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Effect of conventional and alternative products
on postharvest disease control in avocados’

Ivan Herman Fischer!, Matheus Froes de Moraes?, Maria Cecilia de Arruda Palharini!
Mirian de Souza Fileti®, Juliana Cristina Sodario Cruz', Ana Carolina Firmino*

ABSTRACT- Postharvest diseases constitute a serious problem for avocado commercialization. Thus,
the present study aimed to evaluate the effect of conventional and alternative products in controlling
diseases affecting ‘Hass’ avocados in the field and in the postharvest by carrying out physicochemical
characterization of fruits subjected to postharvest treatments. In the field, besides the management
adopted by the farmer, seven products were sprayed three times during fruiting for evaluation.
Postharvest products were diluted in water or in oxidized polyethylene wax and shellac. Water treatments
with potassium phosphite, Soil-Set®, chlorine dioxide, thyme essential oil, sodium bicarbonate, lemon
grass essential oil and thiabendazole reduced the incidence of diseased fruits, and anthracnose, the
main disease, was controlled with sodium bicarbonate, lemon grass essential oil and thiabendazole.
Greater soluble solids content was found for control (water), chlorine dioxide, acibenzolar-S-methyl
and thiabendazole. For the products that reduced anthracnose, there was no correlation between the
disease and the physicochemical parameters, evidencing that the disease control is not associated with
delayed ripening. For wax treatments, diseases were not controlled, and the fruits presented lower
titratable acidity with thyme essential oil, sodium bicarbonate, control (wax), acibenzolar-S-methyl and
lemon grass essential oil. Control and thyme essential oil were highlighted for maintaining the green
coloration of the fruit skin for the shortest period. Under field conditions, azoxystrobin, thiabendazole,
difenoconazole+azoxystrobin and acibenzolar-S-methyl+azoxystrobin reduced the occurrence of
diseased fruits, while anthracnose control was only obtained with azoxystrobin.

Index terms: Rot, Persea americana, Colletotrichum, control disease.

Efeito de produtos convencionais e alternativos
no controle de doencas pos-colheita do abacate

RESUMO- Um dos grandes problemas na comercializacdo de abacates ¢ a incidéncia de doengas
pos-colheita. Objetivou-se avaliar o efeito de produtos convencionais e alternativos no controle de
doencas em abacates ‘Hass’, em condigdes de campo e em pos-colheita, realizando a caracterizagao
fisico-quimica nos frutos submetidos aos tratamentos pds-colheita. No campo, em adi¢do ao manejo
do produtor, foram avaliados sete produtos, pulverizados trés vezes durante a frutificagdo. Os produtos
em pos-colheita foram diluidos em dgua ou em cera de polietileno oxidada e goma laca. Os tratamentos
em agua com fosfito de potassio, Soil-Set®, dioxido de cloro, 6leo essencial de tomilho, bicarbonato
de sodio, 6leo essencial de capim-limao e tiabendazol reduziram a incidéncia de frutos doentes, sendo
a antracnose, principal doenga, controlada com bicarbonato de sodio, 6leo essencial de capim-limao
e tiabendazol. Maior teor de so6lidos soluveis foi constatado nos tratamentos agua, didxido de cloro,
acibenzolar-S-metilico e tiabendazol. Os produtos que reduziram a antracnose ndo apresentaram
correlacdo entre a incidéncia da doenca com os parametros fisico-quimicos, evidenciando que o controle
nao esta associado ao atraso no amadurecimento. Nos tratamentos em cera, ndo ocorreu controle das
doencas, sendo observado menor acidez titulavel com 6leo essencial de tomilho, bicarbonato de sédio,
controle (cera), acibenzolar-S-metilico e 6leo essencial de capim-limao. Os tratamentos controle e 6leo
essencial de tomilho destacaram-se pela menor manutencao da coloragdo verde da casca dos frutos.
Em condi¢des de campo, os produtos azoxistrobina, tiabendazol, difenoconazol+azoxistrobina e
acibenzolar-S-metilico+azoxistrobina reduziram a ocorréncia de frutos doentes, sendo que o controle
da antracnose ocorreu apenas com azoxistrobina.

Termos para indexac¢ao: podridao, Persea americana, Colletotrichum, manejo fitossanitario.
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Introduction

Avocado varieties commercially grown in Brazil
can be grouped into exportation or domestic consumption
types. Those preferred for domestic consumption generally
have bigger fruits with low oil content. For exportation,
the most frequently cultivated varieties are ‘Hass’ and
‘Fuerte’, the fruits of which show small size and high
oil content. ‘Hass’ avocado production has increased in
the last years, being especially destined for the European
market. The fruit of this variety presents oval to pyriform
shape and average mass between 180 and 300 grams; its
thick and rough skin is green before and immediately after
harvest but changes to dark brown when ripe (SCHAFFER
etal., 2013).

Avocado is a climacteric fruit which becomes ripe
a few days after harvest due to a series of events such as
increased respiratory activity, greater ethylene production,
modified lipid content and altered texture, involving
mesocarp cell degradation, starch content reduction
and glucose and fructose level increase (SEYMOUR;
TUCKER, 1993). In Brazil, avocados produced for the
external market are routinely waxed. Wax application
improves the appearance of fruits and extends their
conservation by diminishing both the transpiration rate
and the metabolic activity (DARVAS et al., 1990).

The avocado tree is affected by several diseases
both in the pre and in the postharvest period. Anthracnose,
caused by Colletotrichum gloeosporioides complex, is
considered the main postharvest disease, occurring in all
avocado-producing countries (SCHAFFER et al., 2013).
Over 90% anthracnose incidence was observed for ‘Hass’
avocados cultivated under conditions favorable to the
disease in Australia (WILLINGHAM et al., 2006). In a
packinghouse in Sdo Paulo State, Brazil, 68.7% sampled
‘Hass’ avocados were detected with anthracnose after 15
days of storage (FISCHER et al., 2011). This infection
occurs during fruit development in the field and remains
quiescent until ripening due to the physiological conditions
imposed by the host, so that fruits are apparently healthy
at harvest but symptoms manifest during storage and
commercialization. Characteristic symptoms in the fruits
appear as small, circular, dark dots. The lesions tend to
evolve, reaching part of the fruit or completely necrosing
it (PICCININ et al., 2016).

