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ABSTRACT

Disease incidence and disease severity of avocado fruit rot were assessed on cv. Hass and cv. Fuerte during 2019 and
2020 growing seasons. The highest percentages of disease incidence and disease severity were recorded in cv. fuerte in
the market at El-Qanater El-Khayria, Qaliobia Governorate. On the other hand, the lowest percentages of disease
incidence and disease severity were recorded in cv. Hass in the field at EI- Rahawy, Giza Governorate during the two
growing seasons. Four different fungi, i.e., Colletotrichum gloeosporioides, Lasiodiplodia theobromae, Fusarium
moniliforme and Penicillium expansum were isolated from the naturally infected avocado fruits in the surveyed
regions. Pathogenicity tests showed that the maximum percentage of disease severity on cv. Hass and cv. Fuerte
resulted from infection by L. theobromae, followed by C. gloeosporioides, while the lowest percentage of disease
severity was incited by P. expansum. The efficacy of alternative products namely essential oils of Lemongrass
(Cymbopogon citratus L.), Rosemary (Rosmarinus officinalis L.) and Thyme (Thymus vulgaris L.) and Serenade ASO
(Bacillus subtilis QST713) was evaluated in in vitro and in vivo as well as under field conditions for controlling fruit
rot of avocado comparing with Imazalil, Copper oxide and Copper oxide nanoparticles. Complete inhibition of colony
growth and protection from fruit rot was recorded with essential oils and Copper oxide at concentration of 3 ml or g/L
of each. Meanwhile, the same effect was recorded at concentration of 1 ml/ L in case of Imazalil, Copper oxide
nanoparticles and Serenade ASO. However, under field conditions, Copper oxide nanoparticles and Imazalil gave the
highest efficacy for controlling avocado fruit rot disease, followed by Serenade ASO, Copper oxide and Thyme, while
the lowest efficacy was recorded when trees sprayed with Lemongrass and Rosemary, respectively. The results
indicated that avocado fruit rot disease could be controlled using suitable concentration of the tested treatments.
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INTRODUCTION

Avocado (Persea americana Miller) is an
evergreen tree. Its fruit is green and spherical,
pear- or egg-shaped and contains one seed. The
production of avocado in Egypt is still far below
the domestic market demand. In Egypt, Elosaily
(2015) reported that avocado fruit has important
economic value from both nutritional and
medicinal standpoints. It contains high amounts of
vitamins A, C and E and high oil content that
showed good antimicrobial and healthy
antioxidant diets.

Avocado fruits are affected by several diseases
whether in the preharvest or in the postharvest

period which decrease avocado productivity and
marketability in many countries i.e., in ltaly
Garibaldi et al. (2012) reported that avocado fruit
rot caused by Lasiodiplodia theobromae. Infection
by L. theobromae could have started from the
field. First symptoms developed 4 days after the
artificial inoculation. After 7 days, the rot was
evident and L. theobromae was consistently
reisolated. In Australia, Willingham et al. (2006)
reported that over 90%  anthracnose
(Colletotrichum gloeosporioides) incidence of
postharvest avocado observed in case of Hass
cultivar  which cultivated under favorable
conditions to the disease. In Brazil, 68.7% fruit
rots incidence which is caused by L. theobromae,
and Fusicoccum spp. was detected on cv. Hass
after 15 days of storage. Symptoms due to
Lasiodiplodia or Fusicoccum rot are similar. Rot
symptoms on avocado fruits as dark necrosis in the
peduncle region which spread to the whole fruit
and growing grayish mycelium production on the
surface of the necrotic fruit (Fischer et al., 2011).
Infection of fruit rot in the field occurs through
wounds and disease development occurs after
harvest (Phillipp et al., 2010). Darvas, (1982)
reported that avocado fruit rot diseases can be
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controlled by pre-harvest spraying with copper
oxychloride or benomyl. Also, systemic fungicides
prochloraz were recorded for the control of
postharvest avocado fruit diseases (Darvas, 1985).
The fungicides thiabendazole, strobilurin and
prochloraz  were effective in controlling
postharvest diseases of avocado fruits (Everett et
al., 2005). Although synthetic fungicides are
commonly used for controlling postharvest
diseases, the demand for alternative control means
is increasing, since they have a lower risk of
fungal resistance development, a higher
affordability and a lesser impact on the
environment and human health (Mari et al., 2010).
Inhibitory effects of essential oils on postharvest
diseases by spraying or dipping fruits have been
reported for several fruit crops. Combrincka et al.
(2011) evaluated the effect of eighteen essential
oils in vitro against common postharvest fungal
pathogens which were isolated from avocado,
mango, grapes, pear and citrus fruits caused by C.
gloeosporioides, L. theobromae, Botrytis cinerea,
Penicillium digitatum and Alternaria citrii. And
they found that fungal growth was completely
inhibited on all replicates of all essential oils. Also,
in mango fruits (Abd-Alla and Haggag, 2013)
tested the effect of some plant essential oils on
reducing postharvest losses caused by C.
gloeosporioides.  Lemongrass  (Cymbopogon
citratus L.) has antifungal activity against the
fungus. Also, Grosso et al. (2010) reported that
Thymus vulgaris has an antioxidant, antibacterial,
antiviral and aroma regulatory effects. Meanwhile,
Korsten et al. (1991) reported that avocado
postharvest diseases have been controlled with pre
and postharvest applications of Bacillus subtilis
(1x107 cells/ml). Also, severity of stem-end rot,
Dothiorella /Colletotrichum fruit rot complex and
anthracnose on Fuerte avocado fruit was reduced
by B. subtilis and the effect of fruit dipping
treatment with B. subtilis was equally or more
effective  than a  prochloraz. Besides,
Nanotechnology enhances antimicrobial activity of
copper metal when it is transformed into
corresponding nanoparticle (Kanhed et al., 2014).
In view of the lack of information about the
management of fruit rot disease in avocado in
Egypt, this research was designed to determine the
incidence and possible causal pathogen(s) of
avocado fruit rot as well as to assess the effect of
some alternative treatments i.e. essential oils
[Lemongrass  (Cymbopogon  citratus  L.),
Rosemary (Rosmarinus officinalis L.) and Thyme
(Thymus wvulgaris L.)] and Serenade ASO
(Bacillus  subtilis QST713) compared with
fungicides Imazalil, Copper oxide and Copper

