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Olive anthracnose is the most important fungal disease of olive fruits worldwide. It occurs in
humid olive-growing areas of many countries and causes heavy yield losses and lowering of oil
quality. Colletotrichum acutatum was isolated and identified from rotten olive fruits.
Pathogenicity test of C. acutatum was confirmed. It was found to be decreased all physical
characteristics measured i.e. weight (gm), length (mm), diameter (mm) and volume (ml3). Also,
C. acutatum was found to decrease the oil content of the fruits, while increasing their total
titratable acidity and moisture content. Physiological studies resulted that, the highest growth
rate and sporulation was recorded with PDA medium, PH 6.5 and Light/dark cycle treatments.
Hot water treatments at 45, 50 and 55°C were able to decreased spore viability of C. acutatum
compared with untreated (control). The best treatment of hot water was recorded with 55°C. in
vivo. Also, hot water treatment at 55°C was successful in reducing the percentage of
anthracnose disease incidence on olive fruits in vitro. All tested alternative substrates i. e.
Ascorbic acid, Benzoic acid, potassium sorbate and citric acid used were able to reduce the
linear growth rate of C. acutatum in vitro. Benzoic acid was found to be the best alternative
substrate used which gave completely fruit protection (hundred of reduction percent) followed
by Ascorbic acid, Potassium sorbate and Citric acid. This is thought to be the first report of
anthracnose disease of olive fruits in Egypt.

Keywords: Olive Fruit rots, Colletotrichum, Nutrition, pH, Light/dark, Hot water, Ascorbic
acid, Benzoic acid, Potassium sorbate and Citric acid

Introduction

Colletotrichum is a very common fungus that is wide spread in
horticultural regions. The infected fruit will rot and some times shrivel before
prematurely dropping from the tree. Anthracnose is a latent disease. This means
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that the fungus can infect the fruit when the environmental conditions are
suitable but will remain dormant until the fruit begins to ripen. Colletotrichum
acutatum and C. gloeosporioides (Penz.) Penz. & Sacc. are the two members of
the genus that are most commonly associated with fruit rots in the literature.
Colletotrichum gloeosporioidesis considered a cumulative species and is found
on a wide variety of fruits, including almond, apple, avocado, citrus, mango,
olive, and strawberry (Sutton, 1992). Anthracnose (Colletotrichum acutatum
and C. gloeosporioides) disease causes soft circular rots on the fruit (Robert,
2005). Anthracnose is a fruit rot of olives caused by a strain of Colletotrichum
acutatum resulting in an orange slimy mass of spores on the fruit surface
(Kailis and Harris, 2007). Mummified olive fruits were observed when the
fruits began to ripen (Sergeeva et al., 2008). Two anamorphic species of
Colletotrichum, C. gloeosporioides (Penz.) Penz.&Sacc. and C. acutatum J. H.
Simmonds, were reported to be associated to olive anthracnose (Sergeeva et al.,
2010).

The disease is more severe with some varieties for example Manzanillo
and Leccino (Moral et al., 2009 and Soénia et al., 2012). The genus
Colletotrichum (Sordariomycetes, Ascomycota,) comprises ~600 species
attacking over 3,200 species of monocot and dicot plants (ARS Fungal
Databases, see URLs). Several species or genotypes of Colletotrichum have
been indicated as responsible for olive anthracnose in different countries,
including C. gloeosporioides, C. acutatum (both in a broad and narrow sense),
C. fioriniae, and C. simmondsii. Recently, the molecular group A4 of C.
acutatum has been described as a new species named C. clavatum (Cacciola et
al., 2012).

Anthracnose disease caused by Colletotrichum sp. is one of the most
economically important diseases reducing marketable yield from 10 to 80% of
the crop production in some developing countries, particularly in Thailand.
Anthracnose is a main problem on mature fruits, causing severe losses due to
both pre- and post-harvest fruit decay. C. acutatum and C. gloeosporioides
have been reported to be more prevalent on both young and mature green fruits
(Ashwini and Srividya, 2012).