Besides anthracnose, several other diseases can
affect avocados in the postharvest (SCHAFFER et al.,
2013). A survey of rots affecting ‘Hass’ avocados in the
state of Sdo Paulo indicated that Lasiodiplodia rot, which
is caused by Lasiodiplodia theobromae, and Fusicoccum
rot, which is caused by Fusicoccum spp., reached 4 and
3%, respectively (FISCHER etal., 2011). Ofthe 15 isolates
of Fusicoccum spp. from avocado trees, 11 were identified
as F. parvum (Neofusicoccum parvum) and the remaining
ones as F. aesculi (FIRMINO et al., 2016). Symptoms due
to Lasiodiplodia or Fusicoccum rot are similar; they are
characterized by dark necrosis in the peduncle region,

spreading to the whole fruit, besides grayish mycelium
production on the surface of the necrotic fruit. The
infections occur in the field through lenticels and wounds
and disease development generally occurs after harvest
and fruit softening (PHILLIPS et al., 2010).

Control of postharvest diseases in an orchard
is based on application of balanced fertilization, clear
pruning to remove dead, debilitated and diseased branches,
and application of fungicides two or three times between
flowering and fruiting (PICCININ et al., 2016). However,
even after rigorous application of the recommended
fungicides, fruits free from anthracnose are difficult to
obtain (DARVAS, 1981).

Several procedures can be adopted to control diseases
by means of postharvest fruit treatment; they include
chemical, physical and biological methods which can act
directly on the pathogens and/or on the fruit physiology,
delaying ripening and increasing resistance (BENATO,
1999). The fungicides thiabendazole, strobilurin and
prochloraz are efficient in controlling postharvest rots
(EVERETT et al., 2005; FISCHER et al., 2011). Powell
(1988) tested wax, with and without the fungicide
prochloraz, in the postharvest treatment of avocados and
noted that it drastically reduced anthracnose, especially
when associated with the fungicide. Nevertheless, due
to increasing restrictions on the use of fungicides in the
postharvest, some countries like France do not allow
postharvest treatment with prochloraz (SCHAFFER et al.,
2013). Alternative methods that are feasible to the small
farmer and that were already tested in the postharvest
showing certain efficiency for fruiting plants include
application of phosphites (FERRAZ et al., 2016), chlorine
(FISCHER etal., 2011), acibenzolar-S-methyl (DANTAS
etal., 2004; PESSOA, 2009), Agro-Mos® (phosphorylated
mannanoligosaccharide-based product) (DANTAS et al.,
2004; PESSOA, 2009), sodium bicarbonate (HASAN
et al., 2012) and essential oils (MOURA et al., 2012;
SELLAMUTHU et al., 2013). Association between
essential oils and wax-based coating was effective for
pathogen control in avocados (REGNIER et al., 2010).
The advantage of treating fruits with alternative products
is that they do not leave undesirable residues and do not
pose risks to the human health or to the environment; thus,
they can be an additional tool in the integrated control of
diseases.

In view of the lack of information about the
management of diseases in avocados, the aim of this
study was to evaluate the effect of conventional and
alternative products on rot control under field conditions
and in the postharvest, as well as on the physicochemical
characteristics of fruits subjected to postharvest treatments.
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Material And Methods

Postharvest disease control under field conditions

The field experiment was conducted in a
six-year-old orchard of ‘Hass’ avocados located in
Bauru, Sdo Paulo State (SP), Brazil. Control treatment
(a) was the standard adopted by the farmer. In the
crop season 2014/15, the adopted standard was one
application of trifloxystrobin+tebuconazole (0.06+0.12
g L) at floral cluster formation (21/09/14) and three
sequential applications of copper oxychloride (2 g L)
at approximately 45-day intervals (27/10/14, 15/12/14
and 29/01/15), employing a 1250 L/hectare water
volume. In the following season (2015/16), the applied
products were trifloxystrobin+tebuconazole (17/09/15)
and copper oxychloride (26/10/15 and 28/01/16). In
addition to control treatment, three applications were
performed per year (crop season) on the following dates:
17/10/14, 28/11/14 and 14/01/15 in the crop season
2014/15, and 05/10/15, 23/11/15 and 18/01/2016 for
crop season 2015/16, using the following products (g
L1): b) difenoconazole (0.05); ¢) azoxystrobin (0.08); d)
acibenzolar-S-methyl (0.0125); e) acibenzolar-S-methyl
(0.0125) + azoxystrobin (0.08); ) difenoconazole (0.05)
+ azoxystrobin (0.08); g) thiabendazole (0.485) and h)
calcium chloride (20). Those products and copper control
treatment were sprayed interchangeably, starting when
the length of fruits was approximately 2 cm. Application
was done with a turbo atomizer trailed at a water volume
of 1250 L/hectare.

Experimental design was in randomized blocks,
containing eight treatments, four replicates and four trees
per plot. In the adequate maturation stage, 15 fruits were
sampled from the “shoulder height” portion of two central
trees in the plot. The fruits were individualized in plastic
trays and stored for 15 days, at 25°C and 80-85% relative
humidity (RH). The incidence of postharvest diseases
was evaluated at every three days and data were subjected
to analysis of variance, while means were compared
according to Scott-Knott test at 5% significance level. Data
on the incidence of stem-end rots were transformed into
root x + 1.0 in order to obtain normalization and adequacy
for statistical analysis. The experiment was carried out in
the crop season 2014/15 and repeated in 2015/16.

