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Cladode and Fruit Rots of Prickly Pear
(Opuntia ficus-indica L. Mill.} in Egypt
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ladode and fruit rots of prickly pear cactus (Opuntia ficus-indica

L. Mill.} were observed in some conmmercial orchards located at
the major producing areas of four govemorates in Egypt. Symptoms
initially begin as brown to dark spots on the affected cladode and fruit
tissues, rot and discolouration of intemal tissues with exudates oozing
from the affected tissues. The survey proved thaf the disease was
found in the inspected orchards at various degrees according to the
locality. Alternaria alternata, Botryodiplodia theobromae and
Fusarium solani were consistently isolated from infected tissues and
were pathogenic to both cladodes and fruits of prickly pear. This is the
first report of the later two fungi on prickly pear in Egypt. The study
on the effect of different fungicides on the growth of the three
pathogens reveaied that Topsin M70, Bellis and Tecto were the best
treatments against the fungi. The same fungicides were used to control
cladode rot disease on detached cladodes. Tecto, Bellis and Topsin
MT70 were the most effective to control the disease,

Key words: Cladode rot, Opuntia ficus-indica and prickly pear
cactus.

Prickly pear (Opuntia ficus-indica (L..) Mill) is an important crop in ard and
scmiarid regions of the world (Swart ef /., 2003). It is usually grown in sandy soil
of Egypt for many decades. (Abo-El-Ela et al, 2001). Prickly pear fruits are
harvested from various species of the prickly pear cactus, Genus Opuntia of the
cactus Family {Cactaceae). Fruits are also called cactus pears or cactus fruits,
although these names can result in confusion with fruits from other Cactus species.
Native Cactus species are tolerant to desert conditions and trouble-frees and they are
a native of regions with very hot and dry climates (Swart ef al., 2003). However,
there are mumerous fungal diseases that can cause a lot of problems on prickly pear
during its different growth stages and can badly affect fruit yield. Among the most
important diseases (fungal and bacterial as well as other agents) are cactus
anthracnose, charcoal spot, dry rot, foot rot, scorch or sunscald, soft rot, root rot and
stem rot are of great economic importance (Raabe and Alcon, 1968, Caciola and
Magnano, 1988; Varvaro ef al, 1993, Carballo et af, 2000; Granata and Sidoti,
1997 and 2000and Swart and Kriel, 2002).

Cladede and fruit rots are claimed to be caused by different agents (Raabe and
Alcon, 1968).In the recent years, plants in some orchards of the major producing
areas have been suffered from infection with this disease. Until the commencement
of the present work Alternaria alternara was the only cansal pathogen recoded in
Egypt (Abo-El-Ela et af, 2001). Although, in other countries, different investigators
attributed the disease to different pathogens (Raabe and Alcon, 1968; Granata and
Sidoti.,, 1997and Swart et af., 2003).
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There is always infection by rot on prickly pear throughout the cultivated arcas.
Harvest damage to the peel and stem-end of cactus fruit may lead 1o attack by
numerous microorganisms and result in fruit decay. The discase is not of epidemic
nature in the country. However, if the infection of cladodes with rot occurred in
landscape, it can threaten valued plaats. The objectives of this study were to isolate
and identify the causal agents and their pathogenic capabilities on prickly pear and
to find out a promising method for their control.

Materials and Methods

Isolation and identification:

Diseased samples including cladodes (stems) and fruits were collected from
prickly pear .trees showing the symptoms of rot from some plantations of five
governorates, ie. Giza (Imbaba), Menofiya (Khatatba), Ismailia (Kasassin),
Sharkiya (Abo-Hammad) and Beheira (Nobaria). In all inspected areas, the visible
symptoms were described as possible and percentage of affected trees were
calculated. Tissue pieces were cut with a sterile scalpel from:.the advancing margins
of the infected portions of the cladodes and fruits, sterilized superficially with
sodium hypochlorite (1%), washed in sterilized water and plated onto ready potato-
dextrose agar (PDA) plates. Plates were incubated at 25°C for 5 days. The emerged
fungi were picked-off and purified. The isolated fungi were identified using the
descriptions of Nelson et al. (1983) and Barnett and Hunter (1986).Identification of
the isolated fungi was confirmed at the Mycol. and Dis. Survey Res. Depl., Agric.
Res. Centre, Giza,

