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SUMMARY

Six fungal pathogens causing rot in post-harvest cassava tuber-
ous roots were investigated in vitro for the study of the fungi toxic
effects of Allium sativum (L) and Ocimum gratissimum (L.) using
aqueous extraction methods. Fungi were isolated by cutting rotted
tissue at the interface between healthy and infected portions of the
root. Pathogenicity tests revealed that Fusarium oxysporum, F. so-
lani, Botryodiplodia theobromae, Macrophomina phaseolina, Peni-
cillium oxalicum and Aspergillus niger induced rot in healthy cas-
sava tubers after 8 days of re-inoculation, with P. oxalicum as the
most virulent. Four different extract concentrations were obtained
from each plant part by blending 25, 50, 75 and 100g in 100ml of
sterile distilled water (SDW).The fungi toxic effect of the extracts

showed that A. sativum had effective inhibition (25.2-86.9%) on
mycelial growth of all tested fungi, while extracts of O. gratissimum
showed slight to moderately effective inhibition (0.9 to 64.5%) on
mycelial growth of all fungi, with the exception of B. theobromae
and M. phaseolina, which showed the lowest percentage of inhibi-
tion with both plant extracts. The most toxic effect of the extracts
was observed with A. sativum at 10%, with significant (P<0.01) in-
hibition on all fungi tested. The study showed the potential of crude
extracts of A. sativum and O. gratissimum on fungal pathogens af-

fecting cassava. This potential of the crude extract of these plants

provides an alternative to farmers to reduce and control cassava
rot, since they are inexpensive, non-phytotoxic and easy to prepare.

Introduction

Cassava (Manihot esculenta
Crantz ) is a dicotyledonous
root crop belonging to the
Euphorbiaceae family. It is a
major food crop in the tropics,
particularly in the developing
countries of the Sub- Saha-
ran region of Africa (Hahn et
al., 1979). Cassava is a root
crop grown on an estimated
land area of 10.8x10%ha in
some African countries (FAO,
1999). In most of these coun-
tries, cassava is grown mainly
for its starchy roots, which
are valuable sources of cheap
calories, particularly for the
low-income earners (IITA,
1990). The mode of cassava
utilization varies from one
place to another. Among the
common products of cassava
are gari, fufu, starch, cas-
sava flour, etc. Also, leaves
and tender shoots are con-
sumed as vegetable in some
countries (Dahniya, 1994). In

addition to human consump-
tion, the crop is used for the
production of ethanol, animal
feed and starch for various
industrial, uses particularly in
Thailand and Viet Nam (IITA,
1990; FAO, 2000).

Several workers have re-
ported the isolation of many
different types of fungi from
rotted cassava roots in stor-
age. Some of the fungi found
to be pathogenic on cassava
roots after re-inoculation in-
clude Phytophthora drechsleri
Tucker (Booth, 1978; The-
berge, 1985); Sclerotium rolf-
sii (IITA, 1990); Rosellinia
necatrix Prill (Lozano and
Booth, 1976; Booth, 1978);
Fusarium oxysporum Schlecht,
Botryodiplodia theobromae
Pat, Aspergillus niger Van
Tieghem, Aspergillus flavus
Link, Rhizopus spp; Fusarium
solani (Mart) Sacc., and Mac-
rophomina phaseolina (Tas-
si) Goidanich (Booth, 1978,
Okigbo et al., 2009a).

Different control measures
so far suggested for post-har-
vest cassava root rot diseases
include reduced temperature,
pre-harvest practices, stor-
age techniques, natural resis-
tance, and use of chemicals
(Booth, 1976). However, the
use of synthetic fungicides
(Majumder, 1955), apart from
their potential danger to both
farmers and environment are
unaffordable by most of them
(Obagwu et al., 1997; Amie-
nyo and Ataga, 2007). Recent
studies on the use of plant
extracts have opened a new
opportunity for the control
of plant diseases. Plant ex-
tracts have been reported to
be safe, non-toxic to man, but
effective against plant patho-
gens (Shivpuri et al., 1997,
Okigbo et al., 2009b). In Ni-
geria, plant extracts have been
used to control fungal diseas-
es of plants such as cowpea
(Amadioha and Obi, 1999),
banana (Okigbo and Emogh-

ene, 2004), yam (Onifade,
2000; Okigbo and Nmeka,
2005), sweet potato (Amienyo
and Ataga, 2007) and maize
(Awuah, 1989), but have been
sparsely used in the control of
cassava diseases.

