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Abstract: Citrus is one of the most popular fruits in many tropical and sub-tropical countries. Numerous pathogens attack
citrus fruits in the field or during harvesting and marketing causing considerable losses. A survey of citrus fruit diseases
caused by Alternaria citri was carried out in three districts in Ismaillia Governorate during two years 2016 and 2017. The
disease was found in all inspected citrus orchards i.e. Abo-swear, Al-Kassasin and Al-salhia districts during two seasons.
The percentage of naturally infected citrus cultivations varied in the different locations as well as in the two seasons.
During these two years, percentages of the natural infection ranged from 1% to 11% in citrus cultivations. On the other
hand, the highest incidence of the disease was observed in Abo-swear citrus orchards which reached 11% during 2017.
Alternaria citri may infect a plant through wounds on the plant surface or through the end of the stem of the fruit at the
location called a stylet where natural openings exist. The internal decay causes the fruits to ripen and drop prematurely.
Alternaria rot is a fungal disease that affects mainly navel oranges and lemons. Fruit infected with 4. citri change color
prematurely. Pathogenicity tests with A. cifri were tested on mature citrus fruits. The pathogen recorded the higher
infection in navel orange (Length and Width) at Abo-Swear district, followed by summer orange, grapefruits, blood
orange, balady orange, succary orange, murrcot, and mandarin. However, lime fruits recorded the lower fruit rot. Studding
the host range of A. citri indicate that the higher fruit rot was observed in pear fruits followed by yellow apple, apricot,
gawafa , red apple and kiwi fruits .Testing the effect of three fungicides, Rizolex 50% WP, Topsin —M and Nasrzim 50
showed that in Rizolex 50% WP was the superior one inhibited the linear growth of A. citri at the lower tested
concentrations (100 ppm). Antagonistic study using different bioagents against 4. citri in Petri dishes indicate that
interaction between Alternaria citri and B. subtilis 48 hrs after incubation showing that the first phase of antagonism
occurred as contact followed by abnormal shape of Alternaria conidial spores in the second phase. Mode of action of this

antagonism may be include lysis enzymes led to cell disruption.
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INTRODUCTION

Most of the fungi responsible for citrus infection
are usually carried from the field associated with infected
leaves, buds, flowers, or injured and rotting fruits through
insect or air-borne fungi. The spores of many fungi
carried on or in the fruits from the field as a blossom end
rot or other wounds and initiate infection. Survey made
in most orchards of citrus in different areas in Ismailia
Governorate revealed that Alternaria alternate and 4. citri
were one of the most important pathogens responsible for
the infection in the field. Consequently, the present work
was initiated with the objective of studying the fungus
which cause fruit rots in navel orange, and other citrus
species survey of black rot disease under field conditions,
and after harvest was studied. Occurrence of black rot
disease in navel orange, mandarin and murcott fruits was
carried out during two successive seasons 2016 and 2017.
Isolation and identification of the causal organism and
pathogenicity of fungal isolates obtained from infected
navel orange fruits were tested. Susceptibility of different
orange cultivars to infect with the pathogen was also
studied. Host range of different hosts (non-citrus fruits)
to infect with the black rot pathogens were evaluated.
Chemical and biological control were also investigated.

MATERIALS AND METHODS

Isolation and identification of associated fungi: Citrus
fruits showed typical symptoms of black rot disease were
collected from three districts belong to Ismailia
Governorate i.e. FEl-Kassasin, Abo-swear and El-
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Manayef during 2016 and 2017 growing seasons.
Isolation was undertaken from infected and apparently
healthy fruits. Diseased fruits were washed in running
water. Washed segments were cut to small pieces and
dipped in 0.3 sodium hypochlorite solution for 15 sec.,
washes in sterile water and dried between two sterilized
filter papers, then placed on PDA medium in Petri-dishes.
Tree segments were placed in each dish and 2-3 dishes
were used for each sample. Dishes were incubated at 25
degrees centigrade for a week. Hyphal tip or single spore
of each colony was transferred to PDA for identification.
Pathogenicity test:

