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Detection and epidemiological progress of quiescent avocado diseases
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ABSTRACT: One of the major problems in the commercialization of avocados is the incidence of postharvest diseases, especially anthracnose
(Colletotrichum spp.) and stem-end rot (Lasiodiplodia theobromae, Fusicoccum aesculi and Neofusicoccum spp.). As there is a lack of
epidemiological information on these pathosystems, the objective of this study was to establish a method to detect quiescent infections and
characterize their temporal progression and spatial pattern in a commercial orchard. Detection of quiescent infections was evaluated in
flowers and fruits that were immature and in commercial harvest stage, treated with paraquat, ethrel or water. Treatment of flowers and
immature fruits with paraquat led to rapid detection of Colletotrichum spp. In two seasons of a ‘Hass’ avocado orchard, the incidence of
diseases was evaluated from open flowers to fruit harvest, totaling 11 evaluations at biweekly intervals. When fruits reached the harvest stage,
the spatial distribution of diseased fruits in the trees was evaluated by means of dispersion index and modified Taylor's law. Considering the
evaluation of temporal disease progression, anthracnose was the most important disease, presenting a high initial incidence of 60 and 86%
diseased flowers in the two seasons, respectively, while fruits showed an average disease incidence of 70 and 87%, respectively. Stem-end rot
was observed only in fruits since the beginning of their development and presented low incidence (<8% fruits), significantly inferior to that of
anthracnose. The diseases showed random dispersion within the trees, indicating that their initial inoculum is evenly distributed in the plants.
Key words: Persea americana, postharvest rot, epidemiology.

Deteccio e progresso epidemiolégico de doengas quiescentes do abacate

RESUMO: Um dos grandes problemas na comercializagdo de abacates é a incidéncia de doengas pés-colheita, principalmente a antracnose
(Colletotrichum spp.) e as podridoes pedunculares (Lasiodiplodia theobromae, Fusicoccum aesculi e Neofusicoccum spp.). Em fungdo da
caréncia de informagoes epidemiolégicas sobre esses patossistemas, objetivou-se estabelecer um método para detectar infecgoes quiescentes
e caracterizar o progresso temporal e o padrdo espacial dessas doeng¢as em pomar comercial. A detec¢do de infecgoes quiescentes foi avaliada
em flores e em frutos imaturos e no ponto de colheita comercial, tratados com paraquat, ethrel ou dgua. O tratamento de flores e frutos
imaturos com paraquat propiciou uma rdpida detec¢do de Colletotrichum spp. Em duas safiras de um pomar de abacate ‘Hass’, avaliou-se
a incidéncia das doengas a partir das flores abertas até a colheita dos frutos, totalizando 11 avaliagées em intervalos quinzenais. Quando
os frutos alcangaram o ponto de colheita, avaliou-se a distribui¢do espacial de frutos doentes nas arvores por meio do indice de dispersdo
e da lei de Taylor modificada. Na avaliagdo do progresso temporal das doengas, a antracnose foi a mais importante, apresentando elevada
incidéncia inicial, com 60 e 86% das flores doentes nas duas safras, enquanto que os frutos apresentaram médias de 70 e 87% de incidéncia
da doenga, respectivamente. As podridées pedunculares foram constatadas em frutos desde o inicio de seu desenvolvimento e apresentaram
baixas incidéncias (<8% de frutos), significativamente inferior a de antracnose. As doengas apresentaram dispersdo ao acaso dentro das
arvores, indicando que o inéculo inicial das doengas esta distribuido de maneira uniforme nas plantas.

Palavras-chave: Persea americana, podridées pos-colheita, epidemiologia.

INTRODUCTION

The avocado (Persea Americana Mill.),
which belongs to the family Lauraceae, is a fruiting
tree that adapts very well to the subtropical climate
in Brazil. Its cultivar ‘Hass’, of small size and high
oil content, has shown increasing production in recent
years; it is destined especially for exportation but has
presented an annual increase in the national market.

