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ABSTRACT 

Soybean is infected by a wide range of diseases, many of which are seed-borne. Infection by seed-

borne pathogens leads to seed rot, low seed germination, low seedling vigour and reduced plant 

growth as well as marketability. This study investigates seed-borne fungal pathogens that are 

associated with farmer saved soybean seeds and identify best seed treatment for controlling them to 

enhance seed quality. Seed-borne fungal pathogens on farmer-saved seeds of soybeans was 

investigated by examining a total of eleven (11) seed samples from two districts (Saboba and Yendi) 

in the Northern region and one from CSIR-Savanna Agricultural Research Institute (CSIR-SARI). A 

total of nine fungi genera were identified to be associate with the soybean seeds including pathogenic 

Cercospora spp., Alternaria spp., Fusarium spp., Macrophomina phaseolina and saprophytic 

Aspergillus flavus, Aspergillus niger, Penicillium spp., Curvularia spp. and Rhizopus stolonifer. 

Rhizopus stolonifer (21.5%) and Aspergillus niger (7.0%) revealed the highest and lowest prevalence 

respectively. Treatment of soybean seeds with Monceren GT 390 FS, Insector T 45, Garlic extract 

and Neem seed extract over a period of 90 days resulted in a decrease in fungal prevalence as well 

as improved seed germination and seedling vigour. Pot experiment conducted to determine 

pathogenicity of Microphomina phaseolina, Cercospora spp., Aternaria spp. and Fusarium spp. 

proved to be pathogenic. These findings indicate that farmers saved soybean seeds in Ghana is 

fungal infected and seed treatment alleviates the destructive effect of these microbes, thus enhancing 

seed quality and promoting food security in Ghana. 
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1.0 INTRODUCTION 

 

Soybean (Glycine max (L.) Merrill) is an important 

legume crop, cultivated in the tropical, subtropical 

and temperate climates (Shurtleff and Aoyagi 2007; 

IITA, 2009). The world production is 318.95
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million metric tonnes with 89% from Argentina, 

Brazil, United States and China (FAO, 2014). In 

Africa, South Africa is the leading producer of 

948,000 MT followed by, Nigeria (679,000), Zambia 

(214,179), Malawi (120,903) and Zimbabwe 

(74,951) (FAO, 2014). Moreover, soybean 

production in Ghana is mainly in the Northern, Upper 

West, Upper East, Central and Volta regions where 

Northern region is the major production area 

(Lawson et al., 2008) which contributes to about 77% 

of the national production (SRID, 2012).  Soybean is 

an excellent source of major nutrients, about 40% 

protein, 30% carbohydrate, 20% oil and varying 

levels of vitamins and minerals, including calcium, 

folic acid, and iron (Sauvant et al., 2004; 

Lakshmeesha et al., 2013).  

Locally, it can be processed into many food products 

such as wean mix, soy ‘khebab’, ‘apapransa’, 

soymilk, ‘koose’, stew, and ‘tubani’ (Mbanya, 2011). 

However, like other grain legumes, its production is 

significantly constrained by abiotic and biotic 

stresses. Among these stresses, diseases are the major 

limiting factor against the vast global production of 

which many are seed-borne (Lakshmeesha et al., 

2013). More than 100 pathogens including over thirty 

fungi and six bacteria are known to be seed-borne 

pathogens of soybean (Kulik and Sinclair, 1999a; 

Roy et al., 2000). Infection by seed-borne pathogens 

results in seed rots, poor germination, reduction in 

seedling vigour, plant growth and crop productivity 

(Kubiak and Korbas, 1999; Dawson and Bateman, 

2001; Akranuchat et al., 2007). Several studies have 

reported species of seed-borne pathogens that are 

associated with soybean in different ecological zones 

and different approaches have been employed 

globally to mitigate the destructive effect of these 

pathogens and ensure quality yield (Ramannuj et al., 

2014; Oladimeji et al., 2016). Efforts made include 

breeding for disease resistant varieties, use of 

biological agents, crop management, and the use of 

seed treatment. Moreover, in Ghana, not much 

studies have been reported on seed-borne fungal 

pathogens that are associated with soybean. In view 

of this, investigating and providing information on 

seed-borne fungal pathogens that are associated with 

farmer saved soybean seeds and identifying the best 

seed treatment in controlling them will enhance seed 

quality, thus promoting global food security. This 

study aims to detect and identify seed-borne fungal 

pathogens associated with farmer saved soybean 

seeds and asses the effect of different seed treatments 

on fungal growth, seed germination and seedling 

vigour.  