Alternative postharvest disease control and
physicochemical characterization of avocados

‘Hass’ avocados, harvested from a commercial
orchard located in Bauru, SP, were standardized as to the
absence of defects, washed under tap water with a foam
sponge and neutral detergent, and immersed for 60 seconds
(time taken by the fruit to pass through the packinghouse
ferry) in a suspension containing the following products
(g L'Y: a) water (control), b) acibenzolar-S-methyl
(0.05) (NASCIMENTO et al., 2008), ¢) Agro-Mos®
(phosphorylated mannanoligosaccharides-based product)
(1.5) (PESSOA, 2009, PESSOA et al., 2009), d) Soil-Set®

(S 3.8%, Cu 2.0%, Fe 1.6%, Mn 0.8%, Zn 3.2%, organic
carbon 1.7% and amino acids as complexing agents 5.0%)
(1.5), e) chlorine dioxide (0.2 active chlorine) (FISCHER
etal., 2011), f) potassium phosphite (40% P,O, and 20%
K,0) (1.5) (FERRAZ etal., 2016), g) sodium bicarbonate
(20) (HASAN et al., 2012), and h) thiabendazole (1.94)
(BRASIL, 2017). As phytotoxicity occurs when fruits are
immersed for 60 seconds, essential oils of lemon grass
(Cymbopogon citratus) (1) (MOURA et al., 2012) and
white thyme (Thymus vulgares) (1) (SELLAMUTHU
et al., 2013) were sprayed on the fruits until runoff. To
potentiate the effects of suspensions and prevent toxicity
by pure essential oils in direct contact with fruits, Tween
20 (0.2 g L") was added as dispersant (DANTAS et al.,
2004; PESSOA et al., 2009). The same products and their
respective doses were also incorporated into oxidized
polyethylene wax and shellac (Brillaqua EU Mercosur®),
which were then sprayed onto the fruits until runoff;
control was represented by the treatment containing only
wax.

After treatment application and drying, fruits
were stored at 25°C and 80-85% RH for 12 days and
evaluated for natural incidence of postharvest diseases at
every three days; the disease was detected based on the
symptomatology and the identification of structures of the
causal agent under an optical microscope. Experimental
design was completely randomized, including ten
treatments diluted in water and ten treatments diluted in
wax, and four replicates of five fruits per plot for each
treatment.

Physicochemical characterization was also
performed on harvest day and after ten days of storage of
fruits subjected to the different treatments, except Soilset®.
The studied characteristics were: a) skin color, determined
by performing two readings on the opposite sides of the
equatorial region of the fruit in a colorimeter, expressed as
hue angle (°h); b) pulp firmness, determined by performing
two readings on the opposite sides of the equatorial region
of'the fruit in a 8mm-tip digital penetrometer, expressed as
Newton; ¢) soluble solids content, determined in a digital
refractometer, expressed as °Brix; and d) titratable acidity
content, determined by means of titration with NaOH,
expressed as % citric acid (AOAC, 2005). Experimental
design was completely randomized, including three
replicates of four fruits per plot.

Results of diseases and physicochemical
characterization of fruits were subjected to analysis of
variance and means were compared according to Scott-
Knott test (p<0.05). Data on stem-end rot incidence and
weight loss at 10 days were transformed into root x + 1.0 in
order to obtain normalization and adequacy for statistical
analysis. Physicochemical variables were correlated with
postharvest disease incidence and subsequently analyzed
according to F test (p<0.05). The experiment was repeated
once.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-408)



4 [. H. Fischer et al.

Results and Discussion

Postharvest disease control under field conditions

There were significant differences among
treatments for incidence of diseased fruits and fruits with
anthracnose (Table 1). As the crop seasons did not differ
(p>0.05) with respect to incidence of diseased fruits, the
data were analyzed together. The products azoxystrobin,
thiabendazole, difenoconazole+azoxystrobin and
acibenzolar-S-methyl+azoxystrobin, when added to
the treatment already adopted by the farmer, reduced
by 13.3 to 26.4% the number of fruits showing rot
symptoms, while anthracnose control was only obtained
with azoxystrobin, which led to a reduction of 34.4% in
the incidence, relative to control. The mean incidence of
diseased fruits and fruits with anthracnose at 15 days of
storage at 25°C and 80-85% RH was 66.5 and 56.1%,
respectively. Lasiodiplodia and Fusicoccum rots were
found at lower incidences, showing means of 13.1 and
1.2%, respectively, and no differences among treatments.

Anthracnose was the major disease detected;
according to Darvas (1981), its control is difficult
even after application of the recommended fungicides.
Currently, the fungicides registered in Brazil for
anthracnose control in avocado trees are the copper
fungicides copper oxychloride and cuprous oxide, the
mixture mancozeb+copper oxychloride and the systemic
fungicides difenoconazole and thiabendazole; the
latter can be applied in the field and in the postharvest
(BRASIL, 2017). In Europe and South Africa, the
fungicide azoxystrobin is also registered for the control
of this disease in the field (PIP, 2011; HSE, 2014), which
is a possibility in Brazil. Reduced occurrence of rots in
‘Hass’ avocados was obtained by means of eight monthly
fungicide sprayings, and the best results were obtained
with copper hydroxide, followed by azoxystrobin and
carbendazim (EVERETT et al., 2005); however, control
failure occurs due to the high frequency of rainfall, which
washes the copper fungicides. According to Duvenhage
(2002), anthracnose control using copper oxychloride
was more effective when followed by one application of
azoxystrobin, corroborating the results obtained in the
present study, in which three applications of azoxystrobin
were performed. In the evaluation of fungicides for
anthracnose control in mango tree, azoxystrobin (75 mg
L") + paraffin mineral oil at 0.5% showed the lowest
incidence of diseased fruits (SALES JUNIOR et al., 2004).

