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Bot canker pathogens could complicate the 
management of Phytophthora black pod of cocoa 
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Adesemoye Anthony 0.* 

Department of Microbiology, Adekunle Ajasin University, Akungba-Akoko P.M.B 001 Ondo State, 
Nigeria. 

Received 4 June, 2014; Accepted 4 August, 2014 

Black pod is a major hindrance to cocoa production in Nigeria. It is caused by three different 
Phytophthora species with Phytophthora megakarya as the most important species in Nigeria and West 
African sub-region. Phytophthora spp. may enhance infections by opportunistic pathogens such as 
members of the Botryosphaeriacea that cause branch and trunk cankers in many woody plants across 
the world. Botryosphaeriacea has not been reported in cocoa nor in any woody plants in Nigeria to our 
knowledge. In the cocoa belt of Nigeria, research and understanding on cocoa black pod and 
Phytophthora is limited partly because of delayed or no access to some culture media, including 
required antibiotics. The objectives of this study were to: (1) use locally available materials to develop 
media for Phytophthora isolation from infected cocoa trees and pods samples and (2) to determine if 
members of Botryosphaeriaceae are associated with cankers of cocoa trees infected with black pod in 
Ondo State. The two formulated media, clarified tomato juice agar and cocoa pod agar supported the 
growth of Phytophthora spp. and were used for isolation from five cocoa producing local government 
areas, spanning all three senatorial districts of Ondo State. Based on morphological characteristics, 
four different species of Botryosphaeriaceae were identified from infected cocoa trees/pods but also 
from citrus and kola trees, which are similar to cocoa and usually planted in the same orchard with 
cocoa in Nigeria. These findings of new pathogens in cocoa and other hosts in Ondo State indicated the 
need for new strategies in the management of cocoa diseases in the State and across cocoa producing 
areas of Nigeria. 

Key words: Cocoa, Canker, Black pod, pathogens, Botryosphaeriaceae, Phytophthora. 

INTRODUCTION 

Cocoa (Theobroma cacao) believed to have originated in 
the amazons and Orinoco basins of South America is 
now produced in many countries and about 70% of the 

world total production is from West Africa. Nigeria is the 
5th largest cocoa producer in the world with 160 
thousand tons which amounted to 4.6% of the world 
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Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 
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production in 2007 (ICCO, 2010). Cocoa is the 
agricultural commodity that provides the highest foreign 
exchange earnings in Nigeria but also supports some 
companies in the country. Cocoa production is 
concentrated in the rainforest across the ‘cocoa belt’ 
region, which include six states of Ondo, Osun, Ogun, 
Delta, Edo, Cross-river, and Akwa-Ibom. Ondo State is 
responsible for over 50% of the total national production 
(Adejumo, 2005; Oyekale et al., 2009).  

Black pod (pod rot) is a major hindrance to cocoa 
production in Nigeria. It is caused mainly by three 
different species of Phytophthora: P. palmivora, P. 
megakarya, and P. capsici but the most important 
species in Nigeria and the West African subregion is P. 
megakarya (Opoku et al., 2007). Diseases caused by 
Phytophthora are very common throughout the world 
(Adesemoye et al., 2011), especially in wet tropical 
regions of the world where it cause significant crop losses 
such as in cocoa and palms (Opoku et al., 2007; 
Adejumo, 2005; Drenth and Guest, 2004; Evans et al., 
2003).  Except for some species that are transmitted 
aerially, the spread of Phytophthora is mainly through 
infected soil, water and plants and plant materials. 
Phytophthora spp. can be isolated using a selective 
medium consisting of V8 juice, corn meal, or potato 
dextrose agar as base medium and five different 
antibiotics, pimaricin, ampicillin, rifampicin, pentachlo-
ronitrobenzene (PCNB), and hymexazole (Kannwischer 
and Mitchell, 1978). 

Phytophthora spp. in many pathosystems have been 
reported to show certain level of interaction with other 
pathogens. For instance, co-infecting with Fusarium 
(Adesemoye et al., 2011) and it could pave the way for 
other pathogens such as members of the 

Botryosphaeriacea (Adesemoye et al., 2014; McDonald 
and Eskalen, 2011). Botryosphaeriaceae are ascomycetes 
and rely on pruning wounds, earlier infections by other 
pathogens, insect infestation, and other stresses on the 
host for them to become opportunistic pathogens, 
causing branch and stem canker, gummosis, shoot 
blights, stem-end rot, fruit rot, and/or dieback of many 
woody plants (Abdollahzadeh et al., 2010; Adesemoye et 
al., 2013; Philips, 2002; Slippers et al., 2005).  