 

 

2.0  MATERIALS AND METHODS 

2.1 Experiment site and Seed Collection 

The research was conducted at the Seed Laboratory 

of Ghana Seed Inspection Directorate, Pokuasi, Plant 

Pathology Laboratory and the Research field of 

Department of Crop Science, University of Ghana, 

Legon.
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Soybean seeds were randomly sampled from farmers 

within ten communities in two districts in the 

Northern region of Ghana. These communities 

include Nalog Tindando, Gbadagbam, Garimata 

Yankazia, Zang, Kanisheigu, Zangban, Gumbaliga 

and Sunsong-Gbung. A check sample was obtained 

from the CSIR-Savanna Agricultural Research 

Institute. Seeds were kept in plastic bags and stored 

in a cold room at a temperature of 4°C prior to seed 

health test and treatment application. 

 

2.2 Isolation and detection of Fungal 

Pathogens 

Isolation of seed-borne fungal pathogens was 

performed using the blotter and agar plate methods 

described by ISTA (2007) and Mathur and Kongsdal, 

(2003) respectively with slight modification. For the 

blotter method, three sets of blotter papers were 

moistened with a sterilized distilled water and lined 

in 90 mm diameter petri plates. Seeds were surface 

sterilized with 1% sodium hypochlorite for 1 minute 

and rinsed three times with sterilized distilled water. 

A Completely Randomized Design (CRD) was used 

with four replications. 200 seeds from each sample 

were used with 50 seeds per replicate. Ten seeds were 

plated per petri plate using a pair of forceps and 

incubated at 24 ± 2°C for 7 days. Fungi isolates that 

associates with the seeds were culture onto a Potato 

Dextrose Agar (PDA) medium and incubated 24 ± 

2°C for 7 days depending on the sporulation nature 

of the fungi. Fungi isolates were sub-culture thrice to 

obtained pure culture for easy identification. Culture 

morphologies such as the colour, shape and growth 

rate were also used in the identification. Each isolate 

was prepared on a slide, examined under a compound 

microscope and identity confirm with the aid of a 

mycological literature.  

 

2.3 Pathogenicity test 

Pathogenicity test was conducted for four fungal 

isolates to confirm their identity following Koch’s 

postulate. Spore suspension of Cercospora spp., 

Alternaria spp., Fusarium spp., and Macrophomina 

phaseolina were prepared from two weeks old 

sporulated culture and inoculated onto a four weeks 

old soybean plants. Control plants were sprayed with 

distilled water and disease development was 

observed after 2 weeks. 

 

 

2.4 Seed Treatment 

Highly fungi infected seed samples were treated with 

Monceren GT 390 FS, Insector T 45, Neem seed 

(Azadirachta indica) extract and Garlic (Allium 

sativum) extract (Table 1). Neem seed extract was 

prepared following modification of method 

described by Adjei (2011). Garlic extract was 

prepared by blending gloves to form a paste. Fifty 

percent (50%) concentration of both garlic and neem  

extracts were prepared by adding fifty grams of the 
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the paste to 100 ml of distilled water and filtered with          

four layers of clean cheese cloth into a conical flask. 

 

Table 1: Treatments composition and application rate  

 

 

 

 

 

 

 

 

2.5 Treatment application  

Seed treatment with garlic and neem seed extracts 

were performed by applying 10 mL extract to 100 g 

seeds in a zip lock bag, shaken vigorously for evenly 

distribution and incubated for 20 minutes. The seeds 

were dried under shade on a surface transparent 

plastic bag for 30 minutes. A 2.5 mL of Monceren 

GT 390 FS was used for seed treatment at a rate of 1 

kg of the seed weight, and 5 g of Insector T 45 was 

used to treat 1 kg of seeds. Both treated and untreated 

seeds were kept in a zip lock bags and stored in a cold 

room at 4°C over a period of three months. Seeds 

were assessed monthly for a three months period. 

The prevalence of fungal pathogens were calculated 

using the formula below: 

Percentage prevalence of individual fungal = 

Number of infected seeds by individual fungi  

Total number of seeds planted
× 100% 

 

2.6 Seed germination and seedling vigour 

Assessment  

Germination and seedling vigour test were conducted 

before and after seed treatments. Germination test 

was performed following the sand method (ISTA, 

2007) by sowing 400 seeds in seed trays with 100 

seeds per replicates and grown in a growth room with 

temperature of 22°C. Germination count, dead seeds 

as well as normal and abnormal seedlings were 

evaluated  on the 8th day and germination percentage 

determined using the formula below.
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Treatments Active ingredient Rate of application 

Insector T 45 Imidacloprid 350g/kg + Thiram 100g/kg     5g/kg 

Moncern GT 390 FS 20% Imidacloprid and 20% Pencycuron       2.5 ml/kg 

Neem seed extract Azadirachtin     100 ml/kg 

Garlic extract Allicin     100 ml/kg 

Untreated control N/A     N/A 



 

Germination count, dead seeds as well as normal and 

abnormal seedlings were evaluated on the 8th day 

and germination percentage determined using the 

formula below. 