Alternative postharvest disease control and
physicochemical characterization of avocados

Fruits that received water treatments with potassium
phosphite, Soil-Set®, chlorine dioxide, thyme essential
oil, sodium bicarbonate, lemon grass essential oil and
thiabendazole had lower disease incidence (53.4-66.5%),
relative to control treatment (77.8%), which did not differ
from treatments with Agro-Mos® and acibenzolar-S-
methyl (Table 2). Greater fruit conservation, due to rot

control and/or delayed ripening, was already reported for
most of the studied products applied in the postharvest,
such as thyme essential oil (SELLAMUTHU etal., 2013),
chlorine dioxide and thiabendazole in avocado (FISCHER
et al., 2011), potassium phosphite in guava (FERRAZ
et al., 2016), sodium bicarbonate in papaya (HASAN et
al., 2012), and lemon grass essential oil in passion fruit
(MOURA et al., 2012) and papaya (CARNELOSSI et
al., 2009). However, the efficiency of postharvest disease
control with acibenzolar-S-methyl and Agro-Mos® in
banana (PESSOA, 2009) and acibenzolar-S-methyl in
papaya (DANTAS et al., 2004) was not confirmed in the
present study in avocados.

Anthracnose was the major disease affecting fruits
and had the lowest incidence (48.9-51.3%) when fruits
received water treatments with sodium bicarbonate,
lemon grass essential oil and thiabendazole, relative to the
remaining treatments (60.0-75.4%). Control of this disease
using thiabendazole was already obtained by Fischer
et al. (2011); fruits immersed for 30 seconds in 1 g L™
fungicide had 13.6% anthracnose incidence, while control
treatment led to 30% incidence after ten days of storage
at 25°C. Nevertheless, the efficiency of thiabendazole in
controlling anthracnose in the postharvest (Table 2) was
not confirmed for the treatment in the field (Table 1), where
the efficiency of fungicides tends to be lower compared to
tests under controlled conditions, since the environmental
factors that involve the host plant and the pathogens in the
field are in constant interaction.

Immersion of papayas for 15 minutes in sodium
bicarbonate syrup (20 g L!) was reported to reduce by up
to 60% anthracnose incidence and severity (HASAN et al.,
2012), while in the present study one-minute immersion
reduced the disease incidence by 35%, suggesting that a
longer immersion time may lead to increased efficiency.
The severity of anthracnose significantly decreased in
naturally infected passion fruits immersed for one minute
in lemon grass essential oil (1 g L") (MOURA etal., 2012),
as well as in papaya inoculated with C. gloeosporioides,
at 10 g L' lemon grass oil (CARNELOSSI et al.,
2009). For mango, immersion for 3 minutes in sodium
bicarbonate (3%) and fumigation with lemon grass
essential oil (1000 nL/3 min) did not control anthracnose
(CRUZ etal., 2010); however, the disease was controlled
by associating lemon grass oil (4 g L") with thermal
treatment in fruits inoculated with C. gloeosporioides
(DUAMKHANMANEE, 2008).

Several studies have demonstrated the antimicrobial
activity of natural products such as salts and essential oils,
some of which induce the activity of enzymes related
to the plant defense. Oranges infected with Penicillium
digitatum, the causal agent of green mold, and treated with
sodium bicarbonate had greater activity of the enzymes
peroxidase (POD) and phenylalanine ammonia lyase
(PAL) (YOUSSEEF et al., 2014). In a recent study, the
mycelial growth of C. gloeosporioides in avocado was
totally inhibited by concentrations from 1000 pL L' lemon
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grass essential oil. ‘Hass’ avocados inoculated with the
pathogen and treated with 1 and 2 ml L oil associated
with wax had lower incidence of anthracnose after 14 days
of storage at 12+2°C and increased POD activity at the
highest concentration of the oil; however, when the fruits
were exposed for more than three days at 22+2°C, there
was no difference among treatments (MARQUES, 2015).

Lasiodiplodia rot (2.3-12.5%) and Fusicoccum rot
(0.0-17.8%) were found at lower incidences, but there
was no significant difference among treatments (Table 2).

There were no significant differences in the
incidence of diseases for fruits subjected to wax treatments
(Table 2). In general, the incidence of diseased fruits was
numerically inferior in waxed fruits, compared to fruits
that did not receive wax, but there was no difference
(p=0.06) in the joint analysis for water and wax treatments
after 12 days of storage. According to Darvas et al. (1990),
wax provides protection to the fruits and delays the
ripening process, consequently delaying the development
of quiescent pathogens such as that of anthracnose
(POWELL, 1988, FISCHER et al., 2011).

Inoculation of C. gloeosporioides or L. theobromae
in avocados treated with Lippia scaberrima essential oil
(1 and 2 ml L), associated with wax covering, reduced
the development of diseases, compared to treatment
with wax or water alone (REGNIER et al., 2010). In
citrus, application of fungicides in mixture with wax is
generally less efficient to control postharvest diseases,
compared to application with water (ECKERT; EAKS,
1989; SMILANICK et al, 2006). To compensate such
lower efficacy in combination with wax, fungicides are
applied in aqueous suspensions before wax application
or used at higher concentrations together with waxes
(ECKERT; EAKS, 1989). Association between sodium
bicarbonate (2%) and Candida oleophila (2x10% cells)
in mixture with wax resulted in significantly reduced
anthracnose incidence and severity in naturally infected
papayas (GAMAGAE et al., 2004).

A marked increase in the incidence of anthracnose
was noted at the end of storage, changing from 6.6-
12.5% at nine days to 56.5-63.6% at 12 days, on average,
for wax and water treatments, respectively (Figure 1).
Characteristic symptoms of rots, such as anthracnose
and stem-end rots, manifest in the last fruit ripening
stages (PEREZ-JIMENEZ, 2008). Antifungal compounds
present in the skin of green fruits decrease during ripening,
activating latent infections and rapidly resulting in
symptoms in the fruits (NELSON, 2008).

Considering the physicochemical characterization
of ‘Hass’ avocados on harvest day, the mean value of
soluble solids was 7.83 °Brix, titratable acidity was
0.082 % citric acid, skin color was 123.55 °h and pulp
firmness was >196 Newton. After 10 days of storage at
25°C, with fruit ripening, titratable acidity increased while
firmness and skin color values decreased, regardless of
the treatment (Table 3). Soluble solids content slightly
varied, positively for control treatment in water (8.10) and

negatively for control treatment in wax (7.68). In general,
these results are similar to those found by Fischer et al.
(2011) for ‘Hass’ and ‘Fuerte’ avocados.