oxide nanoparticles for controlling the disease in in
vitro and in vivo trails as well as under field
conditions.

MATERIALS AND METHODS

1. Survey for avocado fruit rot:

The present study was carried out during the
two growing seasons 2019 and 2020 in two regions,
i.e., ElI-Qanater El-Khayria, Qaliobia Governorate
and El- Rahawy, Giza Governorate, Egypt. Survey
of avocado fruit rot was performed on cv. Hass and
cv. Fuerte in the field on 15-year-old trees as well as
on the postharvest fruits in commercial markets.
Under infection by fruit rot disease, fifteen trees as
three replicates were chosen randomly from each
cultivar. Twenty-five fruits were chosen randomly
from each replicate. Also, seventy-five fruits were
chosen randomly from each market in the two
governorates as three replicates. Disease incidence
(%) as well as disease severity (%) were estimated.
Disease incidence (%) was calculated using the
following formula:

Disease incidence (%) =
Number of infected fruits of avocado

Total number of inspected avocado fruits

Disease severity (%) was assessed based on fruit
surface affected in 0-5 according to percentage of
rotten discoloration (Wicks and Davies, 1999) with
slight modification as follows:

Znxv

x 100

D.S. (%) = 5N x 100
Where:
n = Number of infected fruits in each category
(grade).

v = Numerical value of each category as
follows:
0 = healthy fruit (no fruit rot observed).
1 =1-10% of the fruit area infected.
2 = 11-25% of the fruit area infected.
3 = 26-50% of the fruit area infected.
4 = 51-75% of the fruit area infected.
5 = 76-100 of the fruit area infected.
N = Total number of the inspected fruits
5 = Maximum disease severity grade.
2. lIsolation and identification of the
associated fungi:

Avocado fruits showing fruit rot symptoms
were collected from the fields as well as the
markets in Qaliobia and Giza districts during the
2019 and 2020 seasons. Samples were brought
to the laboratory and were washed thoroughly
with tap water. The infected tissues were cut
into small portions 0.5- cm, surface sterilized by
dipping in 1% sodium hypochlorite for 2
minutes, followed by three subsequent washings
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with sterilized distilled water, then they were
dried between two pieces of sterilized filter
paper. The sterilized portions were placed
aseptically in  9-cm-diameter Petri dishes
containing potato dextrose agar (PDA) medium.
The Petri dishes were then incubated at 24 +1
°C for 5-7 days for development of fungal
growth. The growing fungal colonies were
purified using the hyphal tip technique. Purified
fungi were identified on the basis of their
morphological characteristics, according to
Barnett and Hunter (2006) and Sutton (1980).
Pure culture stocks of the isolated fungi were
kept on PDA slants at 4°C for further study. The
frequency (%) of each fungal species was
calculated using the following equation:
Frequency (%) =

Number of colonies of each fungal species

Total number of all fungi

3. Pathogenicity test:

During 2019 and 2020 seasons, healthy
avocado fruits cv. Hass and cv. Fuerte were
collected at mature green stage from El-Qanater
El-Khayria  Horticultural ~ Research  Station,
Agricultural Research Center. Avocado fruits were
selected for uniform size, color and free from
visible wounds, defects rots and decay before
inoculation. Three replicates of each fungus and
five fruits were used for each replicate. Avocado
fruits were thoroughly washed under tap water,
surface sterilized with 1% sodium hypochlorite
solution for 2 mins, followed by washing three
times in sterilized water and then air-dried on
sterilized filter paper. Each fruit was wounded by
small scratch and finally, inoculated individually
by spore suspension of  Colletotrichum
gloeosporioides,  Lasiodiplodia  theobromae,
Fusarium moniliforme and Penicillium expansum
(1x108 spores/ml) from 7-10 days old cultures for
one min. (Lachhab et al., 2015). The inoculated
and control fruits were placed on cardboard box so
that they do not touch each other, and the
cardboard boxes were enclosed in polyethylene
bags to maintain high humidity. Avocado fruits
were incubated for 12 days at room temperature
and assessed for disease symptoms by using
disease severity (%) scale as mentioned before.
The causal fungi of fruit rot were re-isolated again
for identity confirmation.