Hot water treatment (45°C) for 150 s, in addition to controlling rot, to a
great level improves the fruit cortex (Larrigaudiere et al., 2002). Fruits were
passed through hot dips for a few minutes at 49 °C to kill mold spores on citrus
fruit. Practical systems have used either vapor heat or hot water. Fruits are
dipped in water at 50-55°C for 15 min before storage for control of fungus
(Irtwange, 2006). Pre-storage hot water dips of fruit at temperatures above
40°C have been shown to be effective in controlling storage decay, not only by
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reducing the pathogen but also by enhancing the resistance of fruit tissue,
influencing host metabolism and ripening.

Different organic acids and salts showed various levels of either
protective or therapeutic effect for coated lemon fruits against mould infection
whatever the time of their artificial inoculation under in vivo conditions (El-
Mougy et al., 2008). Potassium sorbate was used to control post-harvest decay
caused by many fungi (Palou et al., 2001). Potassium sorbate was shown to
reduce the incidence of sour rot under laboratory conditions (Smilanik et al.,
2008 and Embaby et al. (2013, 11&I11). Ascorbic acid. Ascorbic acid (Vitamin
C) can be added to the covering brines of processed green table olives to
prevent discolouration by oxidation of brines and olives. Benzoic acid, an
antimicrobial preservative against yeasts and moulds. Citric acid has
antimicrobial activity because of its pH effect. It is used as a synergist to
enhance the effectiveness of antioxidants such as ascorbic acid Kailis and
Harris (2007).

Aim of this study: Interestingly, this work centered on the Colletotrichum
sp. fungus (the causal agent of anthracnose disease) associated with olive fruits,
affecting fruit production and fruit quality (causing olive fruit decay),
pathological and physiological studied of this fungus and to assess the effect of
hot water and some alternative fungicide treatments in controlling this disease.

Materials and methods

Colletotrichum was isolated from rotten olive fruits then, identified in
Plant Pathology Department, National Research Centre (NRC) based on
cultural and morphological characteristics using a light microscope and the
available of literature described by Bernstein et al. (1995), Litz (1997) Embaby
and Abd-Ellatif (2013).

Pathogenicity test: Colletotricum fungus was grown on potato dextrose
agar (PDA) at 22+2°C oC for 10 days. Inoculums' was prepared by flooding
dishes with sterile distilled water, scraping the surface gently with a glass rod,
and filtering the resulting suspension through sterile cheesecloth. Spore
concentration was adjusted to (1X10°) spores’ ml-1 in sterile water for
inoculation. Healthy of olive fruits were surface sterilized by70% ethanol and
washed by rinsing sterilized distilled water for three times and dried with
sterilized filter paper, then were slightly injured with sterile needles aseptically
and were inoculated by spraying spore suspensions of conidia (1X10° conidia
ml™ water). A hand atomizer was used for spraying the inoculums suspension
of each isolate and atomizer was pre sterilized with 90% ethanol before the
spraying of the inoculums each time Lakshmi et al. (2011); Embaby and Abd-
Ellatif (2013). Three replications each containing ten fruits were inoculated.
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Control treatment was carried out by sterilized water only. All fruits were
incubated in moist chambers and covered with perforated polythene bags to
maintain a high humidity necessary for infection and maintained at room
temperature.  Symptoms appearance was examined. Infected fruits were
recorded after 7 days from inoculation. Koch’s postulates were proved using
tender olive fruits. Colletotricum fungus was re-isolated from infected fruits
and its identity was confirmed (Jayasinghe and Fernando, 2009; Lakshmi et al.,
2011; Embaby and Abd-Ellatif, 2013). Disease developments (percentage of
the incidence) were recorded after 7 days from inoculation. The disease
incidence of infected olive fruits in relation to the total number of fruits in each
replicate according to the following formula (Zeng et al., 2006 and Sonia et al.,
2012).

Number of rotted fruits

Infection(%) = % 100
(%) Total number of tested fruits

Physical attributes (Physical parameters)
General physical features of olive fruit are as follows:

Fruit length cm, diameter of size cm, weight from grams, olive shapes
include pear, egg and heart, other features include asymmetry, nipples and
points. These attributes of quality are measured by applying principles of
physics and measuring the response of fruit Stan Kailis and David Harris
(2007). Varieties with large fruit size are used for table olive processing. The
time of harvesting for table olive cultivars depends on the type of the final
product and it is a function of climatic conditions. The determining factors
include the following Jeff Atherton et al. (2009).