Germination percentage (%) = 

Number of germinated seeds  

Total number of seeds planted
× 100% 

For vigour test, 10 seedlings were randomly selected 

from each treatment and their lengths measured. 

Seedling vigour index was calculated using the 

formula below described by (Oshone et al., 2014; 

Khan et al., 2015).  Seedling vigour index = Mean 

seedling length (cm) × Germination percentage (%). 

 

2.7 Statistical analysis 

Data obtained including incidence of seed-borne 

fungi, germination percentage and seedling vigour 

were subjected to analysis of variance (ANOVA) 

using GenStat (12th Edition) and the differences 

between means were separated using the Least 

Significance Difference (LSD) at 5% level of 

probability. Data on fungi prevalence were Arcsine 

transformed to stabilize the variance before analysis. 

 

3.0 RESULTS  

3.1 Detection and identification of Seed-

borne Fungal Pathogens on Soybean Seed 

Samples obtained from CSIR-SARI, Saboba 

and Yendi District of Ghana 

In order to identify the fungal isolates that associates 

with saved-soybean seeds, sample seeds were plated 

on a moist blotter paper and PDA. A total of nine 

seed-borne fungal pathogens were isolated from the 

soybean seed samples obtained from the different 

locations (Table 2; Table 3, Figure S1). Among these 

nine fungi isolated, four are pathogenic fungi species 

(Cercospora spp., Alternaria spp., Fusarium spp., 

Macrophomina phaseolina) and five are saprophytic 

species (Aspergillus flavus, Aspergillus niger, 

Penicillium spp., Curvularia spp. and Rhizopus 

stolonifera) (Figure S1) suggesting that both class of 

fungi are associated with the soybean seed samples. 

Moreover, In Saboba district, three (Rhizopus 

stolonifer, Fusarium spp. and Aspergillus niger) 

were isolated from all five seed samples obtained in 

all the communities (Table 2). However, Penicillium 

spp., Cercospora spp. and Macrophomina phaseolina 

were isolated from seed samples from four seed 

samples and Alternaria spp. Curvularia spp. and 

Aspergillus flavus were isolated from three seed 

samples. Furthermore, seed health test conducted on 

seed samples obtained from Yendi district revealed 

that 6 fungal pathogens including Rhizopus 

stolonifer, Fusarium spp., Aspergillus flavus, 

Aspergillus niger, Macrophomina phaseolina, and 

Curvularia spp. were associated with all the seed 

samples (Table 3).
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Table 2: Prevalence of Fungal Pathogens on Seed Samples obtained from Saboba District and CSIR-

SARI 

  Communities  

Fungal Pathogens 

(%) Nalong Tindando Gbadagbam Garimata Yankazia CSIR-SARI 

Alternaria spp. 10.7 9.0 12.2 - - 11.7 

Aspergillus flavus 9.0 - 10.5 9.8 - 11.5 

Aspergillus niger 10.5 12.6 12.0 7.8 9.8 9.6 

Cercospora spp. 9.0 10.5 - 9.3 11.9 9.8 

Curvularia spp. 9.8 9.0 - 12.6 - - 

Fusarium spp. 14.1 12.8 13.2 14.6 15.2 9.8 

Macrophomina 

phaseolina - 13.4 12.0 8.5 12.2 9.0 

Penicillium spp. 12.0 7.0 9.0 - 9.9 - 

Rhizopus stolonifer 17.4 17.9 18.4 17.8 21.5 16.9 

LSD (p<0.05) 2.9 3.9 3.2 5.7 4.3 3.0 

 

 

Moreover, In Saboba district, three (Rhizopus 

stolonifer, Fusarium spp. and Aspergillus niger) 

were isolated from all five seed samples obtained 

in all the communities (Table 2). However, 

Penicillium spp., Cercospora spp. and 

Macrophomina phaseolina were isolated from 

seed samples from four seed samples and 

Alternaria spp. Curvularia spp. and Aspergillus 

flavus were isolated from three seed samples. 

Furthermore, seed health test conducted on seed 

samples obtained from Yendi district revealed 

that 6 fungal pathogens including Rhizopus 

stolonifer, Fusarium spp., Aspergillus flavus, 

Aspergillus niger, Macrophomina phaseolina, 

and Curvularia spp. were associated with all the 

seed samples (Table 3). Besides, Cercospora 

spp. was isolated from three seed samples, while 

Penicillium spp. was isolated from two seed 

samples (Table 3) and seed samples obtained 

from CSIR-SARI were found to be associated 

with seven fungi pathogens (Table 2).  Also, 

there were significant (p<0.05) difference 

among fungal prevalence which suggest that 

fungi prevalence is community specific.   

However, there were no differences among 

prevalence of Cercospero spp., Alternaria spp.,  

Fusarium spp., Macrophomina phaseolina, 

Aspergillus flavus, Aspergillus niger.
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The highest fungal prevalence was revealed on 

Rhizopus stolonifer (16.9%), Alternaria spp. 

