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Occurrence and distribution of mating types of
Phytophthora species causing black pod disease of

cocoa
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ABSTRACT : The mating types of isolates of Phytophthora palmivora, Phytophthora capsici and Phytophthon
citraphthora causing black pod disease of cocoa were determined by pairing them with known A, and A, matg

types of P. palmivora, P. capsici and P. meadii. Isolates of P palmivora and P. capsici produced cospores whel
paired intra- and inter-specifically with either A, and A, mating types of P. palmivora, P. capsici and P. meadi
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Cocoa (Theobroma cacao L.) is mainly grown
as mixed crop in the existing arecanut (4dreca
catechu L.) and coconut (Cocos nucifera L.) gar-
dens in Karnataka and Kerala states of India. Black
pod is a major disease of cocoa in this country.
The causal organism of this disease was identified
as a species of Phytophthora, when it was first
reported from India (Ramakrishnan and
Thankappan, 1965). Later, while studying the
Phytophthoras associated with cocoa, Chandra
Mohanan ef al. (1979) identified the species caus-
ing black pod disease as P. palmivora (Butl.) Butl.
Recent systematic studies on taxonomic complex
of Phytophthora associated with black pod disease
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! , mating type was predominant in P. palmivora and A in P. capsid
A, mating types of P. palmivora was predominant in all the districts of Kerala and Karnataka states. Both A, af
A, mating types of P. palmivora and A, mating types of P. capsici were found in certain localities of Kerala slat
from where P. citrophthora isolates were collected, The o
locality reveals the possibility of intra- and inter-specific hybridization in nature and formation of new strains. Thi
is the first report of occurrence of mating types of Phytophthora species causing black pod disease of cocoa in Indic

ccurrence of both mating types of different species in sam

of cocoa revealed the occurrence of P. capsiol
(Chowdappa et al, 1993) and P. citrophthon
(Chowdappa and Chandra Mohanan, 1996) on
cocoa in India besides P. pafmivora. These st |
ies revealed that P. palmivora was predomint
species causing black pod disease in India, and 2.
capsici and P. citrophthora occurred only in fol
localities in Kerala. The objective of the preseil
study was to determine mating types of these the
species of Phytophthora and their distribution i
India.

MATERIALS AND METHODS

The mating types of 120 isolates of P §
palmivora, five isolates each of P. capsici andp
citrophthora isolated from black pod affected c-
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z0a pods collected from various localities of Kerala
ind Karnataka states, major cocoa growing re-
gion, were determined by pairing each of them
with known A, and A, mating types of P.
nalmivora. The isolates were maintained on car-
rot agar slopes at 24 £ 1°C by periodical subcul-
ring. Disks of five mm diam cut from the ad-
vancing margin of three-day old cultures were
used for pairing the isolates. The mycelial disks of
P. palmivora (A, or A,) and Phytophthora isolate
to be tested were placed 50 mm apart on CA
simultaneously. Inoculated plates were incubated
at 20°C in dark for 10-12 days. The plates were
then examined for the presence of sex organs and
oospores. An isolate was considered A, mating

type when it produced oospores with A, and not

with A,. Similarly, a culture was considered as A,
mating type when it produced oospores with A
type and not with A,. The representative isolates
belonging to three species of Phyrophthora viz.,
P. palmivora, P. capsici and P. citrophthora were
also crossed intra- and inter-specifically with P.
palmivora A, and A,, P. capsici A, and A, and P.
meadii A, and A,.

RESULTS

All the 130 isolates of Phytophthora spp. failed
to produce oospores in single cultures on CA.
However, isolates of P. palmivora and P. capsici
readily produced abundant oospores when they
were paired with either A| or A, mating types of
P. palmivora, P. capsici and P. meadii. No
roospores were formed when isolates of P.
citrophthora were paired with either A or A,
rmating types of P. palmivora, P. capsici and P.
‘meadii. Of the 120 isolates of P. palmivora, 22
tisolates were identified as A, mating types and the
remaining 98 isolates as A, mating types. Simi-
larly, out of five isolates of P. capsici, one isolate
(I-CP/23) was identified as A, and four isolates (I-
CP/25, 1-CP/27, 1-CP/76 and 1-CP/89) as A mat-
ing types. Thus, it was found that A, mating type
was predominant in P. palmivora population and
A, in P. capsici. The distribution of A, and A,
mating types of P. palmivora and P. capsici in
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different districts of Kerala and Karnataka states
is shown in Fig. 1. The A, isolates of P. palmivora
were predominant in all districts of Kerala and
Karnataka states. Phytophthora isolates collected
from Kasaragod (3) and Ernakulam (4) districts
of Kerala and Dakshina Kannada (12), Shimoga
(3) and Kodagu (4) districts of Karnataka were
only A, mating type of P. palmivora whereas A,
mating of P. palmivora was also present in
Thottapally (1) and Chengannur (1) of Alappuzha
district, Thodupuzha (1) of Idukki district,
Changancherry (7), Nedumkunnam (1) and
Meenachil (1) of Kottayam district, Kozhikode
(2) of Kozhikode district, Kozhencherry (1) and
Mallappally (1) of Pathanmthitta district,
Nedumangaa (1) and Thiruvananthapuram (1) of
Thiruvananthapuram district, Thrissur (1) of
Thrissur district, Vaithiri (1) and Wynad (1) of
Wynad district and in  Salkani (1) of Uttara
Kannada district.” It is evident from Fig. 1 that
both A, and A, mating types of P. palmivora and
A, mating type of P. capsici were present in
Thrissur, Pathanamthitta and Idukki districts from
where P. citrophthora isolates were collected.