Inoculum preparation spore suspension of Alfernaria
citriz Alternaria citri inoculum maintained on potato
dextrose agar (PDA) at 25 °C under fluorescent lights 12
hrs. each day. Cultures were transferred approximately 7-
10 d before inoculation. To produce inoculum, conidia
from approximately 2-wks-old cultures were washed
from the dishes, vortexed for 1.5 min, filtered through
cheesecloth, and suspended in 200 ml sterile water with
two drops Twenty 20 (0.01%) as a surfactant. The spore
concentration was adjusted to 5x10° conidia/ml-L with
the aid of a hemocytometer. Inoculations were performed
in the early evening of April to maximize conditions for
optimal infection. Eight fruits were used for each
treatment and for the control. After the elapse of the
required period, the percentage of decayed fruits was
calculated. The amount of the decay was also estimated
as a percentage of the length of the rotted part in
proportion to the total length of the fruit. Re-isolation of
the same fungus under study was tried from fruits
developing typical rot symptoms.
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Susceptibility of certain citrus cultivars to infect with
Alternaria citri: Mature citrus fruits belonging to certain
cultivars especially including those of the most
commercial importance in Egypt, were used in the
present tests. The present work included the following
citrus cultivars: Navel orange, Mandarin, Summer
orange, Grapefruits, Murcott, Blood orange, Lime,
Balady orange, and Succary orange. Fruits were carefully
prepared and inoculated as previously mentioned under
pathogenicity tests, the percentage of infection in each
case was determined. Severity of infection was estimated
as a percentage of the length of the rotted part in
proportion to the total length of the fruit.

Biological and chemical control

Antagonistic study using different bioagents against
Alternaria citri in vitro:

Pathogens and bio agents: High virulent isolate of
Alternaria citri was used and three antagonistic isolates
namely Trichoderma harzianum, Trichoderma viride and
Bacillus subtilis were tested. Three antagonistic
organisms were kindly obtained from Central Lab. of
Organic Agriculture, at Plant Pathology Research
Institute, Agr. Res. Center, Giza, Egypt. These
antagonists were tested for their efficacy against the
selected pathogenic fungus Alternaria citri.

Preparation of antagonistic microorganisms:
Inoculate of 7. harzianum and T. viride were grown on
potato dextrose broth medium and prepared in the form
of a conidial suspension. Number of cells/Iml were
adjusted using plate count technique. Conidia suspension
was adjusted to be 106 spores / ml using hemocytometer
slide method developed by Sivan et al. (1984).

Antagonism studies: In this study; slide culture
technique was applied according to (Desai et al., 2002).

Inoculated plates were incubated at 28°C until the fungal
growth of the control plates reached the edge of the plate.
The growth and reduction in mycelial growth of the
pathogenic fungus was calculated according to Fokemma
(1973). % Reduction in linear growth = 100 — {(G2/G1)
X 100}. Where: G1: growth of pathogenic fungus in
plates inoculated with the pathogen alone, G2: growth of
pathogen against antagonist. In vitro growth inhibition of
pathogen by Trichoderma was inspected under a light
microscope (IX70; Olympus, Tokyo) with an attached
camera (Olympus SC35). The hyphal interactions
between the opposing colonies were photographed every
24 h. The first apparent physical contact between
Trichoderma strains and its host was determined.

Chemical control: Sterile distilled water was used to
prepare stock suspension of the formulations tested
fungicides. The amount required for obtaining a known
concentration of any fungicide was calculated according
to (Shovan et al. 2008). and added aseptically to known
amount of warm sterilized PDA agar medium and poured
before solidification into plate (9 cm in diameter) then
plates were inoculated at the center with equal discs 5
mm in diameter obtained from the periphery of 10 days
old cultures of tested fungus A. citri grown on PDA
medium. Plates contained media without any fungicide
inoculated with the fungus was served as control
treatment. Five plates were used for each concentration.
All plates were incubated at 23+20C. The experiment
was ended when mycelia mats covered medium surface
within control treatment. All plates were examined and
linear growth formation of fungus in each treatment was
measured and reduction in mycelia growth was
calculated as percentage of fungal growth diameter in
treatment relatively to the growth diameter in control.

Table (1): Fungicides used in the study and its specifications

Commercial name Common name

Application

Active ingredient rate / Liter

Topsin M WP 70% . (Dimethyl[1,2-phenylene])-
Thiophanate methyl bis(iminocabonothioyl) bis [carbamate]). 15¢1
. 20% Telcolofos-methyl (0,2,6 dichloro-4-
o <
Rizolex T WP 50% Telcolofos-methyl/ thiram | methylphenyl 0,0 dimethyl phosphorothioate) 3 g/l
and 30% thiram.
. . BCM, Methyl 2-benzimidazolecarbamate
0, 2 2 i
Nasrzim 50% Carbendazim Methyl benzimidazol-2-ylcarbamate 0.3-0.5 g/l
RESULTS ranged from 1% to 11% in citrus cultivations. On the

Survey of citrus navel orange disease in different
orchards in Ismailia Governorate: A survey of citrus
fruit diseases caused by 4. citri was carried out in three
districts in Ismailia Governorate during two years 2016
and 2017. The disease was found in all inspected citrus
orchards i.e. Abo-swear, Al-Kassasin and Al-salhia
districts during the two seasons. The percentage of
naturally infected citrus cultivations varied in the
different locations as well as in the two seasons. During
these two years, percentages of the natural infection

other hand, the highest incidence of the disease was
observed in Abo-swear citrus orchards which reached
11% during 2017. It has been observed that incidence of
the diseases increased with increasing temperature
degree after citrus fruit-set. Data presented in Table (3)
and figs 1,2,3,4 indicate that the pathogen can be
capable of causing severe or moderately severe rot to
citrus fruits. The pathogen recorded the higher infection
in navel orange (Length and Width) at Abo-Swear
district, followed by summer orange, grapefruits, blood
orange, balady orange, succary orange, murrcot, and