Botryosphaeriaceae symptom expression could include 
dieback, bark cracking and discoloration, or death in 
some situations (Elliott and Edmonds, 2008; Smith et al., 
1996) and cankers may exude reddish sap that dries to a 
whitish-beige powder. Their sporulation occurs on dead 
tissues and ascospores/conidia are discharged usually 
during wet periods. Botryosphaeriaceae possess both 
anamorphic (asexual stage) and teleomorphic (sexual 
stage) morphological characteristics. Teleomorphs of 
Botyrosphaeriaceae are rarely seen in nature and their 
morphology differ little among species but there is a wide 
range of differences in anamorphs morphology and are 
used as the basis for species identification but may be 
combined  with  phylogenetic data  (Abdollahzadeh et al., 

Jaiyeola et al.          3095 
 
 
 
2010; Burgess et al., 2006; Luque et al., 2005). For 
instance, species in the genus Diplodia, Dothiorella, and 
Lasiodiplodia are separated from those in Fusicoccum by 
thick-walled conidia with a much smaller length to width 
ratio and are dark and septate when mature (Burgess et 
al., 2006; Philips et al., 2008). Phylogenetically, 
Lasiodiplodia citricola is closely related to L. parva but 
conidia of L. citricola are longer and wider than those of 
L. parva (Abdollahzadeh et al., 2010).  

Many species of Botryosphaeriaceae have been 
identified in many woody plants in different parts of the 
world (Adesemoye et al., 2014; Brown-Rytlewski and 
McManus, 2000) but not in tree crops such as cocoa, 
citrus, or kolanut in Ondo State, Nigeria. It is common in 
Ondo State and many parts of Nigeria to find citrus trees 
planted within cocoa orchards, which make it easy for 
common pathogens to move between the two plants. 
Citrus is host to many Phytophthora spp. diseases such 
as gummosis, canker, and foot rot (Bawage et al., 2013; 
Drenth and Guest, 2004). Kola tree is an important 
woody cash crop, which is also commonly planted in 
cocoa orchards in Ondo State (Figure 1) and across the 
Nigerian cocoa belt. Though very little is known about the 
pathology, kola is related to cocoa and may share some 
common pathogens with cocoa as well as citrus. Kola 
tree in the genus Cola (Family Sterculiaceae) is native to 
the tropical rainforest of West Africa and is also cultivated 
in the American tropics (Burdock et al., 2009; 
www.nhm.ac.uk/seeds). The trees produce fruits, which 
are caffeine-containing nuts (Burdock et al., 2009). 
Among kola species, the most common in Nigeria are 
Cola nitida (Obi Gbanja), Cola acuminate (Obi Abata), 
Garcina cola (Orogbo), and Buchholzia coriacea 
(‘wonderful kola’). Kola is an important economic cash 
crop in Nigeria, which in 2011 was reportedly worth 
about $30,000,000 (Akinbode, 2011). It is valued for its 
perceived medicinal attributes (Adebayo and Oladele, 
2012; Burdock et al., 2009; Ihesie, 2013) and kola is 
eaten across Nigeria and used during traditional events. 

The scarcity and high cost of required antibiotics and 
other materials for preparing growth media continue to 
pose a problem in many developing countries, including 
Nigeria (Adesemoye and Adedire, 2005) and negatively 
affect research on Phytophthora and many other 
pathogens. The first objective of this study was to use 
locally available materials to develop two media for 
Phytophthora isolation from infected cocoa trees and 
pods samples. The second objective was to determine if 
members of Botryosphaeriaceae are associated with 
branch and trunk cankers of cocoa trees infected with 
black pod in Ondo State of Nigeria and identify the 
species involved based on morphology. 
 