4. Control of fruit rot of avocado:

x 100

4.1. In vitro experiment:

Three concentrations 1, 2 and 3 ml or g/ L of
Pure-grade of essential oils (Lemongrass,
Rosemary, Thyme) and Copper oxide and 0.3,
0.5 and 1 ml/L of biofungicides (Serenade ASO)

as well as the fungicides Imazalil and Copper
oxide nanoparticlesas (NPs) shown in Table (1)
were evaluated for their inhibiting effect against
the pathogenic fungi C. gloeosporioides, L.
theobromaeand P. expansum under in vitro
conditions. Essential oils were obtained from
Cairo Company for Oils and Aromatic
Extractions CID, Egypt. Copper oxide
nanoparticlesas (NPs) was obtained from biota
EG company for nano technology. The three
concentrations of each treatment were added
each alone to conical flasks containing
autoclaved potato dextrose agar medium (PDA)
before solidifying, then mixed gently and
immediately poured in dishes (9 cm-diameter).
After solidification, the dishes were individually
inoculated at the center with equal disks
(&@5mm) cut from the peripheral active mycelial
growth of 7days old cultures of the three
pathogenic isolated fungi C. gloeosporioides, L.
theobromae and P. expansum. The dishes were
incubated at 24 +1 °C. Untreated PDA dishes
inoculated with fungi were served as control.
Three dishes were used for each treatment.
Fungal colony growth of the three fungi was
measured for the three concentrations of all
treatments when the control plates (untreated
fungal disks) reached full growth. Average
colony diameter (in mm) was calculated.
Reduction in mycelial growth was calculated
using the formula suggested by Abd-Alla et al.
(2014) as following:
Reduction in mycelial growth (%) =
dc - dt % 100
dc

Where:

dc = average colony diameter in the control.

dt = average colony diameter in the treatment.
4.2. In vivo experiment:

The above-mentioned chemicals with the
same concentrations shown in Table (1) were
evaluated for controlling avocado fruit rot disease.
Cv. Hass and cv. Fuerte avocado fruits were
prepared and inoculated with the tested fungi as
previously mentioned under the pathogenicity test.
The efficacy of each treatment was calculated
using the following scale according to Mousa et al.
(2006):

% Efficacy =

Where:
A = disease severity (Fruit rot %) in the
control.
B = disease severity (Fruit rot %) in treated
fruits.

A-B
A

x 100
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Table (1): Trade names, active ingredients and application rates of compounds.

Commercial name

Active ingredient

Dose/1L basic
medium or/ 1L water

Lemongrass oil Citrol or citral, about 70 % up to 85 % 1,2 and 3 ml
Rosemary oil Camphor, piperitone, I(;r:;]c;?ecr;en,qglgjrzg\;ln, alsceniol and some 1.2and 3 ml
Thyme oil Thymol, carvacrol, geraniol, thymolmethylether, a -terpinene 1,2 and 3 ml
Serenade ASO 1.34% SC Bacillus subtilis (QST713) 0.3,0.5and 1 ml
Imazalil50%EC Imazalil 0.3,0.5and 1 ml
Copper oxide CuO 1,2and3¢g
Copper oxide nanoparticles CuO NPs 0.3,0.5and 1 ml

4.3. Field experiment:

This experiment was conducted in a 15-
year-old cv. Hass and cv. Fuerte avocados
orchard located in EI-Qanater El-Khayria
Horticultural Research Station, Agricultural
Research Center, during 2019 and 2020
growing seasons to evaluate the efficacy of
the  above-mentioned  compounds  for
controlling the fruit rot disease under field
conditions. The recommended horticultural
practices were applied as usual. Each
treatment was applied to 15 trees as three
replicates. All treatments were sprayed three
times using concentration that gave the best
inhibition of tested pathogens in the
laboratory study (3 ml or g/L) of the three oils
and Copper oxide and (1 ml/L) of Serenade
ASO, Imazalil  and  Copper  oxide
nanoparticles. The first application of the
tested compounds was sprayed at the

beginning of fruit set. Treatments also were
sprayed twice, 28 and 14 days before harvest.
The same number of trees was sprayed with

water to serve as a control. Treated avocado
fruits were picked at normal harvest date and
brought to laboratory. Twenty-five fruits were
chosen randomly from each replicate. The
fruits stored at room temperature for 12 days
on cardboard box to assess efficacy of the
tested compounds to control post-harvest fruit
rot. At the end of the trail period disease was
evaluated as disease severity % and efficacy
% as mentioned before.

Characterization of Copper oxide
nanoparticles:
Copper  oxide  nanoparticles  (NPs)

dispersibility and purity were determined
using transmission electron  microscope
(TEM) (FEI Tecnai G2, FEI Company, Nano
Tech Egypt) to obtain transmitted electron
pictures (Hashim et al., 2019). The TEM
micrograph of copper oxide nanoparticles
showed that their shape is spherical
morphology with average sizes between 44.23
and 96.26 nm Fig. (1).

100 nm

Fig. (1): Transmission electron microscopic (TEM) image of copper oxide nanoparticles (NPs),

ranging from 44.23- 96.26 nm.
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Statistical analysis:

Data were statistically analyzed using the (F)
test and the value of LSD (at 5%) according to
Gomez and Gomez (1984).

RESULTS

1. Survey of avocado fruit rot:

Avocado fruit rot disease symptoms were
observed on cv. Hass and cv. Fuerte in the field
as well as the commercial markets in the two
investigated locations (Figs. 2, 3, 4 and 5). Data
presented in Table (2) Show that incidence of
avocado fruit rot ranged between 16% and
38.66% on the surveyed two cultivars over the
two surveyed regions with disease severity
ranged between 11.73% and 31.46%. However,
both disease parameters were significantly
higher on cv. Fuerte than cv. Hass. Meanwhile,
disease incidence and disease severity (%) were
higher in the field and commercial market at El-
Qanater El-Khayria, Qaliobia Governorate than
El- Rahawy, Giza Governorate during 2019 and
2020 seasons. The highest percentages of

disease incidence and disease severity (38.66
and 31.46) respectively were recorded in Fuerte
cv. in the market at El-Qanater EIl-Khayria,
Qaliobia Governorate during 2020. On the other
hand, the lowest percentages of disease
incidence and disease severity being 16.0% and
11.73%, respectively were recorded in cv. Hass
in the field at EI- Rahawy, Giza Governorate
during 2019.