During ripening, wax application promoted greater
maintenance of fruit color and pulp firmness and decreased
weight loss, evidencing the delay in the ripening process,
as already reported by Fischer et al. (2011) and Marques
(2015). Maftoonazad et al. (2007) also observed greater
firmness in ‘Hass’ avocados treated with pectin-based
wax. Pulp firmness is determined based on the cohesion
strength between pectins, and ripening in avocados leads
to the action of pectinolytic enzymes, especially cellulase,
polygalacturonase and pectin methylesterase, which
transform insoluble into soluble pectin and promote fruit
softening (SEYMOUR; TUCKER, 1993). The modified
gaseous atmosphere created by wax application reduces
the activity of these enzymes and promotes fruit firmness
retention during storage (MAFTOONAZAD etal., 2007).

Ripening in avocados is directly related, among
other factors, to increased oil levels, the production of
which consumes carbohydrates, especially soluble ones
(SANCHES et al., 2008). However, a factor that can
eventually explain the maintenance and the increase in
solids during storage is the release of hexoses, due to
polysaccharide degradation, at levels similar (in the case
of level maintenance) or superior (in the case of level
increase) to that of sugar consumption by avocados in
respiration and oil production. Another factor that may
have contributed to the increased soluble solids is weight
loss, which may have helped concentrate sugars. As to
titratable acidity contents, Oliveira et al. (2000) also
observed decreased pH in ‘Fuerte’ avocados on the 4" day
of storage at 25°C, which indicates an increase in acidity.

As to the effect of different products diluted in
water on the physicochemical characteristics of fruits,
there were no significant differences among treatments
for titratable acidity, pulp firmness, skin color and weight
loss after five days (Table 3). Higher soluble solids content
(8.10-8.75) was found for the treatments water (control),
chlorine dioxide, acibenzolar-S-methyl and thiabendazole,
compared to the remaining treatments (7.00-7.80). The
treatment with sodium bicarbonate had greater weight loss
(5.24%) after 10 days, relative to the remaining treatments.

Wax treatments and water treatments had no
significant differences for pulp firmness and weight loss
of fruits after five days (Table 3). Differently from water,
wax treatments showed no differences for soluble solids,
and there was lower titratable acidity (0.098-0.107) for
treatments with thyme essential oil, sodium bicarbonate,
control (wax), acibenzolar-S-methyl and lemon grass
essential oil, compared to the remaining treatments
(0.114-0.132); similarly, the treatments control and thyme
essential oil were highlighted for maintaining the green
coloration of the fruit skin for the shortest period, showing
the lowest angle (°hue).

As in the present study, ‘Hass’ avocados treated
with lemon grass essential oil (1 ml L") in association with
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carnauba wax and plant resin (Arua® BR-A2 Tropical)
have shown higher color angle (°h) and no differences
in the features weight loss, pulp firmness, titratable
acidity and soluble solids, relative to waxed fruits at the
end of storage (MARQUES, 2015). In mangoes treated
with sodium bicarbonate and lemon grass essential oil,
titratable acidity reduced during the 21 days of storage
under environmental conditions, while soluble solids had
an increase, which was significant only on the first week
of storage for the treatment with lemon grass essential
oil (CRUZ et al., 2010). The natural ripening process of
papayas was not affected by the presence of sachets with
lemon grass essential oil, according to the analysis of
physicochemical parameters of weight loss, skin color,
firmness, total soluble solids/titratable acidity ratio and
pH (ESPITIA et al., 2012). Papayas treated with lemon
grass essential oil and immediately inoculated with C.
gloeosporioides had lower total soluble solids content
and pH but greater weight loss, relative to the inoculated
fruits (CARNELOSSI et al., 2009).

Correlation analysis between the incidence of
diseases and the physicochemical parameters of ‘Hass’
avocados was carried out only for anthracnose in fruits
subjected to different water treatments in the postharvest,
since for the remaining diseases, as well as for wax
treatments, there was no effect on control. There was a
correlation (p<0.05) between the incidence of anthracnose
and the physicochemical parameters for acibenzolar-
S-methyl, considering titratable acidity (r=0.96), pulp
firmness (r=-0.99) and weight loss after 10 days (r=-0.98),
and thyme essential oil and Agro-Mos®, considering the
parameter skin color (r=-1.00 and -0.98, respectively);
however, these products did not control anthracnose.
Lemon grass essential oil, thiabendazole and sodium
bicarbonate, which reduced the incidence of anthracnose,
did not show correlation of this disease with the evaluated
physicochemical parameters, evidencing that its control
is not associated with delayed ripening.

75
—&— Anthracnose - water

60 —O>— Anhtracnose - wax
-~ —&—Fuysicoccum rot - water
% 45 ===Fusicoccum rot - wax
_ﬂ§ =8—Lasiodiplodia rot - water
E’ 30 =O=Lasiodiplodia rot - wax

15

00 O
0 3 6 9 12
Days of storage

Figure 1. Progress incidence (%) of diseases in ‘Hass’ avocado subjected to postharvest treatments, in water or wax, during 12
days of storage at 25°C and 80-85% relative humidity. Vertical bars represent the standard deviation of means.
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Table 1. Incidence (%) of postharvest diseases in ‘Hass’ avocados subjected to different treatments under field
conditions after 15 days of storage at 25°C and 80-85% relative humidity. Average harvests of 2014/15 and 2015/16.