 

MATERIALS AND METHODS 
 

Sample collection 
 

Cocoa pods showing symptoms of black pod and infected branches 



309
 
 
 

 
 
 
wer
gov
sout
The
the 
distr
Cen
and
othe
loca
orig
wer
for 
sam
 
 
For
 
Cult
Ade
obta
prep

96          Afr. J

 
Figure 
trees (a
proximity
but kola
shown. T
the kol
opportun

e collected fr
ernment areas
theast, (ii) Ose

ese five LGAs s
State that is 

rict; and (v), So
ntral district. Sa
/or trunk canke

er plants - citru
ations where co
bo, Akoko sou
e labeled appro
organisms to 

mples. 

mulation of me

ture media we
esemoye and Ad
ained from Iba
paring clarified  

J. Microbiol. R

1. Kola nut tre
at the backgro
y and both wer
 tree had seve
There was inva
a tree and 
nistic infections.

rom different 
s (LGAs) of O
e, (iii) Idanre, (
spread across a
(i) and (ii), No

outhern district. 
amples showing
er symptoms we
us (sweet orang
ocoa black pod 
utheast and Os
opriately and tra
remain viable 

edia for isolatio

ere formulated 
dedire (2005). F
aka market, A
tomato juice ag

Res. 

e (in front) and
und) planted i
re infected with
re mixed sympt

asion by many p
possibly many
. 

cocoa plantati
Ondo State, Ni
(iv) Ondo west
all the three Se
orthern district; 
Production is c

g Botryosphaeri
ere aseptically c
ge), and kolanu

samples were
se-oba, Ose L
ansported to the
and isolations 

on of Phytopht

by modifying 
Fresh and ripe 

Akungba-Akoko,
gar (CTJA), 200

 

d cocoa 
n close 

h canker 
toms as 
pests on 
y other 

ion in five lo
geria:  (i) Ako
t, and (v) Odig
natorial districts

(iii); (iv), Cen
concentrated in 
riaceae-like bran
collected from t
ut from two of 
 collected in O
GAs. All samp
e laboratory on 

were made fr

thora 

the methods 
tomato fruits w
, Ondo State. 
g of fresh  toma

ocal 
oko 

gbo. 
s of 
ntral 

the 
nch 
two 
the 

Oke-
ples 

ice 
rom 

of 
were 

In 
ato  

 
 
 
 
fruits
weighi
were w
then s
volum
Erlenm
sterile 
formul
CTJA.
obtain
Akung
200 g 
rate as
and C
45C a
 
 
Patho
 
Infecte
droppi
and ag
may b
disinfe
disinfe
were r
disinfe
2-4 m
small 
inocula
in the
hypha
Macro
exami
mount

Bran
remov
sand t
a tray 
aid of 
passin
were m
of eac
dextro
tempe
obtain
fresh P

For 
prepar
about 
sporul
micros
produc
and pr
 
 
RESU
 
The 
(CTJA
growt
and C
of inc
100 m
these
five lo

without any vi
ing balance (M
washed with tap
sieved into a c
e of 100 ml of 

meyer flask. Th
 water was ad
lation of the co
. Two mature 

ned from the co
gba-Akoko, Ond
of the pod was

s CTJA was use
CPA were steriliz
and poured into

ogen isolation f

ed cocoa pods w
ing in ethanol f
gain in ethanol f
be high popul
ected but the 
ection as they g
rinsed three tim

ectant. Aseptica
m size were m
knife and pla

ated plates wer
e laboratory for 
a tips to new s
oscopic observa
nation of the s
ts from the incu
nch and trunk 

ve dirt and surfa
then passed thr
that had alrea
a small knife, 

ng it through Bu
made at the ma
ch sample wer
ose agar with t
erature for 3-5 d
ned by transferr
PDA-tet plates a

sporulation, t
red as reported 
3-4 weeks with

lation, spores 
scope. Morpho
ced by each is
resence or abse

ULTS 

two formulat
A) and cocoa
th of Phytoph
CPA appeare
cubation and
mm Petri pla
e two media, 
ocal governm

isible infections
ettler-Toledo In
p water and ble

clean conical fla
the sieved tom
en, 18 g of aga
dded to make 
coa pod agar (
cocoa pods l

ocoa orchard at
do State. Pods w
s mashed in a m
ed. Each mediu
zed in the auto

o sterile Petri dis

from samples 

were washed w
for 3 s, in 10%
for 2 s. Due to t
lation of sapro

pathogen ca
grow well into in
mes in sterile w
ally, superficial 

made in three lo
aced on the n
re then incubat
r 72 h. Isolates
sterile agar plat
ation of the c
sporangia was 
bated culture pl
canker sample
ace-sterilized b
rough Bunsen f