(11.7%), Aspergillus flavus (11.5%). Fusarium 

spp. and Cercospora spp. also with prevalence 

of 9.8% each, while Aspergillus niger, and 

Macrophomina phaseolina, had 9.6% and 9.0% 

respectively. However, Penicillium spp. and 

Curvularia spp. fungal pathogens were not 

associated with the seed sample.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Soybean seedlings showing infection of the various pathogenic fungi: (A) Leaf spot 

(Cercospora spp.), (B) Leaf spot (Alternaria spp.), (C) rot (Macrophomina phaseolina), (D) Post-emergence 

death (Fusarium spp.), (E) Negative control. The red arrows indicate symptoms of the various isolates. 
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3.2 Pathogenicity Test of Four Fungal Isolates 

on Soybean Plants 

To confirm whether the isolated pathogens infect 

soybean plants, a 4-week-old soybean plants were 

inoculated with four different fungal isolates. The 

pathogenicity test revealed that all inoculated plant 

developed disease symptoms a week after 

inoculation compared with the control (Figure 1). 

Re-isolation tests revealed that, inoculated fungal 

isolates were the causal organism of the observed 

disease symptoms on the plants as all plants samples 

had a degree of chlorosis, lesions (spot) and wilt.

 

Table 3: Prevalence of Fungal Pathogens on Seed Samples obtained from Yendi District 

 

3.2 Effect of Seed Treatments on Seed-

borne Fungal Pathogen  

To further evaluate the effect of various treatments 

on the identified seed-borne fungal pathogens, 

seeds were subjected to different treatments. Seed 

treatments were able to reduce fungal prevalence in 

the seed sample when treated and stored over a 

period of 90 days. There was a significant (p<0.05) 

differences among fungi prevalence when seeds 

were treated with Monceren GT 390 FS and stored 

over a period of 90 days (Table 4).  Moreover, the 

prevalence of Alternaria spp., Aspergillus flavus, 

Aspergillus niger, Cercospora spp. Curvularia 

spp., Macrophomina phaseolina and Penicillium 

spp. did not show any significant difference and 
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  Communities  

Fungal Pathogens (%) Zang Kanisheigu Zangban Gumbaliga Sunsong-Gbung 

Alternaria spp. 14.2 13.2 8.5 - 10.5 

Aspergillus flavus 12.9 12.2 9.9 9.8 11.5 

Aspergillus niger 13.5 8.5 10.7 7.0 12.0 

Cercospora spp. 11.4 8.1 - 10.5 - 

Curvularia spp. 9.8 12.6 10.7 13.2 9.3 

Fusarium spp. 11.4 12.0 11.9 12.6 15.2 

Macrophomina 

phaseolina 12.0 10.5 7.8 12.9 13.2 

Penicillium spp. 14.1 10.5 - - - 

Rhizopus stolonifer 18.8 17.9 18.4 19.7 17.8 

LSD (p<0.05) 3.0 5.7 5.6 4.0 4.5 



 

Table 4: Prevalence of Fungal Pathogens after Treatment and Storage for 90 days 

  Seed Treatments 

Fungal Isolates 

(%) 

Monceren 

GT 390 

FS 

Insector T 

45 

Neem Seed 

Extract 

Garlic 

Extract Untreated Seeds 

Alternaria spp. 4.1 5.3 5.3 9.1 19.4 

Aspergillus flavus 4.1 4.1 5.3 7.8 16.9 

Aspergillus niger 4.1 4.1 4.1 6.6 16.4 

Cercospora spp. 4.1 5.3 5.3 6.6 16.4 

Curvularia spp. 4.1 4.1 4.1 7.4 17.4 

Fusarium spp. 5.3 4.1 6.6 7.8 16.3 

Macrophomina 

phaseolina 4.1 4.1 6.6 5.3 18.4 

Penicillium spp. 4.1 5.3 4.1 5.3 16.9 

Rhizopus 

stolonifer 10.7 9.1 7.8 11.5 21.5 

LSD (p<0.05) 1.5 2.1 3.1 3.8 2.4 

 

 

their prevalence were reduced to 4.1% each 

compared with untreated seeds (Table 4). Fusarium 

spp. and Rhizopus stolonifer also revealed a 

prevalence of 5.3% and 10.7% respectively, while 

the untreated had 16.3% and 21.5% respectively 

(Table 4). Furthermore, seed treated with Insector T 

45 over a period of 90 days recorded a significant 

(p<0.05) reduction on fungal prevalence. The 

prevalence of Aspergillus flavus, Aspergillus niger, 

Curvularia spp., Fusarium spp. and Macrophomina 

phaseolina were reduced to 4.1% each compared 

with the untreated seeds (Table 4), while prevalence 

of Rhizopus stolonifera was reduced from 21.5% in 

untreated seed to 9.1%.  Although, there was no 

significant (p>0.05) difference among fungal 

prevalence when seeds were treated with neem seed 

extract for a period of 90 days, the prevalence of 

Aspergillus niger, Penicillium spp. and Curvularia 

spp. were reduced to 4.1% each compared with the 

untreated seeds which observed an increase 

prevalence of 16.4%, 16.9% and 15.4% respectively 

(Table 4). Similarly, Alternaria spp., Aspergillus 

flavus and Cercospora spp. revealed a prevalence of 

4.1% each, while Fusarium spp. and Macrophomina 

phaseolina both observed a prevalence of 6.6% 

(Table 4). Seeds treated with garlic extract and stored 
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for a period of 90 days revealed no significant 

