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ABSTRACT

The morphology, molecular, and virulence characterization of Phytophthora palmivora isolates 
obtained from different locations can be used to provide useful information to control rot disease in 
cocoa pods. Therefore, this study was conducted to characterize morphological variation and molecular 
characteristics of P. palmivora isolates from different cocoa plantations affected by pod rot, and to 
evaluate their virulence on Sulawesi 2 cocoa clone. A total of 21 isolates of P. palmivora were obtained 
from infected cocoa plantations in Luwu, Gowa, and Pinrang Districts for this purpose. Morphological 
characteristics of P. palmivora isolates on V-8 media were found to be dominated by stellate or cottony 
form and terminally or intercalary chlamydospores. The results also showed that sporangia were varied 
among isolates from different sources and one isolate was discovered as unpapillate and ellipsoid 
sporangium. Moreover, the phylogenetic analysis conducted based on the ITS rDNA region showed that 
all sequences from this study were nested in P. palmivora clade. The results further showed that a total 
of 10 P. palmivora isolates including PA4, PA5, PI1, PI2, PI3, PI7, G2, G4, G6, and G8 exhibited highly 
virulent activity, 9 isolates as virulent, and only 1 isolate as less virulent.

Keywords: cocoa pod rot, Phytophthora palmivora, molecular characteristics, virulence test

ABSTRAK

Karakterisasi morfologi, molekuler, dan virulensi isolat P. palmivora yang diperoleh dari lokasi 
berbeda dapat memberikan informasi yang berguna dalam upaya pengendalian penyakit busuk buah 
kakao. Penelitian ini bertujuan untuk mengkarakterisasi variasi morfologi dan karakteristik molekuler 
isolat P. palmivora dari berbagai tanaman kakao yang terkena penyakit busuk buah, serta mengevaluasi 
virulensinya pada klon kakao Sulawesi 2. Sebanyak 21 isolat P. palmivora diperoleh dari perkebunan 
kakao yang terinfeksi di Kabupaten Luwu, Gowa, dan Pinrang. Ciri morfologi isolat P. palmivora pada 
medium V-8 didominasi oleh bentuk stelata atau kapas, dan klamidospora terminal atau interkalar. 
Sporangium bervariasi antara isolat dari sumber yang berbeda, dan satu isolat memiliki sporangium 
unpapillate dan ellipsoid. Analisis filogenetik berdasarkan wilayah rDNA ITS menunjukkan bahwa 
semua sikuens dari penelitian ini bersarang di clade P. palmivora. Sebanyak 10 isolat P. palmivora (PA4, 
PA5, PI1, PI2, PI3, PI7, G2, G4, G6, G8) menunjukkan aktivitas virulensi yang tinggi, 9 isolat bersifat 
virulen dan hanya 1 isolat yang kurang virulen.

Kata kunci: busuk buah kakao, Phytophthora palmivora, karakteristik molekuler, uji virulensi
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INTRODUCTION

Phytophthora cocoa pod rot caused by 
Phytophthora palmivora is still a significant 
problem in Indonesia despite several control 
efforts developed and implemented over the 
past few years. This disease has the potential 
to inflict complete crop losses of up to 100% in 
tropical regions, primarily due to the presence 
of disease conducive environmental conditions 
or inadequate management practices. The risk 
was identified to be particularly significant in 
smallholder cocoa plantations (Guest 2007). 
Phytophthora has the capability to infect cocoa 
at all stages of development. An effective 
strategy to control this disease in the field is 
by understanding the life cycle, virulence, 
and other characteristics of P. palmivora in 
addition to planting resistant or tolerant cocoa 
clones. This means it is important to consider 
variations in pathogen populations in the 
process of developing disease management 
strategies. 

The current morphological-based methods 
to identify P. palmivora include asexual 
characteristics such as the colony type, 
hyphal swelling, chlamydospore production 
and diameter, sporangiophore branching, 
sporangia shape and size, caducity, pedicel, 
and papilla length as well as the sexual 
characteristics such as size of antheridia, 
oogonia, and oospore (Waterhouse 1974a; 
1974b; Erwin and Ribeiro 1996; Appiah et 
al 2003; Rodríguez-Polanco et al. 2020). 
These methods have several limitations 
due to high morphological variation among 
isolates existing in the same population. 
Therefore, the efforts to improve identifying 
and diagnosing Phytophthora genus require a 
better understanding of their biology, diversity, 
and taxonomic relationships. This indicated 
the importance of additional information on 
molecular identification (Kroon et al. 2012). 
The advancement of molecular techniques 
and recent comprehensive multigene 
phylogenetic analysis of the genus (Blair et 
al. 2008) have provided sequence databases 
to aid the identification of unknown species. 

