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Abstract

This study characterizes the plant pathogens attacking guyabano fruits and leaves through
morphological and molecular approaches and detesntimgr sensitivity to fungicides. Three
fungal pathogens were found gayabano fruitColletotrichum gloeosporioide€. acutatumand
Fusarium chlamydosporuntColletotrichum gloeosporioidewas also found to infect the leaves.
Molecular identification of theColletotrichumspecies was carried out through amplification of
rDNA ITS regions by using species specific primeZgint for C. gloeosporioidesand Calnt2 for
C. acutatumin combination with ITS4 universal primer. Ver ITS primer was usedrasarium
speciesAll fungal pathogens were found to be highly pathogenic tabago fruits and leaves.
Sensitivity assay revealed that all three pathogens were highly susceptible to captan, tebuconazole
and difenoconazole + propiconazole.

Key words 7 Colletotrichum acutatumi Colletotrichum gloeosporioidesi Fusarium
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Introduction

Soursop Annona muricatd.., family Anonaceae) also known as guyabano is indigenous to
tropical North and South America. The fruits are prized for their pleasangcailaromatic and
juicy flesh which consist of edible pulp and indigestible blade seeds. It is a major source of income
for many farmers who cultivate them for fresh produce markets. It also provides nutrients and plays
an important role in the diet of many people (Okigbo & ObD89. The juice obtained from the
fruit is used as diuretics and as a remedy for hematuria and urethritis. According to Nweke & Ibiam
(2012) the juice taken on an empty stomach is believed to alleviate liver diseases and leprosy. The
principal interest irthis plant is its strong antiancer effects, although it is effective for a number
of medical conditions, its anti tumor effect is of most interest (Tabasum 2012).

This plant is a proven cancer remedy for cancers of all types, effectively targeting and
killing malignant cells in 12 types of cancer, including colon, breast, prostate, lung and pancreatic
cancer. The US National Cancer Institute performed the first scientific research in 1976 and their
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results showed that guyabano leaves and stems were éff@ative in attacking and destroying
malignant cells. The guyabano leaves contain -aaicer substances called annonaceous
acetogenin, which can kill cancer cells without disturbing the healthy cells in the human body. In a
study conducted by the Depadnt of Science and Technolegydustrial Technology
Development Institute (DOSITDI), it was found out that unripe guyabano has more flavonoids
than its ripe form. Flavonoids may help in preventing cancer, allergies, infections, and viruses.

According toJaramillio et al. (2000), oil extracted from the unripe fruit is mixed with olive
oil and used externally against neuralgias, rheumatism and arthritic pains. As stated by Okigbo &
Obire (2009) national and international demand of guyabano has been gedv@rg9o per year
and the potential for developing a profitable postvest industry is high. However, adverse
physical and chemical changes in the fruit tissues can lower acceptability and nutritional value.
Generally, loss in nutritional value of fruitis brought about by contamination by different
microorganisms, either ptearvest or after harvest. In this cradcDonald (1970)also reported
that fungal contamination is most prevalent and that fungi are their most important pathogens.

Diseases are oftethe most important constraints in the production of guyabano. Fungal
pathogens are known to be responsible for the-lpastest deterioration of guyabano fruits
(Setiawan et aR001). They debilitate the plants and directly reduced the yield and opfaliityits
before and after they are harvested.

Gottsberger (1988) reported that pbatvest fungal soft rot pathogens of guyabano include
Botryodiplodia theobromaeColletotrichum gloeosporioidesRhizopus stoloniferR. nigricans
Aspergillus flavusand A. niger. Anthracnose €. gloeosporioides generates losses up to 90% in
traditionally grown guyabano crops. The pathogen attacks the leaves, branches, flowers and fruits,
producing black fruit rot, especially during rainy season (Alvarez 208b).

The present study aimed to: (a) isolate, test for pathogenicity and identify the pathogens
causing deterioration of guyabano leaves and fruits using morphological and molecular approaches;
(b) determine which fungicides these pathogens are most sensitigmadidr) determine which
among the pathogens is the most destructive.

Materials & Methods

Collection, isolation and maintenance of isolates

Infected guyabano fruit and leaf samples were collected from guyabano growing areas in
the province of Nueva Ecij@hilippines. Fungal pathogens were isolated from heavily sporulating
lesions following the tissue plating technique. Using a scalpel, 2 to Bsexctions were cut from
the advancing margin of the infected portion of the fruit and leaves. Cut sectiomssuvéace
disinfected with 0.1% household bleach for 1 min and rinsed in 3 changes of sterile distilled water.
Disinfected sections were blot dried in sterile tissue paper. Finally, four sections were planted
equidistantly on potato dextrose agar (PDA) erudibated in darkness at 29°C.

Mycelial growth arising from the planted tissues were isolated and grown into pure cultures
on PDA slants. The isolates were maintained through mineral oil overlay prior to refrigeration.