(p>0.05) difference among fungi prevalence (Table 

4). Both Macrophomina phaseolina and Penicillium 

spp. revealed the least (5.3%) prevalence, while the 

untreated seeds revealed 18.4% and 16.9% 

respectively. 

3.3 Effect of Seed Treatments on 

Germination and Seedling Vigour of 

Soybean Seeds 

To determine the efficacy of seed treatment on the 

seed health, germination and seedling vigour test 

were perform prior to treatment and after 30, 60 and 

90 days of seed treatment and storage. Results 

obtained showed a significant (p<0.05) difference on 

germination percentage and seedling vigour among 

the seed samples. In the Saboba district, germination 

percentage of seed samples obtained from Nalong, 

Tindando and Yankazia did not show any differences 

(Table 5). The highest germination was revealed on 

seed samples obtained from Garimata (79.8%) while 

Nalong and Yankazia revealed the least with 76.8% 

each (Table 5). Similarly, there were differences 

among seed samples obtained from the Yendi district 

(Table 5). Seed sample obtained from Zangban 

observed the highest germination (78%), while the 

lowest was observed on seed sample obtained from 

Zang with 71.3%. With respect to seedling vigour, 

seed samples obtained from Tindando (1114.3) and 

Yankazia (1034.2) in the Saboba district recorded the 

highest and lowest seedling vigour respectively. 

However, Zangbang (1092.0) and Zang (892.6) in the 

Yendi district recorded the highest and lowest 

seedling vigour respectively.  

 

Table 5: Germination Percentage and Seedling Vigour on Seed Samples obtained from CSIR-SARI, 

Saboba and Yendi Districts  

Locations Communities (Samples) Germination Percentage (%) Seedling Vigour Index 

 Nalong 76.8 1047.7 

  Tindando 77.3 1114.3 

 Soboba Gbadagbam 78.0 1092.1 

  Garimata 79.8 1098.6 

  Yankazia 76.8 1034.2 

 Zang 71.3 892.6 

  Kanisheigu 75.0 1020.0 

 Yendi Zangban 78.0 1092.0 

  Gumbaliga 73.3 1062.2 

  Sunsong-Gbung 74.3 1007.9 

CSIR-SARI CSIR-SARI 78.8 1145.8 

 LSD (p<0.05) 1.4 45.7 
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The various seed treatment showed an increased in 

seed germination and seedling vigour for the period 

30, 60 and 90 days of treatment and storage (Figure 

2, Figure 3). However, there was a significant 

(p<0.05) increase in germination and seedling vigour 

when treated and stored over a period of 90 days. 

Monceren GT 390 FS seed treatment increased seed 

germination from 60.8% in untreated seed to 85% 

(Figure 2), while seedling vigour increased to 1360.1 

(Figure 3). Furthermore, Insector T 45 seed treatment 

was able to increase seedling vigour from 732.2 in 

untreated seeds to 1360.1. Neem seed extract 

revealed an increase in germination and seedling 

vigour. Germination was increased to 75% after 90 

days of seed treatment and storage. Meanwhile, 

seedling vigour was increased to 1107.5 (Figure 3). 

It was observed that seed treated with garlic extract 

and stored for a period of 90 days obtained a high 

germination of 75.5% (Figure 2) and seedling vigour 

of 1070.2 (Figure 3). 

 

 

 

Figure 2. Effect of seed treatments on germination after storage for 90 days period 
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Figure 3. Effect of seed treatments on seedling vigour after storage for 90 days period 

 

 

4.0 DISCUSSION 

Soybean production is significantly constrained by 

diseases of which seed-borne pathogens are a threat 

to the attainment of food security in sub Saharan 

Africa (Lakshmeesha et al., 2013; Gao et al., 2014). 

Seed quality and health examination indicates that all 

eleven seed samples were found to be associated with 

eight fungal genera, comprising of four pathogenic; 

Cercospora spp., Alternaria spp., Fusarium spp., 

Macrophomina phaseolina, and five saprophytic 

Curvularia spp., Aspergillus niger, Aspergillus 

flavus, Rhizopus stolonifer and Penicillium spp. 