DISCUSSION

The occurrence of A and A, mating types in
the population of P. palmivora and P. capsici
causing black pod disease of cocoa in India has
been established for the first time. A, was found
to be predominant mating type in P. palmivora
population in all the districts of Kerala and
Karnataka states. In P. capsici, A, and A, mating
types occurred in the ratio of 4:1 indicating the
predominance of A, even though only five samples
collected from Kerala yielded P. capsici. P.
palmivora A, has been reported as the predomi-
nant mating type of cocoa. worldwide except in
Jamaica where A was predominant (Brasier and
Griffin, 1979; Zentmyer, 1988). Both A and A,
mating types were common in P. capsici
(Zentmyer, 1988). The occurrence of both A, and
A, mating types within a heterothallic species of
Phytophthora is a universal phenomenon (Savage
et al., 1968; Brasier and Griffin, 1979).
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Isolates of P. citrophthora failed to produce
cospores when they were paired with either A, or
A, mating types of P. palmivora, P. capsici and
P. meadii, indicating they are sterile. Based on
the studies on intra- and inter-specific pairings of
P. citrophthora, earlier researchers have reported
both sterility (Leonian, 1925; Tucker, 1931; Kellam
and Zentmyer, 1986a) and heterothallism (Haasis
and Nelson, 1963; Savage et al, 1968); Ferguson,
1976; Riberio et al., 1975; Liyanage and Wheeler,

Fig. 1. Distribution of different species and mating
India,
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1989). This has led to some confusion. Deta
studies on a world wide collection of
citrophthora isolates from 30 different hosts
cies by Mchau and Coffey (1994) showed that
per cent of the isolates were sexually sterile.

In the present study, both A, and A, ma
types of P. palmivora and P. capsici were fo
occurring in Thrissur, Idukki and Pathanami
districts of Kerala state where P. citrophthora
also present. The occurrence of two mating
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ifdifferent species in same locality in India raises
li¢ possibility of intra- and inter-specific hybrid-
ution between them in nature and formation of
(v strains. This possibility is further supported
ij the observations on oospore formation in na-
e on infected cocoa pods and their germination
1 Brazil (Kellam and Zentmyer, 1986 b). Braiser
992) hypothesized P. ctirophthora, a sterile
fecies, might have evolved through interspecific
ibridization between P. nicotianae of citrus and
! wpsici of cocoa or between P. palmivora ard
! aapsici of cocoa as P. citrophthora was often
ind associated with these species in nature.

Species of Phytophthora cause severe diseases
ke ‘fruit rot” of arecanut, ‘black pod’ of cocoa,
wsule rot’ of cardamom, ‘foot rot’ of black
fper and ‘abnormal leaf fall’ of rubber in the
Jimation of South India where all these crops
t gown either in the high density multispecies
ipping systems or in the vicinity of each other
§pure plantations. These isolates are cross
nelable in most cases. In the present study, P.
umivora and P. capsici isolates readily produced
wspores when they were paired intra- and inter-
wifically with P. palmivora, P. capsici and P.
eadii suggesting that there is possibility of intra-
i inter-specific  hybridization among
fiophthora species affecting plantation crops
il formation of new strains. Sastry and Hedge
187) reported the existence of A, and A, mating
s of P. palmivora causing ‘wilt” of black pep-
jand A type of P. meadii causing fruit rot of
teanut in Uttara Kannada district of Karnataka
il inter-specific hybridization between them.
lteent increase in the incidence of ‘fruit rot’ of
manut and severe outbreak of ‘wilt’ of black
per might be due to development of new strains
mough hybridization,
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