2. Fungi associated with avocado fruit rot:
Data in Table (3) show that four fungal
species i.e., Colletotrichum gloeosporioides,
Lasiodiplodia theobromae, Fusarium
moniliforme and Penicillium expansum were
associated with the naturally infected avocado
fruit rot. The most frequently isolated fungus
from mature field and postharvest fruits in the
commercial market of the two governorates
during the two seasons was L. theobromae being
35.83% - 46.15% over the two years of the
investigation. This was  followed, C.
gloeosporioides (22.35% - 30.68%) while the
lowest frequencies (11.49% - 21.75%) were
recorded for F. moniliforme and P. expansum

Fig. (2): Symptoms of avocado fruit rot under filed condition.
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Fig. (3): Avocado fruits showing natural fruit rot in markets.

Avocado fruit Hass cvs.

Healthy avocado fruit]§] Infected avocado fruit

Fig. (4): Symptoms of fruit rot on cv. Hass natural infection.

Avocado fruit Fuerte cvs.

Healthy avocado fruit[§l Infected avocado fruit

Fig. (5): Symptoms of fruit rot on cv. Fuerte natural infection.
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Table (2): Disease incidence (D. I. %) and disease severity (D. S. %) of avocado fruit rot at the
fields and the markets in the two surveyed governorates during 2019 and 2020 seasons.

2019 2020
Locations Cv.
D.I.(%) DS% D.I.(%) DS%
Field Hass 20.00 14.93 21.33 16.26
ie
El-Qanater El-Khayria, Fuerte 24.00 17.33 26.66 20.53
Qaliobia Governorate Market Hass 32.00 22.66 33.33 24.26
arke
Fuerte 34.66 28.26 38.66 31.46
Field Hass 16.00 11.73 20.00 14.66
ie
E|_Rahawy’ Giza Fuerte 21.33 16.26 24.00 19.73
Governorate Hass 26.66 19.73 30.66 22.13
Market
Fuerte 32.00 25.33 33.33. 27.46
L.S.D.at5% 1.07 0.95 0.97 0.99

Table (3): Frequency (%) of fungal species isolated from naturally infected avocado fruit
collected from the fields and the markets in Qaliobia and Giza Governorates during
2019 and 2020 seasons.

Isolation frequency %

2019 2020
Isolated fungus — 5 — X
Qaliobia Giza Qaliobia Giza
Field Market Field Market Field Market Field  Market
C. gloeosporioides  24.76  28.33  23.17 27.48 22.35 30.68 25.55 25.55
L. theobromae 4151 38.22 46.15 4261 42.61 35.83 40.78  41.87
F. moniliforme 11.98 1544  12.67 12.56 15.12 12.88 12.88 11.49
P. expansum 21.75 18.01 18.01 17.35 19.92 20.61 20.79 21.09
Total 100 100 100 100 100 100 100 100
LS.D.at5% R.=N.S. R.=N.S.
L.=N.S. L.=N.S.
F.=0.84 F.=0.79
R.xL.=N.S. R.xL.= N.S.
R.xF.=1.19 R.xF.=1.13
L.xF.=1.19 L.xF.=1.13
R.xL.xF. =1.69 R.xL.xF. =1.59
N.S. = Nonsignificant; R. = Region; L. = Location; F. = Fungi
3. Pathogenicity test.
The pathogenicity test show that all the respectively. This was, followed by C.

recovered fungal species were able to induce
fruit rot on avocado fruits with different degrees
(Figs. 6, 7 and 8). However, data in Table (4)
show that the highest average disease severity
(fruit rot) % on Hass and Fuerte cultivars during
2019 and 2020 seasons was obtained from the
infection L.  theobromae  where the
corresponding mean values were 69.33% and
70.66% disease severity with 2019 and 2020,

gloeosporioides 52.00 and 54.66, while P.
expansum  recorded 1599 and 18.66,
respectively. On the other hand, small decay
spots appeared on softening fruit that inoculated
by F. moniliforme 5.33 and 7.33, respectively.
Also, data indicated that cv. Fuerte was more
susceptible than cv. Hass under artificial
inoculation in pathogenicity tests of the two
years of the investigation.
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Table (4): Pathogenicity expressed as fruit rot disease severity, of fungal species recovered
during the 2019 and 2020 survey, on cv. Hass and cv. Fuerte avocado fruits.

Disease severity (Fruit rot) %

Tested fungi 2019 2020

Hass Fuerte Mean Hass Fuerte Mean
C. gloeosporioides 48.00 56.00 52.00 49.33 60.00 54.66
L. theobromae 66.66 72.00 69.33 68.00 73.33 70.66
F. moniliforme 4.00 6.66 5.33 6.66 8.00 7.33
P. expansum 14.66 17.33 15.99 16.00 21.33 18.66
Control 00.0 00.0 00.0 00.0 00.0 00.0
Mean 26.66 30.39 28.53 27.99 32.53 30.26
L.S.D.at5% = CVS =157 CVvS=1.84

F.=1.82 F.=2.13
CVS x F. =2.57 CVSxF.=3.01

CVS = Cultivars; F. = Fungi.
Artificial inoculation with Lasiodiplodia theobromae

Healthy avocado fruit[§] Infected avocado fruit E

Fig. (6): Artificial inoculation with Lasiodiplodia theobromae.