ady been swabb
each time dipp

unsen flame, sm
argin of healthy 
re placed asep
tetracycline (PD
days in the dar
ring hypha tips 
and incubated s
the isolates w
 by Adesemoye
h light to encou

were obser
ological examin
solate were do
ence of septatio

ted media, c
a pod agar (
hthora spp. T

ed whitish thro
d had covere
ate on the 4t
P. megakary

ment areas of

s, was weighe
nternational Inc,
ended. The blen
ask to remove 
mato chime was
ar-agar powder 
 a total volum
(CPA) followed 
ooking free of
t Oke-origbo sa
were washed, b

mortar and the s
um was homoge
oclave, allowed 
shes. 

with tap water an
% sodium hypoc
the nature of the
ophytes if pod
annot be elim
nfected plant tis
water to elimina
tissues were re

ocations per pod
newly develop
ed at room tem
s were purified
tes (Adesemoy
ulture was do
carried out by 

lates.  
es were wiped w
by dipping in 95
flame. Samples
bed with 75% e
ping the knife i

mall cut pieces o
and infected tis

ptically onto a 
DA-tet) and inc
rk at 25°C. Pur
from the result

similarly.  
were grown on
e et al. (2014) a
urage pycnidia 
rved under 

nation of the c
ne, noting thei

ons.  

clarified toma
(CPA) both s
The hyphae 
oughout the p
d the entire 
th day of inc

ya was isolate
f the state w

d with a digita
, UK). The fruit
nded chime wa
the chaff and 

s poured into a
was added an

me of 1 L. Th
similar steps a

f infection wer
ample location i
roken open, an

same formulatio
enized, the CTJA
to cool to abou

nd disinfected b
chloride for 10 
e infection, ther

ds are not we
minated by thi
ssues. The pod
ate any trace o
emoved, cuts o
d using a steril
ed media. Th

mperature (25C
d by transferrin
ye et al., 2014
ne. Microscopi
preparing slid

with serviette t
5% ethanol for 
 were placed o

ethanol, with th
nto ethanol an
of about 2-4 mm
sues. Six piece
solidified potat

cubated at room
re cultures wer
ting colony ont

n oatmeal aga
and incubated fo

formation. Afte
the compoun
conidia (spores
r colour, shape

ato juice aga
supported the
on the CTJA

period of 72 h
length of the

cubation. With
ed from all the

where samples

al 
s 
s 
a 
n 
d 
e 
s 
e 
n 
d 
n 
A 
ut 

y 
s 
e 
ll 
s 
s 

of 
of 
e 
e 

C) 
g 
). 
c 
e 

o 
3 
n 
e 
d 
m 
s 
o 
m 
e 
o 

ar 
or 
er 
d 
s) 
e, 

ar 
e 
A 
h 
e 
h 
e 
s



 
 
 
Ta
 

Is

O

 

O

 

O

 

O

 

O

 

O

 
 
 

 
 
 

wer
wes

C
can
Bot
hos
loca
1). 

able 1. Species 

solate ID  

OKR01 

OKR02 

OKR03 

OSE01 

OSE02 

OSE03 

 
Figur
Botryo

re collected: 
st, and Odigb

Characterizatio
nker samp
tryosphaeriac
sts (citrus an
ations (Akung
No sexual st

of Botryosphae

Location of 
sampling 

Oke-Origbo 

 

Oke-Origbo 

 

Oke-Origbo 

 

Ose-Oba 

 

Ose-Oba 

 

Ose-Oba 

e 2. (A) Conidi
osphaeria steve

Akoko sou
bo LGAs. 
on of isolate

ples revea
ceae from co
d kola tree) 
gba-Akoko an
ructures were

riaceae identifie

Conidial mo

Conidia sm
cylindrical wi
with a large
glassy wall t
the conidia h
pycnidium. 
 
Conidia oblo
occasionally 
moderately t
internally fin
often with a t
 
Dark brown u
thick-walled. 
 
Conidial pig
septate 
 
Dark brown u
thick-walled. 
 
