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ABSTRACT
A survey was conducted on the source of planting materials and pre-planting seed treatment 
practice by pepper farmers in Obenemasi and Ofoase-Kokoben communities in the Ashanti 
Region of Ghana using a well-structured questionnaire in June, 2011. Seed health test was 
conducted on 40 farmer-saved pepper seed samples collected from the farmers interviewed 
using the blotter method in the laboratory. Efficacy of garlic, ginger and neem botanical extracts 
in managing the seed-borne fungi of pepper seeds was also investigated in this study in-vitro. 
Results of the questionnaire-based survey indicated that, majority of respondent farmers, about 
75% recycled seeds from previous harvest, 20% of respondents also used seeds obtained from 
friends and 5% obtained their pepper seeds from local markets. Nine genera of fungi including 
12 species were identified from the pepper seed samples collected. The three botanical extracts 
proved effective as Mancozeb in controlling one or more of the test seed-borne fungi. Garlic 
aqueous extract (60% (w/v)) was effective as Mancozeb in controlling Colletotrichum capsici 
and Colletotrichum gloesporioides. Ginger aqueous extract (60% (w/v)) was also effective 
against seed-borne Fusarium and Aspergillus spp. whereas aqueous neem extract (60% (w/v)) 
was effective in controlling Aspergillus flavus and Aspergillus niger. 
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Introduction
Chili pepper (Capsicum annuum L.) is a 
herbaceous perennial dicotyledonous plant of 
the family Solanaceae. It is also called cayenne, 
chili, bird’s eye or red pepper (Tindall, 1983). 
Chili has many culinary advantages and 
contains chemicals such as steam-volatile oils, 
fatty oils, capsaicinoids, carotenoids, vitamins, 
protein, fibre and mineral elements (Bosland 
& Votava, 2003). Many chili constituents are 
important for nutritional value, flavour, aroma, 

texture and colour. Chilies are low in sodium 
and cholesterol free, rich in vitamins A and 
C, and are a good source of potassium, folic 
acid and vitamin E (Bosland & Votava, 2003). 
Fresh green chili peppers contain more vitamin 
C than citrus fruits and fresh red chili has more 
vitamin A than carrots (Marin et al., 2004; 
Osuna-García et al., 1998). Capsaicinoids are 
alkaloids that make hot chili pungent. 
In Ghana, pepper is the second most popular 
vegetable after tomato (Schippers, 2000). 
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Pepper cultivation is a major source of 
livelihood for many farmers in Ghana. 
Although most of the income generated is for 
local consumption, proceeds from export to a 
burgeoning European market are also a vital 
source of income for the country and farmers.
Several research works have reported on seed-
borne fungi of several solanaceous and other 
crops in different countries (Chauhan & Patel, 
2018; Dinker & Gunay, 2018; Al-Askar et al., 
2013; Chigoziri & Ekefan, 2013; Debnath et 
al., 2012; Makelo, 2010; Balogun et al., 2005) 
but little information is available on seed-
borne fungi of pepper seeds in different pepper 
growing communities in Ghana. Seed-borne 
fungi are either pathogenic or saprophytic. 
Pathogenic seed-borne fungi infect seeds in the 
field and reduce seed vigour, weaken the plant 
at its initial growth and cause disease epidemic 
in the field (Debnath et al., 2012; Mathur & 
Kongsdal, 2003; Maude, 1996). Saprophytic 
seed-borne fungi affect seeds during storage and 
cause seed discoloration, reduce seed weight 
and reduce seed germination (Al-Askar et al., 
2013). According to Isaac (1992), over 70% 
of farmers in developing countries use their 
own saved seeds continuously for planting. 
Continuous use of farmer-saved seeds in the 
absence of seed treatment could contribute 
to high incidence of seed-borne diseases. 
Seed treatment with synthetic chemicals has 
been used globally and in Ghana especially, 
farmers’ heavy reliance on chemical fungicides 
with its attendant consequences is a matter of 
great national concern. There are reports of 
negative effects of using chemicals on farmers’ 
income and health, and toxic contamination 
to the environment, particularly in developing 
countries (Okigbo, 2004; Voorrips et al., 2004). 
Plant extracts, essential oils, gums, resins etc 
have been shown to exert biological activity 