Pathogenicity test

The isolated pabgens (Table 1) were inoculated onto healthy mature guyabano fruits
(detached from the plant) and seedlings (for the leaves) to confirm their pathogenicity. Fungal
isolates in Petri plates were grown in darkness for 14 days to induce sporulation. Guttges
flooded with 50 ml sterile distilled water. The surface was scraped with a sterile wire loop to
dislodge the spores and was then filtered through two layers of cheesecloth to remove mycelia. The
spore density was adjusted 6% 1 spores/ml using haemocytomer.

Spore suspension (50 ml) was poured on three uninjured and injuregrifbied)
inoculation sites marked with circles on the surface of the mature and healthy guyabano fruits.
Three fruits were placed inside each improvised incubation atramé@de up of a basin enclosed in
a plastic bag. Three sterilized Petri plates (bottom) were put inside the basin to serve as a base for
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the fruits and to avoid water coming into contact with the fruits. Sterilized water (200 ml) was
poured to enhance hudity for faster sporulation.

Table 1Source of fungal isolates used in the study.

Host Isolate Origin
. Colletotrichum(1) Magtanggol, Nueva Ecija, Philippines
Guyabano fruit Colletotrichum(2) Villa Cuizon,Nueva Ecija, Philippines
Fusariumsp. Matingkis, Nueva Ecija, Philippines
Guyabano leaves Colletotrichum(3) Magtanggol, Nueva Ecija, Philippines
Colletotrichum(4) Catalanacan, Nueva Ecija, Philippines

For guyabano leaves healthy seedlings were spray inoculated with 50 ml spore suspension
and covered with clean plastic bag. After 24 hr of incubation, the plastic bags were removed and
mist was applied every morning and afternoon for 7 days. Control fruits and leaves were inoculated
with 50 ml of sterile distilled water and incubated in a samihanner.

The set up for each pathogen was replicat
pathogens that showed positive effects on the fruit and leaves wistated and rexamined for
positive identification.

Colony and spore morphology

All the isolates were grown on PDA. The appearance of the colonies, the occurrence of
sectors, and the vegetative and reproductive structures werebddsafier 7 days of incubation.
The cultures were incubated in darkness at 29°C, and the diameter dbthewas recorded daily
for 7 days.The colony characteristics that were described on the seventh day were texture, colour,
zonation, transparency, nature of the growing margin and presence of conidial masses. For each
isolate, spores were suspended idplenol cotton blue using a sterile needle. Length and width
of 25 spores were measured and conidial shape was recorded at 400x magnification using bright
field microscopy. Photomicrographs of the isolates were takée. isolated pathogens were
identified based on their colony and spore morphology and microscopic characters. These were
referred to descriptions by Deacon (2006), Ou (1985), Pitt & Hocking (2009) and Webster &
Weber (2007).

Polymerase chain reaction (PCR)pased identification and characterzation

Deoxyribonucleic acid (DNA) extraction

Isolates were grown in 100 ml potato dextrose broth for 5 days at 27°C in mechanical
shaker (120 rpm). The mycelia were filtered and oven dried for 24 hr at 60°C. Dried mycelia were
ground into a fine powdersing liquid nitrogen and the total genomic DNA extracted using
DNeasy Pl ant Mini Kit (Qiagen, GmbH, Ger many)

Diagnostic PCR with speciespecific primers

Cal n t&EGGAABCCTCTCGCG) specific forColletotrichum aatatumand Cgint
( 5EECCTCCCGCCTCCGGGLCGW), specific forC. gloeosporioidesvere used in conjunction
with the conserved primer | TS4. Each PCR proc
primers, 5 el of steri loeQAGENMdolriacld LRONaAds ed yfer,e e
diluted DNA and™m@dtermix. Anopfificatiph Was EaNied out in Escoheathcare
Swift Max pro Thermocycler with the following temperature profiles: 1 cycle of 5 min at 95°C, 25
cycles of 30 s at 94°C, 30a$ 62°C, and 2 min at 72°C, ending with 1 cycle of 7 min at 72°C. The
PCR products (50 e¢l) were verified M™MBYBRugh 1
Safe DNA gel stain. The gel was checkedBEby el

buffer and visualized in Maestrogen 416 LED transilluminator.
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Sequencing of rDNA ITS Region

The amplicons (approximately 100 to 16890) were purified by QIAquick PCR
purification kit according to manuédédcinor 600¢]l
elution buffer. For each isolate, primers Calnt2 and Cgint were used for sequencing. Purified DNAs
was sent for DNA sequencing at 1st Base Laboratories;10d8li@ SP 2/7 Tmn Serdang Perdana,
Seksyen 2, 43300 Seri Kembangan, Selangor Mialays

Sequence data management and analysis

The sequence files were assembled and edited to resolve ambiguities using sequence
scanner 1.0. Databases were searched for sequence similarities using NBCI BLAST program
(http://www.blast.ncbi.nlm.gov). The comsais sequence for all isolates was compiled into a single
file (FASTA format) and aligned using CLUSTALW?2 (http://genome.nci.nih.gov/tools/reformat.
html). Phylogenetic distances were calculated by the Neighbor Joining Method (Saitou & Nei
1987) using theNucleotide Maximum Composite Likelihood model with the use of Molecular
Evolutionary Genetics Analysis (MEGA v.4.1) software (Tamura &Ql7).