For example, polymerase chain reaction 
(PCR)—based techniques such as DNA 
sequence analysis—have been widely used 
for the phylogenetic analysis of Phytophthora 
species (Cooke et al. 2000). The DNA analysis 
was applied as an alternative to morphological 
characterization of Phytophthora species. 
Furthermore, several fungal species have been 
classified using an internal transcribed spacer 
(ITS) rDNA, mitochondrial cytochrome c 
oxidase subunit 1 (COX1), and elongation 
factor 1 (EF-1) regions (Martin et al. 2012). 

Several studies have also been conducted 
to characterize and identify the causative agent 
of black pod disease, but none found a clear 
relationship between morphology, virulence, 
and genetic groups. Meanwhile, disparate 
results have been reported around the world 
on the aggressiveness of P. palmivora isolates 
from different hosts and countries (Surujdeo-
Maharaj et al. 2001; Torres 2016; Fuzitani et 
al. 2018). Therefore, this study was focused 
on analyzing the morphology, molecular 
characterization, and pathogenicity variation 
of P. palmivora isolates from different 
locations in South Sulawesi.

MATERIALS AND METHODS

Isolates
The infected cocoa pod was collected 

from three cocoa plantations in the Districts of 
Luwu, Pinrang, and Gowa in South Sulawesi, 
Indonesia. The parts used as samples were 
cut at 0.5 cm × 1 cm between the boundary 
of the healthy and infected areas. Moreover, 
the surface of the samples was sterilized for 
one minute using 70% ethanol, rinsed three 
times with sterile distilled water, and air-
dried for one minute on sterile filter paper to 
isolate P. palmivora. The pieces were later 
placed on a V-8 juice agar medium produced 
with 15 g bacto agar, 1 g CaCO3, 50 mL of 
V8® Juice, and 950 mL of distilled water, and 
incubated at 25 ℃ in the dark. Furthermore, a 
single colony was purified and subcultured for 
further analysis. 
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Morphological Characterization 
Isolates were characterized using 7 days 

old P. palmivora culture on V8 medium with 
a focus on the colony morphology, sporangia 
shape, chlamydospores, pedicles, and papillae 
in line with the guidelines stipulated by Stamp 
et al. (1990). A compound microscope (Carl 
Zeiss, Primo Star) was used for the observation 
at 400× magnification. Moreover, the 
morphology of the sporangium and zoospore 
was analyzed by immersing the 21 isolates 
colony in drops of sterile water on object glass 
for 8–12 hours at 10 ℃.

DNA Extraction
DNA was prepared by modifying the 

hexadecyltrimethylammonium bromide 
(CTAB) method described by Doyle 
and Doyle (1990). The process involved 
homogenizing a 50–200 mg mycelium (wet 
weight) in a mortar under liquid nitrogen and 
transferring the powder produced to a solution, 
preheated to 65°C, containing 20 g L-1 CTAB, 
100 mM Tris-Cl (pH 8.0), 20 mL EDTA and 
NaCl 1.4 M. After incubating for 30 minutes 
at 65 °C, the solution was extracted with one 
volume of chloroform. Moreover, the water 
phase was transferred to a new tube after which 
the DNA was precipitated for 30 minutes on 
ice with one volume of precooled 2-propanol 
and centrifuged in the cold for 15 minutes at 
12000 g. The pellets were washed once using 
70% ethanol, dried, and then redissolved in 
10 mM Tris-HCl (pH 8.0) and 0.1 mM EDTA.

Amplification Using Specific Primer for 
Phytophthora palmivora

A total of 20 isolates were selected for 
further molecular analysis using a specific 
primer for P. palmivora including Pal1s 
(5’-CACGTGAACCGTATCAAAACT-3’) 
and Pal2a (5’-CAATCATACCACCACAGC 
TGA-3’) (Chirapongsatonkul et al. 2015). 
The PCR was conducted in a 25 µL reaction 
containing 10 ng of DNA template, 1.25 µM
of each oligonucleotide primer (Pal1s and 
Pal2a), 0.2 mM dNTP, 1× PCR buffer,
1 U of DyNazymeTM II DNA polymerase 
(Finnzymes, Espoo, Finland), and nuclease-

free water. Moreover, the amplification was 
initiated by denaturation at 94 ℃ for 5 min 
followed by 25 cycles at 95 ℃ for 30 sec, 
58 ℃ for 30 sec, and 72 ℃ for 1 min as 
well as a 10 min final extension at 72 ℃ in 
a thermocycler (GeneAmp PCR System 
2400, Perkin Elmer, Foster City, CA, USA). 
The PCR amplification products were later 
separated in 15 g L-1 agarose gel through 
electrophoresis in 1× TAE and stained using 
a Quantifast SYBRGreen PCR kit (Qiagen).
  