against plant fungal pathogens in-vitro and in-
vivo and can be used as bio-fungicidal products 
(Jalili et al., 2010; Fawzi et al., 2009). Natural 
plant extracts show limited field persistence and 
have a shorter shelf life and no residual threats, 
generally safe to humans and environment in 
comparison to conventional synthetic chemical 
pesticides (Nuzhat & Vidyasagar, 2013). 
Garlic, ginger and neem botanical extracts 
have been proven to be effective in controlling 
seed-borne fungi (Syed, 2012; Fawzi et al., 
2009; Ines et al., 2008; Foster & Yue, 1992). 
Controlling seed-borne pathogens through the 
development and application of appropriate 
seed treatment brings about reduction in 
crop yield losses (Korpraditskul et al., 1999; 
Jeyalakshmi & Seetharaman, 1998). The 
aims of this study were to identify the sources 
of planting materials and pre-planting seed 
treatment practice by the pepper farmers, 
document seed-borne fungi associated with 
farmer saved-seeds of pepper from Obenemasi 
and Ofoase-Kokoben in the Ashanti Region 
of Ghana and to explore the possibility of 
managing the seed-borne fungi with garlic, 
ginger and neem botanical extracts.

Materials and Methods
Survey: Sources of planting materials and pre-
planting seed treatment practice
Questionnaire-based survey was undertaken 
in two major pepper growing communities 
in the Ashanti Region of Ghana on sources 
of planting materials and pre-planting seed 
treatment practice in June, 2011. The two 
communities were Obenemasi in the Asante 
Akim Central Municipality and Ofoase-
Kokoben in the Bekwai Municipality (Fig.1).  
20 farmers in each community were randomly 
selected and individually interviewed using a 
structured-questionnaire.    
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Collection of farmer-saved pepper seed 
samples for seed health test
Samples of the pepper seeds were collected 
from each of the farmers interviewed in each 
of the two communities (Ofoase-Kokoben and 
Obenemasi). A total of 40 pepper seed samples 
were collected from the farmers interviewed. 
Most of the farmers in the two communities 
cultivate the ‘’Meko hwam’’ pepper variety. All 
the seed samples collected were therefore of 
the ‘’Meko hwam’’ variety. The seed samples 
collected were saved in brown paper envelopes 
and stored in a refrigerator at a temperature of 
5°C at the Plant Pathology Laboratory of the 
CSIR-Crops Research Institute, Fumesua until 
needed. 

Isolation and identification of fungi species 
from farmer-saved pepper seeds
Samples of the farmer-saved seeds obtained 
from interviewed farmers were examined for 

Fig. 1: Map showing communities where the samples were collected

the presence of fungi using the moist blotter 
method (ISTA, 2005). 200 seeds of each sample 
were used in the study. 25 seeds were counted 
from each sub-sample and placed on three 
layers of moistened blotters in sterile plastic 
Petri dishes. Each sample was replicated four 
times. The plated seeds were then incubated 
at 24 ± 1°C under alternating cycles of 12/12 
hours of near ultra-violet light and darkness for 
seven days. On the eighth day of incubation, 
the seeds were examined for the presence 
of fungal growth with the aid of a stereo 
microscope (Leica, CLS 100, Germany). The 
seed-borne fungi were identified based on the 
colony morphology, colour of mycelium and 
the shape and other characteristics of conidia 
produced with the aid of laboratory manuals 
developed by Mathur and Kongsdal (2003) and 
Barnett and Hunter (1998). The examination of 
the seeds for the seed-borne fungi was done at 
CSIR- Crops Research Institute, Fumesua. The 
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frequency of occurrence of each type of fungus 
identified was calculated using the formula;

Number of infected samples      x 100%
Total number of samples tested

Efficacy of botanical extracts in controlling the 
seed-borne fungi of pepper Ginger (Zingiber 
officinale Rosc.), garlic (Allium sativum L.) 
and neem (Azadirachta indica A. Juss) were 
the botanical extracts used in the study of the 
efficacy of botanical extracts in controlling 
seed-borne fungi of pepper. Mancozeb which 
is a synthetic fungicide was used as a check. 
Preparation of the aqueous botanical extracts 
and treatment of seeds with the extracts and 
the suspension of the chemical fungicide were 
done at the Plant Pathology Laboratory of the 
CSIR- Crops Research Institute, Fumesua. 