Management of Black Rot Disease of Navel Orange

9

mandarin. However, lime fruits recorded the lower fruit
rot. On the other hand, similar results were observed in
inoculated fruits obtained from El-Kassen District. Data
presented in Table (3) and Fig. (1) indicate that the
pathogen can be capable of causing severe or
moderately severe rot to citrus fruits. The pathogen
recorded the higher infection in navel orange (Length
and Width) at Abo-Swear district, followed by summer
orange, grapefruits, blood orange, balady orange,

succary orange, murrcot, and mandarin. However, lime
fruits recorded the lower fruit rot. On the other hand,
similar results were observed in inoculated fruits
obtained from El-Kassen District. Data in Table (4)
indicate that the pathogen under study can infect the 6
tested hosts through wounds. The higher fruit rot caused
by A. citri was observed in pear fruits followed by
yellow apple, apricot, gawafa, red apple and kiwi fruits.

Table (2): survey of navel orange disease at three orchards in three districts in Ismailia Governorate during two
seasons. 2016 and 2017

Districts 2016 2017
El-kasaseen 6 % 7%
Abu-Suweer 8% 11%
El-Salheya 2% 1 %

Table (3): Pathogenicity test on different mature fruits of citrus cultivars in vitro obtained from three locations in Ismailia

Mean of 8 replicates (cm)

Mature citrus fruits

of different cultivars Abu-Suwir
Length Width
Navel orange 8.62 4.26
Summer orange 8.04 243
Blood orange 6.12 1.86
Balady orange 5.24 1.97
Succary orange 5.32 2.01
Mandarin 3.02 1.04
Murrcot 4.56 3.22
Grapefruit 7.04 9.01
Lime fruits 3.02 1.01

Average of internal length of rotted areas (cm)

El-Kasaseen El-Salheya
Length Width Length Width
6.08 2.34 4.38 2.86
7.11 1.92 7.08 2.07
6.34 2.09 5.88 1.96
6.21 1.07 5.25 1.12
543 1.02 6.13 1.14
5.04 1.06 4.51 1.08
4.08 1.52 4.35 1.43
7.41 7.73 8.05 7.93
2.54 1.03 2.25 1.07

Table. (4): Host ranges of Alternaria citri on mature fruits of different horticulture commodity (non-citrus hosts)

Medium of internal fruit rot fruits (mm,) in vitro

Length
Red Apple 35
Yellow Apple 7.8
Kiwi 4.6
Apricot 6.5
Pear 17.9
Gawafa 5.1

Chemical and Biological control: Results in Table (5)
and Fig. (2) indicate that all fungicides (Topsin M,
Rhizolex T 50%, & Nasrzim) were significantly
reduction the linear growth of A. citri at 6
concentrations.

Biological control: Antagonistic study using different
bioagents (B. subtilis, Trichoderma spp.) agent

Width
32

8.5
44
7.9
16.7
4.8

Alternaria citri in Fig. (3, 4, 5, 6) showing that the first
phase of antagonism occurred as contact followed by
abnormal shape of Alternaria conidial spores, in the
second phase, the lysis of 4. cifri mycelium response to
the antagonist.
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Fig. (1): Artificially inoculated orange fruits with spore suspension of Alternaria citri, after 25
Days from incubation at 22-25°C: A- Navel Orange, B- Summer Orange, C- Grapefruit
D- Blood Orange, E- Orange Balady and F-Lime fruits

Table (5): Effect of different concentrations of three fungicides on the growth of 4. citri grown on PDA in vitro

Fungicide
Topsin —-M
Rhizolex -T 50%
Nasrzim 50%

Control

100
68.08

92.2
68.5

Z€ro

Concentrations (ppm)

200
70.0

92.1
70.5

Z€ro

Redaction %

300
71.01

924
70.6

Z€ro

400
71.5

92.9
71.4

Z€ro

500
71.9

94.2
71.9

Z€ro
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Fig. (3): Normal shape of Alternaria citri in Petri dish 6 days after incubation at 25 °C.
Notes that the chain of conidiospors usually more than5 spores on each conidiophore.