Amplification of ITS rDNA Region

The DNA ITS sequence was 
amplified using ITS4 and ITS5 primers 
(5’-TCCTCCGCTTATTGATATGC-3’ and 
5’-GGAAGTAAAAGTCGTAACAAG-3’) 
(Ristaino et al. 1998). The process involved 
preparing a 25 μL total volume of PCR 
reagent consisting of 2.5 μL 10× PCR buffer, 
1.5 μL MgCl2 0.5–2.5 mM, 0.5 μL dNTP 200 μM, 
1 μL ITS4 primer 0.4 μM, 1 μL ITS5 primer 
0.4 μM, 0.2 μL Taq DNA Polymerase, 2 μL DNA 
template 50 ng, and 16.3 μL ddHO. Meanwhile, 
the DNA was amplified using Gene Amp PCR 
System 9700 at the cycling conditions of 96 ℃
for 5 min followed by 35 cycles of 96 ℃ for 
1 min, 47 ℃ for 1 min, 72 ℃ for 1 min, and 
then a final step of 72 ℃ for 10 min according 
to Trout et al. (1997). The PCR amplification 
products were also separated in 15 g L-1 agarose 
gel through electrophoresis in 1× TAE and 
stained using a Quantifast SYBRGreen PCR 
kit (Qiagen). Furthermore, the DNA bands 
were observed over transilluminator UV and 
photographed under UV gel documentation.

Sequencing
The purified fragments were subjected to 

forward and reverse sequencing in accordance 
with the procedures of the company (First 
BASE, Malaysia). BioEdit software was used 
to assemble, clean, and modify the sequences 
obtained manually. The Clustal W method—
included in BioEdit software—was used 
to align the sequences (Larkin et al. 2007). 
Moreover, the homologies were compared 
to databases using the BLASTn algorithm 
(http://blast.ncbi.nlm.nih.gov/blast.cgi). 
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The alignment method was also applied to 
select the optimum substitution model and to 
generate the dendrogram while the maximum 
likelihood approach with a bootstrap of 1000 
iterations was used to produce phylogenetic 
reconstructions. These computations were 
conducted using the MEGA X computational 
tool (Kumar et al. 2018).

Virulence Test on Cocoa Pod
Virulence of P. palmivora isolates was 

tested using a 2 month old healthy cocoa pod 
of Sulawesi 2 clone with the surface sterilized 
using 70% ethanol and perforated through 
a Ø 5 mm cork borer. The selection of the 
Sulawesi 2 clone was based on its high 
productivity, resistance to cocoa pod rot P. 
palmivora, and moderate resistance to vascular 
streak dieback pathogen as described by ICCRI 
(https://iccri.net/product/klon-sulawesi-02/). 

Twenty P. palmivora isolates were used in 
this virulence test by using pieces of mycelium.  
G5 isolate was exempted from molecular and 
virulence assays due to its different sporangia 
morphology and its very slow growth. The 
assay included all Phytophthora isolates 
with three replicates (pod) while distilled 
water was used to inoculate control pod with 
four duplicates. Each pod was cleansed in 
running tap water and surface disinfected in 

75% ethanol for 1 minute. The inoculation was 
performed in a laminar flow chamber using 
a 12 mm3 plug of 5 day old Phytophthora 
isolates culture on a corn meal agar (CMA). 
The plug was placed in a 1 cm2 deep cut made 
in the middle of the skin of each cocoa pod 
using a cork borer to position the mycelial disc 
(Wael Alsultan et al. 2022). The symptoms of 
virulence were observed every day for a period 
of 7 days after the inoculation (dpi) based on 
the criteria developed by Waterhouse (1975) 
in Rubiyo (2008).