Preparation of aqueous ginger rhizome extract
 Rhizomes of ginger bought from the 
commercial area of the Kwame Nkrumah 
University of Science and Technology, Kumasi 
were peeled and washed thoroughly with 
water. The rhizomes were blended into a fine 
paste with an electric blender (Binatone, BLG-
401, Hong Kong) at 4000 rpm for 10 min. 60 
grams of the ginger paste was put into a beaker 
and 100 ml of sterile distilled water added and 
stirred thoroughly with a glass rod to obtain an 
aqueous extract with a concentration of 60% 
(w/v) (Fig.2). 

Preparation of aqueous garlic extract
Bulbs of garlic also bought from the commercial 
area, Kwame Nkrumah University of Science 
and Technology, were peeled and washed 
thoroughly with tap water. They were blended 
into a fine paste with an electric blender 
(Binatone, BLG-401, Hong Kong) as described 
above. 60 grams of the garlic paste was put into 
a beaker and 100 ml of sterile distilled water 
added and stirred thoroughly with a glass rod to 
obtain an aqueous extract with a concentration 
of 60% (w/v) (Fig. 3).

Preparation of aqueous neem leaf extract
Fresh leaves of neem obtained from 
Ayeduase behind the Shalom Hostel, near 
Kwame Nkrumah University of Science and 
Technology, were washed thoroughly with tap 
water. The fresh leaves were blended into a fine 
paste with an electric blender (Binatone, BLG-
401, Hong Kong) at 4000 rpm for 10 minutes. 
60 grams of the neem paste was put into a 
beaker and 100 ml of sterile distilled water was 
added and stirred thoroughly with a glass rod to 
obtain an extract with a concentration of 60% 
(w/v) (Fig. 4). 

Preparation of Mancozeb solution
 Mancozeb was obtained from an agrochemical 
shop in Kejetia, Kumasi. Mancozeb solution 
was prepared by following the manufacturer’s 
recommendation. About 7.5 g of the Mancozeb 
fungicide powder was taken and dissolved in 1 
L distilled water (Fig. 5). After that an aliquot 
of 40 ml was taken for use as a check in the 
experiment.
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Fig. 2: Ginger and its aqueous extract                             

Fig. 4: Neem aqueous extract  
                                                                 
                           

Fig. 3: Garlic and its aqueous extract                                             

 
Fig. 5: Mancozeb and its suspension 

Treatment of the pepper seeds with the prepared 
aqueous botanical extracts and mancozeb
Seed sample of Capsicum annuum var. ‘’Meko 
hwam’’ collected from the farmers with the 
highest frequency of occurrence of seed-
borne fungi was used in the study. 250 seeds 
were soaked in each of the prepared aqueous 
extracts, sterilized distilled water (control) and 
the mancozeb suspension separately for 24 
hours. The mancozeb suspension served as a 
standard check. The soaked seeds were then air 
dried in a Laminar Flow Hood for 20 minutes 
and then platted on blotters following the 
ISTA (2005) procedure. The plated seeds were 

then incubated at 24 ±1°C under alternating 
cycles of 12/12 hours of near ultra-violet light 
and darkness for seven days. On the eighth 
day of incubation, the seeds were examined 
for the presence of fungal growth with the 
aid of a stereo microscope (Leica, CLS 100, 
Germany) at the Plant Pathology Laboratory 
of CSIR-CRI. The seed-borne fungi were 
identified based on the colony morphology, 
colour of mycelium and the shape and other 
characteristics of conidia produced with the aid 
of laboratory manuals developed by Mathur 
and Kongsdal (2003) and Barnett and Hunter 
(1998). The experimental design used was 
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factorial arranged in completely randomized 
design (CRD) with three replications. Data 
were collected on the frequencies of occurrence 
of fungi identified on the pepper seeds soaked 
in sterile distilled water, the botanical extracts 
and mancozeb suspension and was expressed 
as percentage of control of the fungi by the 
aqueous botanical extracts and mancozeb using 
the formula;      

               x 100%

Where f.c is the occurrence of the fungus after 
treatment with the control (water) and f.t is the 
occurrence of fungus after treatment with the 
botanical extract and mancozeb. 