Rhizopus stolonifera. Moreover, prevalence of 

fungal pathogen varied across location except for 

Fusarium spp. and Aspergillus niger which were 

found on all seed samples obtained from the different 

locations suggesting that the prevalence of fungi 

pathogen is location specific and that trade and/or 

transport of infected seeds could enhance the 

prevalence pathogens in new areas (Anderson et al, 

2004). This variation could be as a result of the 

different farming practices which contributes to 

increase in pathogens (Pickett and Pruitt, 1989). 
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The prevalence of Rhizopus stolonifer, Penicillium 

spp., Aspergillus flavus, Aspergillus niger and 

Curvularia spp. could be attributed to poor storage 

and environmental conditions (Gupta et al., 1993, 

and Anwar et al., 1995). The fungal pathogens that 

were isolated from the seed samples have been 

reported to be associated with soybean seeds by 

several authors (Moss and Smith, 2006; Shovan et 

al., 2008; Ramesh et al., 2013; Ibrahim, 2015; 

Venugopal et al., 2015). Furthermore, all seed 

treatments suppress the prevalence of the pathogens 

that were associated with soybean seeds. Reduction 

in fungal prevalence by the individual seed treatment 

could be attributed to the effect of the active 

ingredients in reducing the primary source of disease 

inoculum in the seeds (Amare et al., 2014).  

Seed treated with fungicide revealed a reduction in 

pathogen severity (Scherm et al., 2012). This show 

the effectiveness of the various treatments because 

each treatment was able to reduce the fungal 

population which suggest that these chemicals can 

prolong the storability of soybean seeds. 

Interestingly, seed samples treated with Monceren 

GT 390 for a 90-day period was very effective in 

reducing Alternaria spp., Aspergillus flavus, 

Aspergillus niger, Cercospora spp. Curvularia spp., 

Macrophomina phaseolina and Penicillium spp. to a 

lower prevalence due to the active ingredient 

(Imidacloprid and Pencycuron) inhibiting fungal 

inoculum (Table 4). All fungal pathogens were 

reduced to a lower prevalence when seeds were 

treated with Insector T 45 (Table 4) which could be 

due to the effect of the active ingredient 

(Imidacloprid and Thiram) in reducing fungal 

inoculum. Thiram has been reported to be effective 

in suppressing pre- and post–emergence of damping-

off where cultivars were artificially inoculated with 

Fusarium graminearum Group 1 (Lamprecht et al., 

1990). Similarly, Solanke et al., (1997) detected that 

pre- and post-emergence mortality caused by 

Aspergillus spp., F. moniliforme, Curvularia lunata, 

A. alternate and Penicillium spp. were controlled 

using thiram. Interestingly, combination of thiram 

and procloraz application suppresses mycelial 

growth of some Fusarium species (Song et al., 2004) 

and that of thiram and carboxim effectively reduced 

Gaeumannomyces zeae (Southwell et al.  2003). In 

this study, neem seed extract was effective in 

managing the fungal pathogens that were isolated 

(Howlader, 2003).  

The reduction of these pathogens could probable be 

the azadirachtin property in the neem seed extract 

proven to inhibit the incidence of Fusarium 

moniliforme and other seed-borne fungal infections 

in sorghum (Masum et al., 2009). Similarly, 

Macrophomina phaseolina associated with seeds 

were controlled with neem extract (Dubey et al., 

2009; Javaid and Saddique, 2011). Mondall et 

al., (2009) also reported that seed treatment with 

garlic extract, neem, gagra, vatpata, Bishkatali 

leaf extracts reduced seed-borne prevalence and 

increased germination percentage of wheat seeds. 

Germination and seedling vigour analysis that
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Germination and seedling vigour analysis revealed 