Treatments Diseased Diseases

Fruits Anthracnose  Lasiodiplodia rot'  Fusicoccum rot'

Azoxystrobin 53.7a 41.1a 13.3 1.3
Thiabendazole 63.0a 52.3b 11.4 2.0
Difenoconazole+azoxystrobin 63.1a 553b 11.7 1.1
Acibenzolar-S-methyl+azoxystrobin 633 a 58.1b 9.7 0.7
Difenoconazole 68.0b 56.1b 13.9 1.6
Control (adopted by the farmer) 73.0b 62.7b 11.8 1.2
Acibenzolar-S-methyl 74.0 b 61.2b 17.1 0.8
Calcium chloride 743D 623D 15.7 1.2
C.V. (%) 13.0 14.6 16.2 26.8

*Means followed by the same letter in the column do not differ statistically from each other at 5% significance level, according to Scott-Knott
test. ™ = not significant (p < 0.05). 'Statistical analysis with the original data transformed into root x + 1.0.

Table 2. Incidence (%) of postharvest diseases in ‘Hass’ avocados subjected to different postharvest treatments, in
water or wax, after 12 days of storage at 25°C and 80-85% relative humidity.

Treatments Diseased Diseases

(Water) Fruits Anthracnose  Lasiodiplodia rot' Fusicoccum rot'
Thiabendazole 534a 513a 2.3 6.6 ™
Lemon grass essential oil 56.8 a 472 a 9.1 2.8
Sodium bicarbonate 60.2 a 489a 11.4 9.1
White thyme essential oil 62.5a 62.5b 12.5 0.0
Chlorine dioxide 644 a 60.0 b 6.6 44
Soil-Set® 65.0a 65.0b 4.5 0.0
Potassium phosphite 66.5a 62.1b 4.4 9.1
Agro-Mos® 77.8b 71.2b 4.5 17.8
Water (control) 77.8b 73.5b 4.5 6.6
Acibenzolar-S-methyl 84.5b 75.4b 8.9 11.2
C.V.(%) 15.4 18.9 42.4 30.9
(Wax)

Thiabendazole 422 40.0 ™ 0.0 6.8
Lemon grass essential oil 52.8 46.2 10.8 13.4
Potassium phosphite 55.3 53.0 4.5 6.8
Chlorine dioxide 58.0 53.4 4.5 2.3
Sodium bicarbonate 60.0 60.0 23 0.0
Wax (control) 61.9 61.9 2.1 2.3
Agro-Mos® 62.7 58.1 0.0 8.5
White thyme essential oil 64.6 60.2 0.0 6.4
Acibenzolar-S-methyl 64.6 58.0 4.5 6.6
Soil-Set® 66.5 66.5 4.4 4.4
C.V.(%) 22.3 23.6 43.2 47.3

*Means followed by the same letter in the column do not differ statistically from each other at 5% significance level, according to Scott-Knott
test. ™ = not significant (p < 0.05).'Statistical analysis with the original data transformed into root x + 1.0.
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Table 3. Physical-chemical characteristics of ‘Hass’ avocados subjected to different postharvest treatments, in water
or wax, after ten days of storage at 25°C and 80-85% relative humidity.

Treatments Soluble Titratable Flesh Skin Weight loss (%)
solids (°Brix) % Siilrciléthi d) firmness (N) color (*h)  5days 10 days!
Water (control) 8.10b 0.107 = 19.89 67.33 1 2.79™ 455a
Chlorine dioxide 8.78 b 0.126 25.15 79.2 2.66 4.18 a
Acibenzolar-S-methyl 8.65b 0.122 16.24 88.18 2.65 4.40 a
Potassium phosphite 7.65 a 0.151 64.12 82.59 2.66 442 a
White thyme essential oil 7.80 a 0.130 23.05 76.51 2.75 4.50a
Lemon grass essential oil 7.00 a 0.137 20.87 72.43 2.67 443 a
Thiabendazole 8.23b 0.120 75.80 85.23 2.74 447a
Agro-Mos® 732a 0.117 59.36 78.52 2.70 4.69 a
Sodium bicarbonate 7.28 a 0.156 36.01 79.0 2.99 524b
C.V.(%) 5.76 26.67 32.26 8.48 14.27 19.39
Wax (control) 7.68 ™ 0.100 a 62.94 7721 a 2.09 ™ 3.52m
Chlorine dioxide 7.18 0.114b 89.72 96.27 b 2.18 3.84
Acibenzolar-S-methyl 7.28 0.106 a 60.16 98.60 b 2.29 3.72
Potassium phosphite 7.28 0.126 b 93.49 89.77b 2.14 3.51
White thyme essential oil 8.22 0.098 a 74.44 84.51 a 2.03 3.57
Lemon grass essential oil 7.57 0.107 a 104.31 95.27b 2.04 3.63
Thiabendazole 7.68 0.132b 63.20 88.78 b 2.12 3.50
Agro-Mos® 7.12 0.115b 72.53 89.90 b 2.38 4.14
Sodium bicarbonate 7.75 0.099 a 98.54 94.41b 2.19 3.66
C.V.(%) 5.45 10.99 22.52 6.27 24.49 19.85

*Means followed by the same letter in the column do not differ statistically from each other at 5% significance level, according to Scott-Knott
test. ™ = not significant (p < 0.05).'Statistical analysis with the original data transformed into root x + 1.0.

Conclusion

Field management of anthracnose can be obtained
with three applications of azoxystrobin/year, alternating
with copper oxychloride. In the postharvest, disease con-
trol is achieved by spraying the fruit with lemon grass
essential oil or by immersing the fruits in sodium bicar-
bonate and thiabendazole diluted in water, which has no
relationship with the delay in fruit ripening.

Acknowledgments

The authors would like to thank FAPESP (Proc.
2014/11897-4) for the financial support and the company
“Jaguacy Brasil Comercio de Frutas Ltda.” for the
collaboration in making possible the experiments.

AOAC - Association of Official Analytical Chemists.
Official methods of analysis of the Association
Analytical Chemists.18" ed. Gainthersburg, 2005.
1298p.

BENATO, E.A. Controle de doengas pos-colheita em
frutos tropicais. Summa Phytopathologica, Botucatu,
v.25,n.1, p.90-93, 1999.