Data analysis
Statistix 9.1 was used to analyze the data. 
Differences in treatment means were compared 
for significance using Least Significance 
Difference at Probability less or equal to 0.05 
(p ≤ 0.05). 

Results
About 75% of the pepper farmers recycled were 
extracted from rotten pepper fruits from previ-
ous harvest as planting material. 20% of the 
farmers obtained their seeds from friends who 
saved some of the pepper seeds from previous 
harvest and 5% of the farmers also purchase 
seeds from local markets (Table 1). None of the 
farmers interviewed provided a seed treatment 
before sowing pepper seeds (Table 2).

TABLE 1 
Sources of planting materials of pepper farmers in 

Ofoase-Kokoben and Obenemasi
Source of seeds for 
planting by farmers

% acquisition by 
farmers

Farmers’ own seeds 75
From friends 20
Local markets 5

TABLE 2
Pre-planting seed treatment practice by the pepper 

farmers in Ofoase-Kokoben 
and Obenemasi

Community No. of 
respondent 
farmers

No. of 
farmers 
who treat 
their pepper 
seeds before 
sowing

Percentage 
farmers who 
treat their 
seeds before 
sowing (%)

Ofoase-Koko-
ben

20 0 0

Obenemasi 20 0 0

Identified seed-borne pathogens of pepper 
seeds in the two communities studied 
Colletotrichum capsici was the most frequent 
fungus identified on the seed samples collected 
from Ofoase-Kokoben (Table 3). Fusarium so-
lani and Fusarium verticillioides were identi-
fied on 35.0 and 30.0%, respectively, from seed 
samples from the Ofoase-Kokoben community. 
Aspergillus flavus was identified on 25.0% of 
seed samples collected from the Ofoase-Koko-
ben community (Table 3). Only one sample out 
of the 20 samples tested was infected by Col-
letotrichum gloesporioides, Curvularia palles-
cens, Myrothecium species, Macrophomina 
phaseolina, Cladosporium sphaerospermum 
and Penicillium species and recorded a fungal 
incidence of 5.0% each (Table 3). 
Colletotrichum capsici was the most frequent 
fungus identified on seed samples from Oben-
emasi (Table 4). Fusarium solani and Fusari-
um verticillioides were identified on 30.0 and 
25.0%, respectively from seed samples from 
the Obenemasi community (Table 4).
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TABLE 3  
Incidence of infection of pepper seeds by

 fungal species from samples from
Ofoase-Kokoben

Fungal species Total No. 
of samples 

tested

No. of 
infected 
samples

Incidence 
of fungi

(%)
Fusarium 
verticillioides

20.0 6.0 30.0

Fusarium solani 20.0 7.0 35.0
Colletotrichum capsici 20.0 8.0 40.0
Colletotrichum 
gloesporioides

20.0 2.0 10.0

Curvularia pallescens 20.0 1.0   5.0
Myrothecium species 20.0 1.0   5.0
Macrophomina  
phaseolina

20.0 1.0   5.0

Rhizopus species 20.0 2.0 10.0
Aspergillus niger 20.0 3.0 15.0
Aspergillus flavus 20.0 5.0 25.0
Cladosporium sphaero-
spermum

20.0 1.0   5.0

Penicillium species 20.0 1.0   5.0

Aspergillus flavus were identified on 15.0% of 
seed samples collected from the Obenemasi 
community (Table 4). Only one sample out of 
the 20 samples from Obenemasi tested was in-
fected by Curvularia pallescens, Myrothecium 
species, Macrophomina phaseolina, Aspergil-
lus niger and Penicillium species and recorded 
a fungal incidence of 5.0% each. 