Artificial inoculation with Colletotrichum gloeosporioides

Healthy avocado fruit[§| Infected avocado fruit

Fig. (7): Artificial inoculation with Colletotrichum gloeosporioides.
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Healthy avocado fruit

Artificial inoculation with Penicillium expansum

Infected avocado fruit

Fig. (8): Artificial inoculation with Penicillium expansum.

4. Control of fruit rot of avocado:
4.1. In vitro experiment:

In this trail, the inhibitory effect of three
concentrations of seven treatments against the
growth of the three pathogenic isolated fungi C.
gloeosporioides, L. theobromae and P.
expansum was tested in in vitro. Data in Table
(5) show that the treatments differed in their
ability to inhibit the mycelial growth of the three
pathogens. Also, increasing the concentration of
the seven treatments increased gradually their
effects in inhibiting the growth of the three
pathogens. Generally, complete reduction in
colony growth of three fungi was observed at
concentration of 3 ml or g /L of Copper oxide,
Thyme, Rosemary and Lemongrass whereas
complete reduction in colony growth was
recorded of 1 ml/ L in case of Imazalil, Copper
oxide nanoparticles and Serenad ASO.
Additionally, none of the treatments completely
suppressed the pathogens at (2 ml or g) or 0.5
ml. Comparing the treatments at (2 ml or g) or
0.5 ml, the results show that Imazalil and
Copper oxide nanoparticles recorded the highest
mean of inhibition of the three fungi being
(88.56and 86.85), respectively, followed by
Serenade ASO and Copper oxide (85.23 and
85.07), respectively. While Thyme, Rosemary
and Lemongrass recorded (78.23, 77.01 and
75.36) mean of inhibition, respectively of the
three fungi.

4.2. In vivo experiment:

After dipping mature avocado fruits in the
three concentrations prepared from the different
treatments each alone, mature avocado fruits
were artificially inoculated with each of the

three pathogenic fungi C. gloeosporioides, L.
theobromae and P. expansum. Inoculated
avocado fruit were stored for 12 days at room
temperature and then examined for fruit rot
severity. Data in Table (6 and 7) shows that all
treatments decreased disease severity compared
with the control and rising the concentrations of
treatments significantly affected the efficiency
of the treatments. Generally, complete
protection from fruit rot appeared on fruit which
artificially inoculated with each of the three
fungi and treated with 3 ml or g/L in case of
copper oxide, Thyme, Lemongrass and
Rosemary. Whereas complete protection from
fruit rot was recorded in case of 1 ml/L of
Imazalil, Copper oxide nanoparticles and
Serenade ASO. Additionally, none of the
treatments completely suppressed the fruit rot
infection at concentration (2 ml or g) or 0.5 ml.
4.3. Field experiment:

The best concentration of the seven
treatments which achieved the highest inhibition
in in vitro and in vivo was evaluated for their
efficacy for controlling the fruit rot disease on
cv. Hass and cv. fuerte trees under natural field
infection during 2019 and 2020 growing
seasons. Data in Table (8) show that all
treatments reduced the severity of diseased fruits
compared with control treatment. Copper oxide
nanoparticles and Imazalil gave the highest
efficacy for controlling avocado fruit rot disease
on the two cultivars during the two seasons,
followed by Serenade ASO, Copper oxide and
Thyme, while the lowest efficacy was recorded
when trees sprayed with Lemongrass and
Rosemary, respectively.
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Table (5): Reduction (R %) of colony diameter (L) of the recovered avocado fruit rot fungi in
response to different concentrations of some treatments in vitro.

C. gloeosporioides L. theobromae P. expansum Mean
Treatment Conc. /L
L(mm) R% L(mm) R% L(mm) R% L(mm) R%
Iml 38.3 57.44 30.5 66.11 32.1 64.33 33.6 62.62
Lemongrass 2mi 25.4 71.77 17.6 80.44 23.5 73.88 22.2 75.36
3ml 00.0 100 00.0 100 00.0 100 00.0 100
1ml 416 5377 353 6077 295 6722 355 60.58
Rosemary 2 mi 27.5 69.44 18.8 79.11 15.7 82.55 20.7 77.01
3ml 00.0 100 00.0 100 00.0 100 00.0 100
Iml 36.2 59.77 334 62.88 26.5 7055 32.03 6441
Thyme 2ml 243 7300 196 7822 148 8355 19.6 7823
3ml 00.0 100 00.0 100 00.0 100 00.0 100
03ml 306 66.00 259 7122 236 7377 267 7033
Serenad ASO 0.5 ml 14.2 84.22 12.2 86.44 134 85.11 13.3 85.23
1ml 00.0 100 00.0 100 00.0 100 00.0 100
0.3ml 184 79.55 24.8 72.44 194 78.44 20.2 77.53
Imazalil 0.5ml 9.8 89.67 12.3 86.33 9.2 89.78 10.3 88.56
1ml 00.0 100 00.0 100 00.0 100 00.0 100
19 30.9 65.66 25.0 72.22 23.8 73.55 26.56 70.59
Copper oxide 29 144 84.00 124 86.22 135 85.00 1343 85.07
309 00.0 100 00.0 100 00.0 100 00.0 100
0.3ml 23.4 73.88 17.6 80.44 21.8 75.77 2093 76.73
Copperoxide o5 135 533 7.6 9155 147 8366 1183 86.85
nanoparticles
1ml 00.0 100 00.0 100 100 100 00.0 100
Control -- 90.0 -- 90.0 -- 90.0 -- 90.0 =
LSD.at5%= F.=0.35; T. = 0.62; Conc. = 0.36