RESULTS
 

A total of 21 isolates were obtained from 
three different cocoa plantations (Tabel 1) and 
the colony morphology of each is presented in 
Table 2. The results showed that all isolates 
have hyphal swellings containing several 
nuclei and non-septate. Chlamydospores were 
also formed between the hyphae known as the 
intercalary or the terminal chlamydospores 
formed at the end of the hyphae. The 
sporangia were found to be globose or ovoid 
in shape with short to medium pedicles and 
the papillate had simple sympodial branched 
sporangiophores (Figure 1). However, one 
isolate from Gowa (G5) was observed to have 
an ellipsoid sporangial shape without papillae, 

Table 1 Origin of Phytophthora palmivora isolates from three districts of South Sulawesi
List of isolates and 
ecological conditions

Origin of isolates
Luwu Pinrang Gowa 

Isolates PA1, PA2, PA3, PA4, 
PA5, PA6, PA7

PI1, PI2, PI3, 
PI4, PI5, PI6

G1, G2, G3, G4, 
G5, G6, G7, G8

Location Sampeang Village, 
Sub-district Bajo Barat

Tapporang Village, 
Sub-district Batulappa

Batangkaluku Village, 
Sub-district Sumba Opu

Elevation (m asl) 1500–2000 1007 25–100 
Rainfall (mm/year) 1673 1860 2152 
Cocoa clone 45 and Buntu Batu Sulawesi 1 and 

Sulawesi 2
Sulawesi 1, Sulawesi 2, 

Panimbu, THR Jeni, MO7, 
MO5, M01, PCK MO6,

Shade Coconut tree Coconut tree and 
black pepper

Coconut tree

Sanitation Abundant plant 
residues 

Abundant plant 
residues

No plant residue

Fungicide treatment Hexaconazole Hexaconazole Mancozeb and Paraquat 
Dichloride
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Table 2  Morphological characteristics of 21 isolates Phytophthora palmivora from three different cocoa 
plantations on V8 juice agar media at 7 dpi

Isolate Hyphal 
swellings

Sporangia Chlamydospore
Form Papilla Pedicle Branch type Form Annotation

PI1 Loops Ovoid SP Short SS TC, Cli Abundant
PI2 Torulose Ovoid SP Short SS TC, Cli Abundant
PI3 Coralloid Ellipsoid SP Short SS TC, Cli Abundant
PI4 Torulose Ovoid P Short SS TC, Cli Abundant
PI5 Loops Limoniform P Short SS TC, Cli Abundant
PI6 Torulose Ovoid P Short SS TC, Cli Abundant
PI7 Coralloid Ovoid SP Short SS TC, Cli Abundant
PA1 Coralloid Ovoid P Short SS TC Few
PA2 Coralloid Ovoid P Short SS TC Few
PA3 Coralloid Limoniform P Medium SS TC Few
PA4 Coralloid Limoniform P Medium SS TC Abundant
PA5 Coralloid Ovoid SP Short SS TC Abundant
PA6 Coralloid Ovoid SP Short SS TC Abundant
G1 Coralloid Ovoid P Short SS TC Few
G2 Coralloid Ovoid P Short SS TC Few
G3 Irregular Ovoid P Short SS TC, Cli Present
G4 Loops Ovoid SP Short SS TC Few
G5 Coralloid Globose NP Medium SS TC Few
G6 Loops Limoniform P Short SS TC Few
G7 Coralloid Limoniform SP Short SS TC Few
G8 Coralloid Ovoid P Short SS TC Few

Note: SP, Semi papillate; P, Papillate; NP, Non-papillate; SS, Simple sympodium; Cli, Chlamydospore intercalary; 
and TC, Terminal chlamydospore.

Figure 1  Colony morphology variation Phytophthora palmivora on V8 juice agar media. 
a, Stellate type colony; b, Coralloid hyphae; c, Simple sympodium of sporangiophore; d, Ellipsoid 
non-papillate sporangium; e, Ovoid papillate sporangium; and f, Terminal chlamydospore. 

a b c

d e f
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long pedicles, and slow growth on V8 media 
so that was excluded from molecular and 
virulence tests.

The amplification of 20 Phytophthora 
isolates from infected cocoa pods using 
P. palmivora specific primers Pal1s and 
Pal2a showed positive results with band 
650 bp (Figure 2). Furthermore, molecular 
identification of 20 isolates conducted using 
ITS4 and ITS5 primers produced a 900 bp 

amplicon. The results of blast nucleotide 
analysis conducted using the ITS database 
also showed a 100% match to P. palmivora 
LT670914 (Figure 3). Moreover, the 
alignment of the samples from three areas in 
South Sulawesi showed that their cluster was 
100% similar to P. palmivora LT670914. The 
comparison of P. quercetorum, P. litchi, P. 
megakarya, P. cactorum, P. capsici, P. citricola, 
and P. citrophthora with Phytophthora 

Figure 3  Relationships of Phytophthora species on cocoa based on neighbor-joining analysis 
of rDNA-ITS region sequences. Cluster analysis of 10 cocoa pod rot isolates compared with 
various Phytophthora species and strains. 