However, as a climacteric fruit, the avocado is highly
perishable and susceptible to post-harvest diseases,
which devalue the fruits, constituting a barrier to
commercialization (DAIUTO et al., 2010).
Anthracnose and stem-end rots are defined
as quiescent diseases since the infection occurs during
fruit development but symptoms only appear during
ripening, which is due to the physiological conditions
imposed by this host. Thus, fruits are apparently
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healthy at harvest but can manifest symptoms of
these diseases during storage and commercialization.
During the quiescent infection, temporary fungal
growth inhibition may occur in any stage of the
process, from spore germination to colonization
(PRUSKY, 1996). For control, the magnitude of
quiescent infections in the orchard should be learnt,
but early detection of quiescent pathogens depends on
techniques that modify the fruit physiology, allowing
the expression of symptoms. There is a methodology
already available to detect quiescent infection by
Colletotrichum spp. in mango (PARAMASIVAN
et al., 2009), papaya (SILVA, 2010) and guava
(FISCHER et al., 2017), as well as by Botryosphaeria
dothidea in apples (VALDEBENITO-SANHUEZA
et al., 2005), which consists in treating the fruits with
ethrel (ethylene precursor) or paraquat. Ethylene
promotes fruit ripening, leading to biochemical and
physiological changes necessary for the fungus to
pass through the quiescence stage and colonize the
fruit. Subsequently, symptoms of the diseases rapidly
manifest (PRUSKY et al., 1996). Paraquat in turn
induces lipid peroxidation and membrane integrity
loss (DODGE, 1971), leading to fruit senescence and
expression of disease symptoms.

Anthracnose is considered one of the
most important diseases affecting avocado trees
in all producing countries (DANN et al., 2013). In
Sao Paulo State, Brazil, anthracnose is the major
post-harvest disease in ‘Hass’ avocados, showing
average incidence of 62.7% (FISCHER et al., 2018).
This disease is predominantly caused by species of
Colletotrichum gloeosporioides complex; although,
C. acutatum and C. boninense complexes have
already been reported in other countries, such as
Mexico (SILVA-ROJAS & AVILA-QUEZADA,
2011). Characterization of 30 Colletotrichum isolates
from avocado, in Sao Paulo State, detected only
species of C. gloeosporioides complex (TOZZE
JUNIOR et al., 2015). Anthracnose is particularly
important in fruits; although, the pathogen can also
infect leaves, flowers and branches without causing
damage to the culture. Symptoms in fruits are typical
and start as small, circular, brown-to-black dots of
approximately 6-13 mm diameter. Lesions tend to
evolve, reaching part of the fruit or causing complete
necrosis. Under high humidity conditions, a fungal
spore mass of salmon-pink coloration forms in the
center of the lesion (DANN et al., 2013).

Stem-end rots of avocados,
caused especially by pathogens of the family
Botryosphaeriaceae, can be initially misidentified or
even occur in association with anthracnose (DANN

et al., 2013). In a recent survey carried out with
‘Hass’ avocados in Sdo Paulo State, the incidence
of lasiodiplodia (Lasiodiplodia theobromae) and
fusicocum/neofusicocum rots reached 11.8 and
6.6%, respectively (FISCHER et al., 2018). Of 15
isolates of Fusicoccum/Neofusicoccum spp. from
avocado trees, 11 were identified as Neofusicoccum
parvum and the remaining ones as Fusicoccum
aesculi (FIRMINO et al., 2016). Other species of
pathogens of the family Botryosphaeriaceae were
already reported causing rot in avocados, like N.
luteum in California (TWIZEYIMANA et al., 2013).
Symptoms in fruits due to lasiodiplodia or fusicocum/
neofusicocum rots are similar and characterized as
dark necrosis which begins in the stem region with
the production of grayish mycelium on the surface
of the fruit showing necrosis.

Pathogens that cause quiescent diseases
in avocados survive in mummified fruits, cankers,
branches and dry leaves and are spread through the
wind and the splash of rain (DANN et al., 2013;
SHULHANI & SHTIENBERG, 2018). In Israel,
Colletotrichum sp. was confirmed to survive during
the winter in green leaves and branches in the
orchard (SHARMA et al., 2017). Epidemiological
knowledge of quiescent diseases in avocado is
limited but has the potential to provide important
information for phytosanitary control. Analyses of
temporal progression and spatial pattern of diseased
fruits may allow inferences about the dispersal
mechanisms of pathogenic agents and provide
information about inoculum sources. Based on the
lack of epidemiological information about post-
harvest avocado diseases, the aim of this study was
to establish a method to detect quiescent rots and
characterize their temporal progression and spatial
pattern in a ‘Hass’ avocado commercial orchard.