that all seed treatment improved seed germination 

and seedling vigour compared with untreated seed 

(Figure 2, Figure 3) due to the effectiveness of the 

active ingredients in the treatments (Mancini and 

Romanazzi, 2014). Higher germination recorded 

could be an indication that the treatments protected 

the seedling against phytopathogens (Taye et al., 

2013). Increased in seed vigour index in treated seeds 

of tomato, rice, castor and chickpea seeds has been 

reported (Jamadar and Chandrashekar, 2015; Patil et 

al., 2015). Germination percentage and seedling 

vigour of seeds treated with Monceren GT 390 FS 

increased compared with the untreated at the end of 

the 90 days. This increment observed could be 

attributed to the reduction in fungal prevalence by the 

seed treatment. Similarly, Patil et al. (2015) and 

Sivparsad et al. (2014) reported that seed treatment 

of sesame and chickpea seeds increased germination 

percentage similar to that observed in this current 

study. Seeds infected with pathogens may result in 

poor seed germination and seedling vigour as 

untreated seeds are mostly infected with pathogens 

resulting in poor seed germination and seedling 

vigour. Besides, seed-borne pathogens such as 

Curvualria lunata and Fusarium spp. have been 

reported to cause reduction in seed germination in 

pearl millet cultivar (Ijaz et al., 2001).  Seed treated 

with Insector T 45 resulted in significant increase in 

germination and seedling vigour compared to 

untreated seeds. Seed treated with thiram has proved 

to be effective in improving maize viability and 

emergence (Pinto, 1997) and increased germination 

and emergence of pea seeds by 33% and 29% 

respectively (Xue, 2003). High germination 

percentage and emergence were recorded on maize 

seeds treated with combined thiram and carboxim 

(Southwell et al., 2003). Seed treatment with garlic 

extract enhanced effective control seed-borne fungal 

pathogens and improved germination from 60.65% 

in untreated to 75.5% in treated seeds as well as 

seedling vigour. Garlic contains an active ingredient 

called allicin, which serves as a precursor for 

biosynthesis of sulphur compounds including ajoene, 

allyl sulfides, and vinyldithiins (Koscielny et al., 

1999). Scientifically, garlic has been confirmed as a 

natural antibiotic, antiviral and antifungal agent 

(Michelle, 2003). Allicin in garlic extract suppress 

rice seed-borne pathogens (Mansur et al., 2013) and 

application of garlic extract reduced Bipolaris 

sorokiniana and Drechslera tritici-repentis infection 

on two wheat cultivars (Perelló et al., 2013). Mansur 

et al. (2013) reported an increase germination of rice 

seeds treated with garlic extract from 67.68% in 

untreated to 91.67% in treated seeds. However, low 

germination percentage recorded on untreated 

seeds could be as a result of the high fungal 

infection (Islam and Monjil, 2016a). The 

pathogenicity test revealed that four fungal 

isolates inoculated onto the plants proved to be 

pathogenic as all inoculated plants developed 
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disease symptoms of the individual fungal isolate. 

Re-isolation of fungal pathogens from diseased 

plants confirmed that these fungi were the causal 

organism of the observed symptoms. Soybean plants 

inoculated with Macrophomina phaseolina 

developed symptoms such as leaf spots, wilting and 

defoliation. Lower stems of infected plants also 

showed brown lesions, with black strips when cut 

open. Similar results have been reported, when 

pathogenicity test was conducted on adzuki bean 

with isolate of Macrophomina phaseolina (Gupta and 

Chauhan, 2005; Sun et al., 2015; Mishra, 2017). The 

adzuki bean showed symptoms of leaf chlorosis, 

wilting, stunted growth, withering, dried leaves as 

well as dark microsclerotia on the stem. Also, plants 

inoculated with isolate of Alternaria spp. exhibited 

symptoms of chlorosis, dark brown lesions on the 

leaves and ultimately infected leaves withered and 

dropped. Similar result was reported by Carla (2013), 

who observed brown spot and small brown lesion on 

the basal leaves of potato plants when inoculated 

with Alternaria alternate resulting in premature leave 

drop. Nayyar et al., (2017), also observed similar 

result on sesamum indicum. A. solani has been 

reported to cause premature defoliation when the 

entire leaf lamina became necrotic, even in the 

absence of petiole lesions (Vloutoglou and 

Kalogerakis, 2000). A. macrospora has been reported 

to cause premature defoliation which affected yield 

(Spross-Blickle et al., 1989). Furthermore, plants 

inoculated with inoculum of Cercospora spp. showed 

symptoms of leaf chlorosis and lesions on the leave 

surfaces resulting in wilting and defoliation. This 

study agrees with reports by Poornima (2010), who 

observed symptoms of brown to dark brown spots on 

the upper leaves of Betavulgaris during a 

pathogenicity test conducted using isolates of 

Cercospora beticola. In the same way, Lartey et al. 

(2005) reported similar symptoms on safflower. 

Plants inoculated with Fusarium spp. showed high 

incidence which resulted in complete wilting by the 

end of the study period. Besides, inoculated plants 

exhibited foliar symptoms including chlorosis, 

wrinkling and defoliation as well as infected roots 

had rot resulting in complete wilting and drying up 

of the plants. These results suggest that these 

pathogens are indeed associated with soybean seeds 

although further studies in required to elucidate how 

these pathogens infect the seed. 

 

5.0 CONCLUSION 

All eleven seed samples were found to be associated 

with eight fungal genera, comprising of four 

pathogenic; Cercospora spp, Alternaria spp., 

Fusarium spp., Macrophomina phaseolina, and five 

saprophytic; Curvularia spp., Aspergillus niger, 

Aspergillus flavus, Rhizopus stolonifer and 

Penicillium spp Rhizopus stolonifera and their 

prevalence vary from location to location. Treatment 

of seed with chemicals and botanicals significantly 

reduced the fungal prevalence as well as enhanced 

germination and seedling vigour of treated seeds 

samples, thus enhancing seed quality and promoting
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the attainment of food security in Ghana.  