Fruit weight loss %

Fruit weight loss is a basic parameter of quality and has to be measured
precisely on digital balance/weighing machine to calculate loss in weight of
fruit (Fig, 5). It should be in replicates of 3 fruits. Weight loss was
approximated as percent of original weight. For this purpose initial and final
weight of the fruits was determined at zero time (Milind, 2008; Abdel and
Rashid, 2012; Gautam et al., 2012 and Nevarez et al., 2012). The percentage of
weight loss was calculated using the following formula.
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Physiological studies:

Effect of nutrient media: Four types of different media i. e. olive leaf
extract medium (OLE), olive fruit extract (OFE), potato dextrose agar (PDA)
and mixed medium (OLE and OFE) were tested to determine the effect of
nutrients on mycelial growth and Colletotrichum sporulation. Mycelia discs
(5mm in size) were cut from the advancing margins of 7 days old culture of the
pathogen using a flame-sterilized cork-borer. One 5 mm disk of a pure culture
of this pathogen was placed at the center of a Petri dish 9cm containing 10 ml
of each medium. Each treatment was replicated three times. The dishes were
incubated at 22 + 2°C for 7 days. Radial of mycelial growth of the pathogen
was measured daily along two diameters as the means of the percentage of
growth of the dishes for this fungus (Mello et al., 2004; Wokocha et al., 2010
and Ashwini and Srividya, 2012).

To determine effect of different media on sporulation (Spore density), the
plate surface was flooded with 5ml of distilled water and brush in order to
release conidia into the water. The resulting spore suspensions were separately
filtered through double-layered muslin cloth into sterile test-tubes. The number
of spores (conidia) per suspension of the fungus was estimated using a
haemocytometer and tally counter (Mello et al., 2004 and Wokocha et al.,
2010). Spore production was quantified and calculated.

Effect of different pH concentrations: To evaluate pH effects on growth
rate and sporulation, the pH of PDA medium was adjusted before autoclaving
to 3.5, 5.0, 6.0, 6.5, by buffers with the help of 0.1IM HCI and sodium
hydroxide buffer was used to adjust the pH to 7, 7.5, before sterilizing in an
autoclave at 121°C for 20 minutes (Sarkar et al., 2011). One 5 mm disk by
using a flame-sterilized cork-borer of a pure culture of the pathogen 7 days old
culture was placed at the center of a Petri dish containing potato dextrose agar
(PDA). Plates were incubated at 22+ 2°C. Each treatment was replicated three
times. After 7 days, the mycelium growth diameter of the pathogen was
measured. Spore production was quantified using a hemacytometer and
calculated (Ding et al., 2007; Wokocha et al., 2010; Ashwini, and Srividya,
2012).

Light requarment: Light studies were conducted at 22 + 2°C.
Comparable plates were incubated under constant illumination (continuous
light, CL), 40 Watt: FL 40T9D/38 Fluorescent Lamp, constant darkness
(continuous darkness, CD) or a 12 h light/ dark photoperiod (12:12 L: D), CL,
40 Watt: FL 40T9D/38 Fluorescent Lamp. PDA medium were inoculated with
0.5mm disc, 7days old culture of the tested Colletotricum fungus then, divided
for three groups with three replicates. First group was incubated with
continuous light, CL, 40 Watt: FL 40T9D/38 Fluorescent Lamp, second group
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under continuous dark while, third group with light/dark cycle 12/12h. The
growth rates were calculated and sporulation density was quantified using a
hemacytometer and calculated as maintained (Mello et al., 2004).

Control olive fruit decay caused by Colletotricum sp.

Effects of hot water treatments on spore viability in vitro: A tested
Colletotrichum fungus was surface harvested after 10 days old culture from
incubation. Spores were harvested by adding 9 ml of water sterile from the
plate surface with a sterile glass rod, and passing through two layers of
cheesecloth to removing the mycelial growth. The suspension was diluted with
sterilized water to an optical density (OD). The fungal suspension was adjusted
at 2 x 10° spores/ml (Plaza et al., 2004; Zamani et al., 2009 and Abd el-Azem,
2013).