MATERIALS AND METHODS

Detection of quiescent infections in avocado flowers
and fruits

To induce the expression of quiescent
disease symptoms in avocado flowers and fruits, an
assay was conducted under controlled conditions.
Open flowers, immature fruits (0.8 cm length) and
asymptomatic fruits in commercial harvest stage were
randomly harvested from five-year-old ‘Hass’avocado
plants, in the crop season 2013/14 (September 30",
2013, October 30", 2013 and February 26%, 2014,
respectively), from a commercial orchard located
in Bauru, Sao Paulo State (SP), Brazil. Flowers and
fruits were superficially disinfested in 0.5% sodium
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hypochlorite solution for 5 minutes and subsequently
washed in running water for excess product removal.
The following treatments were applied to flowers and
fruits by means of immersion for 1 minute: paraquat
(3 g/L) NORTHOVER & CERKAUSKAS, 1994),
ethrel (0.1 g/L) (VALDEBENITO-SANHUEZA et al.,
2005) or distilled water (control). Then, each flower
and fruit was washed in running water for 3 minutes
and individually placed on plastic trays, which were
stored under continuous light, at 25 °C and 80-85%
relative humidity (RH), in an incubation chamber.
Incidence of diseases was evaluated, at 5, 10 and 15
days after treatments, based on visual symptoms or
presence of reproductive structures of the pathogens
under an optical microscope. Experimental design
was completely randomized, including ten replicates
(plants) and ten flowers or fruits per plant. The
treatment most efficient in promoting symptom
expression was chosen for the experiment of temporal
disease progression in the orchard. For statistical
analysis, data were transformed into square root of
the number of diseased flowers/fruits (x)+0.5 and the
averages of each evaluation period were compared
according to Tukey’s test at 5% probability.

Pathogens were directly isolated from
symptomatic organs to potato-dextrose-agar medium
(PDA) and their pathogenicity was tested based on the
averages of inoculation and symptom reproduction in
asymptomatic avocados in commercial harvest stage.
Before inoculation, fruits were superficially disinfested
in 0.5% sodium hypochlorite solution for 5 minutes and
subsequently washed in running water. The inoculum
consisted of Smm-diameter mycelial disks containing
structures of fungi cultivated in PDA medium for seven
days at 25 °C. Inoculation consisted in depositing one
disk on the equatorial region of a fruit previously
injured with a sterile histological needle to 3mm depth.
For each isolate, two equatorial regions of a fruit were
inoculated on opposite sides. Then, fruits were kept at
25 °C and 80-85% RH for six days, when occurrence
of diseases at the inoculated site was evaluated.

Temporal progression and spatial distribution of
quiescent diseases in the orchard

A commercial field of six-year-old ‘Hass’
avocado plants, located in Bauru, SP (latitude
22°22°30”’S, longitude 49°15°76°W, and altitude 558
meters), had five rows of ten plants each evaluated
for temporal progression of quiescent diseases.
Evaluation was carried out during the crop seasons
2014/15 and 2015/16, from flowering in September
to harvest in February, totaling 150 days for each
season. The evaluated orchard had local micro-

sprinkler irrigation system and canopy diseases
were controlled with trifloxystrobin+tebuconazole
(0.06+0.12 g/L) applied at floral cluster formation plus
three sequential applications of copper oxychloride (2
g/L) at intervals of approximately 45 days, employing
a 1250L/hectare spray volume.