Sensitivity assay
The fungal pathogens were tested for their sensitivity to commercial fungicides baked on t
manufacturerdéds recommended rates (Table 2).

Table 2Commercial fungicides used for sensitivity assay.

Product Active Ingredient Recommended Manufacturer Local Distributor
Name o/Kg Rate
1. Folicur 25 WP Tebuconazole (250) 501 75 g/100L Bayer Crofsci. Bayer CropSci
Agronil 75 WP Chlorothalonil (750) 19.7 28.8 g/16L Bayer CropSci. Integrated Crop

Trading Corp.

3. Antracol WP 70 Propineb (70) 501 65 g/16L Bayer CropSci. Bayer CropSci

4. Benomyl Benomyl (500) 1i 2 tbsp./16L Kajo Agro-Chemical  Planters Products

Company
5. Kocide Cupric hydroxide (538)  2j 6 tbsp./16L) E.l du Pont de Du Pont Far East
Nemours & Company
6. Vondozeb Plus Mancozeb (800) 31 6 thsp./16L Cerexagri B.V Jardine Distribution
7. Daconil 2787 Chlorothalonil (750) 19.428.8 g/16L BayerCropSci. Bayer CropSci
WP 75
8. Armure 300 EC Difenoconazole (150) 1.5 2.0 tbsp/16L Syngenta Phil. Syngenta Phil..
Propiconazole (150)

9. Captan 50 WP  Captan (500) 41 8 thsp./16L Arvesta Jardine Distribution

10. Amistar 25 SC  Azoxystrobin (250) 1i 2 tbsp/16L SyngentaPhil. Syngenta Phil.

11. Bavistin 50 DF  Carbendazim (500) 1i 2 tbsp/16L BASF SE Biostadt Biostadt
Phil.

12. TopsinM 70 WP Thiophanate methyl (700) 0.5/ 1 thsp/16L NipponSoda Co. Trans World
Trading Co.

One hundred (100) pl of conidial suspensioin6&l® ml?) of each isolate was placed
separately into Petri plates. PDA was then poured into the plates, and swirled gently for an even
distribution of the conidial suspension. Upon solidification, a flamed cork borer was used to create
5 wells (4 equidistant wellen the side and 1 on the centre to serve as the control) in the plate.
Fungicide solution (20 pl) was dropped into the 4 outside wells and stigstibted water was
dropped into the centre well as a control. The plates were incubated for 3 days and8{t@
mean radius of the inhibition zone was measured across two perpendicular axes (minus the
diameter of the well) for each fungicide concentration evaluated. Three replications of each isolate
for each fungicide concentration was taken.
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A two factor fctorial experiment arranged in a completely randomized design (CRD) with
12 treatments (Fungicides), using three rates, replicated three times for each isolate was used in the
study.

Data gathered

Incidence and severity of disease were gathered fromath®genicity test, while the zones
of inhibition after 3 days of incubation were obtained in the sensitivity assay.

Symptom development was recorded and evaluated 72 hours after inoculation using the
following parameters:

Total no. of infected fruits
Percent Disease Incidence (% BB-- e x 100
Total no. of fruit samples

n(0) + n(1) + n(2) + n(3) + n(4) + n(5)
Percent Disease Severity (% DS)----------m-m-m-mmmmmmmm oo x 100

Where:
n = no. of infected fruits classified based on rating scale
N = total number of samples

Disease severity rating was rated from each fruit according to the scale below (llag &
Quimio 2006):

Scale Fruit Rating

no infected portion

less than 1% of commodity surface infected
1i 5% of commodity surface infected

6i 10% of commodity surface infected

111 20% of commodity surface infected

over 20% of commodity surface infected

O, wWNEFLO

Results and Discussion
Pathogenicity test

Disease incidence (%) in guyabano fruits and leaves

Symptoms developed on the injured guyabano fruits 72 hours after inoculation. Symptoms
of rotting were evident in alinoculated areas. All the isolates were highly pathogenic to the
guyabano fruits (100% disease incidence) as compared to guyabano fruits inoculated with sterile
distilled water (Table 3). For the uninjured fruits, no changes and no mycelial growth was
observed.

Disease incidence on guyabano leaves was observed as early as 24 hours after inoculation.
Symptoms of brown papery lesions were very evident on inoculated leaves. Control leaves
inoculated with sterile distilled water remain uninfected (Table 3).
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Table 3Disease incidence (DI %) of guyabano fruits and leaves 3 days after inoculation.

Isolated Fungal Pathogen %Dl
Fruits
Colletotrichum gloeosporioiddgd) 100
Colletotrichum acutatum 100
Fusarium chlamydosporum. 1002
Sterilized distilled vater oP
Leaves
Colletotrichum gloeosporioidd®) 100
Colletotrichum gloeosporioidd8) 100
Sterilized distilled water oP

Disease severity (%) in guyabano fruits and leaves

At 3 days after inoculation, fruit deterioration reached 88%6uit that was inoculated with
Colletotrichum acutatumFruits that were inoculated wit@@. gloeosporioidegl) and Fusarium
chlamydosporunreached severity of 82% and 86%, respectively. Control fruits inoculated with
sterile distilled water remained affected. Guyabano leaves collected from Magtanggol, inoculated
with C. gloeosporioideg2) reached a severity of 59% and leaves collected from Catalanacan
inoculated withC. gloeosporioideg3) reached a severity of 77%. The control leaves remained
unaffected (Table 4).