0.000
G2
0.000
LT670914.1 Phytophthora palmivora

P12
0.000

P13
0.000

G1
0.000

G4
0.000

G3
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PA1
0.000

P11
0.000

PA3
0.000
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KX759518.1 Phytophthora quercetorum

MH973654.1 Phytophthora litchii

LC595791.1 Phytophthora megakarya
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Figure 2  Amplification of  Phytophthora palmivora using primer Pal1s and Pal2a generated a 
650 bp band (left). Separating with 1.2 % agarose gel was stained with Quantitec SYBRGreen 
(Qiagen). PC, Positive control; NC, Negative control; M, Marker; 1-6, Pinrang isolates (PI1-
PI6); 7-13, Palopo isolates (PA7-PA13); and 14-20, Gowa isolates (G1-G4, and G6-G8).

PC NC M 1 32 4 65 7 98 10

11 1312 14 1615 17 1918 20 M NC PC

650 bp
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isolates tested indicated significant nucleotide 
sequence variation ranging from 7 to 27 base 
pairs difference for every 100 base pairs.

The virulence of P. palmivora isolates was 
characterized based on their ability to produce 
necrotic symptoms on inoculated cocoa 
pods. The resulted show that 10 isolates of P. 
palmivora as highly virulent, 9 as virulent, and 
only 1 as less virulent (Figure 4; Table 3).  

DISCUSSION

The appearance of P. palmivora colony on 
the medium was generally found to have a star-
like or stellate pattern even though P. capsici 
colony commonly has a rosaceous form (Appiah 
et al. 2003; Andrews et al. 2015). Morphological 
variation of Phytophthora species had been 
previously associated with the usage of different 
mediums for isolation (Scott et al. 2009).  

Figure 4  Pod rot symptom on Sulawesi 2 clone after seven days of inoculation and incubated at 
room temperature. a, Control inoculated with sterile water; b, Less virulent isolates; c, Virulent 
isolates; and d, Highly virulent isolates. 

a b c d

Table 3 Virulence Grouping of Phytophthora palmivora isolates cocoa pod of clone Sulawesi 2 after 
seven days of inoculation

Isolates Latent period 
(days)

Necrotic areas 
(%)

Category

PA1 2.7 26.70 Virulent
PA2 4.3 21.70 Less virulent
PA3 2.0 26.70 Virulent
PA4 2.6 56.14 Highly virulent
PA5 2.0 56.33 Highly virulent
PA6 2.3 33.37 Virulent
PI1 2.0 66.70 Highly virulent
PI2 2.0 66.70 Highly virulent
PI3 2.0 65.00 Highly virulent
PI4 2.0 26.18 Virulent
PI5 3.0 45.11 Virulent
PI6 3.1 42.81 Virulent
PI7 2.5 56.14 Highly virulent
G1 3.0 39.33 Virulent
G2 2.0 72.30 Highly virulent
G3 3.0 38.30 Virulent
G4 2.3 65.00 Highly virulent
G6 2.4 73.20 Highly virulent
G7 2.6 39.69 Virulent
G8 2.0 71.21 Highly virulent
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Microscopic observation showed that all 
isolates had similar characteristics with P. 
palmivora on the V8 media. This was indicated 
by their round colony with a flat segmented 
edge, white colony color, and stellate form. 
The results showed that only 2 isolates from 
Pinrang had different appearances by growing 
slowly with the tiny colony on the V8 media. 
Appiah et al. (1999) had previously reported 
the possibility of differentiating Phytophthora 
species based on the type of their colony. This 
was due to the fact that P. palmivora was 
identified with a stellate form, P. capsici with 
rosaceous, and P. megakarya with cottony. 
Moreover, the shapes of P. palmivora sporangia 
ranged from ovoid-ellipsoid to obpyriform 
and were papillate and caducous, indicating 
they have short pedicels (Saul Maora 2008). 
The results also showed that there was no 
correlation between the origin of isolates and 
the morphological characteristics observed. 
This was indicated by the fact that differences 
were found in both isolates from the same 
area and those from other locales. According 
to Drenth and Sendall (2001), several 
morphological characteristics can be used to 
identify Phytophthora species and these include 
the colony morphology, chlamydospore, 
sporangia, and hyphal swelling, as well as 
the sexual structure. It was further noted that 
P. palmivora has different forms of hyphal 
swelling including torulose, coralloid, and 
loop. These hyphal swellings usually form a 
branch point followed by globular swelling 
with a thick wall called chlamydospores 
which can be developed between, in the 
end, or in addition to the hyphae. The 
chlamydospore morphology of several species 
is not usually significantly different and this is 
the reason it is rarely used for identification 
purposes. Previous studies have described 
and differentiated morphological features of 
80 cocoa isolates of Phytophthora from Africa, 
America, Pacific regions, and Southeast Asia 
originally designated as P. palmivora. The 
relationships between these isolates were 
also reported based on morphological forms 
of P. palmivora. Moreover, the results of this 
study showed that the sporangial stalk or 