Dark brown u
thick-walled. 

a of Botryosha
ensii on oatmeal

theast, Ose,

es from bra
led four 
ocoa as wel
obtained from

nd Ose) in On
e observed an

ed and their con

orphology 

mooth, asep
ith broadly rou
e central gut
that remains h
have been dis

ong to subcy
slightly const

thick-walled, e
ely verruculos
runcate base.

unicellular Para

mented, verru

unicellular Para

unicellular Para

eria stevensii O
l agar at 3 week

 Idanre, On

anch and tru
species 

l as two oth
m two sampl
ndo State (Ta
nd observatio

nidial morpholog

tate, unicell
unded ends, so
ttle, smooth, 
hyaline even a
scharged from

ylindrical, sept
tricted at sept
externally smo
se, ends roun

aphyses, asept

uculose, ovoid

aphyses, asept

aphyses, asept

OKR01 isolated 
ks. Mycelium wa

ndo 

unk 
of 

her 
ing 
ble 

ons 

were 
isolat
identi
Dothi
steve
tree, 
detail

B. 

gy. 

Host 

ular, 
ome 
with 
after 
 the 

Kolanut

 
tate, 
tum, 
ooth, 
nded 

Kolanut
cocoa

 
tate, 

Cocoa

 
d, 1-

Citrus 

 
tate, 

Cocoa

 
tate, 

Cocoa

 from kola tree
as dense and ae

based on a
tes on oatm
ified includ
iorella viticola

ensii and Do
and Lasiod

ls of which ar
stevensii iso

Iden

t Botr

 

t & 
Dot

 

Las

 

Las

 

Las

 

Las

e. (B) Front. (C)
erial. Pycnidia w

anamorph str
meal agar at

ed Lasidip
a isolated fro

othiorella vitic
diplodia citric
re presented i
lated from ko

Jaiyeola et 

ntification 

tryosphaeria ste

thiorella viticola

sidiplodia theob

sidioplodia citric

sidiplodia theob

sidiplodia theob

) Reverse view
were visible. 

ructures prod
t 3 weeks. 
lodia theob
om cocoa, B
cola isolated 
cola isolated 
in Figures 2 to
ola tree has 

al.          3097

evensii 

a 

bromae 

cola 

bromae 

bromae 

 

w of 

duced by the
The specie

bromae and
Botryosphaeria

from kolanu
 from citrus
o 5.  
similarities to

7 

e 
s 
d 
a 

ut 
s, 

o



309
 
 
 

 
 
 

 
 
 

 
Fig
(B)
we
of 
su
we

98          Afr. J

 
Figure 3
3 weeks
Individua

 
Figure 4
Lasidiplod
and fluffy 
looking pr

gure 5. (A) Ma
) Front view of

eeks. Presented
the petri plate

rface and green
ere superficial, d

J. Microbiol. R

3. A Conidia of  
s. Possesses ae
al pycnidia were

4. (A) Young c
dia theobromae
with abundant 

ronounced and 

atured conidia o
f Lasiodiplodia 
d abundant aeri
e, becoming sm
nish grey at the
dark brown to bl

Res. 

Dothiorella vitic
erial mycelium, 
e visible, spheric

conidia of Lasi
e OSE2. (C) Fro
aerial mycelium
raised. 

of Lasiodiplodia
citricola on oa
al mycelium re

moke-grey to i
e reverse of the
ack, covered w

cola OKR 2. (B)
colonies cotton
cal to globose, b

idiplodia theobr
ont view of Lasio
m; the reverse of

a citricola OSE1
tmeal agar at 
aching to the li
ron grey at th
e plate. Pycnidi
ith mycelium.  

) Front. (C) Rev
ny, dark olive to
black, immersed

romae OKR3. 
odiplodia theobr
f the colony ran

 

1. 
3 
d 
e 
a 

the c
Philip
cylind
that r
disch
repor
(Philip
isolat
Philip
and 1
devel

L. 
chara
(2010
ovoid
verru
striati
irregu
black

verse view of Do
o grayish, darke
d, partially erum

(B) Paraphyse
romae on oatme

nges from fusco

characteristics
ps (2002) wit
drical with bro
remains hyal

harged from t
rted as the c
ps, 2002; La
ted from kola 
ps et al. (200
1-septate con
lopment.  