Table 4 Disease severity (DS %) of guyabano fruits and leaves 3 days after inoculation.

Isolated Fungal Pathogen %DS
Fruits
Colletotrichum gloeosporioidgd) 82.22
Colletotrichum acutatum 88.88
Fusarium chlamydosporum. 86.66'
Steilized distilled water 0.00
Leaves
Colletotrichum gloeosporioidd®) 59.89%
Colletotrichum gloeosporioidd8) 77.78
Sterilized distilled water 0.00

Pathogenicity tests showed th@blletotrichum gloeosporioide¢l), C. acutatumand
Fusarium chlamydosporumcaused symptoms of deterioration in guyabano fruiG.
gloeosporioides(2) and C. gloeosporioideq3) were also proven to be the causal agent of
anthracnose in the leaves. Pathogenicity test also shows that all isolates were highly tarule
cause disease in guyabano fruits and leaves that requires sensitivity test to fungicides.

Incidence and severity are the tools for measuring the diseases. Awg261 a). observed
that although fruit anthracnose was prevalent in all mango groavess surveyed, the occurrence
and severity was probably more influenced by environmental conditions and cultural practices
rather than climatic factors in the areas. Fruit yield was lowest in areas with highest anthracnose
disease occurrence and seveaty indication that anthracnose disease phenomenon has negative
correlation with fruit yield. This phenomenon was largely influenced by environmental conditions
and cultural practices.

Based from the study of Ritchie (2000), on brown rot of stone fruits,athount of
inoculum is very important in determining the severity of brown rot. Warm, wet or humid weather
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during the 2 to 3 week period prior to harvest increases disease severity because it increases both
the level of inoculum and the amount of infentidAccording to Hossain et a2010 on their

survey on major diseases of fruits and vegetalbiteshighest disease incidence was recorded from

soft rot of potato. The lowest fruit disease incidence was recorded from anthracnose of banana and
papaya. The concluded that the incidence and severity of vegetables and fruits can differ in the
different locations because of the existence of strains of the pathogen.

Morphological characteristics of pathogens attacking guyabano fruits and leaves

Colletotrichumgloeosporioidegl)
Circular, dark sunken anthracnose lesions were observed on the guyabano fruits collected
from Magtanggol. The circular spot sometimes coalesced to form irregular spots (Fig. 1a).
On PDA colonies were 66 mm in diameter after 7 days9aC2cottony, dense, initially
white or cream white to pale grey mycelium with a few conidial masses was observed (Fig. 1b).
Conidia were ovoid to oblong and rounded at each end, slightly curved dumbbell shaped
13.4 pm in length and 5 pm in width (Fig. 1c)

Fig 11 Colletotrichum gloeosporioided). a, growing on the surface of a guyabano frif 14-
day-old culture ¢, photomicrograph showing conidia of a-ddy-old culture (400x).

Colletotrichum acutatum

Growth observed from the guyabano fruwtlected from Villa Cuison began as small, dark
brown necrotic and sunken lesions that continue to enlarge as the fruits ripen (Fig. 2a).

On PDA colonies were 67.33 mm in diameter after 7 days at 29°C, dense, thick and fluffy
textured. The cultures had tmty, white to orange mycelium with orange conidial masses
produced in concentric rings (Fig. 2b).

Conidia were 13.2 pm in length and 2.8 um in width, cylindrical with rounded ends but
sometimes slightly fusiform (Fig. 2c).
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Fig 2 i Colletotrichum acutatm a, growing on the surface of guyabano frui, 14-day-old
culture ¢, photomicrograph of conidia of a dday-old culture (400x).

Fusarium chlamydosporum

Black necrotic slightly sunken lesion was observed on the surface of the guyabano fruit.
Necroticlesion appeared as white to greyish on the injured part of the fruit surrounded by black
necrotic lesion (Fig. 3a).

On PDA colonies were 57.5 mm in diameter after 7 days at 29°C, white to yellow mycelium
turns fluffy, dense and cottony (Fig. 3b).

Macro-conidia were 20.6 um in length and 3.9 pum in width, slightly curved, fusiform,
pointed at the tip withi34 septa (Fig. 3c).

Fig 3 1 Fusarium chlamydosporuna, growing on the surface of guyabano fruit 14-day-old
culture ¢, photomicrograph of conidiof a 14day-old culture (400x).
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Colletotrichum gloeosporioidef)

Symptoms on guyabano leaves collected from Magtanggol appeared as brown angular
lesion and papethin (Figs 4a.14a.2).

On PDA colonies were 63 mm in diameter after 7 days at 29°Gedenttony, initially
white turns to grey mycelium produced orange conidial masses at the center (Fig. 4b).