Allium sativum L. (garlic;
Alliaceae), is used as spice
and for treatment of cough
and chest pain (Harnel, 1975).
Groppo et al. (2007) reported
that fresh garlic shows good
antimicrobial activity on oral
streptococci. Ocimum gratis-
simum L.(african basil; La-
miaceae) is grown in gardens
and its leaves are used as a
tea for fever relief (Okigbo
and Ogbonnaya, 2006); it is
commonly used in folk medi-
cine to treat diseases such as
upper respiratory tract infec-
tions, diarrhea, skin diseases,
pneumonia, cough and con-
junctivitis (Onajobi, 1986).

The objective of this study,
therefore, was to identify the
different root rot pathogens
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EFECTOS IN VITRO DEL AJO (Allium sativum L.) Y ALBAHACA AFRICANA (Ocimum gratissimum L.) SOBRE

PATOGENOS AISLADOS DE RAICES DE YUCA PODRIDA

Raphael N. Okigbo, Rachel E. Okorie y Ramesh R. Putheti
RESUMEN

Seis hongos patogenos causantes de pudricion post-cosecha
en raices de yuca fueron investigados in vitro para estudiar los
efectos funguitoxicos de Allium sativum (L) y Ocimum gratissi-
mum (L) utilizando métodos de extraccion acuosa. Los hongos
fueron aislados cortando tejido enfermo en la interfase entre las
partes sana e infectada de la raiz. Pruebas de patogenicidad
mostraron que Fusarium oxysporum, F. solani, Botryodiplodia
theobromae, Macrophomina phaseolina, Penicillium oxalicum y
Aspergillus niger inducen pudricion en tubérculos sanos de yuca
tras 8 dias de reinoculacion, siendo P. oxalicum el mds virulen-
to. Cuatro concentraciones de extracto fueron obtenidas de cada
planta mezclando 25, 50, 75 o 100g con 100ml de agua destila-
da estéril. El efecto funguitoxico de los extractos mostré que A.
sativam produjo una inhibicion efectiva (25,2-56,9%) del creci-

miento micelial de todos los hongos ensayados, mientras que los
extractos de O. gratissimum mostraron débil a moderadamente
efectiva inhibicion (0,9 a 64,5%) del crecimiento micelial de to-
dos los hongos con excepcion de B. theobromae y M. phaseoli-
na, que mostraron el menor porcentaje de inhibicion con ambos
extractos. El efecto mds toxico de los extractos fue observado
con 10% A. sativum, con inhibicion significativa (P<0,01) so-
bre todos los hongos estudiados. El ensayo mostro el potencial
de extractos crudos de A. sativum y O. gratissimum sobre hon-
gos patégenos que afectan la yuca. Este potencial del extracto
crudo de estas plantas provee una alternativa a los campesinos
para el control y reduccion de la pudricion de la yuca, por ser
economicos, no fitotoxicos y fdcil de preparar.

EFEITOS IN VITRO DO ALHO (Allium sativum L.) E ALFAVACA-CRAVO (Ocimum gratissimum L.) SOBRE
PATOGENOS ISOLADOS DE RAIZES DE MANDIOCA PODRE

Raphael N. Okigbo, Rachel E. Okorie e Ramesh R. Putheti
RESUMO

Seis fungos patégenos causantes de apodrecimento pos-col-
heita em raizes de mandioca foram investigados in vitro para
estudar os efeitos fungitoxicos de Allium sativum (L) e Ocimum
gratissimum (L) utilizando métodos de extra¢do aquosa. Os fun-
gos foram isolados cortando tecido doente na interfase entre
as partes sadias e infetadas da raiz. Provas de patogenicidade
mostraram que Fusarium oxysporum, F. solani, Botryodiplodia
theobromae, Macrophomina phaseolina, Penicillium oxalicum
e Aspergillus niger induzem apodrecimento em tubérculos sa-
dios de mandioca depois de 8 dias de reinoculagdo, sendo P.
oxalicum o mais virulento. Quatro concentragées de extrato fo-
ram obtidas de cada planta misturando 25, 50, 75 ou 100g con
100ml de dgua destilada estéril. O efeito fungitoxico dos extra-
tos mostrou que A. sativam produziu uma inibicdo efetiva (25,2-