Spore suspension (0.2 ml) of a concentrated fungus was added to sterilize
distilled water in the sterile glass tubes, to achieve a final concentration of 2 x
10° spore’s ml™. All sterile glass tubes were placed in water bath at 45, 50, and
55°C, and allowed to equilibrate for 5 min. After 5min., tubes were removed
from the water bath and placed immediately on ice. Aliquots (5 ml) of the spore
suspensions were transferred to Potato Dextrose Agar (PDA) kept in Petri
dishes padded with treated spore suspension, and incubated for3 days at 22+2°C
in darkness. The numbers of colony-forming of viable spores were counted for
each treatment after three days of incubation. These treatments included: hot
water (45, 50 and 55°C) for 5 min, comparing with un-treated control treatment
were recorded (Plaza et al., 2004, Fatemi and Hassan, 2011; Abd el-Azem,
2013).

Effects of hot water treatment in vivo: Healthy olive fruits were
wounded using sterilized needle. Twelve olive fruits constituted each replicate
that included the inoculated wound from each fruit. The wounded sites were
inoculated with 20 ml spore suspension of the tested fungus (10> spores ml™),
and the fruits were kept for incubation in plastic trays, at 22+2°C under humid
conditions. After 24 h, the fruit were rinsed in hot water at 55°C for 5min and
kept for incubation under the same conditions. The percentage of infected
wounds was determined 7 days after inoculation comparing with un-treated
control treatment. Following drying (each treatment was separately packed in
plastic bags and along with control. At the end of 7 days, appraised parameters
including disease incidence, and decreased weight loss of fruits were measured
as mentioned before (Fatemi and Hassan, 2011; Abd el-Azem, 2013).

Effect of some alternative fungicides in vitro: A tested Colletotrichum
fungus was surface harvested after 10 days old culture from incubation. Spores
were harvested by adding 9 ml of water sterile from the plate surface with a
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sterile glass rod, and passing through two layers of cheesecloth to remove the
myecelial growth. The suspension was diluted with sterilized water to an optical
density (OD). The fungal suspension was adjusted to 1 x 10° spores/ml (Zamani
et al., 2009); Embaby et al. (2013 l1&I11).

The efficacy of the tested compounds i. e. Ascorbic acid, Benzoic acid,
Citric acid and Potassium sorbate on the inhibition growth of Colletotricum was
evaluated in vitro. The tested compounds were added to sterilized PDA
medium, before solidifying to obtain the proposed concentrations Ascorbic
acid, Benzoic acid, Citric acid ( 6, 8, 10 g/l) and Potassium sorbate (1, 2& 3
g/l) then, gentle rotation was done for five minutes to ensure the equal
distribution of the added compound(s). After that, the concentrations were
dispensed in sterilized Petri plates (9-cm-diameter). PDA medium free of these
compounds was used for the check treatment (Control). All plates were
inoculated at the center with discs (5-mm-diameter) of 10 day old culture of
Colletotricum. Three replicates were used for each treatment. Inoculated plates
were incubated at 22+2°C. The average linear growth was measured after 5-7
days when the fungi reached full growth in the check treatment. Then,
reduction (%) in mycelial growth was calculated in all treatments relative to the
fungal growth (9-cm-diameter) in the control one Embaby et al. (2013 1&I1l).

Ability of some alternative fungicides in vivo: Healthy olive fruits were
obtained from the field and disinfested with 70% ethanol then, fruits were
rinsed three times with sterilized distilled water and blotted dry on sterilized
filter paper. The fruits were wounded by a sterilized needle (Abdel and Rashid,
2012). Each treatment consisted of 12 fruits and replicated three times with 4
fruits per replicate. The fruits were dipped individually into the proposed
concentrations Ascorbic acid, Benzoic acid, Citric acid (6, 8 &10 g/l) and
Potassium sorbate (1, 2 & 3 g¢/l) for 5 minutes. Fruits were kept at room
temperature and allowed to air dry. The fruits were artificially infected by
spraying them with spore suspension (2x10° spore/ml) by collecting the surface
growth of 10 days old cultures of Colletotrecuim with sterilized brush in
sterilized distilled water. Thereafter, all treated fruits were placed into carton
boxes, covered with plastic sheets to maintain a relative humidity- RH (90-
95%), and stored in a fruit store at room temperature, for 7 days. The
percentage of disease incidence (of infection) was calculated periodically after
7 days as previously described. The quality and quantity measurements were
determined at the end of the storage period (7 days) under different treatments
as previously described. In check treatment, fruits were dipped individually into
sterilized water without any chemicals and then inoculated with the pathogenic
fungus. Three replicates were used for each treatment as well as cheeks.
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Percentages of diseases incidence of decayed fruits were determined Embaby et
al. (2013 H&II).