BRASIL. Ministério da Agricultura, Pecuaria e do
Abastecimento. AGROFIT. Brasilia, DF, 2017.
Disponivel em: <http://www.agricultura.gov.br/agrofit>.
Acesso em: 24 fev. 2017.

CARNELOSSI, P.R.; SCHWAN-ESTRADA, K.R. F;
CRUZ, M.E. S.; ITAKO, A.T.; MESQUINI, R.M. Oleos
essenciais no controle pds-colheita de Colletotrichum
gloeosporioides em mamao. Revista Brasileira de
Plantas Medicinais, Botucatu, v.11, n.4, p. 399-406,
2009.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-408)



Effect of conventional and alternative products on postharvest... 9

CRUZ,M.J.S.; CLEMENTE, E.; CRUZ, M.E.S.; MORA,
F.; COSSARO, L.; PELISSON, N. Efeito dos compostos
naturais bioativos na conservagao pos-colheita de frutos
de mangueira cv. tommy Atkins. Ciéncia Agrotecnologia,
Lavras, v.34, n.2, p.428-433, 2010.

DANTAS, S.A.F.; OLIVEIRA, S.M.A.; BEZERRA
NETO, E.; COELHO, R.S.B.; SILVA, R.L.X. da.
Indutores de resisténcia na protecdo do mamao contra
podriddes pos-colheita. Summa Phytopathologica,
Botucatu, v.30, p.314-319, 2004.

DARVAS, J. M.; KOTZE, J. M.; WEHNER, F. C. Effect
of treatment after picking on the incidence of postharvest
fruit disease of avocado. Phytophylactica, Pretoria, v.22,
n.1, p.93-96, 1990.

DARVAS, J.M. Pre-harvest chemical control of postharvest
avocado diseases. South African Avocado Growers’
Association Yearbook, Duivelskloof, v.4, p.71-73, 1981.

DUAMKHANMANEE, R. Natural essential oils from
lemon grass (Cymbopogon citratus) to control postharvest
anthracnose of mango fruit. International Journal of
Biotechnology, London, v.1, p.104-108, 2008.

DUVENHAGE, J.A. Evaluation of new generation
fungicides for control of Cercospora spot on avocado
fruit. South African Avocado Growers’ Association
Yearbook, Duivelskloof, v.25, p.10-13, 2002.

ECKERT, J.W.; EAKS, I.L. Postharvest disorders and
diseases of citrus fruits. In: REUTHER, W.; CALAVAN,
E.C.; CARMAN, G.E. (Ed.). The citrus industry.
Berkeley: University California Press, 1989. v.4, p.179—
260.

ESPITIA, P.J.P.; SOARES, N.F.F.; BOTTI, L.C.M;
MELO, N.R.; PEREIRA, O.L.; SILVA, W.A. Assessment
of the efficiency of essential oils in the preservation of
postharvest papaya in an antimicrobial packaging system.
Brazilian Journal of Food Technology, Campinas, v.15,
n.4, p.333-342, 2012.

EVERETT, K.R.; OWEN, S.G.; CUTTING, J.G.M.
Testing efficacy of fungicides against postharvest
pathogens of avocado (Persea americana cv. Hass). New
Zealand Plant Protection, Auckland, v.58, p.89-95,
2005.

FERRAZ,D.M.M.; BLUM, L.E.B.; BARRETO, M.L.A_;
UESUGI, C.H.; PEIXOTO, J.R.; CRUZ, AF. Fosfito
no controle da antracnose e¢ qualidade pds-colheita de
goiaba em cultivo convencional e orgénico. Revista de
Agricultura, Piracicaba, v.91, n.3, p.249-264, 2016.

FIRMINO, A.C.; FISCHER, I.H.; BORELI, R.; TOZZE
JUNIOR, H.J.; BEVENUTO, J.A.Z.; ROSA, D.D.;
FURTADO, E.L. Identificagao de espécies de Fusicoccum
causadoras de podriddo em frutos de abacate. Summa
Phytopathologica, Botucatu, v.42,n.1, p.100-102, 2016.

FISCHER, I.H.; TOZZE JUNIOR, H.J.; ARRUDA, M.C ;
MASSOLA JUNIOR, N.S. Pés-colheita de abacates
Fuerte e Hass: caracteristicas fisicas e quimicas, danos
e controle de doencgas. Semina. Ciéncias Agrarias,
Londrina, v.32, p.209-220, 2011.

GAMAGAE, S.U.; SIVAKUMAR D.; WIJESUNDERA
R.L.C. Evaluation of postharvest application of sodium
bicarbonate-incorporated wax formulation and Candida
oleophila for the control of anthracnose of papaya. Crop
Protection, Pullman, v.23, p.575-579, 2004.

HASAN, M.F.; MAHMUD, T.M.M.; KADIR, J.; DING,
P.; ZAIDUL, 1.S.M. Sensitivity of Colletotrichum
gloeosporioides to sodium bicarbonate on the development
of anthracnose in papaya (Carica papaya L. cv. Frangi).
Australian Journal of Crop Science, Inala, v.6, p.17-22,
2012.

HSE - Health and Safety Executive. 2014. Disponivel
em: <https://secure.pesticides.gov.uk/MRLs/mrls.
asp?page=1>. Acesso em: 20 maio 2014.

MAFTOONAZAD, N.; RAMASWAMY, H.S.;
MOALEMIYAN, M.; KUSHALAPPA, A.C. Effect
of pecin-based edible emulsion coating on charges in
quality of avocado exposed to Lasiodiplodia theobromae
infection. Carbohydrate Polymers, Kidlington, v.68,n.2,
p.341-349, 2007.

MARQUES, K.M. Quitosana e 6leos essenciais no
controle de antracnose e na qualidade pos-colheita de
abacates. 2015. 105 f. Tese (Doutorado em Agronomia)
— Faculdade de Ciéncias Agrarias e Veterinarias,
Universidade Estadual Paulista, Jaboticabal, 2015.