56,9%) do crescimento micelial de todos os fungos ensaiados,
enquanto que os extratos de O. gratissimum mostraram fraca a
moderadamente efetiva inibicdo (0,9 a 64,5%) do crescimento
micelial de todos os fungos com exce¢cdo de B. theobromae e
M. phaseolina, gque mostraram a menor porcentagem de inibi¢do
com ambos extratos. O efeito mais toxico dos extratos foi obser-
vado com 10% A. sativum, com inibi¢do significativa (P<0,01)
sobre todos os fungos estudados. O ensaio mostrou o potencial
de extratos crus de A. sativum e O. gratissimum sobre fungos
patogenos que afetam a mandioca. Este potencial do extrato
cru destas plantas prové uma alternativa aos camponeses para
o controle e reducdo do apodrecimento da mandioca, por ser
econdmicos, ndo fitotoxicos e fdcil de preparar.

affecting cassava, and use ex-
tracts of A. sativum and O.
gratissimum to control root
rot pathogens of cassava.

Materials and Methods
Sources of material

Samples of cassava with
root rot diseases were ran-
domly selected from recently
harvested cassava from a farm
at Ibadan, Nigeria. The two
local plants: Allium sativum
L. (bulbs) and Occimum grat-
issimum L. (leaves) used in
this study as botanicals were
collected from Bodija market,

Ibadan, and from home gar-
dens, respectively. The plant
identities were verified and
authenticated by C.U Okeke,
Botany Department, Nnamdi
Azikiwe University, Awka,
Nigeria.

Isolation and identification
of fungi associated with
rotted cassava roots

Each root sample was
washed in cleaned running
tap water and sections of
~2mm? were cut from the
tissue, using a sterile scal-
pel, at the interface between
healthy and infected portions
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of the tuber. The pieces of
tissue were surface-sterilized
with 1% sodium hypochlo-
rite for 2min, and rinsed in
five changes of sterile dis-
tilled water. The pieces were
tapped dry with a sterile
paper towel. Five sections
of the cleaned??? root were
plated out on potato dextrose
agar (PDA). The inoculated
Petri dishes were sealed with
parafilm to prevent contami-
nation and then incubated in
a Gallenkamp incubator at 28
1+2°C for 7 days and observed
daily for fungal development.
The various fungal isolates
from each of the samples

were sub-cultured by trans-
ferring hyphal tips from the
colony edges to fresh PDA
plates using a flame sterilized
mounted needle to obtain a
pure culture, and incubated at
28°C. Cultures were identified
using a compound micro-
scope and identification keys
described by Sutton (1973)
and Nelson et al. (1983).

Pathogenecity tests of
the isolated fungi

Fresh, healthy roots from
8-12 month old cassava
plants were washed in run-
ning tap water to remove soil
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and other debris from the
root surface. The tubers were
surface sterilized in a 1%
solution of sodium hypochlo-
rite by immersing them for
2min after which they were
rinsed with sterile distilled
water and left to dry under a
laminar flow hood for 30min.
Each root was bored at two
edges (upper and lower parts)
to a depth of lcm, using a
flame-sterilized 8mm diam-
eter cork borer. A disc of 7
days old PDA culture of the
test isolated was washed into
sterile beakers with sterile
distilled water and 1ml of
each isolate was inoculated
into the hole and sealed with
the root piece removed from
the hole. The points of in-
oculation were sealed with
parafilm to prevent entry of
external contaminants. The
same procedure was used
for the control except that
1ml of sterile distilled water
was inoculated inside of each
hole made in the roots. Each
inoculated root was placed at
air environment for 8 days
and examined for rot devel-
opment.