F.xT.=061;F.xC.=107; F. xT.xC.=1.85; F. x T =1.07

F. = Fungi; T. = Treatments; Conc. = Concentrations
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Table (6): Efficacy (Eff.) % of various concentrations of different treatments against avocado fruit rot disease severity (D.S. %) on cv. Hass and cv.

fuerte under artificial inoculation in vivo during 2019 season.

Hass Fuerte
Treatments  Conc./L c L. theobromae  P. expansum Mean e L. theobromae ' Mean
gloeosporioides gloeosporioides expansum
D.s. Eff. D.s. Eff. D.s. Eff. D.s. Eff. D.s Eff. D.s Eff. D.s Eff. D.s Eff.
Iml 1866 61.12 24.00 63.99 4.00 72.71 1555 6594 | 24.00 57.14 28.00 61.11 6.66 61.56 19.55 59.93
Lemongrass 2ml 13.33 7222 16.00 75.99 2.66 81.85 1066 76.68 | 17.33 69.05 20.00 72.22 4.00 76.91 13.77 72.72
3ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
Iml 20.00 58.33 26.66 60.00 5.33 63.64 17.33 60.65 | 25.33 54.76 30.66 57.41 8.00 53.83 21.33 55.33
Rosemary 2ml 1466 69.45 17.33 74.00 2.66 81.85 1155 75.10 | 18.66 66.67 21.33 70.37 4.00 76.91 1466 71.31
3ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
Iml 18.66 61.12 22.66 66.01 4.00 72.71 15.10 66.61 | 22.66 59.53 26.66 62.97 5.33 69.24 1821 63.91
Thyme 2ml 12.00 75.00 13.33 80.00 2.66 81.85 9.33 78.95 | 16.00 7142 16.00 77.77 4.00 76.91 1200 75.36
3ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
0.3ml 1466 69.45 1866 72.00 4.00 7271 1244 7138 | 18,66 66.67 22.66 68.52 5.33 69.24 1555 68.14
Serenad ASO 0.5ml 9.33 80.56 10.66 84.00 2.66 81.85 7.55 82.13 | 13.33 76.19 13.33 81.48 4.00 76.91 10.22 78.19
1ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
0.3ml 10.66 77.79 16.00 75.99 2.66 81.85 9.77 7854 | 1466 73.82 1866 74.08 4.00 76.91 1244 74.93
Imazalil 0.5ml 5.33 88.89 8.00 87.99 1.33 90.92 4.88 89.26 8.00 85.71 10.66 85.19 2.66 84.65 7.10 85.18
Iml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
1lg 16.00 66.66 17.33 74.00 5.33 63.64 1288 68.10 | 20.00 64.28 20.00 72.22 6.66 61.56 1555 66.02
Copper oxide 29 10.66 77.79 9.33 86.00 2.66 81.85 7.55 81.88 | 1466 7382 1200 83.33 4.00 76.91 10.22 78.02
39 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
) 0.3ml 12.00 75.00 12.00 81.99 2.66 81.85 8.88 79.61 | 16.00 7142 1466 79.63 4.00 7691 1155 75.98
E;npgsgrg)éigg 05ml  6.66 8612 533 9200 133 9092 444 8968 | 9.33 8333 800 8888 2.66 8465 6.66 8562
Iml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
Control water 48.00 --- 66.66 --- 14.66 --- 43.10 56.00 ---- 72.00 ---- 17.33 --- 48.44 --
LSD. a5 % F.=0.38 T.=0.66 F.xT=1.14 Conc. =0.38 F.=0.35 T.=0.62 F.xT=1.08 Conc. =0.36
F.xT.=0.66 F.xC.=1.14 F.xT.xC.=1.98 F.xT.=0.62 F.xC.=1.08 F.xT.xC.=1.87

F = Fungi; T = Treatments; Conc. = Concentrations.
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Table (7): Efficacy (Eff.) % of various concentrations of different treatments against avocado fruit rot disease severity (D.S%) on cv. Hass and cv.
fuerte under artificial inoculation in vivo during 2020 season.

Hass Fuerte

Treatments ~ Conc./L e L. theobromae  P. expansum Mean ©

L L L. theobromae P. expansum Mean
gloeosporioides gloeosporioides

D.S Eff. D.S Eff. D.S Eff. D.S Eff. D.S Eff. D.S Eff. D.S Eff. D.S Eff.