Flowers and fruits were randomly sampled
at 15-day intervals; in the first sampling, only
flowers (100) were collected, and in the remaining
samplings, fruits (two from each of the fifty
plants) were harvested. Samples were superficially
disinfested in 0.5% sodium hypochlorite solution for
5 minutes, washed in running water and subsequently
immersed in paraquat solution (3 g/L) for 1 minute
to induce tissue senescence; and consequently, lead
to quiescent infection manifestation. Then, samples
were washed in running water for 3 minutes and
kept in an incubation chamber, under continuous
light, at 25 °C and 80-85% RH. Incidence of diseases
was evaluated after 12-day storage based on visual
symptoms characteristic of the studied diseases and
on the presence of conidia of their pathogens under
an optical microscope.

The area under the disease progress
curve (AUDPC) was calculated based on trapezoid
integration and diseases were compared between each
other and between years according to Tukey’s test at
5% probability, considering each row of 10 plants
one replicate. Meteorological information during the
fruiting periods was recorded in a station located at
19.7 km away from the orchard.

Spatial distribution of the diseases in the
plant was evaluated based on fruits in commercial
harvest stage that were randomly sampled from 10
plants showing a large number of fruits in the field.
Plants that were sampled in the season 2015/16 were
not necessarily the same as those sampled in season
2014/15. Each plant was divided into 15 quadrats,
and five fruits were harvested per quadrat (MADDEN
& HUGHES, 1995). Then, disease distribution maps
were elaborated for each plant and the dispersion
index was calculated based on the equation: D =
Vol Vi With V. = [(Xi-np)*/n*(N-1)] and V,, = p(1-
p)/n (10), where V is the observed variance, V,_ is
the binomial variance, X7 represents the number of
diseased fruits per quadrat, n is the number of fruits
per quadrat, Nis the total number of quadrats per plant
and p is the probability of a plant showing diseased
fruits. Non-randomness was determined according
to Chi-square test ()?), considering N-1 degrees of
freedom, at 5% probability. Joint regression analysis
of plants (modified Taylor’s Law) was conducted by
considering the equation log (V) = 4 + blog (V,, ),

obs
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where 4 and b are the parameters calculated by linear
regression (MADDEN & HUGHES, 1995). To define
whether parameter b is equal to 1, t-test was adopted
and the parameter estimate and the standard deviation
were used. For b=1 and A=0, distribution is at
random, and for 4>0 or »>1, distribution is aggregate.
Hypotheses were tested at 5% probability level.

RESULTS AND DISCUSSION

Detection of quiescent infection in avocado flowers
and fruits

Neither symptoms nor signs of the causal
agents of stem-end rot were detected in avocado
flowers or immature fruits. Incidence rates of
fusicoccum/neofusicoccum and lasiodiplodia rots in
fruits in commercial harvest stage were 3 and 5%,
respectively, for paraquat, 5 and 4% for ethrel, and
3 and 4% for control treatment, after 15-day storage.
In view of such a low incidence, treatments were not
statistically compared.

After 5-day incubation, Colletotrichum
acervuli and conidia were detected in flowers of
avocado plants, showing no differences among
treatments. After 10-and 15-day incubation, incidence
was 61% for paraquat, superior to the 41% (P<0.05)
found for control. Ethrel yielded an intermediate result,
not differing from the remaining treatments (Table 1).

Detection of Colletotrichum was superior
to 50% in immature fruits treated with paraquat,
differing (P<0.05) from the remaining treatments
after 5- and 10-day incubation. After 15-day storage,
the average incidence of anthracnose in avocados was
66% and there were no significant differences among
treatments. For avocados in commercial harvest
stage, no significant difference was found among
treatments with paraquat, ethrel and water. The
average incidence of anthracnose for these fruits after

15-day storage was 72.3% (Table 1), which evidences
that using the products paraquat and ethrel does
not lead to under or overestimation of anthracnose
incidence data in avocados.

Fifty isolates of Colletotrichum spp.
were obtained from immature fruits and had their
pathogenicity proven in inoculated fruits (Figure 1),
thus ruling out the possibility of isolating saprophytic
Colletotrichum species.