pedicel length of isolates varied significantly, 
thereby, leading to their separation into four 
groups (Kaosiri et al. 1978; Drenth and 
Sendall 2001). There was a need to ensure the 
accuracy of the preliminary identification of 
Phytophthora species by using morphological 
traits. However, it was important to note 
that molecular identification methods were 
quicker, more specific, and more sensitive than 
morphological methods (Capote et al. 2012).

Phytophthora sp. isolates were 
characterized using the DNA sequence of ITS 
and this led to the generation of a uniform 
900 bp. Umayah and Purwantara (2006) had 
previously identified isolates from cocoa using 
ITS region from ribosomal DNA (rDNA) as 
well as PCR with primer pairs ITS 5 and ITS 4
or ITS 1 and ITS 4 followed by the digestion 
of amplicon using restriction enzymes Alu 1 
and Msp 1. The amplification of P. palmivora 
in a single band or amplicon was estimated 
at 900 bp. The results further showed that P. 
palmivora isolates formed the same group P. 
palmivora strains LT670914. Moreover, the 
blast nucleotide analysis conducted with the 
ITS database also indicated a 100% match to 
P. palmivora LT670914. This means all the 
10 representative isolates tested belonged to 
the P. palmivora species. 

Test conducted for virulence also showed 
that the 20 fungal isolates considered typical 
P. palmivora spores caused necrotic symptoms 
on the cocoa pod of the Sulawesi 2 clone. The 
first symptom was a small dark spot on the 
inoculated pod which was observed between 
2–4 days after inoculation while the most 
apparent symptoms were rotten or blackening 
surrounding cocoa fruit as indicated in Figure 4.
The small spots were observed to have started 
like dirty spots and later became thicker on 
every part as the fruit developed (Bowers et 
al. 2001; Guest 2007). The results showed that 
only PA2 isolates induced the first symptom 
on day 4 of inoculation, thereby, causing 
a necrotic area under 25% and this was 
classified as less virulent isolates. Meanwhile, 
the other 19 isolates, from both Gowa and 
Pinrang districts produced the first symptoms 
on day 2 which was very fast and reached the 
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necrotic area between 26.15%–73.2%. They 
were subsequently classified into virulent 
and highly virulent isolates. This means the 
dominance of these P. palmivora isolates can 
provide a significant challenge to cocoa farms 
in this region. Meanwhile, Rubiyo et al (2020) 
grouped the Sulawesi 2 into a moderately 
resistant clone. The direct aggressiveness and 
pathogenicity of the high virulence clone of P. 
palmivora from Sulawesi in influencing the 
severity of infections and diseases mean there 
was a need to prevent their spread. However, 
the acquisition of knowledge regarding the 
distribution of the virulent P. palmivora isolates 
in South Sulawesi requires conducting further 
analysis using a larger number of isolates from 
other different cocoa growing centers as well 
as the application of several cocoa clones with 
different resistant levels for inoculation test.  

REFERENCES

Andrews YA, Ishmael AA, Michael A, 
Eric KA. 2015. Black pod disease on 
cocoa (Theobroma cocoa, L.) in Ghana: 
spread of Phytophthora megakarya and 
role of economic plants in the disease 
epidemiology. Crop Protection. 72:66–
75. DOI: https://doi.org/10.1016/j.
cropro.2015.01.015.

Appiah A, Flood J, Bridge PD, Archer SA. 
1999. Diversity of Phytophthora species 
causing black pod disease of cocoa and 
implications for effective biocontrol. In: 
Krauss U, Hebbar P, Editor. Research 
methodology in biocontrol of plant 
diseases with special reference to fungal 
diseases of cocoa. In: Workshop on 
Research Methodology in Biocontrol of 
Plant Diseases with Special Reference to 
Fungal Diseases of Cocoa, 1999 28 Jun-
4 Jul. Washington, DC (US): Agricultural 
Research Service.