Preparation of crude extracts
of the plant part

Fresh bulbs of garlic (Alli-
um satvium ) and fresh fully
expanded leaves of african
basil (Occimum gratissmum)
were washed thoroughly un-
der running tap water and
soaked in a 1% solution of
sodium hypochlorite for 2
min, rinsed severely with
sterile distilled water and air
dried at room temperature
for 2h. Four different water
extract concentrations were
prepared by weighting 25,
50, 75 and 100g of each plant
part on a Mettler-Toledo AG
balance, BB2400, Switzer-
land, and were blended in an
Eurosonic, ES210, Great Star,
Asia, blender, and 100ml of
sterile distilled water added.
Extract concentrations of 25,
50, 75, and 100% were thus
obtained. The extracts were
sieved through four layers of
sterile cheese-cloth. One ml
of each extract concentra-
tion was dispensed per Pe-
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tri dish and 9ml of molten
PDA was added to prepare
a PDA-extract mixture with
corresponding 2.5 5.0, 7.5
and 10% extract concentra-
tions (Sangoyomi, 2004). The
plates were gently rotated
to ensure even dispersion of
the extracts. The agar-extract
mixture was allowed to so-
lidify and used for the inhibi-
tion of mycelia growth of the
tested fungi.

Effect of the extract on
fungal growth

The method of Sangoyomi
(2004) was used to determine
the effect of the extracts on
fungal growth. The experi-
ment was conducted in the
Gernplasm Health Labora-
tory, International Institute of
Tropical Agriculture, Ibadan,
using a randomized complete
block design with three rep-
licates. This was done by in-
oculating at the centre of the
Petri dishes a 4mm diameter
mycelia disc obtained from
the colony edge of 7 days
old culture of each of the
six test fungi. The nega-
tive controls were set up
using blank agar plates

ing to the method described
by Whipps (1987) as

variance analysis (ANOVA)
via a statistical analysis system
(SAS Institute, Version

Percentage of inhibition =R1 —R2 X 100 g1 2002 USA) and

R1

where R1: radial distance of
pathogen in control plates, and
R2: radial distance of pathogen
with treatment.

The percentage of inhibition
was determined as a guide for
selecting the minimum inhibi-
tory concentration that will be
effective in controlling rot-
causing fungi. Extracts were
rated for their inhibitory ef-
fects using the scale described
by Sagoyomi (2004); <0% in-
hibition: not effective, >0-20%:
slightly effective, >20-50%:
moderately effective, >50-
<100%: effective, and 100%
inhibition: highly effective..

Statistical analysis

The experimental design
used was a randomized com-
plete block design (RCBD)
with three replicates. The
treatments were subjected to

TABLE I
PERCENTAGE INCIDENCE
OF FUNGI ISOLATED FROM
ROTTED CASSAVA ROOTS

Gomez and Gomez
(1974). Mean separations were
carried out using Duncan’s
Multiple Range Tests (DMRT)
at p<0.01

Results

Isolation and identification of
fungi causing rot on cassava
roots

The fungal pathogens iso-
lated from the sample of rotted
cassava root collected from re-
cently harvested cassava were
Botryodiplodia theobromae
Pat, Macrophomina phaseolina
(Tassi) Goidanich., Aspergillus
niger Van Tieghem, Fusarium
solani (Mart.) Sacc., Fusarium
oxysporum Schlechtend.:Fr.,
Penicillium oxalicum Currie &
Thom, and Rhizopus stolonifer
(Ehrenb.:Fr.) Vuill.

The frequency of isolation
varied with the different fungi

associated with the rotted
root. B. theobromae had
the highest frequency of
isolation (64.5%) followed
by R. stolonifer (28.2%)

(no extracts) and the posi-
tive control consisted of
the fungicide mancozeb

and  Fusarium  spp.
(17.6%). The other fungi
had lower frequencies of

(ethylene bisdithiocarbam-
ate) was prepared accord-
ing to manufacturer di-
rections by mixing 0.5g
in 100ml of sterile dis-
tilled water. Mancozeb is
a multipurpose, preventive,
contact, broad spectrum
fungicide. Three
replicates plates
of PDA-extract
per isolate were
incubated at 27°C
and radial growth
was measured
daily for 7 days.
Colony diameter
was taken as the
means along two
directions on two
perpendicular

3.00 4

Radial Mycelial Distance (cm)
g

lines drawn on

Fungal species Occurrence

(%)
Pencillium oxalicum 15.7
Fusarium oxysporum 17.6
Botryodiplodia theobromae 64.5
Macrophomina phaseolina 6.3
Aspergillus niger 13.6
Rhizopus stolonifer 28.2
Fusarium solani 4.2

isolation ranging from 4.2
t015.0% (Table I).