Statistical analysis: All data, were set up in a completely randomized
factorial design with three replications. Data were analyzed with the analysis of
variance (ANOVA) procedure of MSTAT-C program. When significant
differences were detected, treatment means were compared using Duncan's
Multiple Range test (DMRT) at 5% level of significance (Duncan, 1955 and
Samir et al., 1999).

Results and discussions

This search was focused on Colletotrichum sp. the major causal agent of
anthracnose disease and affecting olive fruit quality. Typical symptoms of
natural postharvest infection by anthracnose disease on olive fruits are observed
as soft circular rots, dark, sunken lesions. (Figs. 1&2). Resulting in an orange
slimy mass of spores on the fruit surface. Mummified olive fruits were
observed when the fruits began to ripen. All or part of the infected fruit starts to
rot and dries up, shrivels and becomes mummified. The spores live on in
infected, mummified fruit.

- o 4
Fig. 1. a-Typical symptoms of natural postharvest infection by anthracnose disease on olive
fruits are observed as soft circular rots, dark, sunken lesions, b-Produces an orange slimy mass
of spores on the fruit surface.
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P
Fig. 2. a- Shrivels and mummified olive fruits were observed when the fruits began to ripen, b-
Spores of Colletotrichum sp. under light microscope (200x)

Sutton (1992), Litz (1997), Robery (2005) and Kailis and Harris (2007)
reported that, the infected fruit will rot and sometimes shrivel before
prematurely dropping from the tree. Anthracnose (Colletotrichum acutatum and
C. gloeosporioides) disease causes soft circular rots on the fruit, usually on the
shoulder, and at high humidity produces an orange slimy mass of spores on the
fruit surface. Orange slimy conidial masses can be formed as the acervulli
matured.

Pathogenicity test: Colletotrichum acutatum was found to be pathogenic
to olive fruit cultivars and causing fruit rot symptoms except for Egizzi-Balady
cultivar which was found to be resistant. Data in Table (1) presented that,
Zarayr cultivar was the most susceptible cultivar which record 14.0 %
infection, followed by Manzanillo cultivar 9. 3 % infection while Chimlali (2)
cultivar gave 4.7 infection percent. No infected symptoms were appeared with
un-inoculated fruits (control treatment). Similar results were reported by Said,
(1978) and Hashish (1996).

Table 1. Pathogenicity test of C. acutatum (the causal agent of anthracnose
disease) after 7 days from inoculation

Tested olive cultivars Use Infection%
Inoculated fruits Un- Inoculated fruits
Egizi-Balady Table 0.00 0.00
Chimlali(2) Oil 4.7 0.00
Zarayr oil 14.0 0.00
Manzanillo Dual 9.3 0.00

Effect of Colletotrichum acutatum on some physical characteristics:
Table (2) show that, C. acutatum was found to be decreased all physical
characteristics measured i.e. weight (g), length (mm), diameter (mm) and
volume (mI®). C. acutatum reduced 21.27% of Manzanillo fruit weight, 8.22%
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of fruit length, 12.37% of diameter and 22.22% of volume. The reduction
percent of Chimlali olive fruits was 8.94% of weight, 6.46% of length, 12.13%
of diameter while it did not cause any change in the volume of fruits. C.
acutatum reduced 23.80% of Zaraye fruit weight, 10.95% of fruit length,
17.11% of fruit diameter and 22.22% of its volume. Egizi-Balady cultivar was
found to be resistant to the infection of C. acutatum.