Appiah A, Flood J, Bridge PD, Archer SA. 
2003. Inter- and intraspecific morphometric 
variation and characterization of 
Phytophthora isolate from cocoa. Plant 
Pathology. 52(2):168–180. DOI: https://doi.
org/10.1046/j.1365-3059.2003.00820.x.

Bowers JH, Bailey BA, Hebbar PK, Sanogo 
S, Lumsden RD. 2001. The impact of plant 
diseases on world chocolate production. 
Plant Health Progress. 2(1):12. DOI: 
https://doi.org/10.1094/PHP-2001-0709-
01-RV.

Blair JE, Michael D. Coffey, Sook-Young Park, 
David M. Geiser, Seogchan Kang. 2008. A 
multi-locus phylogeny for Phytophthora 
utilizing markers derived from complete 
genome sequences. Fungal Genetics and 
Biology. 45(3):266–277. DOI: https://doi.
org/10.1016/j.fgb.2007.10.010.

Capote N, Mara A, Aguado A, Snchez-Torres 
P. 2012. Molecular tools for detection 
of plant pathogenic fungi and fungicide 
resistance. Plant Pathology. 7:151–202. 
DOI: https://doi.org/10.5772/38011.

Chirapongsatonkul N, Chanwun T, 
Churngchow N. 2015. Development 
of a multiplex PCR assay for rapid and 
simultaneous detection of rubber tree 
pathogens Phytophthora spp. and P. 
palmivora. Science Asia. 41(3):170−179. 
D O I :  h t t p s : / / d o i . o r g / 1 0 . 2 3 0 6 /
scienceasia1513-1874.2015.41.170.

Cooke DEL, Drenth A, Duncan JM, Wagels 
G, Brasier CM. 2000. A molecular 
phylogeny of Phytophthora and related 
oomycetes. Fungal Genetics and Biology. 
30:17–32. DOI: https://doi.org/10.1006/
fgbi.2000.1202.

Doyle JJ, Doyle JL. 1990. Isolation of plant 
DNA from fresh tissue. Focus. 12:13–15. 
DOI: https://doi.org/10.2307/2419362.

Drenth A, Sendall B. 2001. Practical 
guide to detection and identification of 
Phytophthora. Tropical Plant Protection. 
1:32–33.

Erwin DC, Ribeiro OK. 1996. Phytophthora 
Diseases Worldwide. St. Paul (US): APS 
Press. DOI: https://doi.org/10.1046/
j.1365-3059.1998.0179a.x.

Fuzitani EJ, Santos AF, Damatto Junior 
ER, Nomura ES, Kalil Filho AN. 2018. 
Inoculation methods, the aggressiveness 
of isolates, and resistance of peach palm 
progenies to Phytophthora palmivora. 
Summa Phytopathologica. 44(3):213–



Jurnal Fitopatologi Indonesia Kuswinanti et al.

154

217. DOI: https://doi.org/10.1590/0100-
5405/178476.

Guest D. 2007. Black pod: diverse 
pathogens with a global impact on 
cocoa yield. Phytopathology. 97:1650–
1653. DOI: https://doi.org/10.1094/
PHYTO-97-12-1650.

Kaosiri T, Zentmyer GA, Erwin DC. 1978.  
Stalk length as a taxonomic criterion for 
Phytophthora palmivora isolates from 
cocoa. Canadian Journal of Botany. 
56(15):1730–1738. DOI: https://doi.
org/10.1139/b78-205.

Kroon LP, Brouwer H, de Cock AW, Govers 
F. 2012.  The genus Phytophthora anno 
2012. Phytopathology. 102(4):348–
364. DOI: https://doi.org/10.1094/
PHYTO-01-11-0025.

Kumar S, Stecher G, Li M, Knyaz C, 
Tamura K. 2018. MEGA X: molecular 
evolutionary genetics analysis across 
computing platforms. Molecular Biology 
and Evolution. 35(6):1547–1549. DOI: 
https://doi.org/10.1093/molbev/msy096.

Larkin MA, Blackshields G, Brown NP, 
Chenna R, McGettigan PA, McWilliam H, 
Valentin F, Wallace IM, Wilm A, Lopez 
R, Thompson JD. 2007. Clustal W and 
clustal X version 2.0. Bioinformatics. 
23(21):2947–2948. DOI: https://doi.
org/10.1093/bioinformatics/btm404.

Martin FN, Abed ZG, Baldi Y, Ivors K. 
2012. Identification and detection of 
Phytophthora: reviewing our progress, 
identifying our needs. Plant Disease. 
96:1080–1103. DOI: https://doi.
org/10.1094/PDIS-12-11-1036-FE.