Screening of A. sativum,
O. gratissimum and
mancozeb effects

—— 25
-5
—— 75
10
X Fo_ctr1
—e— Fo_ctr2

The inhibitory effect
of A. sativum, O.

x gratissimum and
mancozeb on my-
celial growth of F.
oxysporum showed
that there was a
general increase
in percentage of
inhibition, which
increased with the
concentration of
the extracts (Fig-
ures 1, 2). At 2.5%
extract concentra-

the reverse of the
plates.

The percentage
of inhibition was
calculated accord-

Days

Figure 1: Effect of different concentrations of extracts of bulbs of
A. sativum on the mycelia growth of the fungal pathogens. Fo_ctrl:
negative control, Fo_ctr2: positive control.

7 tion, A. sativum
showed a moder-
ately effective in-
hibition of 41.1%
and O. gratissimum
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also showed a
moderately ef-
fective inhibition

of 27.1% (Table ’g 250 —¢—25 .
IV). At 50% =5
extract concen- £ 200 —A— 75
tration, A .sati- 10
vum showed an (QU 150 ¥ Footn
effective inhi- 3 —o— Fo_ctr2

.. ]
b1t1.0n (53.3%) 2 1.0/
while O. gratis- 3
simum still had g

& 050

a moderately ef-
fective inhibition

respectively. No
inhibitory effect
was observed
at 2.5, 5.0 and
7.5% extracts
concentrations
of 0. gratissi-
mum, whereas
a slightly ef-
fective inhibi-
tion of 4.5%
occurred at
10% (Table
IIT). Mancozeb

of 42.1%. At 75 00
and 10% extract
concentrations,
A. sativum still
proved effective
having 66.4 and
76.6% of inhi-
bition respectively, while O.
gratissimum showed effective
inhibition of 50.5 and 58.9%.
Mancozeb inhibited mycelial
growth with 60.7 percentage
inhibition of F. oxysporum
(Figures 1, 2).

The inhibitory effect of A.
sativum, O. gratissimum and
mancozeb on mycelial growth
of F. solani showed that A.
sativum at 2.5% concentration
still had a moderately
effective inhibition
(47.3%), similar to O.
gratissimum (39.1%).
At 7.5 and 10%, A.

Days

Figure 2: Effect of different concentrations of extracts of leaves of O.
gratissimum on the mycelia growth of the fungal pathogens. Fo_ctrl:
negative control, Fo_ctr2: positive control.

whereas at 10% a slightly ef-
fective inhibition of 9.6% was
observed (Table III). A high-
ly effective inhibition (100%)
on the mycelial growth of B.
theobromae was shown by
mancozed. A. sativum at 2.5%
concentration had no effect
on the mycelial growth of
M. phaseolina, but at 5.0, 7.5
and 10%, slightly inhibitory
effects were observed, with
0.9, 2.6 and 6.1% inhibitions,

showed a high-
ly effective in-
hibition (100%)
on the mycelial
growth of M.
phaseolina.

A. sativum
at all the extract concentra-
tions tested (2.5, 5.0, 7.5 and
10%) showed effective inhibi-
tions of 63.6, 69.2, 75.7 and
86.9% of mycelial growth of
P. oxalicum (Table 1I). At 2.5
and 5.0% concentrations O.
gratissimum had moderately
effective inhibitions of 33.6%
and 48.6%, while at 7.5 and
10% effective inhibitions of
55.1 and 64.5% were ob-

TABLE II

INHIBITORY CONCENTRATIONS (%) OF A. sativum AND MANCOZEB
ON MYCELIAL GROWTH OF SIX PATHOGENS ISOLATED FROM ROTTED

CASSAVA ROOTS INCUBATED AT 27°C FOR 7 DAYS

served. Mancozeb completely
inhibited the mycelial growth
of P. oxalicum (Table III).