Conidia were 14.4 um in length and 4.3 um in width, cylindrical with rounded ends (Fig.
4c).

Fig 41 Colletotrichum gloeosporioidg®). a.1, growing on the surface of the leavas? closeup
of leaf angular lesiarb, 14 day old culturec, photomicrograph showing conidia of a-déy-old
culture (400x).

Colletotrichum gloeosporioide€3)

The leaves collected from Catalanacan showed symmertagge, brown papery patches on
the surface of the guyabano leaves (Fig. 5a).

On PDA colonies were 52 mm in diameter after 7 days at 29°C, appeared initially white or
cream white becoming pale grey with dark or orange center, dense, cottony, thickfign(Fit).
5b).

Conidia were 14.8 um in length and 4.1 pum in width, cylindrical with obtuse ends (Fig. 5d).

Morphological identification of guyabano isolates was based on phenotypic traits such as
colony appearance and character of vegetative and repradstiuctures. The results of culture
studies were almost fully consistent with description of Smith & Black (1990). The conidia of
Colletotrichum acutatunare ellipticfusiform in shape, whereas conidia®f gloeosporioidesre
cylindrical with obtuse mds (Baxter et al. 1983, Dyko & Mordue 1979, Smith & Black 1990).
However, a definite identification ofolletotrichum species based on morphology is difficult
because isolates have overlapping ranges of conidial and colony characteristics and because the
variation in morphology is accepted for isolates within a species (Sutton F&Ariumspecies
emphasizes the need for accurate identification on the species level. According to Leslie &
Summerell (2006)Fusarium species determined can be identifiedsdzh on morphology alone.
However, identification based on molecular data is considered more reliable and accurate than
morphological identification and has become much more important in diagnostics of the fungi from
the genug-usarium.
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Fig 51 Colletarichum gloeosporioide§3). a, growing on the surface of the leaves14-day-old
culture c, closeup of anthracnose lesiod, photomicrograph showing conidia from -tldy-old
culture (400x).

Molecular characterization of pathogens attacking Guyabano
DNA extraction was done by growing the isolates in potato dextrose broth for 5 days in

orbital shaker to increase oxygenation of mycelia (Fig. 6).

Fig 61 Isolates from guyabanfouits and leaves grown on PDRB.Colletotrichum gloeosporioides
(2). b, C. acutatumc Fusarium chlamydosporund, C. gloeosporioide$2). e, C. gloeosporioides

3).

The speciespecific primer Calnt2 for Colletotrichum acutatumand Cgint for C.
gloeosporioidesn conjunction with ITS4 primer amplified a 4%p and 49¢p fragnents from
genomic DNA ofC. acutatumand C. gloeosporioidesrespectively, thus confirming the species
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identity. Universal primer Ver ITS foFusarium chlamydosporuramplified a 256bp fragment
(Fig. 7).
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Fig 77 Amplification of DNA fragments fromColletotrichumand Fusariumisolates lanes 2 and
5; C. gloeosporioidesrom guyabano leavesanes 3 and 4C. gloeosporioidesnd C. acutatum
from guyabano fruits andahe 6;Fusarium chlamydosporunsolate from guyabano fruit. 1;
MolecularDNA Ladder (1061000bp).

Phylogenetic analysis

The aligned sequence @blletotrichum gloeosporioidesolated from guyabano fruit when
compared to differertolletotrichumspecies in GenBank were found 99% similarity to the identity
of C. gloeosporioide (JX902437.1). Phylogenetic analysis showed thaCbiéetotrichumisolate
was phylogenetically related 0. gloeosporiodepresent in database. The level of confidence of
the NJ tree was well supported with 98% bootstrap value clustered to the nues ofC.
gloeosporioides(JX902437.1, KC209100.1, KJ152170.1, KC122768.1 and KF923858.1),
fragariae (KC209101.1) andslomerella cingulata(KF923855.1) and clustered separately to the
Phytophthora capsias an out group from the phylogenetic tree (8)g.

47 Glomerella cingulata KF923855.1
22 { Colletotrichum gloeosporioides KF923853. 1
B L Colletotrichum gloeosporioides KC122768.1
24 Colletotrichum fragariae KC209101 1

32

Colletotrichum gloeosporioides KJ152170.1

£ Colletotrichum gloeosporioides KC209100.1

Colletotrichum gloeosporioides JX902437_1

@ Colletotrichum gloeosporioides (1)

Phytophthora capsici FJ535572.1

Fig 81 Phylogenetic tree of variouSolletotrichumspecies based on DNA sequences. Values from
1000 bootstrap replications are shown above tree branches. Code after the species names are the
NCBI accession number.
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Colletotrichum acutatumn guyébano fruit isolates were matched @omerella acutata
with 99% similar identity present in data base. Thecutatumisolates also clustered to the clades
of G. acutata(DQ454010.1) based on NJ tree analysis supported with 99% bootstrap value (Fig. 9).

i Colletotrichum simmondsii JQ247631.1
54 { Glomerella acutata EU301723.1
17 Glomerella acutata AB444085.1
Colletotrichum acutatum KC816048.1

Glomerella acutata FN566877.1
Glomerella acutata DQ454010.1

99

@ Colletotrichum acutatum

Candida albicans E10268.1

Fig 97 Phylogenetic tree of variouSolletotrichumspecies based on DNA sequences. Values from
1000 bootstrap replications are shown above tree branches. Code after the species names are the
NCBI accession number.