Pathogenicity tests:

The isolated fungi were used for pathogenicity tests. Four healthy-looking
cladodes and fruits were washed and surface sterilized with ethanol 70%. A 5 mm.
plug taken from the margin of each fungal actively growing on 7-day-old culture,
was inserted into a hole (5-mm-diam.) made by a sterilized cork borer in the desired
plant organ, then covered with the bark disk Proper check treammentis were
inoculated with PDA only. The inoculated plant materials wete kept in plastic moist
containers with moistened cotton to maintain high humidity. Disease incidence was
determined 30 and 7 days after inoculation for cladodes and fruits, respectively,
by measuring the diameter of infected areas (Caciola and Magnano, 1988,
Abo-El-Ela ef af., 2001 and Swart et al., 2003),

Effect of different fungicides on fungal growth and disease control:

Seven different concentrations, ze. 10, 50, 100, 200, 300, 400 and 500ppm of
each fungicide (Bellis, Kocide 101, Sumisclex, Tecto and Topsin M70) were
prepared in specified volume of autoctaved PDA medium in 250ml flasks.
The prepared media were then poured into 9-cm Petri dishes. Plates containing only
PDA medium were used as check. The plates were inoculated with one disk
(3- m—d&ameter) of 7-day-old cultore of the desired fungus colony and incubated at
25°C for 7 days. Three replicates were used for each treatment. The lincar growth
was measured and the percentage of reduction in growth was estimated according to
the formula described by Abo-El-Ela et ol (2001).
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Chemical control of cladodes rot of prickly pear was carried out under laboratory
conditions. Healthy cladodes were firstly inoculated with the desired pathogenic
fungus in separate treatment using the same way described before. After 21 days,
disease incidence in the inoculated cladodes, exhibited various degrees of rot
symptoms, was determined by measuring the diameter of infected areas (Abo-El-Ela
et al., 2001). Each treatment was sprayed separately with the recommended dose of
the desired fungicide. Check treatment was sprayed with distilled water. Three
replicated cladodes were used for cach fungicidal treatment. Disease incidence and
decrease in disease incidence (Pv) were calculated 14 days after spraying according
to the following equation suggested by Munkvold and Marios (1993):

Ie - Iv
P e X 100
Ie
whereas, Pv= decrease (%) in disease incidence,
Ic= Proportion of disease incidence in check treatment and
Iv= Proportion of disease incidence in each treatment.

Proportion of disease incidence was calculated as differences between before and
after fungicidal treatment in each treatment. Obtained results were statistically
analyzed, whene¢ver nceded, using factorial experiment design suggested by
Snedecor and Cochran (1982).

‘Results

1. Symptoms on naturally infected trees:

Discased plants showing different types of natural symptoms were collected
from inspected governorates development according to the pathogen. Alternaria
alternata and Fusarium solani caused top rot of cladodes. The infection initially
begins on the top of cladodes on the surface of one side of cladode as brown to dark
brown spots on the affected tissues. Spots at first are distinctly zonated, later enlarge
slowly until it comprises both sides of cladodes which completely become rotted
(Fig. 1) and finally cracked or die (Fig. la). Sometimes profuse gummy, amber-
coloured exudate is oozed from the lesion surface (Fig. 1b).The infection also
appears on the base of cladodes as light brown rot with dry amber-coloured exudates
oozed from the rotted areas (Fig. 1c). When cladodes or fruits are infected, they
entirely become rotted and dried, then take a shrunken mummy shape.