At 2.5 and 5.0% extract
concentration, A. sativum had
moderately effective inhibition
of 25.4 and 32.5%, respective-
ly, on the mycelial growth of
A. niger while at 7.5 and 10%
concentrations of A. sativum,
there were effective in inhibi-
tions of 50.0 and 60.0%, re-
spectively (Table II). However,
O. gratissimum at 2.5, 5.0 and
7.5% extract concentration had
slightly effective inhibitory ef-
fects with corresponding 0.9,
13.3 and 18.4% of inhibition,
respectively, whereas at 10%
there was a moderately effec-
tive inhibition of 28.9% (Table
III). Mancozeb caused an ef-
fective inhibition of 57.9%
on the mycelial growth of A.
niger.

Discussion

The organisms associated
with post- harvest rot of
cassava roots in this study
were Botryodplodia theobro-
mae, Fusarium oxysporum,
Fusarium solani,
Macrophomina
phaseolina, Peni-
cillium oxalicum
and Aspergillus

sativum proved effec-

niger. These were

tive (58.2 and 68.2% Pathogens Concentrations Allium sativum Mancozeb frequently iso-
inhibition), while 2.5% 5.0% 7.5% 10% 0.5g in 100ml  Jated from rotten
moderately effec- of (SDW) cassava and their
tive inhibitions were F. oxysporum 41.1 a 533 f 66.4 m 764 q 60.7 v involvements in
shown by O. grat- F. solani 445b 473 ¢ 582 n 682 r 61.8 v pathogenesis were
issimum (44.5 and B. theobromae 09 ¢ 7.0 h 123 p 158 s 100 w also confirmed.
48.2%, respectively). M. phaseolina 0.0 09 ¢ 2.6 m 6.1t 100 w Several workers
Mancozeb caused ef- A. niger 63.6 d 69.2 757 n 869 u 100 w have also reported
fective inhibition of R. stolonifer 254 e 325k 50.0 p 60.0 v 57.0 n the isolation of

61.8% of mycelial
growth of F. solani
(Tables II, III).

At 2.5, 5.0, 7.5
and 10% concentra-
tions of A. sativum,
there were slightly

Note: Different letters are significantly different (p<0.05).

TABLE III

CASSAVA TUBERS INCUBATED AT 27°C FOR 7DAYS

INHIBITORY CONCENTRATIONS (%) OF O. gratissimum AND MANCOZEB
ON MYCELIA GROWTH OF SIX TEST PATHOGEN ISOLATED FROM ROTTED

effective inhibitory

Pathogens

Concentration (%) of O. gratissimum

Mancozeb

effects of 0.9, 7.0,

these fungi from
post- harvest cas-
sava root (Booth,
1976; Rickard and
Coursey, 1981).
The pathogenic-
ity tests revealed
that all of the six
tested fungi in-

12.3 and 15.8%, re- 2.5% >:0% 7.5% 10% O.ngi(nSllj(\)?SgnL duced rot in cas-
spectively, on the - sava root, with P.
mycelial growth of F. oXysporum 271 a 421 e 50.5j 589 p 60.7 w oxalicum being
B. theobromae (Ta- F. solani 309 b 39.1 f 44.5 k 482 ¢ 61.8 w the most virulent
ble III). However, 0. 5. theobromae 0.0 0.0 0.0 96 r 100 = one. This agrees
gratissimum at 2.5 M. phaseolina 0.0 0.0 0.0 45 s 100 z with the reports of
50 and 7.5% extraCE P. oxalicum 336 ¢ 48.6 g 551 m 64.5t 100 z Sangoyomi (2004)
: 70 A. niger 09 d 132 h 184 n 289 v 570 p angoy ’

concentration had

no inhibitory effect,

INVERDIENZIA ocT 2009, VOL. 34 N° 10

Note: Different letters are significantly different (p<0.05).

Okigbo and Nme-
ka (2005), Amie-
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nyo and Ataga, (2007), and
Okigbo and Ogbonnaya.
(2006).

In most cases, fungi gain
entrance into cassava roots
through natural openings
and wounds created dur-
ing harvesting, transport-
ing, handling and marketing
(Amienyo and Ataga, 2007).
However, Okigbo and Nme-
ka (2005) noted that at time
of harvest roots may already
be infected by pathogens de-
rived from foliage diseases
or mother roots.