Table 2. Changes of some physical characters of olive fruits caused by C.
acutatum the causal agent of anthracnose disease

Tested olive Physical characteristics

cultivars Weight (g) Length (mm) Diameter (mm) Volume(ml®)

H | %L H | %L H | %L H | %L
Chimlali(2) 1.23 1.12 8.94 1762 1648 6.46 11.78 1035 1213 1.0 1.0 0.00
EgiziBalady 10.76  10.76  0.00 28.13 2813 0.00 2656 26.56 0.00 10.6 10.6 0.00
Manzanillo 4.7 3.7 21.27 2418 2219 822 19.32 1693 1237 45 35 22.22
Zarayr 1.89 1.44 2380 1798 16.01 1095 13.79 1143 1711 18 14 22.22

H: Healthy, I: Infected, %L =Loss

Effect of C. acutatum on some chemical characteristics: Data in Table
(3) show that, C. acutatum was found to decrease 18% of Manzanillo oil
content, while it can be increased the total titratable acidity by 0.0224% and the
moisture content of this fruits 12.01%. Oil content of Zarayr fruits was
decreased by 18%, while the total titratable acidity of the fruits was increased
by 0.002% and the moisture content was increased by 3.34%. C. acutatum,
decreased oil content of Chimlali (2) fruits by 18%, increased 0.0128 of total
titratable acidity and increased 16.7% of moisture content with the infected
fruits. EgiziBalady cultivar was found to be resistant to the infection by C.
acutatum.

Table 3. Changes of some chemical characters of olive fruits caused by C.
acutatum the causal agent of anthracnose disease

Tested Chemical characteristics

Olive %Total titratable acidity (TTA)  %Moisture content %0Qil content
cultivars H | % Increase  H | %lIncreae H | %L
Chimlali (2) 0.0128 0.0256 0.0128 37.7 54.4 16.7 46 28 18
EgiziBalady 0.0156 0.0156 0.00 60.87 60.87 0.00 NF NF T
Manzanillo 0.015 0.038  0.023 442 56.21 12.01 38 20 18
Zarayr 0.030 0.032 0.002 4527 48,61 3.34 44 26 18

H: Healthy, I: Infected, L%: Loss percent, T=Table
Physiological studies: Type of media: Table (4) presented that,

Colletotrichum acutatum gave the highest growth rate and sporulation with
potato dextrose agar (PDA) medium which record 74.07mm and 3500cful x
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102spore’s ml-1. Olive leave extract (O.L.E) gave 55.73 and olive fruits extract
(O.F.E) 54.19 mm of linear growth respectively with any sporulation formed.
Complex medium was less supporting for the linear growth rate of C. acutatum
that gave 41.69 mm, while it supported the sporulation of the fungus recording
(1200 cfu 1 x 102spore’s ml-1).

Ashoka (2005) reported that, among fourteen solid media evaluated,
maximum radial growth of C. gloeosporioides was observed on potato dextrose
agar (90.00 mm). The results are in confirmation with that of C. capsici
Sudhakar (2000); Rani and Murthy,(2004) in case of C. gloeosporioides.

Table 4. Effect of different nutrient media on the linear growth rate and
sporulation of C. acutatum

Type of media Linear growth (mm)  Spore population (1 x 10°spore’s ml™)
PDA 69.07 A 3500 A

O.L.E 55.73B 0C

O.FE 54.19B 0C

Complex medium  35.02C 1200 B

PDA =Potato dextrose agar, O.L.E=Olive leaves extract, O.F.E= Olive fruit extract, Complex=
O.L.E+ O.FE

Effect of pH concentrations: Data in Table (5) show that, pH 6.5 gave
the best linear growth rate and sporulation of C. acutatum which record
70.15mm linear growth rate and 5400cfu 1 x 102spore’s ml-1, followed by pH
7 which gave a linear growth rate of 69.94 mm and a sporulation of ( 3433 cfu
1 x 102spore’s ml-1), PH 6 and PH 7.5 which resulted in moderate growth
rateof( 67.79 and 62.16mm) and sporulation of (3950 cfu 1 x 102spore’s ml-1
and 1917 cfu 1 x 102spore’s ml-1) respectively. PH 5 and PH 3.5 recorded the
least growth rates (55.72 and 40.9 mm) and sporulation (1900 and 433cfu 1 x
102spore’s ml-1) respectively. The same results were obtained by ANOMA et
al. (2006); Kailis and Harris (2007).