2. Survey, isolation and identification:

Disease incidence, in different localities representing the five governorates,
shows that the disease is widespread. The percentages of natural infection greatly
varied according to the governorate, thus the infection in Giza reached 30.0%. While
in Sharkiya was 7.0% (Table 1). Four different fungi, i.e. Alternaria alternata,
Aspergillus niger, Botryodiplodia theobromae and Fusarium solani were isolated
from diseased samples of prickly pear collected from different localities. The
frequency of the isolated fungi varied according to the governorate (Table 1).
In general, the frequency in the different localities ranged from 4.0 to 16.0%.
Borryodipledia theobromae and A. niger represented the highest frequency ranging
from 14.0 to 16.0% and 4.0 to 16.0%, respectively, While, A. alternata was less
frequent as it ranged from 4.0 to 6.0%.
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Fig. 1. The most characteristic symptoms on cladodes of prickly pear cactus
under natural infection conditions. The basal dry rot of cladodes,
showing the amber-coloured cxudates (a). Top rot of cladodes with
gummy ooze on the rotted surface, the rotted cladodes show a shrunken

mummy shape (b, ¢ and d).
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Table 1, Occurrence and frequency of fungi associated with rotted cladodes and
fruits of prickly pear collected from different governorates during

2003 grown season
7 Governorate | Locality | Plant organ; Isclated fungi FI'O((:LZG)!\CY Inf?)zt;on

Cladodes &| A. alternata 4.0

Giza Imbaba Fruits A. niger - 12.0 300
Cladodes F. solani - 3.0
F. solani 12.0

Menofiya | Khatatba| Cladodes : 18.2
A. niger 4.0
. .| Cladodesé& | B. theobromae 16.0

tomailia § Kasassin | “goue” [ Alternariasp | 4.0 130
. Abo- | Cladodes& | B. theobromae 14.0

Sharkiya ; 7.0
Hammad | -~ Fruits ™70 sp. 6.0

Beheira | Nobaria | Cladodes |-Aiermariasp. | 4.0 150
A. niger . 160

3. Pathogenicily tests:

In artificial inoculation of detached cladodes and fruits in the laboratory,
A. alternata, B. theobromae and F. solani were able to induce disease symptoms
identical to those observed in nature in the commercial orchards, except the
formation of gummy exudates from lesions surface. Symptoms became visible in
most inoculation sites on cladodes, 21-30 days after inoculation while in fruits were
after 7 days. The other tested fungi and the check treatments showed very little
necrosis on either cladodes or on fruits (Table 2).

Virulence of the three fungal pathogens was differed from cach other. Generally,
B. theobromae was the most virulent on either detached cladodes or fruits being 7.0
and 4.5cm, respectively, followed by 4. alfernata which recorded 4.9 cm on
cladodes. F. solani caused smaller lesions in diameter on the detached cladodes
(being 2.5 cm) meanwhile, it was more virulent in fruit inoculations than that caused
by A. alternata. . -t

4. Effect of different fungicides on fungal growth and disease control:

Variation was found in growth according to the fungicide used and the tested
fungus. The results iflustrated in Table (3) indicate that Topsin M 70 completely
inhibited the growth of B. theobromae (100% Toxicity) at all concentrations used
and at 50 and 500 ppm for F. solani and A. alternata, respectively. Growth of
A. alternata was inhibited at 300 ppm of Bellis and Sumisclex. In particular,
B. theobromae was more sensitive to both Tecto and Bellis at 300 and 400 ppm,
respectively. On the other hand, Xocide 101 and Sumisclex at all concentrations
used showed no visible effect. Generally, toxicity was more evident with the
increase in the concentration of the tested fungicides. Growth of F. solani was
completely inhibited using Tecto at 400 ppm and Sumisclex at 500 ppm,
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Table 2. Pathogenicity of the isolated fungi on detached cladodes and fruits of

prickly pear plants
Average diameter {(cm) of rotied areas on
Fungus Cladodes Fraits Mean
A. alfernata 4,9 1.75 3.33
B. theabromae 1.0 45 5.75
F. solani 2.5 2.2 2.35
A. niger 0.0 0.0 0.0
Check 0.0 0.0 0.0
Mean 2.88 1.69 -
L.S.D. at 5% for: Fungi (F) =043
Plant organs (P)=0.28
FX P =027