1ml 20.00 59.45 2533 6275 533 66.68 16.88 6296 | 26.66 5556 29.33 60.00 8.00 6249 2133 59.35
Lemongrass 2ml 1333 7297 1733 7451 266 8337 1110 76.95 | 1866 68.90 2133 7091 533 7501 1510 71.60
3ml 0.00 100 0.00 100 100 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

Iml 20.00 5833 28.00 5882 6.66 5837 1822 5850 | 28.00 53.33 3200 56.36 9.33 56.25 23.11 5531
Rosemary 2ml 16.00 67.56 18.66 7255 4.00 75.00 1288 71.70 | 21.33 64.45 2266 69.09 533 75.01 16.44 6951
3ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

iml 20.00 5945 2400 6470 4.00 7500 16.00 66.36 | 25.33 57.78 28.00 6181 6.66 68.77 19.99 62.78
Thyme 2ml 1333 7297 1466 7844 266 8337 1021 7826 | 1733 7111 1733 7636 533 75.01 13.33 74.16
3ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

0.3ml 16.00 67.56 20.00 70.58 4.00 75.00 1333 7104 | 21.33 6445 2400 67.27 6.66 6877 17.33 66.83
Serenade ASO 0.5ml 10.66 78.39 12.00 8235 2.66 8337 844 8137 | 1466 7556 14.66 80.00 533 7501 1155 76.85
Iml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

0.3ml 12,00 7567 1733 7451 266 8337 10.66 77.85 | 16.00 73.33 20.00 7272 533 7501 13.77 73.68
Imazalil 0.5ml 666 8649 933 8627 133 9168 577 8814 | 933 8445 1200 8363 266 8752 799 8520
1ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

19 1733 64.86 1866 7255 533 66.68 13.77 68.03 | 20.00 66.66 22.66 69.09 8.00 6249 16.88 66.08
Copper oxide 29 12.00 75.67 10.66 8432 400 75.00 888 7833 | 10.66 8223 13.33 8182 6.66 68.77 1021 77.60
39 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

0.3ml 1333 7297 1333 8039 400 75.00 1022 76.12 | 17.33 7111 16.00 7818 533 7501 1288 74.76
0.5ml 800 8378 6.66 9020 133 9168 533 8855 | 1066 8223 933 8727 400 8124 7.99 8358
1ml 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100

Copper oxide
nanoparticles

Control water  49.33 --- 68.00 --- 16.00 --- 44 .44 --- 60.00 ---- 73.33 ---- 21.33 ---- 51.55 ---
LSD. at5 % F.=0.41 T.=0.71 F.xT.=1.23 Conc. =0.41 F.=0.38 T.=0.66 E.x T =1.15 Conc. =0.39
D ° F.xT.=0.71 F.x C.=1.23 F.xT.xC.=2.13 F.xT.=0.67 F.x C.=1.16 F.xT.xC.=2.01

F. = Fungi; T. = Treatments; Conc. = Concentrations.
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Table (8): Efficacy (Eff.) % of preharvest treatments against fruit rot disease severity (D.S. %) on cv.
Hass and cv. Fuerte after 14 days of storage at room temperature.

2019 2020
Treatment Conc./L Hass Fuerte Hass Fuerte

DS% Eff DS% Eff% | DS% Eff% DS% Eff.%
Lemongrass 3ml 2.40 83.92 3.46 80.03 2.93 81.98 4.26 79.24
Rosemary 3ml 2.66 82.18 3.73 78.47 3.20 80.31 4.80 76.61
Thyme 3ml 2.13 85.73 3.20 81.53 2.66 83.64 4.00 80.51
Serenade ASO Imi 1.86 87.54 2.66 84.65 2.40 85.23 3.46 83.14
Imazalil Imi 1.33 91.09 1.86 89.26 1.60 90.15 2.40 88.30
Copper oxide 39 1.86 87.54 2.93 83.09 2.40 85.23 3.73 81.83
Copper oxide iml 1.06 9290 160 9076 | 1.33  91.82 240  88.30
nanoparticles
Control water 14.93 17.33 16.26 20.53
L.S.D.at5% CVvsS=0.27 CVS=0.25

T.=0.47 T.=0.43
CVSxT.=0.66 CVSxT.=0.62

CVS = Cultivars; T. =Treatment
DISCUSSION

Although Milad, (1936) stated that avocado
was introduced into Egypt between years 1870
and 1880 as a botanical specimen, is still far
below the domestic market demand. There are
several cultivars of avocado in Egypt namely
Hass, Fuerte, Duke, Reed, Eitinger, Bekon and
Benkerton but the most frequently cultivated
cultivars are Hass and Fuerte.

Avocado fruits are affected by several
diseases both in the pre and in the postharvest
period. Fruit rots infections occur in the field
and generally disease development occurs after
harvest (Phillipp et al., 2010). Korsten and
Kotze (1992) reported that one of the most
important problems that facing avocado industry
in South African is postharvest diseases and the
losses due to avocado fruit infection with
anthracnose in the market which reached 36%.
Willingham et al. (2006) reported that over 90
% disease incidence of anthracnose was
observed for Hass cultivar under favorable
conditions in Australia. Also, avocado fruit rot
becoming common and severe in avocado
orchards and markets in Egypt. In present study,
results indicated that the maximum disease
incidence and disease severity was recorded in
cv. fuerte in local market at El-Qanater EI-
Khayria region, Qaliobia Governorate during
2020.The lowest disease incidence and disease
severity was recorded in cv. Hass in the field at
El Rahawy region, Giza Governorate during
2019. Also, in this study four different fungi, C.
gloeosporioides, L. theobromae, F. moniliforme
and P. expansum were associated with the