The fungicidal effects of
plant extracts on the inhibi-
tion of different pathogens
of crop plants have been
widely reported by sever-
al workers (Amadioha and
Obi, 1999; Olufolaji, 1999;
Onifade, 2000; Udo et al.,
2001; Okigbo and Emogh-
ene, 2004; Okigbo and Og-
bonnaya, 2005; Okigbo et
al., 2009b). Also, some bio-
logical control agents such
as Bacillus subtilis and
Trichoderma viride have
been used to control white
yam rot caused by fungi,
(Okigbo and Ikediugwu,
2001; Okigbo, 2002).

In this study, crude ex-
tracts of A. sativum and O.
gratissimum were used in
order to develop a cheap and
simple method of controlling
post-harvest cassava root rot
for farmers use. The advan-
tage of water extraction over
ethanol or acetone extraction
include easy preparation and
application, and lower cost,
bearing in mind that the
ultimate beneficiary is the
farmer (Sangoyomi, 2004).

The fungitoxic effects of
the plant extracts against
mycelial growth varied with
plant species, concentrations,
and with each fungus tested.
The present observations
showed that A. sativum and
O. gratissimum are effective
against mycelial growth of
most of the tested fungi, the
exception being B. theobro-
mae and M. phaseolina. In
relation to F. oxysporum it
was shown that A. sativum
was effective at all the ex-
tract concentrations tested,
with inhibitions ranging

746

from 41.1 to 76.6%, while
extracts of O. gratissimum
ranged from moderately to
effective inhibition (27.1-
58.9%). This is similar
to the results obtained by
Amienyo and Ataga (2007)
and Okigbo and Ogbonnaya
(2006) who reported a mod-
erately effective inhibition
of the two plants extracts on
this fungus, but differs from
Sangoyomi (2004), who re-
ported a highly effective
inhibition with A. sativum.

With the positive control
mancozeb, a broad- spec-
trum chemical fungicide,
very significant inhibitions
were obtained on the ra-
dial mycelial growth of all
the tested fungal pathogens
(57.0-100%), with the high-
est percentages of inhibition
associated with B. theobro-
mae, M. phaseolina and P.
oxalicum.

The most fungitoxic ex-
tract on F. oxysporum was
obtained with O. sativum
at 7.5 and 10%, while the
10% concentration proved
the most fungitoxic effect
on B. theobromae and M.
phaseolina. The largest in-
hibitory effect on F. solani
was observed at the 10%
extract of A. sativum, while
the 5.0 and 7.5% concen-
trations of O. gratissimum
and all those of A. sativum
showed highly fungitoxic
effect on P. oxalicum. The
most fungitoxic extracts on
A. niger were also the 7.5
and 10% concentrations of
A. sativum. The most fungi-
toxic effect of the two plant
extracts tested in in vitro
was observed with the 10%
concentration of A. sativum,
which completely inhibited
mycelia growth of all the
six tested pathogens.

This study has shown
that both A. sativum and O.
gratissimum have the poten-
tial to control post harvest
rot of cassava, indicating
that they could be an alter-
native way of reducing and
controlling rot by farmers,
since they are less expen-
sive, environmentally safe,
non phytotoxic, and easy to
prepare.

Conclusion and
Recommendation

Among the two plants ex-
tracts investigated in this
study, extracts of A. sativum
showed the highest inhibition
on the radial mycelial growth
of all the fungi tested with
exception of B. thebromae
and M. phaseolina. The two
plant extracts used are from
plants that are commonly
grown in Nigeria, are used
for medicinal purposes and
have been widely studied.
Therefore, it is recommended
that further research, involv-
ing in vivo assays, should
be carried out with the aim
of using these plant extracts
for the inhibition of fungi
growth and development in
inoculated cassava tubers.

This would reestablish
tracts in inhibiting their
growth and development on
cassava roots inoculated with
these fungi. It would also en-
force its fungitoxic potential
in preserving healthy cassava
roots in storage, instead of
the use of chemical fungi-
cides which pose dangers to
humans and crop plants in-
volved. Also, research should
involve the mixture of the
two plant extracts in various
proportions for possible syn-
ergistic effects. The studies
could also involve different
dilutions and proportions of
the extracts. The extracts
should also be tested on oth-
er rots caused on cassava by
different fungi, not included
in the present study.
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