Table 3. Effect of different concentrations of five fungicides on the growth of

the pathogenic fungi
Toxicity (%)* in different concentrations
Fungicide Funrgus {ppm) Mean
10 [ 50 | 100 | 200 | 300 | 400 | s00
Kocide 101.A-alternata 6.7 1667171.1|744[800(81.1] 100.| 687
B. theobromae | 00 [ 00 { 6.0 1 0000 | 00 | 00 | 0.0
| F. solani 00 [289]46.7160.0 600744 77.9 | 49.7
Mean 22 [31.9]39.3448]467]51.9] 59.3 | 395
A oliernata | 62.2 | 64.4 | 76.7 | 85.6 | 100 | 100 | 100 | 84.1
Bellis B. theobromae [44.4{70.0 {75.6 {81.1183.3] 100 | 100 { 79.2
F. solani 18912671333 [356(456{622[833 | 43.7
Mean 4151537 61.9|67.4 763 [87.4 | 94.4 ; 69.0
A. alternata 7001833878 |87.8; 100 | 100 | 100 | 898
Samisclex | B. theobromae | 00 [ 00 | 00 | 00 [ 00 {00 { 60 | 0.0
F. solani 00 378|467 |533(56.7[66.7] 100 [ 516
Mean 2331404443 47.1(52210556( 667 | 47.1
A. alternata 0.0 100 |189[333]422]62.2]| 833|343
Tecto B. theobromae | 0.0 [ 156 | 42.2 | 72.2] 100 | 100 | 100 | 614
F. solani 0.0 {267!289 3784221100 | 100 { 479
Mean 00 |14.11300|478(61.5[87.41{94.4 | 479
A, alternata 00 | 2221411 [444(533[833] 100 | 49.2
Topsin M70[ B. theobromae | 100 | 100 { 100 | 100 1 100 [ 100 | 100 | 100
| F. solani 62.2] 100 1 100 | 100 { 100 { 100 | 100 | 94.6
Mean 541174.1{80.4 [815/844]|944] 100 | 813
L.3.D. at 5% for: Fungicides= 0.87, Fungi= 0.61; Concentration= 0.94,
Fuongicides x Cone.=2.31; Conc. x Fungi= 1.64;
Fungicides x fungi x Conc.=4.01.

* Toxicity (%)= Reduction (%) in mycelial growth.
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The same fungicides were used to control cladodes rots of prickly pear.
In chronological order, the fungicides Tecto, Bellis and Topsin M 7G were the best
in detached cladodes trials (Tablc 4). The highest decrease percentage in discase
incidence was obtained in case of using any of the above mentioned three fungicides
and ranged from 94.44 to 100.0%, 3529 to 100.0% and 1000 in case of
A. alternafa, B, theobromae and F. solani, respectively. Whereas, Kocide 101
recorded he highest decrease in infection in case of F. selani and B. theobromae
(100.0% and 88.89%, respectively) and gave intermediate effects against
A. alternata (being 41.18%). In contrast, Sumisclex was the least effective treatment
against the rot caused by B. theobromae and A. alternata, but it gave 100.0%
decrease in disease incidence in case of . solani.

Table 4, Chemical control of cladodes rot of prickly pear on detached cladodes
using diffcrent fungicides

Disease incidence (%) *
Fungici F Before 14 days afier | Decrease (%) in
ungicide e fungicidal | fungicidal |disease incidence
treatment treatment

A. alternata i.0 20 41.18
Kocide 101 B. theobromae 1.0 1.4 88.89
F. solani 0.9 0.9 100.0
A. alternata 0.9 0.9 100.0
Bellis B. theobromae 0.85 0.85 100.0
F. solani 1.0 1.75 37.50
A. alternata 1.05 2.5 14.71
Sumisclex B. theobromae 0.75 2.25 11.77
F. solani 08 0.8 100.0
A. alternata 1.0 1.0 100.0
Teclo B. theobromae 0.8 1.0 94 44
F. solani 0.9 0.9 100.0
B A. alternata 0.65 1.25 35.29
Topsin M70 B. theobromae 0.65 0.65 100.0
F. solani 0.85 0.85 100.0