MOURA, G.S.; SCHWAN-ESTRADA, K.R.F.; ALVES,
A.P.F;FRANZENER, G.; STANGARLIN, J.R. Controle
da antracnose em maracuja-amarelo por derivados de
capim-limao (Cymbopogon citratus). Arquivos do
Instituto Biologico, Sao Paulo, v.79, n.3, p.371-379,
2012.

NASCIMENTO, L.; NERY, A.; RODRIGUES, L.
Controle de Colletotrichum gloeosporioides em mamoeiro,
utilizando extratos vegetais, indutores de resisténcia e
fungicida. Acta Scientiarum Agronomy, Maringa, v.30,
n.3, p.313-319, 2008.

NELSON, S. Anthracnose on avocado. Plant Disease,
Saint Paul, v.58, p.1-6, 2008.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-408)



10 1. H. Fischer et al.

OLIVEIRA, M. A.; SANTOS, C. H.; HENRIQUE, C.M_;
RODRIGUES, J. D. Ceras para conservagao pos-colheita
de frutos de abacateiro cultivar Furte armazenados em
temperatura ambiente. Scientia Agricola, Piracicaba,
v.57,n.4, p.777-780, 2000.

PEREZ-JIMENEZ, R.M. Significant avocado diseases
caused by fungi and oomycetes. The European Journal
of Plant Science and Biotechnology, Tokyo, v.2, n.1, p.
1-24, 2008.

PESSOA, W.R.L.S. Avaliacao de técnicas alternativas
para o manejo da antracnose da banana em pos-
colheita. 2009. 109 f. Tese (Doutorado em Fitopatologia)
— Universidade Federal Rural de Pernambuco, Recife.
2009.

PESSOA, W.R.L.S.; LOPES, A.L.; COSTA,V.S.0,;
OLIVEIRA, S.M.A. Efeito do tratamento hidrotérmico
associado a indutores de resisténcia em poés-colheita de
goiaba. Caatinga, Mossord, v.22, n.1, p.85-90, 2009.

PHILLIPS P.A.; FABER, B.A.; MORSE, J.G.; HODDLE,
M.S. UC IPM pest management guidelines: avocado.
Oakland: Agriculture and Natural Resources, University
of California, 2010. (UC ANR Publication, 3436).

PICCININ, E.; PASCHOLATI, S.F.; DI PIERO, RM.;
BENATO, E.A. Doengas do abacateiro. In: AMORIM,
L.; REZENDE, J.A.M.; BERGAMIN FILHO, A.;
CAMARGO, L.E.A. (Ed.). Manual de fitopatologia:
doencas das plantas cultivadas. 5.ed. Sdo Paulo: Ceres,
2016.v.2, p.1-7.

PIP - Pesticides Initiative Programme. Crop production
protocol Avocado. 2011. Disponivel em: <http://pip.
coleacp.org/files/documents/IT-AVOCAT%2010-2011-
03-1-UK.pdf>. Acesso em: 22 maio. 2014.

POWELL, A. W. G. Shrink-wrap of avocados in
combination with waxing and fungicide. South Africa
Avocado Grower’s Association Yearbook, Duivelskloof,
v.11, p.39-40, 1988.

REGNIER, T.; COMBRINCK, S.; DU PLOOY, W.;
BOTHA, B. Evaluation of Lippia scaberrima essential
oil and some pure terpenoid constituents as postharvest
mycobiocides for avocado fruit. Postharvest Biology
and Technology, Amsterdam, v.57, p.176-182, 2010.

SALES JUNIOR, R.; COSTA, FM.; MARINHO, R.E.M,;
NUNES, G.H.S., AMARO FILHO, J.; MIRANDA, V.
Utilizagao de azoxistrobina no controle da antracnose da
mangueira. Fitopatologia Brasileira, Brasilia, DF, v.29,
n.2, p.193-196, 2004.

SANCHES, J.; DURIGAN, J.F.; DURIGAN, M.F.B.
Aplicagdo de danos mecanicos em abacates e seus
efeitos na qualidade dos frutos. Engenharia Agricola,
Jaboticabal, v.28, n.1, p.164-175, 2008.

SCHAFFER, B.; WOLSTENHOLME, B.N.; WHILEY,
A.W. The avocado: botany, production and uses. 2™ ed.
Wallingford: CAB Intl. Press, 2013. 560p.

SELLAMUTHU, P.S.; SIVAKUMAR, D.; SOUNDY,
P.; KORSTEN, L. Essential oil vapours suppress the
development of anthracnose and enhance defence related
and antioxidant enzyme activities in avocado fruit.
Postharvest Biology and Technology, Amsterdam, v.81,
n.1, p.66-72,2013.

SEYMOUR, G.B.; TUCKER, G.A. Avocado. In:
SEYMOUR, G.B.; TAYLOR, J.E.; TUCKER, G.A.
Biochemistry of fruit ripening. London: Chapman &
Hall, 1993. p.53-76.

SMILANICK, J.L.; MANSOUR, M.F.; MLIKOTA
GABLER, F.; GOODWINE, W.R. The effectiveness
of pyrimethanil to inhibit germination of Penicillium
digitatum and to control citrus green mold after harvest.
Postharvest Biology and Technology, Amsterdam, v.42,
p.75-85, 2006.

WILLINGHAM, S.L.; PEGG, K.G.; ANDERSON, J.M.;
COOKE, A.W.; DENA, F.R.; GIBLIN, F.R.; COATES,
L.M. Effects of rootstock and nitrogen fertilizer on
postharvest anthracnose development in Hass avocado.
Australasian Plant Pathology, Auckland, v.35, p.619-
629, 2006.

YOUSSEF, K.; SANZANI, S. M.; LIGORIO, A;
IPPOLITO, A.; TERRY, L. A. Sodium carbonate and
bicarbonate treatments induce resistance to postharvest
green mould on citrus fruit. Postharvest Biology and
Technology, Amsterdam, v.87, p.61-69, 2014.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-408)