Fusarium chlamydosporugenerated spiences with 99% similarity . chlamydosporum
(KF494035.1). Fig. 10 showed the clades supported with 89% bootstrap value of
chlamydosporumisolates that clustered to the group Bf chlamydosporum(KF494035.1,
KF494034.1 and KF494033.1) aRdsolani(KF918580.1).

{ Fusarium solani KF918580.1
21 Fusarium chlamydosporum KF494033.1

53 Fusarium chlamydosporum KF494034.1

Fusarium chlamydosporum KF494035.1

@ Fusarium chlamydosporum

Monilinia fructicola AAL80009.1

Fig 107 Phylogenetic tree of varioususariumspecies based on DNA sequences. Values from
1000 bootstrap replications are shown above tree branches. Code after the species names are the
NCBI accession number.

Analysis of fungal pathoges of guyabano leaves from Magtanggol and Catalanacan
showed that both isolates (2 and 3) weéregloeosporioidesvith C. gloeosporioideg2) closely
related toC. gloeosporioidedF487788.1 and clustered within the grouCofjloeosporioidesvith
99% boastrap value (KJ168597.1, JX258684.1, KC010537.1, KC565728.1 and KF923871.1) and
Glomerella cingulataDQ062671.1 which separated frohiletia barclayana(AY837518.1) as out
group (Fig. 11).
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7 Colletotrichum gloeosporicides KF923871.1
2 { Colletotrichum gloeosporioides KC565728.1
Colletotrichum gloeosporicides KC010537.1
Colletotrichum gloeosporicides JX258684.1

Colletotrichum gloeosporicides KJ168597.1
Glomerella cingulata DQ062671.1

33

Colletotrichum gloeosporioides JF487788.1

@ Colletotrichum gloeosporioides (2)

Tilletia barclayana AY837518.1

Fig 117 Phylogenetic tree of variouBolletotrichum2 speciedbased on DNA sequences. Values
from 1000 bootstrap replications are shown above tree branches. Code after the species names are
the NCBI accession number.

C. gloeosporioide$3) was closest t€. gloeosporioide¢KC209102.1) with 99% similarity
in the déabase. The clades of the tree supported with 100% bootstrap value ii@ludes
gloeosporioidegKC209102.1, KF907247.1, HQ328013.1, KF923871.1, KJ152170.1 and
JX231012.1) an&lomerella cingulatgJX139533.1) with an out group usiR@nytophthora
capsici(FJ535572.1) that separates the clades of the NJ tree (Fig. 12).

11 Colletotrichum gloeosporioides JX231012.1
2 { Glomerella cingulata JX139533.1
Colletotrichum gloeosporicides KJ152170.1
E7 Colletotrichum gloeosporioides KF923871.1

Colletotrichum gloeosporioides HQ328013.1
11— colletotrichum gloeosporicides KF907247.1

100

Colletotrichum gloeosporicides KC209102.1

@ Colletotrichum gloeosporiocides (3)
9Phytophthora capsici FJ535572.1

Fig 127 Phylogenetic tree of variouSolletotrichum3 species based on DNA sequences. Values
from 1000 bootstrap replications are shown above tree branches. Code after the speciesnames ar
the NCBI accession number.

A definite identification ofColletotrichumspecies based on morphology is difficult because
isolates have overlapping ranges of conidial and colony characteristics, and because the variation in
morphology is accepted for isdks within a species (Sutton 199R)usariumspecies emphasizes
the need for accurate identification on the species level. According to Leslie & Summerell (2006),
Fusariumspecies can be identified based on morphology alone. However, identificationobased
molecular data is considered more reliable and accurate than morphological identification and has
become much more important in diagnostics of the fungi from the gersasium.

Based from the results, molecular analyses indicated Gb#etotrichum species from
GenBank was phylogenetically related to @alletotrichumspecies isolated from guyabano fruit
and leavesAccording to Johnston & Jones (1990. acutatum Fusarium sp. andGlomerella
miyabeanaa pathogen oivillow, were found to be relatephylogenetically toC. acutatumwhen
using theD1i D2 LSU rDNA region.

Alvarez et al.(2005) also confirmed thaolletotrichum gloeosporioideand C. acutatum
are associated with anthracnose in guyabano.
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Sensitivity assay

Colletotrichum gloeosporioidegl)

Difenoconazole + propiconazole and captan were highly effective adgaitistotrichum
gloeosporioidegl) as shown by a large zone of inhibitions ranging from 19.9 mm to 21.0 mm and
12.714.6 mm respectively 3 days after incubation in all conceatratiThis was followed by
tebuconazole that showed sensitivity in the two concentrations but to a lesser degree in
recommended rate less 25%. Cupric hydroxide and thiophanate methyl were less effective against
C. gloeosporioidesn all rates of the fungides tested (Table 5). It also showed sensitivity to
propineb at recommended rate +25% but with minimal effects on the other two concentrations (Fig.
13).