A. alternata 1.3 3.0 -

Check B. theobromae 0.9 4.5 T

F. solani 1.0 22 -

L.SD.at 5% for: Fungicides= 0.30; Fungi=0.22;, Time of treatment=0.19,
Fungicides x fungi=049; Fungicides x Time= 0.40,
Fungi x Time= 0.31; Fungicides x fungi x Time= 0.70.

* Diameter {cm) of infected areas.
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Discussion

Prickly pear trees are subjected to infection by different diseases in the cultivated
regions of the world (Raabe and Alcon, 1968, Granata and Sidoti., 1997and Swart et
al., 2003)..In Epypt, little is known about prickly pear diseases and their distribution
{Abo-El-Ela et af,, 2001). The need for research on the diseases of O. ficus-indica in
Egypt has become very important because the growers claimed that the diseases
caused great losses. Cladode and fruit rots are of the most important diseases. The
observed symptoms during the discase survey were the same as mentioned by other
workers (Varvaro ef al., 1993; Granata and Sidoti, 1997 & 2000; Abo-El-Ela ef al.,
2001and Swart and Kriel, 2002). Field survey revealed that, the disease was found in
all inspecied governorates but percentage of disease incidence varied from one
location to another. Many fungi were isolated with differences in frequency.
Differences in disease incidence and fungi isolated from different governorates may
probably be due to varietal differentiation and/or variation in climatic conditions
(Turner, 1981). Pathogenicity tests indicated that B. theobromae, A. alternata and
F. solani were pathogenic to both cladodes and fruits of prickly pear reproducing
typical symptoms of the disease. The former two fungi were the most aggressive.
These results are in harmony with those obtained by many workers (Varvaro ef af ,
1993; Granata and Sidoti, 1997 and 2000and Swart and Kriel, 2002). As far as the
authors are aware, only one fungal pathogen, i.e. 4. alternata, was reported on
O. fieus-indica in Egypt (Abo-El-Ela et al, 2001). According to the available
literature, this is the first report of B. theobromae and F. solani on prickly pear in
Egypt. In other countries, different investigators attributed the disease to different
pathogens. Swart and Kriel (2002), in South Africa, concluded that Alternaria
teruissima, Fusarium sporoirichoides and Lasiodiplodia theobromae wére
associated with necrosis of cactus pear cladodes. Also, similar symptoms were
found on both cladodes and fruits cansed by Phialocephala virens, Lasiodiplodia
theobromae and Fusarium spp. (Swart ef al, 2003). The study on ihe effect of
different fungicides on the growth revealed that there were highly significant
differences among the tested fungicides and reaction of each pathogen was also
differemt from a fungicide to another at a particular concentration. The variations
obtained among the different fungicides could be attributed to one or more of the
following factors :a) degree of permeability of cell wall and/or plasmalemma of
fungi for uptake and passage of the fungicide into the fungal cell. (Giffin, 1981 and
Warrd and Ragsdale, 1977). b} Mode or degree of the resistant action of the fungal
cell to a specific fungicide (Watkins et al., 1977). ¢) chemical composition of
fungicides (Carnegie ef al., 1990). These results are in line with those obtained by
Abo-El-Ela er al {2001). Application of the same fungicides for control of cladodes
rot of prickly pear revealed that Tecto, Bellis and Topsin M 70 were the best
fungicides for decreasing disease incidence. Successful efficacy of using fungicides
against fungal spot disease on cacti was recormnmended by Chase(1992) and Abo-El-
Ela ef of. (2001).They found that the best control is to avoid wounds, remove and
destroy diseased specimens and treat broken surfaces right away with a copper
fungicide,
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