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Abstract

Fruit rot, besides causing losses in production, reduces the final quality of the
product interfering in the commercialization. The objective of this work was
to evaluate the efficiency of alternative products applied to pre-harvest for
control of brown rot (Monilinia fructicola) and soft rot (Rhizopus spp.) In
peaches. The experiment was conducted in the municipality of Nepomuce-
no-MG, in a peach orchard of the cultivar Diamante. The experimental de-
sign was a randomized block design with 7 treatments and 3 replicates, with
field plots formed by 12 plants (arranged in 3 rows), being considered for the
evaluations only the two central plants. Three applications were made at flo-
wering and at 21; 7 and 3 days before harvest, with solutions containing the
following treatments: 1-Clove oil 0.1%; 2-silicate clay 1.5%; 3-Phosphite K
0.20%; 4-Benzalkonium chloride 0.25%; 5-Azoxystrobin 0.02%; 6-Iprodione
0.15%; 7-Witness (water only). Treatments 4 and 5 were applied only at 21
and 7 days before harvest. Ten fruits were selected and placed in sterile trays
under uncontrolled conditions, with disease evaluations at 3 and 6 days after
the beginning of storage in 2005 and at 3; 6 and 9 days in 2006. The iprodione
controlled the incidence of M. fructicola and had no effect on Rhizopus spp.
Clove oil controlled the incidence and severity of M. fructicola by the fifth
day and Rhizopus spp. by the sixth day. The phosphites of k, benzalkonium
chloride and azoxystrobin were efficient in controlling the incidence and se-
verity of Rhizopus spp. and had no effect on M. fructicola.
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1. Introduction

The production of peach in Brazil in the last four decades has achieved a re-
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markable expansion, reducing drastically the import of this fruit. This was poss-
ible thanks to the work developed by the research, such as genetic improvement
and adaptation by means of evaluation of cultivars and cultural treatments, such
as grafting seedlings, pruning systems, breaking of dormancy through chemical
spraying, irrigation use, thinning and protection of fruits through bagging and
spraying [1]. In 2015, Brazil produced around 216 thousand tons, in an area of
17.436 hectares and an average productivity of 12.4 t/ha [2].

Despite the promising future for peach production in Brazil, some post-harvest
diseases may compromise activity. Among them, brown rot (Monilinia fructico-
Ia) and soft rot (Rhizopus spp.), which are the most important and responsible
for damages in the quantity and quality of peach fruits [3] [4] [5].

The control of these diseases is based on a series of preventive measures, be-
ginning in the phases of flowering and pre-harvest with the sanitization of the
orchard and continues in the post-harvest including the chemical treatment of
the fruits [3] [6] [7] [8] [9].

Replacing the use of agrochemicals with alternative methods or less toxic
products is a major challenge for the fruit production chain. The production of
quality fruits, guaranteeing the minimum use of agrochemicals and the smallest
impact on man and the environment is an objective of Integrated Production
and a fundamental factor in marketing strategy in marketing [10].

In this sense, new formulations aiming at the induction or increase of resis-
tance by physical barriers, chemical composition, phytoalexin production, sani-
tizers and others have been tested.

The use of natural substances makes the products more attractive to the con-
sumer because they do not present toxic effect, even when used in relatively high
concentrations. In addition to the benefits provided to health, several studies
have demonstrated the inhibitory effect of natural products on the development
of pathogenic microorganisms.

In this context, several studies have involved the inhibitory activity of essential
oils and clove extract on fungi [11] [12] [13]. Caryophyllus aromaticus L.,
known as clove because of its origin, contains from 14% to 20% volatile oil in
dry floral buds, consisting of eugenol (70% to 95%), eugenol acetate and
a-caryophyllene (5% to 8%). It has germicidal, antiseptic, disinfectant and local
anesthetic action [14]. The clove powder showed 100% inhibition of the mycelial
development of fungi Aspergillus niger, Rhizopus spp., Eurotriun repus, Penicil-
lium spp. [15].

Products such as phosphites are emerging in the market as an alternative to
disease management. The phosphites can act directly inhibiting the development
of fungi and also indirectly stimulating the plant defense system through induc-
tion to phytoalexin production [16] [17].

The phosphites used in the post-harvest treatments of fruits have shown a
good efficiency in the control of rot. [18], working with potassium phosphite
in post-harvest applications managed to control more than 85% of the latent
lesions of M. fructicola. [19] concluded that post-harvest phosphite-K (0.75 to
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1.5 mL-L™") and phosphite-CaB (1.5 to 3.0 mL-L™") reduced the incidence of
mold-blue on apples.

However [8] concluded that the Ca and B phosphite used in the pre-harvest
was not effective in controlling brown rot in peach trees.

Silicon is another element that is being associated with the induction of resis-
tance in plants [20] and that promotes, among other benefits to the plant, great-
er resistance to the attack of diseases, mainly those caused by fungi [21].

Research from several cultures confirms the potential of silicon in reducing
the incidence and severity of disease. Studies have shown that silicate fertiliza-
tion is effective in reducing the brown spot intensity and bruzone in rice [22].

