as oospore production, sporangium
production, and zoospore release. Phos-
phonates also inhibited the mycelial
growth of P. citricola (29).

Ethyl phosphonate is hydrolyzed to
ethanol and phosphonic acid in vivo, and
ethyl phosphonate is short-lived in both
soil and avocado tissues, with no detect-
able residues 1 week after foliar applica-

.:‘i- ...................... Y = 4.58 - 0.27 X
] = 0.957
o 34
827
4
20
o1
£°2]
30 4 8 12 16 20 24

Phosphonate (ug/g fresh tissue)

Fig. 3. Correlation between phosphonate con-
centrations in the bark (moisture content =
73%) and the size of cankers developed on
stems of avocado plants after fungicide appli-
cation on scraped stem areas and inoculation
with Phytophthora citricola (see text for details
on fungicide treatment and inoculation proce-
dure). Level of residual phosphonate was de-
termined at the time of each inoculation, and
canker size was measured 2 weeks after inocu-
lation.

tion (20,39). In contrast, Ouimette and
Coffey (29) found high levels of phos-
phonate in avocado plant tissues. Our data
support those of Ouimette and Coffey, in
that phosphonate concentration and its
persistence in plant tissues are factors that
would be expected to play a major role in
the efficacy of fosetyl-Al in controlling
avocado stem canker disease. Six months
after treatment with fosetyl-Al:Tree Seal
formulation as a paint on heavily scraped
stem (Table 2), the residual phosphonate in
the avocado bark was high enough (129.0
pg/g fresh bark) to completely control
stem canker disease. Sandler et al. (34)
also reported a reduction in the lesion size
of Phytophthora gummosis in citrus 30 but
not 60 or 100 days after phosphonate ap-
plication. Once inside avocado plants,
phosphonate appears to be stable. This
phenomenon agrees with the conclusion
presented by Maclntire et al. (23) that
higher plants cannot readily oxidize phos-
phorus compounds to phosphates and that
no growth response was detected in plants
growing in soil where phosphonate was
used as the sole source of phosphorus.

Although there was no significant dif-
ference between the phosphonate levels of
the stem bark of Persea americana and
Persea indica 9 weeks after the fosetyl-Al
application as a soil drench, the fungicide
was more effective in controlling the dis-
ease in Persea americana than in Persea
indica. Since Persea americana is known
to have better resistance to P, citricola than
does Persea indica, their differences in
response to treatment with fosetyl-Al favor
the complex mode of action that included
components of direct antifungal activity
and a stimulated host defense response
from the infected plant.
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