naturally infected avocado fruit rot. The most
frequently isolated fungus from mature fruit in
the field and postharvest fruit in the commercial
market of the two governorates during the two
seasons was L. theobromae, followed by C.
gloeosporioides. While a lower frequency was
recorded for P. expansum and F. moniliforme.
Meanwhile, pathogenicity tests showed that the
highest percentage of avocado fruit rot disease
severity was recorded for L. theobromae,
followed by C. gloeosporioides while, the
lowest disease severity was observed for P.
expansum and small decay spots appeared on
softening  fruit that inoculated by F.
moniliforme, whereas the control treatment did
not show any symptoms. This study suggests
that L. theobromae, C. gloeosporioide and P.
expansum might be the main pathogens
associated with avocado fruit rot in Egypt where
artificial inoculation of these fungi induced
typical fruit rot symptoms. The obtained results
are consistent with Radwan and Hassan (2016)
in Egypt as reported that stem-end rot developed
in the field, as well as after harvest. L.
theobromae was the causal agent of stem-end rot
of avocado fruit. L. theobromae enters the fruit
through mechanically injured areas on the stem
or skin. The fungus grows from the pedicel into
a circular black lesion around the pedicel. Also,
in Brazil, Fischer et al., (2011) found that 68.7
% fruit rots incidence caused by L. theobromae
and Fusicoccum spp. was detected on cv. Fuerte
and cv. Hass after 15 days of storage. Also,
Darvas, (1985) and Schaffer et al., (2013)
demonstrated that C. gloeosporioides, L.
theobromae, Thyronectria ~ pseudotrichia,
Phomopsis perseae and Dothiorella aromatic
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are the most common fungi associated with
avocado fruit rot diseases.

Although several treatments were used to
reduce avocado postharvest fruit rot, fruits free
from rot are difficult to obtain (Darvas, 1981).
Therefore, investigation of alternative disease
control measures of avocado fruit rot is urgently
required. Our results showed that in vitro
treatments screening and under artificial
inoculation can be used to predict the in vivo
treatment toxicity on avocado fruit rot. It was
observed in in vitro test and under artificial
inoculation that seven treatments were effective
against the three pathogenic fungi at the three
different concentrations compared with the
control. Also, increasing concentration of the
tested compounds reduced colony growth of the
pathogenic isolated fungi and increased
reduction of fruit rot disease severity of avocado
fruits. Complete inhibition of colony growth and
reduction of fruit rot disease severity (100%)
was observed with essential oils and Copper
oxide at concentration of 3 ml or g/L of each.
Meanwhile, the same effect was recorded at
concentration of 1 ml/ L in case of Imazalil,
Copper oxide nanoparticles and Serenade ASO.
However, in field trial, Copper oxide
nanoparticles and Imazalil gave the highest
efficiency for controlling avocado fruit rot
disease when they were sprayed on the two
cultivars during the two seasons, followed by
Serenade ASO, Copper oxide and Thyme, while
the lowest efficiency was recorded when trees
sprayed with Lemongrass and Rosemary,
respectively.

The obtained results are in harmony with
several studies, biological control has been
applied successfully to protect fruit and
vegetable crops from postharvest rot (Wilson
and Wisniewski, 1989). Many products that
contain B. subtilis are available nowadays.
Korsten and Kotze (1992) reported that B.
subtilis and B. lichineformis were more effective
than prochloraz dip treatments in reducing
anthracnose, Dothiorella/ Colletotrichum fruit
rot complex and stem-end rot of naturally
infected Fuerte fruit under commercial
packinghouse conditions. Intensive research has
indicated that the effects of B. subtilis on plant
disease suppression are attributable to antibiosis,
competition for space and nutrients, lysis of
pathogen hyphae, and induced systemic
resistance (Li et al., 2013). In addition, B.
subtilis increases N uptake, phosphate
solubilization, and siderophore and
phytohormone production, promoting plant

growth. B. subtilis has a demonstrated positive
effect on disease suppression by altering the
composition and function of soil microbial
communities (You et al., 2016).

Essential oils are volatile, natural, complex
compounds characterized by a strong odor
which can be used to delay or inhibit the growth
of microorganisms (Solgi and Ghorbanpour,
2014). Dubey et al., (2007) found that the
essential oil of Eupatorium cannabinum was
effective against L. theobromae and C.
gloeosporioides which causing stem end rot
disease and anthracnose disease in mango fruit
respectively. Ozcan and Chalchat (2008) found
that Rosemary  (Rosmarinus  officinalis)
exhibited an inhibitory effect on Fusarium
oxysporum, Alternaria alternata and Botrytis
cinerea in vitro. Muthukumar and Sanjeev,
(2012) found that lemongrass oil was more
effective and caused complete growth inhibition
of L. theobromae even at 0.005% concentration
compared to other oils tested. Tzortzakis and
Economakis, (2007) reported that lemongrass oil
expressed antifungal activity against
Colletotrichum coccodes, B. cinerea,
Cladosporium herbarium, Rhizopus stolonifer
and A. niger in vitro. They also reported that
lemongrass oil at 25ppm could inhibit spore
production and at 500 ppm fungal sporulation
was completely inhibited.

Antifungal  activity shown by Cu
nanoparticles in controlling various crop
diseases makes them a good candidate for plant
disease management (Bramhanwade et al.,
2016).

CONCLUSIONS

Our results of the present study suggest that
L. theobromae, C. gloeosporioide and P.
expansum could be the main pathogens causing
avocado fruit rot in Egypt where artificial
inoculation of these fungi induced typical fruit
rot symptoms. Also, avocado fruits treated
preharvest with the best concentration of copper
oxide nanoparticles and Imazalil may help in the
management of avocado fruit rots under the
market conditions. Also, this work highlighted
the potential for using alternative treatments as
Serenade ASO (Bacillus subtilis QST 713) and
essential oils as attempted management
solutions for pre and postharvest fruit rot disease
control of avocado fruit.
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