Foliar application of 1.5% silicated clay reduced the incidence and especially
the severity of papaya smallpox [23].

The application of calcium silicate in coffee plants promoted a reduction of
63.2% in the number of lesions of C. cofeicola and 43% of diseased leaves, to a
large extent due to a thick cuticle and a more developed wax layer depending on
the application of this product [24].

Among the less toxic products that can be used in the fruit sanitization
process in the post-harvest phase are chlorinated solutions and benzalkonium
chloride. Benzalkonium chloride was not efficient in the post-harvest control of
passion fruit rot when kept at 80-90% Relative Humidity [25].

Benzalkonium chloride at all concentrations used inhibited the growth of
Monilinia fructicola in the curative tests and inoculated without injury and was

not efficient on Rhizopus spp. [26].

2. Methodology

The experiment was carried out in the municipality of Nepomuceno-MG, Brazil,
in a peach field of the cultivar Diamante, whose plants were 10 years old, grown
in the spacing of 6.0 m x 4.5 m.

The experimental design was in randomized blocks, with plots in the field
formed by 12 plants, two useful plants in three replicates. The treatments and
concentrations used were: 1-Clove oil 0.1%; 2-Silicate clay 1.5%; 3-Phosphite K
0.20%; 4-Benzalkonium chloride 0.25%; 5-Azoxystrobin 0.02%; 6-Iprodione
0.15%; 7-Witness without chemical treatment.

The treatments started in the flowering phase, when the plants received 3 ap-
plications: the first in the pink bud stage, the second in full bloom and the third
in the fall of the sepals, and followed in the preharvest, at 21, 7 and 3 days before
harvest. Azoxystrobin and benzalkonium chloride treatments were applied only
at 21 and 7 days before harvest due to the grace period. The applications were
performed with motorized costal spray, with the amount of syrup determined
after a blank test of around 2 liters per plant.

The evaluations of the diseases were carried out with the fruits at the ideal
harvest point, and 30 fruits were collected around each plant, making 60 fruits per
plot, of which 15 perfect fruits were selected in the first year (2014) and 8 fruits in

the second year (2015), without injury and without disease symptoms. The fruits
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were stored in plastic trays lined with paper towel, left under uncontrolled condi-
tions. Each tray corresponded to an experimental plot in the laboratory.

The incidence and severity of the diseases were evaluated at 3 and 5 days after
the beginning of storage in 2014 and at 3; 6 and 9 days in 2015, and recorded the
number of fruits with symptoms of the diseases. To assess the severity, the le-
sions were scored as follows: 1% to 25% of the fruit with injury; 2% - 6% to 50%;
3% - 51% to 75% and 4% > 75%. The severity of each fruit was evaluated and the
grades obtained per plot were averaged.

The analysis of variance was performed according to the usual model for ran-
domized blocks, in a plot scheme subdivided in time, for the variables studied.
The comparison between the measurements of the different treatments was car-
ried out by the Scott-Knott test at the 5% probability level using the SISVAR
software [27].

3. Results and Discussion

It should be noted that in the first year of evaluation (2014), brown rot prevailed
due to Monilinia fructicola (Table 1), whereas in the second year (2015), the soft
rot caused by Rhizopus spp. predominated. This occurrence was natural, proba-
bly influenced by the environment.

The results indicate that the treatment with iprodione applied in the flowering
stage (pink bud, full bloom and sepals fall) and pre-harvest (21, 7 and 3 days be-
fore harvest) significantly reduced the incidence of brown rot up to the fifth day
after treatment. This result confirms the efficiency of iprodione, a product
commonly used in fruit growing, with good results in the control of brown rot,
as verified by [3] [8].

Clove oil at 0.1% and 0.02% azoxystrobin applied at the flowering and pre-
harvest stage, and under the conditions under which the experiments were con-
ducted were intermediates in controlling the disease. It stands out mainly the oil
of clove for being a product of natural origin. Although it has not found any ref-
erence to the effect of clove oil on Monilinia fructicola, several studies have
shown the effect of this essential oil on other fungi such as: Aspergillus flavus
and A. versicular [11], Aspergillus niger, Rhizopus spp., Eurotriun repus, Peni-
cillium spp. [15].

Regarding the severity (Table 1) in the evaluations performed at 3 and 5 days
after harvest, clove oil and iprodione, although not statistically different from the
other treatments, showed a tendency to reduce the severity of brown rot, con-
firming the results obtained for incidence.

K phosphite in the dosage of 0.20%, 1.5% silicated clay and 0.25% benzalko-
nium chloride, applied in the flowering and preharvest phases were not efficient
in controlling brown rot. As for phosphite of K, the results are comparable to
those found by [8]. The silicon contained in the silicate clay, applied in the flo-
wering and pre-harvest phases and in the conditions under which the experi-
ment was conducted, did not induce resistance to the peach tree plant, unlike

results found by [22], for brown spot and bruzone in rice, and by [23] for
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Table 1. Incidence and severity of brown rot in peach fruits at 3 and 5 days after different
pre-harvest treatments in 2014.