11
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Fig. (6): Interaction between Thichderma verde and A. citri, notice the lyses of the conidiospores and
the malformed mycelium.
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Discussion

In recent years, the quality of Egyptian citrus
has declined markedly. A major factor contributing to
this decline has been the development of fruit rots which
are the most widely occurring diseases either in the field
or after harvest. Most of the fungi responsible for citrus
infection are usually carried from the field associated
with infected leaves, buds, flowers, or injured and
rotting fruits through insect or air-borne fungi. The
spores of many fungi carried on or in the fruits from the
field as a blossom end rot or other wounds and initiate
infection. Survey made in most orchards of citrus in
different areas in Ismailia Governorate revealed that
Alternaria alternate and A. citri were one of the most
important pathogens responsible for the infection in the
field. These results are in agreement with (Coates &
Johnson, 1997). The percentage of naturally infected
citrus cultivations varied in the different locations as
well as in the two seasons. During these two years,
percentages of the natural infection ranged from 1% to
11% in citrus cultivations. On the other hand, the highest
incidence of the disease was observed in Abo-swear
citrus orchards which reached 11% during 2017. It has
been observed that incidence of the diseases increased
with increasing temperature degree after citrus fruit-set.
Similar results were reported by (Timmer et al., 2003).
Alternaria rot is a fungal disease that affects mainly
navel oranges and lemons. Fruit infected
with Alternaria change color prematurely. The decay is
softer on lemons than on oranges. Infections typically
occur in the grove; disease often doesn't develop until
after harvest, and most damage occurs during storage.
On navel oranges, the disease is also called black rot,
and results in dark brown to black, firm spots or areas at
the stylar end or in the navel. If you cut the fruit in half,
you can see the dark brown to black discoloration at the
style end of navel fruits. These results are in agreements
with those obtained by (Dewdney, 2015 and Timmer,
2013). Pathogenicity tests and varietal reactions of
Alternaria citri obtained during the present work were
tested on mature citrus fruits. It is clear that the pathogen
can capable of causing severe or moderately severe rot
to citrus fruits. The pathogen recorded the higher
infection in navel orange (Length and Width) at Abo-
Swear district, followed by summer orange, grapefruits,
blood orange, balady orange, succary orange, murrcot,
and mandarin. However, lime fruits recorded the lower
fruit rot. On the other hand, similar results were
observed in inoculated fruits obtained from El-Kassen
District. Studding the host range of 4. citri indicate that
the pathogen under study can infect 6 tested hosts
through wounds (non-citrus hosts). The higher fruit rot
caused by A. citri was observed in pear fruits followed
by yellow apple, apricot, gawafa, red apple and kiwi
fruits. Testing the effect of three fungicides at different
concentrations on the linear growth of A. citri in vitro
indicate that all doses of Rizolex 50% WP completely
inhibited the linear growth of 4. citri at the lower tested
concentrations (100 ppm). Meantime, the inhibition of
linear growth by Topsin —M and Nasrzim 50% increased
sharply, reaching the complete inhibition at the highest
dose (500ppm). As for A. citri Rhizolex showed
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complete inhibited liner growth at the lower tested
concentrations (100ppm). Nasrzim 50% had the 2nd
rank after Rhizolex, that it reached its complete
inhibition at dose 300 ppm; it was followed by Topsin -
M which showed complete inhibition at 400 ppm. These
results are in agreement with (Coates & Johnson, 1997).
The interaction between Alternaria citri and B. subtilis
48 hrs after incubation showing that the first phase of
antagonism occurred as contact followed by abnormal
shape of Alternaria conidial spores in the second phase.
The lysis of A. citri mycelium, response to the antagonist
of B. subtilis observed up 10 days. (Fig.3). Mode of
action of this antagonism may be include lysis enzymes
led to cell disruption at the same time, A. citri and B.
subtilis showing abnormal malformed conidiospores
and abnormal mycelium. The present results are in
conformity with the work of Elad, et al., (1983) who
reported that Trichoderma meets its host then
recognition occur, and it triggers the following steps.
After the recognition occurs the coiling or sticking of
Trichoderma around the host hyphae for structures or
shaped like appressoria. After this, Trichoderma secret
hydrolytic enzymes which are primarily i.e., chitinases,
glucanases and proteases degrade the cell wall of the
host (Haran et al., 1996) with the consequent
assimilation .Mycoparasitism is being considered as a
mechanism of biocontrol by various fungal antagonists
like Trichoderma spp. and Gliocladium virens and many
other antagonistic fungi. As far mycoparasitism as one
of the important mechanisms of action of a fungal
biocontrol. Other researchers reported that antagonistic
effect of Trichoderma sp. was also studied by using slide
culture method in which specially 7. viride revealed
high chemical antagonism by producing cell wall
degrading enzymes which cause disintegration of cell
wall of targeted pathogens with mycoparasitism activity
by creating coiling structure around the mycelium of the
targeted pathogens. These results agree with (Bardin et
al., 2015). It could be recommended that biological
control of plant diseases is an effective and sustainable
alternative to the use of fungicides.
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