According to the present results, the
herbicide paraquat can be recommended for rapid
and accurate detection of quiescent infections by
Colletotrichum spp. in flowers and immature fruits
and can contribute to the disease control measures
to be adopted by the farmer. Such data are important
not only for epidemiological studies, but also for
identifying the need of post-harvest eradicating
treatments in case of a high rate of the disease is
detected in immature stages. Treatment of mango
fruits with paraquat led anthracnose symptoms to
manifest 4-5 days earlier, which helped decisions
regarding storage period, exportation and fruit offer
in the Indian local market (PARAMASIVAN et
al., 2009). Immature guavas treated with paraquat
and ethrel showed Colletotrichum conidia after
5-day incubation, i.e. two days earlier compared to
control treatment (FISCHER et al., 2017). However,
production and commercialization of the herbicide
paraquat will be forbidden in Brazil from September
2272020 (ANVISA, 2018). Differently from guava
(FISCHER et al., 2017) and papaya (SILVA, 2010),
for avocado anthracnose detection was not favored by
ethrel. Ethylene stimulates conidial germination and
appressorium formation in Colletotrichum (PRUSKY
et al., 1996). However, this hormone neither activates
the development of anthracnose lesions nor favors
their growth since the concentration of the antifungal

Table 1 - Incidence (%) of anthracnose in open flowers, immature fruits (0.8 cm length) and fruits in commercial harvest stage of ‘Hass’
avocados, subjected to different post-harvest treatments during 15-day storage at 25 °C.

Days after treatment

Treatment
5 10 15 5
Flowers
Paraquat 45a 61a 61a 53a
Ethrel 3la 49 ab 49 ab 3b
Control 28 a 41b 41 b 3b
CV(%) 24.5 17.5 17.5 16.5

10 15 5 10 15
Immature fruits---------  --------—- Fruits at harvest point----------
58a 66 a 0a 16a 76 a'
28b 64a Oa 20a 75a
30b 68 a Oa 18a 66 a
16.1 8.3 0.0 16.9 5.8

'Data followed by the same letter in the column do not differ from each other by the Tukey’s test at 5% probability. Original data

transformed into root x+0.5.
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Detection and epidemiological progress of quiescent avocado diseases. 5

Figure 1 - Detail of ‘Hass’ avocado fruits before inoculation (A) and anthracnose symptoms at six days after
inoculation of the pathogen Colletotrichum spp. (B).

compound diene remains high in immature avocados
even after ethylene application (PRUSKY et al., 1996).

Temporal progression and spatial distribution of
quiescent diseases in the orchard

In the first crop season, accumulated
precipitation was 852.4 mm, average temperature was
25.2 °C, maximum average temperature was 31.4 °C
and minimum average temperature was 18.9 °C. In

the second crop season, accumulated precipitation
was 1595.0 mm, average temperature was 25.7 °C,
maximum average temperature was 31.6 °C and
minimum average temperature was 19.7 °C.
Incidence of anthracnose varied from 60 to
83% between the first and the last evaluation of fruits
in the first crop season and between 76 and 92% in
the second season (Figure 2). Such higher incidence
rate in the season 2015/16, compared to the season

standard deviation.

Figure 2 - Progress of the incidence (%) of anthracnose ,lasiodiplodia and
fusicocum/neofusicocum rots during the fruiting period, from
flower (day 0) to fruit harvest (day 150), after 12-day storage at
25 °Cand 80-85% RH, in the crop seasons 2014/15 (complete
marker) and 2015/16 (empty marker). Bars represent the
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2014/15 (Table 2), is possibly related to weather
conditions more favorable to the disease in the second
evaluated season, when precipitation was 87% greater
than that in the previous season. Similarly, increased
precipitation has resulted in higher rot levels in
Australian avocados (PETERSON, 1978).
Lasiodiplodia and fusicoccum/
neofusicoccum rots were less frequent than
anthracnose in both seasons; their incidence rates
were 6 and 3%, respectively, considering the
averages of evaluations and seasons (Figure 2). In
the season 2015/16, occurrence of lasiodiplodia rot
was greater than that of fusicoccum/neofusicocum
rot (Table 2), which was only noted from the third
sampling in fruits of 1.8 cm length. Lasiodiplodia
rot could be observed from the fourth sampling
period in 3.0-cm fruits in the season 2014/15. In the
subsequent season, both pathogens were first found
in the second sampling period in 0.8-cm fruits. In
the last evaluation, when fruits were in commercial
harvest stage, the incidence rates of lasiodiplodia and
fusicoccum/neofusicoccum rots were 9.5 and 3.5%,
respectively, considering the average of seasons. In
‘Pedro Sato’ guavas, lasiodiplodia and fusicocum rots
were also detected in immature fruits and, similarly to
the present study, anthracnose was the most prevalent
disease (FISCHER et al., 2017). In some avocado
orchards in Chile, the incidence of stem-end rot
reached values superior to 20% (SOTO, 2015). The
reasons for the greater occurrence of anthracnose
compared to stem-end rot may be associated with
the larger number of host plants to Colletotrichum
spp. and the high capacity of the pathogen to survive
in both cultivated species and wild plants (WEIR
et al., 2012). In addition, during the experiments,
average temperature kept close to 25 °C in both