citricola i
acteristics to 
0) with conidi
d, both ends 
culose, ovo
ions. On the
ular and cotto
k similar to  th

othiorella viticola
ening from the c
mpent and thick-

es, young and
eal agar at 3 we
us to dark at 4 w

s described b
th conidia tha
oadly rounded
line even aft
the pycnidium
cause of bra
arignon and 
tree were sim
5) and Luque
nidia that dar

isolated fro
the descriptio
ia initially hya
broadly roun

oid, and 1-s
e plate, L. th
ony white ap
e  description

a on oatmeal ag
centre of the co
-walled at matur

 matured coni
eeks. Hyphae g
weeks. Pycnidia

by Alves et a
at are smoot
d ends, a thic
ter the conid
m. It had pre
anch canker 
Dubos, 2000

milar to those
e et al. (2005
rkens from ea

om citrus 
on by Abdolla
aline, aseptat
nded becomin
septate with
heobromae s
pearance an

n  by  Abdolla

 

gar at 
olony. 
rity. 

 

dia of 
greyish 
a were 

al. (2004) and
th, unicellular
ck glassy wa
ia have been
eviously been

in grapevine
0). D. viticola
e described by
5), with brown
arly stages o

had simila
ahzadeh et a
te, ellipsoid to
ng pigmented
h longitudina
showed fluffy
d later turned

ahzadeh et al.

d 
r, 
ll 
n 
n 
e 
a 
y 
n 
of 

ar 
l. 
o 

d, 
al 
y, 
d 
 



 
 
 
 

 
Fig
as 
me

 
 
 

(20
con
 
 

DIS
 
The
me
ind
Phy
pro
una
con
stud
aga
any

T
form
On 
usu
gro
CPA
app
mig
form
tha
bec
stud
the
imp
com

C
Afri
hold

gure 6. Detache
sources of f

embers of the B

010) and the 
nidia with stria

SCUSSION  

e developed 
gakarya from
icate that P.
ytophthora in 

oblem usuall
availability of 
nventional or 
dies may be 
ar (CTJA) an
y antibiotic.  
The pattern 
mulated medi

the conven
ually slower a
owth pattern w
A, the myc
pearance and
ght be due to
mulated medi
n CPA. On b
came obvious
dies for the 
se media 

provements 

mmercializatio
Cocoa is an i
ica on which 
der  farmers, 

ed cocoa pods 
further infectio
otryosphaeriace

mature conid
ation (Burgess

media was h
m all five sam
. megakarya
all the three 

ly encounte
several antib
popular me
circumvented
d cocoa pod

of growth 
ia was differe

ntional mediu
appearing wh
while on the 
celia growth 

d fast growth
o the absenc
ia but growth

both media, th
s after 72 h o

isolation of 
are recom
and mod

on. 
mportant cas
about one m
directly  deriv

left in the planta
on for Phytoph
eae. 

dia had 2-cel
s et al., 2006

helpful in the
mpling locatio

is the com
districts of O

red in Nig
biotics that ar
dium used i
d. The clarifie
 agar (CPA) 

of the pat
ent from the p
m, Phytopht
itish with app
newly formul

had fluffy 

h on the two
ce of antibiot
 was slightly 

he aerial myc
f incubation a
Phytophthor

mmended f
difications 

sh crop in Ni
million people
ve their  livelih

ation that may a
hthora spp. a

lled dark bro
). 

e isolation of 
ons. The resu
mmon specie 
Ondo State. T
eria from t
re added to t
n Phytophtho
ed tomato ju
did not requ

hogen on t
popular mediu
thora growth 
pressed myce
lated CTJA a

aerial whit
o media, wh
tics on the tw
faster on CT

celia growth f
at 25C. Furth
ra species w
for necessa
and possi

geria and We
e, mostly sma
hood (Opoku 

 

act 
nd 

wn 

P. 
ults 

of 
The 
the 
the 
ora 
ice 

uire 

the 
um. 

is 
elia 
and 
ish 

ich 
wo 

TJA 
irst 
her 

with 
ary 

ble 

est 
all-
et 

 
 
 
al., 2
depen
memb
and t
pod 
produ
both 
produ
decre
disea
been 
crops

 Bo
estab
persis
are 
estab
and s
major
al., 2
total 
well a
best 
used,
Helm
planta
to re
Botry
 
 