Ristaino JB, Michael Madritch, Carol L. Trout, 
Gregory Parra. 1998. PCR amplification of 
ribosomal DNA for species identification 
in the plant pathogen genus Phytophthora. 
Applied and Environmental Microbiology. 
64(3):948–954.  DOI: ht tps: / /doi .
org/10.1128/AEM.64.3.948-954.1998.

Rodríguez-Polanco E, Morales JG, Muñoz-
Agudelo M, Segura JD, Carrero ML. 2020. 
Morphological, molecular, and pathogenic 
characterization of Phytophthora 
palmivora isolates causing black pod rot 

of cocoa in Colombia. Spanish Journal 
of Agricultural Research. 18(2):1003–
1018. DOI: https://doi.org/10.5424/
sjar/2020182-15147.

Rubiyo A, Purwantara S, Sukamto, 
Sudarsono. 2008. Isolation of indigenous 
Phytophthora palmivora from Indonesia, 
their morphological and virulence 
characterizations. Pelita Perkebunan. 
24:27–49. DOI: https://doi.org/10.22302/
iccri.jur.pelitaperkebunan.v24i1.93.

Rubiyo YA, Dewi, Imran, Salim A, Baharudin, 
Indrawanto C, MT Ratule. 2020. 
Evaluation of yield and pest and disease 
resistance of cocoa clones in Kolaka 
District, Southeast Sulawesi, Indonesia. 
Biodiversitas. 21(12):5698–5607. DOI: 
https://doi.org/10.13057/biodiv/d211215.

Saul Maora J, Liew ECY, Guest DI. 2017. 
Limited morphological, physiological 
and genetic diversity of Phytophthora 
palmivora from cocoa in Papua New 
Guinea. Plant Pathology. 66:124–130. 
DOI: https://doi.org/10.1111/ppa.12557.

Scott PM, Burgess TI, Barber PA. 2009. 
Phytophthora multicore sp. nov., a 
new species recovered from declining 
eucalyptus, banksia, agonis, and other 
plant species in Western Australia. 
Persoonia. 22:1–13. DOI: https://doi.
org/10.3767/003158509X415450.

Stamp DJ, Waterhouse GM, Newhook FJ, 
Hall GS. 1990. Revised Tabular Key to 
The Species of Phytophthora. Wallingford 
(UK): CAB-International.

Surujdeo-Maharaj S, Sreenivasan TN, Motilal 
LA, Umaharan P. 2016. Black pod and 
other Phytophthora induced diseases of 
cocoa: history, biology, and control. In: 
Bailey BA, Meinhardt L, editor. Cocoa 
Diseases: A History of Old Enemies and 
New Encounters, First edition. Switzerland 
(CH): Springer. pp. 213–266. DOI: https://
doi.org/10.1007/978-3-319-24789-2_7.

Torres-Londoño GA. 2016. Morphological 
characterization, virulence, and fungicide 
sensitivity evaluation of Phytophthora 
palmivora [dissertation]. Michigan State 
University. 



155

Jurnal Fitopatologi Indonesia Kuswinanti et al.

Trout CL, Ristaino JB, Madritch M, 
Wangsoomboondee T. 1997. Rapid 
detection of Phytophthora infestans in 
late blight infected potatoes and tomatoes 
using PCR. Plant Disease. 81:1042–
1048. DOI: https://doi.org/10.1094/
PDIS.1997.81.9.1042.

Umayah A, Purwantara A. 2006. Identifikasi 
isolat Phytophthora asal kakao. Menara 
Perkebunan. 74(2):76–85.

Wael Alsultan, Yun WM, Zainal Abidin Mior 
Ahmad ZAM, Vadamalai G, Khairulmazmi 
A, Abdullah M. Al-Sadi, Rashed O, Nasehi 
A, Al-Tawaha AR. (2022) Morphological, 
pathogenic, and molecular characterization 
of Phytophthora palmivora isolates 

causing black pod disease on cocoa in 
Peninsular Malaysia. International Journal 
of Food Science and Agriculture. 6(2):135–
148. DOI: https://doi.org/10.26855/
ijfsa.2022.06.002.

Waterhouse GM. 1974a. Phytophthora 
palmivora and some related species. In: 
Gregory PH, editor. Phytophthora Disease 
of Cocoa. London, Longman (UK): 
Cornell University. p. 51–70.

Waterhouse GM. 1974b. Other Phytophthora 
species recorded on Cocoa. In: Gregory 
PH, editor. Phytophthora Disease of 
Cocoa. London, Longman (UK): Cornell 
University. p. 71–79.