Kanappa (1998) and Biradar (2002) reported that maximum growth of C.
gloeosporioides was found at an optimum pH of 6.0. Rajak (1983) claimed that,
pH of 7.0 was optimum for C. gloeosporioides. Whereas, Naik, (1986)
observed that maximum growth of C. gloeosporioides at a pH of 6.0 and 6.5
respectively.
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Table 5. Effect of different pH concentrations on the linear growth rate and
sporulation of C. acutatum

pH concentration Linear growth (mm) Spore population(1 x 10°spore’s ml™)

7.5 62.16 AB 1917 BC
7 69.94 A 3433 AB
6.5 70.15 A 5400 A
6 67.79 A 3950 AB
5 55.72B 1900 BC
3.5 409C 433C

Effect of light: Results in Table (6) presented that the highest growth rate
and sporulation of C. acutatum was recorded with Light/dark cycle treatment
(45.06 mm) of linear growth and 2500 cfu 1 x 102spores’ ml-1. No differences
significant in the linear growth rate and sporulation of C. acutatum in the
continuous light and continuous dark treatments which gave 33.76 and 39.35
mm of a linear growth rate and 1100 and 1150 cful x 102spore’s ml-1
respectively.

Mishra and Siradhana (1980) stated that, disease was more when the
pathogen was exposed to diurnal light compared to continuous light or
darkness. Kanappa (1998) and Sudhakar (2000) reported that, the exposure of
C. gloeosporioides to alternate cycles of light and darkness showed maximum
growth and sporulation compared to continuous light or darkness.

Table 6. Effect of light/dark treatment on the linear growth rate and sporulation
of C. acutatum

Treatments Linear growth (mm) Spore population( 1 x 10°spore’s ml™)
Continuous light 33.76 B 1100 B
Continuous dark 39.35B 1150 B
Dark/light cycle 45.06A 2500 A

Effect of hot water on spore viability in vitro: Table (7) indicated that all
hot water treatments i. e. 45, 50 and 55°C were able to decrease spore viability
of C. acutatum fungus. Hot water treatment at 55°C gave the best results and
reduced spore viability of C. acutatum with 84.51 % reduction, followed by
50°C with 59.16% reduction of spore viability. Hot water treatment at 45°C
was less effective resulting 22.54 %. The same results were stated by Lemessa
et al. (2004); Irtwange (2006); Inkha (2009); Abd el Azym (2013).
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Table 7. Reducing spore viability of Colletotrichum acutatum (the causal agent
of anthracnose disease) by hot water treatment in vitro

Parameter Treatments °C
45°C 50°C 55°C

Total colony 55 B 29C 11D

Loss of colony 16 42 60

% spore viability 77.64 40.84 15.49

% Reduction 22.54 59.16 84.51

Un-treated 71A

Effect of hot water treatment in vivo: Table (8) presented that, hot water
treatment at 55°C for 5 minutes was successful in reducing the percentage of
disease incidence of anthracnose with the inoculated olive fruits. Infection
percent of Chimlali olive fruits was reduced from 33.43 to zero percent and
gave hundred percent of fruit protection. The disease incidence of Zarayr olive
fruits was decreased from 100% to 33.43 %, followed by Manzanillo olive
fruits which decreased from 83.33 % to 50%. No infected symptom appeared
with EgiziBalady. The same results were reported by Lemessa et al. (2004);
Irtwange (2006); Inkha (2009); Abd el Azym (2013).