TABLE 4 
Incidence of infection of pepper seeds by fungal                  

species from samples from Obenemasi
Fungal 
species 

Total No. 
of samples 

tested

No. of 
infected 
samples

Incidence of 
fungi
(%)

Fusarium 
verticillioides 20.0 5.0 25.0

Fusarium 
solani 20.0 6.0 30.0

Colletotrichum 
capsici 20.0 7.0 35.0

Colletotrichum 
gloesporioides 20.0 3.0 15.0

Curvularia 
pallescens 20.0 1.0   5.0

Myrothecium 
species 20.0 1.0              5.0

Macrophomina  
phaseolina 20.0 1.0   5.0

Rhizopus                     
species 20.0 2.0 10.0

Aspergillus                   
niger 20.0 1.0   5.0

Aspergillus               
flavus

20.0 3.0 15.0

Penicillium               
species 20.0 1.0   5.0

Control of seed-borne pathogens of pepper 
with botanical extracts
Garlic aqueous extract and mancozeb sus-
pension achieved a 100% control of Colle-
totrichum capsici and Colletotrichum gloespo-
rioides when the pepper seeds were soaked 
for 24 hours. Ginger aqueous extract recorded 
the least control of 25.8% compared with the 
other botanical extracts in the control of Colle-
totrichum capsici and Colletotrichum gloespo-
rioides (Table 5). Significant differences 
were observed between the botanical extracts 
and water in the control of C. capsici and C. 
gloesporioides (Table 5). Significant difference 
was observed between the botanical extracts 
and water (control) in the control of Fusari-
um verticillioides and Fusarium solani (Table 
5). Mancozeb achieved a 100% control of F. 
verticillioides and F. solani followed by gin-
ger 79.8%, Neem 51.3% and the least control 
was recorded by garlic 41.3% (Fig. 5). Ginger, 
neem and mancozeb achieved a 100% control 
of Aspergillus flavus and Aspergillus niger 
found on pepper seeds. Garlic aqueous extract 
recorded the least control of 11.1% but there 
was however, significant difference between 
aqueous garlic extract and water in the control 
of A. flavus and A. niger (Table 5).

Identification of seed-borne fungi of farmer saved seeds...



50

TABLE 5 
Effect of treatments in the control of the major seed-borne pathogens of pepper

Treatments 
Percentage control of the major seed-borne fungi (%)

C. capsici and C. 
gloesporioides

F. solani and 
F. verticillioides

A. flavus and 
A. niger

Water   0.0d  0.0e                 0.0b

Neem leaf extract 48.2b 51.3c 100.0a

Ginger extract 25.8c  79.8b 100.0a

Garlic extract 100.0a 41.3d 11.1b

Mancozeb (check) 100.0a 100.0a 100.0a

Lsd (5 %)                       5.7 5.7 5.7
CV (%) 6.1                       6.1                  6.1 
Values with different letters in a column are significantly different at p<0.05 

Discussion                                                                                                                                  
About 75% of the farmers interviewed in the 
study area used their own saved seeds of pepper 
extracted from rotten pepper fruits for plant-
ing. This according to the farmers saves them 
from spending their scanty resources on buying 
seeds for planting. According to Isaac (1992), 
over 70% of farmers in developing countries 
use their own saved seeds continuously for 
planting. However, none of the famers treated 
their pepper seeds with appropriate fungicide 
or botanical extract before planting. Continu-
ous use of farmer-saved seeds in the absence 
of seed treatment could contribute to high inci-
dence of seed-borne diseases.
            Nine genera of fungi including 12 
species were identified from the pepper seed 
samples collected from the two communities. 
Colletotrichum capsici, Fusarium solani, Fu-
sarium oxysporum, Aspergillus niger, Asper-
gillus flavus, Rhizopus stolonifer, Curvularia 
sp. and Penicillium sp. have been identified on 
chilli pepper seeds in other studies (Chauhan 
& Patel, 2018; Dinker & Gunay, 2018; Chigo-
ziri & Ekefan, 2013; Balogun et al., 2005). A 
number of the seed-borne fungi of pepper iden-
tified in this study cause field diseases. Colle-
totrichum capsici and Colletotrichum gloespo-
rioides are known to cause anthracnose disease 
of pepper (Than et al., 2008; Pakdeevaraporn et 