Conf
 

The a
 
 
REFER
 
Abdolla

Phy
Iran

Adeba
Nige
887-

Adejum
coco

Adese
know

Adese
for t
Micr

Adese
luteu
Phyt

Adese
Eska
caus

Akinbo
the s

Alves A
sp. 
Botr
96: 5

Bawag
mole
orch

007) and the
ndent on it.
bers of Botr
their possible
disease con

uction in Wes
diseases ar

uction in N
easing. Canke
ase managem

isolated from
s - citrus and 
otryosphaeriac
blished. It ha
st in the soil 

likely to 
blishment (see
shortly after 
r entry point 

2014; McDon
removal of in
as treatment 
option to re

, none is lab
mer, 1992). P

ations (Figure
duce potenti

yosphariaceae

flict of Interes

authors have 

RENCES 

ahzadeh J, Java
ylogeny and morp
. Persoonia 25: 1

ayo SA, Oladele
eria: implication 
-891. 
mo TO (2005). C
oa, coffee and ca
moye A, Eskal
wledge on Fusar
moye AO, Aded
the formulation 
robiol. Biotechno
moye AO, May
um as a pa

ytopathol. Medite
moye AO, Mayo
alen A (2014).
sing Bot gummo
ode A (2011). K
south-eastern st
A, Correia A, Luq

nov. on Quer
ryosphaeria stev
598-613. 

ge S, Nerkar S
ecular descriptio
hard in India. J. M

e livelihood of
. The infest
ryosphaeriace
e interaction

nstitute addit
st Africa. New
re urgently n
igeria, wher
er disease w

ment in cocoa
m cocoa but 
kola trees in t
ceae are d
s been show
and leaf litte
invade pla

ed and soil tr
pruning, as p
for potential 
ald and Eska
nfected parts
of wounds o

educe diseas
beled for the

Pods that are
e 6) should b
al inoculum 
e, and other r

sts 

not declared 

adi A, Goltapeh 
phology of four n
1-10. 
e OI (2012).  M
for extension s

Crop protection 
ashew in Nigeria
len A, Faber B
rium dry root rot 
dire CO (2005). 
of alternative cu

ol. 21: 329-336. 
yorquin JS, Esk
thogen on Te
r. 52(1): 123-9. 

orquin JS, Wang
Identification of
sis in citrus in Ca

Kola nut producti
tates of Nigeria. A
que J, Philips AJ
rcus species, w

vensii and its ana

S, Kumar A, Da
on of Phytophth
Mycol. Article ID 

Jaiyeola et 

f many more
tation of coc
eae which c
 with Phytop
tional concer
w strategies 

needed to im
re productio

will add more 
a as the patho

also from tw
the region. 
difficult to 
wn that their 
er in the orch
ants particu
ansmission), 
pruning woun
pathogens (A
alen, 2011). 

s and pruned
on trees app

se. Though c
e pathogen (
e usually left 
e removed as
sources of P

related pathog

any conflict o

EM, Zare R, Ph
new species Las

Medicinal values
ervice delivery. 

strategies for m
a. Afr. J. Biotechn
B, O’Connell N 
of citrus. Citrogra
Use of cereals a
ulture media for

kalen A (2013)
ejocote (Cratae

g DH, Twizeyima
f species of Bo
alifornia. Plant D
on, processing 
Afri. J. Plant Sci.
JL (2004). Botryo
with notes and

amorph Diplodia 

as A (2013). M
hora insolita iso
247951, 7 pages

al.          3099

 are indirectly
coa trees by
ause diebac
phthora blac
rns to cocoa
for managing

mprove cocoa
n has been
complexity to

ogen has now
wo other cash

control once
spores could

hard and they
ularly during
during stress

nds provide a
Adesemoye e
Sanitation by

d branches a
pear to be the
chemicals are
Peterson and
within cocoa

s this will help
Phytophthora
gens. 

of interests. 

hilips AJL (2010
siodiplodia of from

s of kola nut i
Life Sci. J. 9(2

major diseases o
nol. 4(2):143-150

(2011). Curren
aph 2 (7): 29-33
as basal medium
r Fungi. World J

. Neofusicoccum
egus mexicana

ana M, Lynch SC
otryosphaeriacea
Dis. 98: 55-61.  

and marketing i
. 5(10): 547-551.
osphaeria corticil
d description o
mutila. Mycologi

orphological an
olated from citru
s. 

9 

y 
y 
k 
k 
a 
g 
a 
n 
o 
w 
h 

e 
d 
y 
g 
s, 
a 
et 
y 
s 
e 
e 
d 
a 
p 
a, 

). 
m 

n 
): 

of 
0. 
nt 
. 
m 
J. 

m 
). 