Table 8. Reducing the linear growth rate of Colletotrichum acutatum (the
causal agent of anthracnose disease) by using some alternative fungicides in
Vivo

Tested cultivar Use Untreated Treated Mean
T.IF % TILF %

EgiziBalady Table N.Fe 0.00 N.Fe 0.00 0D

Chimlali (1) oil 2d 33.34 Oe 0.00 1C

Zarayr oil 6a 100.00 2d 33.33 4 A

Manzanillo Dual 5b 83.33 3c 50.0 4 A

Mean 3A 1B

T.1.F=Total of infected fruits, N.F= Not Found

Effect of some alternative fungicides on the linear growth rate in vitro:

Data in Table (9) indicated that all alternative substrates were able to reduce the
linear growth rate of C. acutatum. Both Ascorbic and Benzoic acid were the
best alternative substrate used, which gave complete inhibition of the linear
growth rate (100%) at the three concentrations used, followed by Potassium
sorbate which recorded 72.03% at 1 g/L, 87.8% at 2 g/L and 100% at 3 g/L
reduction of the linear growth rate respectively. Citric acid was less effective
which record 37.3% at 6 g/L, 90.44% at 8 g/L and 100% at 10 g/L reduction of
Colletotrichum linear growth rate respectively. Embaby et al. (2013, 11&III)
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reported that, all tested alternative fungicides were significantly able to reduce
the growth rate of all tested fungi compared with control. Benzoic acid was the
most effective substrate in vitro.

Table 9. Reducing the linear growth rate of Colletotrichum acutatum (the
causal agent of anthracnose disease) by using some alternative fungicides in
vitro

Sub Concentrations Mean
stra Cl C2 C3
e Growth Loss %R Growh Loss %R Growh Loss %R

(mm) (mm) (mm) (mm) (mm) (mm)

A 0.00f 73.59 100 0.00 f 7359 100 0.00 f 73.59 100 18.39C
B 0.00f 73.59 100 0.00f 7359 100 0.00f 73.59 100 18.39C
C 56.40 b 17.19 2323 448c 28.79 3899 0.00f 73.59 100 43.69 A
P 15.92d 57.67 7836 5.44e 68.15 92,60 0.00f 73.592 100 23.73 AB
Mea 18.08 AB 12.56 BC 0.00C

n

Cont  73.59mm A

rol

A =Ascorbic acid, B= Benzoic acid, C =Citric acid, P=Potassium sorbate, R =Redution
C1,2 &3 Concentrate

Effect of some alternative fungicides in vivo: Results in Table (10) show
that, Benzoic acid gave complete inhibition of the disease infection with all
olive cultivars tested compared with untreated control treatment. Also,
complete inhibition of disease incidence was recorded with Ascorbic acid with
Egizi Balady, Manzanillo and Zarayrolive fruit cultivars while gave 16.66%
infection percent with Chimlali (2) cultivar. Potassium sorbate was less
efficient and record 50.0% infection percent with Chimlali (2) cultivar while
completely prevented the infection of EgiziBalady, Manzanillo and Zarayr
cultivars. Citric acid was the less effective which gave 50.0% and 16.66%
infection percent with Chimlali (2) and Zarayr cultivars respectively while
inhibited the infection of the other cultivars totally.

Embaby et al. (2013, 11&I11) reported that, all alternative fungicides were
found to significantly decrease fungal decay (disease incidence compared with
untreated control. Data also showed that benzoic acid substance was higher
effective than others. Alternative fungicides were also found to significantly
decrease disease severity, compared with untreated control. Benzoic acid
substance was higher significantly effective in controlling disease severity
compared with other substances followed by potassium sorbate and ascorbic
acid while citric acid was less effective respectively.
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Table 10. Reducing the percentage of anthracnose disease incidence (caused by
Colletotrichum acutatum) by using some alternative fungicides in vivo

Table Qil Dual
substrate  Conc Egizi-Balady  Chimlali (2) Zarayr Manzanillo Mean
(L) TILF % TIF % TILF % TILF %

A 10 Oe 0.00 1d 1666 Oe 0.00 Oe 0.00 0D

B 6 Oe 000 Oe 000 Oe 0.00 Oe 0.00 0E

C 10 Oe 0.00 3c 500 1d 1666 Oe 0.00 1B

P 3 Oe 0.00 3c 500 Oe 0.00 Oe 0.00 0C
Control Oe 000 4b 66.66 6a 100.00 4b 66.66 3A
Mean 0D 2A 1B 1C

T.I.LF= Total of infected fruits, A =Ascorbic acid, B= Benzoic acid, C =Citric acid,
P=Potassium sorbate
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