crop seasons, which is ideal to the growth of
species of C. gloeosporioides complex (DANN et
al., 2013). The remaining pathogens detected in this
study are favored by higher temperatures, such as L.
theobromae, which has maximum growth within the
range 30-35 °C (SURESH et al., 2017).

The initial incidence of anthracnose was
high, with 60 and 86% of the open flowers diseased in
both crop seasons, respectively (Figure 2). Similarly to
avocado, 50% guava flowers showed Colletotrichum
spp., reaching 100% fruits of 3cm length (FISCHER
et al., 2017). The percentage of conidial germination
and appressorium formation for C. gloeosporioides do
not differ among guavas of different ages (MORAES
et al., 2015). This means that the infection can occur
at the same intensity, regardless of the maturation
stage of fruits. Although, there are no reports about
the behavior of conidial germination on the surface
of avocados of different ages, the high incidence rates
of symptoms observed in this study are indicative of
possible occurrence of infection in avocados during
flowering and in any period of fruiting.

Progression of anthracnose incidence as a
function of fruit maturation stage is almost constant,
hardly varying around the average (Figure 2). No
epidemiological model that describes the disease
progression over time fits to this behavior. A similar
situation was already described for anthracnose in
‘Kumagai’ and ‘Pedro Sato’ guavas. Besides, there
was no significant fit to the models usually employed
in epidemiology for anthracnose progression in
guavas as a function of the variability in the incidence
data (SOARES et al., 2010; FISCHER et al., 2017).

Anthracnose and stem-end rot had random
dispersion within each tree, considering all trees, based

Table 2 - Area under the disease progress curve (AUDPC), measured as percentage and obtained from 11 biweekly evaluations
(flowering to harvest) of post-harvest diseases in ‘Hass’ avocados after 12-day storage at 25 °C, under light and 80-85%

RH in the crop seasons 2014/15 and 2015/16.

Diseases AUDPC

Crop season 2014/15 Crop season 2015/16
Anthracnose 10,335.0 aB 13,065.0 aA'
Lasiodiplodia rot 742.5 bA 1,110.0 bA
Fusicocum/neofusicocum rot 480.0 bA 337.5cA
CV(%) 7.5

'Data followed by the same letter, lowercase in the column and upper case in the row, do not differ by the Tukey’s test at 5%

probability.
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Table 3 - Dispersion index (D) of the diseases anthracnose and lasiodiplodia and fusicocum/neofusicocum rots in ‘Hass’ avocados,
considering 15 quadrats per plant and five fruits per quadrat. Crop seasons 2014/15 and 2015/16, in an orchard at Bauru, SP.

Plants Dispersion index (D)
Anthracnose Lasiodiplodia rot Fusicocum/neofusicocum rot
Crop season 2014/1
1 0.59 0.95 0.95
2 1.29 1.31 0.89
3 1.35 0.79 0.77
4 1.00 0.77 0.95
5 1.26 0.97 1.01
6 0.84 1.17 1.01
7 0.80 1.09 0.77
8 1.36 0.89 0.83
9 0.95 0.46 1.01
10 0.79 0.57 1.64
Crop season 2015/16

1 0.84 0.68 0.77
2 1.35 0.97 0.89
3 0.88 1.07 0.89
4 1.10 1.28 0.95
5 0.76 0.66 -
6 1.08 1.06 1.01
7 0.37 0.59 0.95
8 1.32 1.10 1.01
9 1.60 1.25 0.89
10 1.34 1.03 0.89

"When the incidence was zero the observed variance can not be determined (-).

on the dispersion indexes (D) close to 1 (Table 3).
These results indicated that the initial inoculum of
these diseases is evenly distributed in the plants.
Conversely, for citrus black spot (Guignardia
citricarpa), diseased fruits had highly aggregate
distribution in the tree, which is a result of the
inoculum concentration in certain branches of the
canopy (SPOSITO et al., 2008).