C, 
e 

n 

la 
of 
a 

d 
s 



3100          Afr. J. Microbiol. Res. 
 
 
 
Brown-Rytlewski DE, McManus PS (2000). Virulence of Botryosphaeria 

dothidea and Botryosphaeria obtusa on apple and management of 
stem cankers with fungicides. Plant Dis. 84:1031-1037. 

Burdock GA, Carabin IG, Crincoli CM (2009). Safety assessment of kola 
nut extract as a food ingredient. Food Chem. Toxicol. 47: 1725-1732. 

Burgess T, Mohali S, Pegg G, de Beer W (2006). Three Lasiodiplodia 
spp. from the tropics, recognised based on DNA sequence 
comparisons and morphology. Mycologia 98(3):423-435. 

Drenth A, Guest DI, ed. (2004). Diversity and management of 
Phytophthora in Southeast Asia. ACIAR Monograph No. 114, 238p. 

Elliott M, Edmonds RL (2008). Injected treatments for management of 
madrone canker. Arboricul. Urban For. 34(2):110-115. 

Evans HC, Holmes KA, Reid AP (2003).  Phylogeny of the frosty pod rot 
of pathogen of cocoa. Plant Pathol. 52:476-485. 

ICCO (2010). International Cocoa Organization (www.icco.org). 
Ihesie GC (2013). Health benefits of Kola nut. The Guardian Newspaper 

(www.ngrguardiannews.com) September 21, 2013 edition. 
Kannwischer ME, Mitchell DJ (1978). The influence of a fungicide on 

the epidemiology of black shank of tobacco. Phytopathology 68:1760-
1765. 

Larignon P, Dubos B (2000). Preliminary studies on the biology of 
Phaeoacremonium. Phytopathol. Mediter. 39:184-189. 

Luque J, Martos S, Phillips AJL (2005). Botryosphaeria viticola sp. On 
grapevines: a new species with a Dothiorella anamorph. Mycologia 
97(5):1111-1121. 

McDonald VM, Eskalen A (2011). Botryosphaeriaceae species 
associated with avocado branch cankers in California. Plant Dis. 95: 
1465-1473. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Opoku IY, Assuah MK, Aneani F (2007). Management of black pod 

disease of cocoa with reduced number of fungicide application and 
crop sanitation. Afr. J. Agric. Res. 2(11):601-604. 

Oyekale AS, Bolaji MB, Olowa OW (2009). The effect of climate change 
on cocoa and vulnerability assessment in Nigeria. Agric. J. 4(2):77-
85. 

Peterson JL, Helmer DB (1992). A wound treatment to suppress canker 
and wound rot. J. Arboricul. 18(3):155-160. 

Philips AJL (2002). Botryosphaeria species associated with diseases of 
grapevines in Portugal. Phytopathol. Mediter. 41:3-18. 

Phillips AJL, Alves A, Correia A, Luque J (2005). Two new species of 
Botryosphaeria with brown, 1-septate ascospores and Dothiorella 
anamorphs. Mycologia 97:513-529. 

Phillips AJL, Alves A, Pennycook SR, Johnston PR, Ramaley A, Akulov 
A, Crous PW (2008). Resolving the status of dark-spored teleomorph 
genera in the Botryosphaeriaceae. Persoonia 21:29-55. 

Slippers B, Johnson GI, Crous PW, Coutinho TA, Wingfield BD, 
Wingfield MJ (2005). Phylogenetic and morphological re-evaluation of 
the Botryosphraeria species causing diseases of Mangifera indica. 
Mycologia 97(1):99-110. 

Smith H, Wingfield MJ, Crous PW, Coutinho TA (1996). Sphaeropsis 
sapinea and Botryosphaeria dothidea endophytic in Pinus sp. and 
Eucalyptus spp. in South Africa. S. Afr. J. Bot. 62:86-88. 

 


	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	8-13-2014

	Bot Canker Pathogens Could Complicate the Management of Phytophthora Black Pod of Cocoa
	Idowu Jaiyeola
	Rufus J. Akinrinlola
	Gbodope S. Ige
	Oluwatimilehin O. Omoleye
	Abiola Oyedele
	See next page for additional authors
	Authors


	Microsoft Word - Jaiyeola et al PDF Tuoyo