al., 2005; Sharma et al., 2005; Voorrips et al., 
2004). Fusarium solani and Fusarium verticil-
lioides found on about 35.0 and 30.0%, respec-
tively, of seed samples from Ofoase-Kokoben 
is worth noting because both fungi cause wilt 
diseases of pepper. Training farmers in skills 
to control seed-borne fungi of pepper through 
the use of appropriate botanical extracts would 
go a long way to reduce over dependence on 
chemical fungicides. 
         To establish the efficacy of botanical 
extracts in controlling seed-borne pathogens, 
no single botanical product was complete-
ly effective against all the major seed-borne 
pathogens identified. However, aqueous gar-
lic extract showed fungicidal activity against 
Colletotrichum capsici and C. gloesporioides. 
Ginger rhizome extract was also effective in 
controlling Fusarium verticillioides, Fusari-
um solani, Aspergillus flavus and Aspergillus 
niger whilst neem leaf extract was effective 
in controlling Aspergillus flavus and Aspergil-
lus niger.  Aqueous garlic and ginger rhizome 
extracts have been shown by several workers 
to possess fungicidal properties. Syed (2012) 
reported that garlic was equally effective as 
Mancozeb in controlling Colletotrichum spe-
cies on sorghum and groundnut seeds. Ines et 
al. (2008), using different botanicals including 
garlic, neem, malunggay (Moringa oleifera) 
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and Dithene M-45 to control anthracnose dis-
ease of mango seedlings reported that garlic 
and the fungicide were better in controlling the 
fungi. Shovan et al. (2008) also used different 
botanical extracts to control Colletotrichum 
dematium causing anthracnose disease in soy-
bean and reported that garlic extract appeared 
to be the best in inhibiting the growth of the 
fungus. In the current study, ginger aqueous 
extract was effective in controlling Fusarium 
verticillioides, F. solani, Aspergillus flavus and 
A. niger. This result is in line with the findings 
of Fawzi et al. (2009) who found ginger to be 
effective in inhibiting the growth of Fusar-
ium oxysporum. Aidoo (2011) also reported 
that ginger extract was active in inhibiting the 
growth of Fusarium oxysporum. Ginger rhi-
zome extracts have been shown to possess a 
broad range of biological activity against fungi 
(Foster & Yue, 1992).
 Neem leaf extract was found in this 
study to be very effective in controlling As-
pergillus flavus and A. niger on seeds of pep-
per but showed less fungicidal activity against 
Colletotrichum capsici and Colletotrichum 
gloesporioides. This result corroborates the 
findings by Ines et al. (2008) using different 
botanicals including garlic, neem, malunggay 
and Dithene M-45 to control anthracnose dis-
ease of mango seedlings. These authors report-
ed that garlic showed the least mean number 
of infected leaves followed by neem and thus 
concluded that the use of garlic and neem bo-
tanical extracts in controlling anthracnose of 
mango seedlings was promising.

Conclusion
Results of the questionnaire-based survey in-
dicated that, majority of respondent farmers 
did not use certified seeds because the farm-
ers recycle seeds from previous harvest. All 
the farmers interviewed also did not treat their 

pepper seeds before sowing. Nine genera of 
fungi including 12 species were identified from 
the pepper seed samples collected from the two 
communities. Several of the seed samples test-
ed for the presence of seed-borne pathogens 
carried high infections of Colletotrichum cap-
sici. This high incidence gives an indication 
that Colletotrichum capsici, one of the causal 
organisms of anthracnose of pepper could be 
transmitted or could spread largely in the two 
studied communities through infected seeds. 
 Aqueous garlic and ginger rhizome 
extracts (60% (w/v)) were found to be effec-
tive in controlling seed-borne Colletotrichum 
capsici and C. gloesporioides; and Aspergil-
lus flavus and Aspergillus niger respectively. 
Aqueous neem leaf extract (60% (w/v)) was 
found to be effective in controlling Aspergillus 
flavus and Aspergillus niger.

Recommendations
• The use of certified pepper seeds for 

sowing is recommended to prevent 
the introduction of disease-causing 
agents unto the field.

• In areas where farmers recycle their 
saved seeds, treatment of the seeds 
with appropriate aqueous botanical 
extract is encouraged to stem the in-
troduction of disease-causing patho-
gens unto the field through the infect-
ed seeds. 
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