Table 5Zone of inhibition of the 12 fungicides tested aga@@slietotrichum gloeosporioidgd) in
guyabano fruit after 3 days incubation.

Zone of Inhibition (mm)

Fungicide Recommended Recommended Recommended
Rate Ratei 25% Rate + 25%
1. Tebuconazole 12.6¢ 7.00¢ 9.83
2. Chlorothalonil (1) 1.13 3.90°%f 4.69
3. Propineb 6.02 3.17 1048
4. Benomyl 2.17%¢ 7.27F 5.4C0
5. Cupric hydroxide 0.0C° 0.0d 0.0
6. Mancozeb 3.33 3.25% 2.73¢
7. Chlorothalonil (2) 779 4.27% 5.67
8. DP* 20.88 19.94 21.0¢
9. Captan 14.58 12.86 12.73
10. Azoxystrobin 1.8g%* 0.29 0.9¢
11. Carbendazim 0.27 1.00°¢ 0.79
12. Thiophanate Methyl 0.0C° 0.00 0.00"
13. Control 0.00° 0.0d 0.0¢"

*DP= Difenoconazole + propiconazole
Means with a common letter are not significantly different

Fig 131 Zone of inhibition of the three best fungicides aga@sitetotrichum gloeosporioides,
Difenoconazole + propiconazole Captanc, Tebuconazole.
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The three best fungicides again€olletotrichum gloeosporioideg1l) were captan,
difenoconazole + propiconazole and tebuconazole. The recommended rate is the best to use
because the pathogens shaghhsensitivity to this rate.

Colletotrichum acutatum
Captan was most effective agai@gilletotrichum acutaturwith an inhibition zone ranging
from 14.5 mni18.8 mm in diameter (Table 6).

Table 6 Zone of inhibition (mm) of the 12 fungicides tested ag&@olletotrichum acutatunn
guyabano fruiefter 3 days incubation.

Zone of Inhibition (mm)

Fungicide Recommended Recommended  Recommended
Rate Ratei 25% Rate + 25%
1. Tebuconazole 0.42 0.17 0.7F
2. Chlorothalonil (1) 3.70¢ 3.4@ 6.8F
3. Propireb 1.08 2.04 0.0C°
4. Benomyl 0.0d 1.04 0.0C¢°
5. Cupric hydroxide 0.00 0.00 0.0C°
6. Mancozeb 2.50" 0.0¢° 3.06'
7. Chlorothalonil (2) 3.15%€ 1.42¢ 3.04
8. DP* 14.58 16.08 15.00¢
9. Captan 16.67 14.54 18.8F
10. Azoxystrobin 7.50 1.96¢ 3.7
11. Carbendazim 0.58 0.29 0.25
12. Thiophanate methyl 0.50 0.3% 0.67
13. Control 0.0d 0.0¢° 0.0C°

*DP= Difenoconazole + propiconazole.
Means with a common letter are not significantly different

Colletotrichum acutaturwas also highly sensitive to difenoconazole + propiconazole in all
concentrations with the zone of inhibition ranging 14.6 mm to 16.1 mm in diameter (Fig. 14). The
remaining fungicides showed minimal effects agathsacutatum

Fig 141 Zone of inhibition of the two best fungicides agai@stiletotrichum acutatunisolated
from guyabano fruitsa, Difenoconazole propiconazoleb, Captan.

74



Fusarium chlamydosporum

The biggest inhibition zone recorded agairfsisarium chlamydogpum was on
difenoconazole + propiconazole {8.23 mm) and sensitivity of the isolate in all concentrations
was also seen. Captan was also highly effective with the zone of inhibitlencbhfamydosporum
ranging from 10.6017.98 mm in diameter. Azoxystoin shows its efficacy in using the
recommended rate +25% with its zone of inhibition of 9.25 mm diamétechlamydosporum
showed no sensitivity to tebuconazole, benomyl, cupric hydroxide and thiophanate methyl and little
sensitivity to other fungicidetested (Table 7). The two best fungicides are shown on Fig. 15.

Fig 157 Zone of inhibition of the two best fungicides agaiRasarium chlamydosporuisolated
from guyabano fruitsa, Captanb, Difenoconazole + propiconazole.

Table 7Zone of inhibtion (mm) of the 12 fungicides tested agaifgsarium chlamydosporum
guyabano fruits after 3 days incubation.