The modified Taylor’s Law was
significant for lasiodiplodia (R*= 0.68, Figure 3A)
and fusicocum/neofusicocum rots (R?= 0.88, Figure
3B) but not significant for anthracnose in the seasons
2014/15 (P=0.853) and 2015/16 (P=0.09). The
values 4 = 0 and b = 1, at 5% probability according
to ¢ test, confirmed the random distribution of fruits
showing lasiodiplodia and fusicocum/neofusicocum
rots. The random distribution of a disease indicates
that the probability of a fruit being diseased is the
same, regardless of the presence of other diseased

fruits and of its location in the canopy (MADDEN,
1989). For avocado anthracnose, the location of a
diseased fruit does not influence the presence or the
absence of the disease in other fruits. This behavior
shows that the fruit is not an inoculum source
throughout its development.

The most probable explanation for the
high initial incidence of anthracnose, since flowering,
is the presence of already homogeneously distributed
inoculum in the area. Colletotrichum sp. was reported
in green leaves and branches of avocado plants
and its survival in these host organs during the dry
summer of Israel occurs by means of a quiescent
appressorium (SHARMA et al., 2017). For presenting
mucilage around spores, Colletotrichum sp. can also
survive for long periods in crop residues (SILVA &
MICHEREFF, 2013). Anthracnose progression rate
in guavas was greater (P<0.05) in a field containing
crop residues than in a field without crop residues,
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and 2015/16.

Figure 3 - Relationship between the logarithm of binomial
variance and the logarithm of the variance
observed at the evaluation of incidence in avocado
plants with symptoms of lasiodiplodia (A) and
fusicocum/neofusicocum rots (B) for a quadrat
size of 5 x 1, at Bauru, SP, in the seasons 2014/15

suggesting that the pathogen can survive there
(FISCHER et al., 2017). However, there was no
consistent reduction in rots after the removal of dry
leaves and branches from the canopy of avocado
plants (FITZELL, 1987). A 34% reduction in the
incidence of anthracnose was obtained after three
applications of azoxystrobin (0.08g/L) during the
fruiting period, in addition to the treatments with
cupper oxychloride and trifloxystrobin+tebuconazole
adopted in the orchard (FISCHER et al., 2018).

In mango trees, Colletotrichum spp. not
only can survive for a long period in dry branches
and old fruits remaining in the plant or fallen on

the ground, but also can have as hosts several wild
and cultivated plant species (avocado, cashew etc.)
(SILVA & MICHEREFF, 2013). In guava plants,
the stem constitutes a possible inoculum source of
Colletotrichum sp. since the pathogen was reported
in 25% stems at one month after the end of the
harvest period and in 14% stems during flowering
in the following season (FISCHER et al., 2017).
Survival for long periods in the plant itself and in
crop residues allows a continuous increase in the
incidence of pathogens such as Colletotrichum spp.,
L. theobromae and Fusicoccum/Neofusicoccum spp.
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CONCLUSION

Anthracnose was the most frequent disease
in ‘Hass’ avocado. Both anthracnose and stem-end
rot had random dispersion within the trees, indicating
that the initial inoculum is evenly distributed in the
plants. New experiments should be conducted in
younger crops to verify the inoculum distribution and
frequency in the seedlings.

Considering the need of reducing the
initial inoculum, new methods to control the disease
during flowering and fruiting should be investigated.

The herbicide paraquat can be employed
to early detect anthracnose in avocado flowers and
immature fruits, but studies with different products
must be conducted since the use of paraquat will no
longer be allowed from September 22", 2020.
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