Incidence (%) Severity (%)

Treatments
3 days 5 days 3 days 5 days
1-Clove oil 24.45b 51.11a 16.50 a 35.03a
2-Silicate clay 48.89 ¢ 64.45b 26.80 a 47.30a
3-Phosphite of K 4444 ¢ 68.89 b 2193 a 4597 a
4-Benzalkonium chloride 40.00 ¢ 64.45Db 22.80a 40.77 a
5-Azoxystrobin 28.89b 57.78b 17.17 a 38.77 a
6-Iprodione 15.55a 4222 a 11.50 a 30.17 a
7-Witness 57.78d 73.34Db 27.17 a 43.60 a
CV (%) 11.37 11.37 14.88 14.88

Means followed by distinct letters in columns, differ by Scott Knott-5% test. Data transformed into arc se-
novx.

incidence and severity of papaya smallpox. In this study, benzalkonium chloride
at 0.25% was not effective in controlling brown rot. However, work of [26], with
1; 2 and 3 ml/l of benzalkonium chloride showed curative activity, reducing the
incidence of M. fructicola inoculated in peaches without injuries.

In the second year of the experiment, there was a predominance of soft rot
caused by Rhizopus spp.

The results of the evaluation of the incidence of the disease, performed three
days after the harvest, showed that there was no significant difference in the in-
cidence of soft rot among the treatments. However at six days, treatments with
clove oil, K phosphite, benzalkonium chloride and azoxystrobin significantly
reduced the incidence of brown rot in relation to the other treatments (ipro-
dione and silica clay), although it did not differ statistically from the control
(Table 2).

In the last evaluation, at nine days after harvest, the K phosphite, benzalko-
nium chloride and azoxystrobin treatments significantly reduced the incidence
of soft rot in relation to the other treatments.

Regarding the severity (Table 2) it was verified that there was no significant
difference in the evaluation performed three days after the harvest. At six days,
treatments with azoxystrobin and clove oil maintained the severity of the disease
below the other treatments, although they did not differ statistically from the
control. And in the last evaluation, at nine days, in addition to treatment with
azoxystrobin, treatments with K phosphite and benzalkonium chloride were ef-
ficient in controlling the severity, confirming the results obtained for incidence.

Azoxystrobin reduced the incidence of soft rot even when only two applica-
tions were applied (21 and 7 days before harvest) respecting the grace period.

The product iprodione used as a standard fungicide for the control of brown

rot was not efficient in controlling the soft rot caused by Rhizopus spp.
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Table 2. Incidence and severity of soft rot in peach fruits at 3, 6 and 9 days after different
pre-harvest treatments in 2015.

Incidence (%) Severity (%)
Treatments
3 days days 9 days 3 days days 9 days
1-Clove oil 417 a 833a 66.67 b 333a 6.67 a 32.07b
2-Silicate clay 4.17 a 33.33b 70.83 b 9.77 a 22.23b 48.07 d
3-Phosphite of K 0.00 a 8.33a 20.83 a 0.00 a 14.50 b 2193 a

4-Benzalkonium chloride 417 a 8.33a 29.17 a 473 a 13.53b 23.80 a

5-Azoxystrobin 0.00 a 0.00 a 20.83 a 0.00 a 0.00 a 17.73 a

6-Iprodione 417 a 20.83 b 54.17b 333a 17.53b 3723 ¢

7-Witness 0.00 a 12.50 a 41.67b 0.00 a 8.07 a 27.20b
CV (%) 44.40 44.40 44.40 26.66 26.66 26.66

Means followed by distinct letters in columns, differ by Scott Knott-5% test. Data transformed into arc se-
novx.

Among the products considered alternative, clove oil kept the incidence of
brown rot low until six days after harvest. Probably due to the low residual pow-
er was not efficient in the evaluation of the nine days.

The efficiency of K phosphite has been demonstrated for other pathogens
such as: apple-blue mold [19], reduction of Phytophtheracactorum lesions in
apple trees [16], reduction of percentage of rotten fruits by Penicillium spp. in
apple Fugi [28].

The benzalkonium chloride in curative tests, in works carried out by [26],
with inoculation without injuries, was not effective in the control of Rhizopus
spp. However, in this work, benzalkonium chloride applied in the flowering and
preharvest phases significantly reduced the incidence of soft rot.

Silica applied through silicate clay did not reduce the incidence and severity of
soft rot caused by Rhizopus spp., differing from results found for other diseases
such as brown spot and bruzone in rice [21]; papaya smallpox [23] and cercos-

poriosis in coffee trees [24].

4. Conclusions

Iprodione significantly reduces the incidence and severity of brown rot in peach
fruits and has no effect on soft rot.

Clove oil controls the incidence and severity of Monilinia fructicola until the
fifth day after harvest and Rhizopus spp. until the sixth day.

K phosphite, benzalkonium chloride and azoxystrobin do not reduce the in-
cidence of Monilinia fructicola and are efficient in controlling the incidence and

severity of Rhizopus spp. until the ninth day after harvest.
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