Zone of Inhibition (mm)

Fungicide Recommended Recommended  Recommended
Rate Ratei 25% Rate + 25%
1. Tebuconazole 0.0d 0.0C° 0.0
2. Chbrothalonil (1) 2.19¢ 1.17%€ 0.00°
3. Propineb 7.29 6.3F 2.75%
4. Benomyl 0.0d 0.0¢° 0.0C¢°
5. Cupric hydroxide 0.0d 0.0 0.0C
6. Mancozeb 0.13 0.60% 2.81°
7. Chlorothalonil (2) 1.0Cf 0.58* 0.35
8. DP* 16.2% 1823 16.0¢
9. Captan 17.98 10.69 16.12
10. Azoxystrobin 3.2 7.88°¢ 9.18
11. Carbendazim 5.15 4.449 7.2
12. Thiophanate methyl 0.0d 0.0¢¢ 0.0C¢°
13. Control 0.00 0.0C° 0.00

*DP= Difenoconazole + propiconazole
Means with a common letter are not significantly different

Colletotrichum gloeosporioidef)
Sensitivity of Colletotrichum gloeosporioideswvas observed on difenoconazole +
propiconazole (14.920.02 mm) in all concentrations with the highest zone of inhibitions recorded

in the recommended rate +25% (20.02 mm diameter). Captan was also found to be highly effective
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at recommended rate +25% with @3.mm diameter zone of inhibition. Thiophanate methyl and
mancozeb were observed to be ineffective. The two best fungicides are shown on Fig.16.Minimal
effects were observed on the rest of the fungicides tested (Table 8).

Fig 16 i Zone ofinhibition of the two best fungicides againSblletotrichum gloeosporioides
isolated from guyabano leaves Difenoconazole + propiconazole, Captan.

Table 8 Zone of inhibition (mm) of the 12 fungicides tested agailletotrichum
gloeosporioideg?) in guyabandeaves collected from Magtanggol after 3 days incubation.

Zone of Inhibition (mm)

Fungicide Recommended Recommended Recommended
Rate Rate - 25% Rate 25%
1. Tebuconazole 1.54d% 4.6CF 1.04
2. Chlorothalonil 1 3.65¢ 3.3¢ 1.19
3. Propineb 2.0gd 2.58¢ 4.02
4. Benomyl 1.210 0.63f 1.21
5. Cupric Hydroxide 0.5¢ 0.8g%f 0.33
6. Mancozeb 0.0C¢° 3.2F 3.52
7. Chlorothalonil 2 3.29cd 3.17 4.69
8. DP* 16.92 14.92 20.02
9. Captan 15.18 13.83 19.63
10. Azoxystrobin 3.2« | 3.38 3.2P
11. Carbendazim 0.79 0.27 0.4C¢
12. Thiophanate Methyl 4.7% 8.21° 0.0C
13. Control 0.0C¢° 0.0d 0.0C¢°

*DP= Difenoconazole + propiconazole
Means with a common letter are not significantly different

Colletotrichum gloeosporioideg3)

Most prominent inhibition zonwas recorded in difenoconazole + propiconazole with zone
of inhibition ranging from 19.730.30 mm diameter and the widest was observed in recommended
rate +25% (20.30 mm). Captan was also found to be highly effective in all concentration$ (14.75
18.10 mm shown in Fig. 17. Thiophanate methyl was observed to be ineffective in all
concentrations as well as in cupric hydroxide (Table 9).
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Fig 17 7 Zone of inhibition of the two best fungicides agaixilletotrichum gloeosporioides
isolated from guyabandeaves collected from Catalanacam Captan b, Difenoconazole +
propiconazole.

Table 9 Zone of inhibition (mm) of the 12 fungicides tested agai@tlletotrichum
gloeosporioideg3) in guyabano leaves from Catalanacan after 3 days incubation.

Zone of Inhibition (mm)

Fungicide Recommended Recommended Recommended
Rate Rate - 25% Rate 25%
1. Tebuconazole 3.17 1.56% 5.60
2. Chlorothalonil 1 1.65%* 0.0C° 2.75¢
3. Propineb 2.21% 2.48 3.40°¢
4. Benomyl 6.46° 0.17 2.86
5. Cupric Hydroxide 0.0C° 0.0C° 1.259%
6. Mancozeb 0.81¢¢ 0.46° 1.404e
7. Chlorothalonil 2 3.12 452 2.470e
8. DP* 20.17 19.73 20.3¢
9. Captan 16.58 14.7% 18.1G¢
10. Azoxystrobin 0.18 4.3% 3.044
11. Carbendazim 0.54% 0.42 0.63*
12. Thiophanate Methyl 0.00° 0.00° 0.0¢
13. Control 0.0C° 0.0C° 0.0¢

*DP= Difenoconazole + propiconazole
Means with a common letter are not significantly different

Difenoconazole + propiconazole and captan were thet mibsctive againstFusarium
chlamydosporum Colletotrichum gloeosporiodeand C. acutatum.Different fungicides have
different mode of action against different pathogens and captan belongs to curative broad spectrum
fungicides, class phenylthalamides atieéigrades to thiophosgene, a compound that inhibits a
number of fungal enzymes. Captan is a-spacific thiol reactant with protective and curative
action that works by inhibiting respiration of numerous species of fungi including: several species
of Fusaium and Colletotrichumsp. and bacteria (Mueller & Bradley 2008). Difenoconazole +
propiconazole, on the other hand, has a broad, excellent activity against all pathogen classes
(Dahmen & Staub 1992). The rest of the fungicides were less effective testiseotganisms
because of their limited and specific spectrum against the test pathogen.
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