 

ACKNOWLEDGEMENT 

We are grateful to the German Academic Exchange 

Services (DAAD) and the West Africa Centre for 

Crop Improvement for funding this study. 

 

 

REFERENCES 

Adjei, J. (2011). Investigation into fungal seedborne 

pathogens of farmer-saved seed maize 

(Zea mays L.) collected from three 

ecological zones of Ghana and efficacyof 

plant extracts in controlling the 

pathogens (Doctoral dissertation). 

Akranuchat, P., Noimanee, P., Krittigamas, N., 

Horsten D.V. and Vearasilp. S. (2007). 

Control of seed borne fungi by radio 

frequency heat treatment as alternative seed 

treatment in barely (Hordeum vulgare). 

Conference on International Agricultural 

Research for Development. October 9-11. 

University of Gottingen, Germany. 

Anderson, P. K., Cunningham, A. A., Patel, N. G., 

Morales, F. J., Epstein, P. R., & Daszak, P. 

(2004). Emerging infectious diseases of 

plants: pathogen pollution, climate change 

and agrotechnology drivers. Trends in 

ecology & evolution, 19(10), 535-544. 

Anwar, S. A., Abbas, S. F., Gill, M. M., Rauf, C. A., 

Mahmood, S., and Bhutta, A. R. (1995). 

Seed borne fungi of soybean and their 

effect on seed germination. Pakistan 

Journal of Phytopathology (Pakistan). 

Carla Marias (2013). Effect of Inoculum Source, 

Alternaria Host and Cultivar on 

Development of Brown Spot and Black pit 

of Potatoes in South Africa. Thesis 

Submitted to University of Pretoria. 

Dawson, W. A. J. M., and Bateman, G. L. (2001). 

Fungal communities on roots of wheat and 

barley and effects of seed treatments 

containing fluquinconazole applied to 

control take‐all. Plant Pathology, 50(1), 

75-82. 

Dubey, R.C., Kumar, H.and Pandey, P.R. (2009). 

Fungi toxic effect of neem extracts on 

growth and sclerotial survival of 

Macrophomina phaseolina in vitro. 

Journal of Animal Science, 5: 17-24. 

Food and Agriculture Organization of the United 

Nations (2014). FAOStat. Retrieved from 

http://faostat.fao.org/default.aspx?lang=e

n. 

Gao, X., Wu, M., Xu, R., Wang, X., Pan, R., Kim, H. 

J., & Liao, H. (2014). Root interactions in 

a maize/soybean intercropping system 

control soybean soil-borne disease, red 

crown rot. PLoS One, 9(5), e95031. 

 

Science and Development 
Volume 7, No. 2, November 2023 
ISSN: 2821-9007 (Online) 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  138 

http://faostat.fao.org/default.aspx?lang=en
http://faostat.fao.org/default.aspx?lang=en


 

Gupta, G. K., and Chauhan, G. S. (2005). Symptoms, 

identification and management of soybean 

diseases. National Research Centre for 

Soybean, Indian Council of Agricultural 

Research. 

Gupta, I.S., Schmittener, A.F. and Mc. Donald, M.B. 

(1993). Effect of storage fungi on seed 

vigour of soybean. Seed Sci. and Tech. 21: 

581-589. 

Howlader, A. N. (2003). Effect of seed selection and 

seed treatment on the development of 

phomopsis blight and fruit rot of eggplant. 

An M.S. Thesis submitted to the Dept. of 

Plant Pathology, BAU, Mymensingh. pp. 

40-68. 

Ibrahim, E. A. M. (2015). Effect of some treatments 

on seed health and viability of soybean. 

Plant Pathology Journal, 14(4), 158. 

Ijaz, A., Anwar, S. A., Riaz, A., and Khan, M. S. A. 

(2001). Seed borne pathogens associated 

with wheat seed and their role in poor 

germination. Pakistan Journal of 

Phytopathology, 13(2), 102-106. 

International Institute of Tropical Agriculture, 

(2009). Soybean Overview. Summary. 

5pp. 

Islam, M. M., and Monjil, M. S. (2016). Effect of 

aqueous extracts of some indigenous 

medicinal plants on sheath blight of rice. 

Journal of the Bangladesh Agricultural 

University, 14(1), 7-12. 

Jamadar, M. I., and Chandrashekhar, S. (2015). 

Effect of chemical and biological seed 

treatments on germination performance of 

GCH-7 hybrid castor (Ricinus communis 

L.). The Bioscan, 10(1), 37-41. 

Javaid, A., and Saddique, A. (2011). Management of 

Macrophomina root rot of mungbean using 

dry leaves manure of Datura metel as soil 

amendment. Spanish Journal of 

Agricultural Research, 9(3), 901-905. 

Khan, M. J., Iqbal, T. M. T., Kabir, M. A., 

Muhammad, N. and Islam, M. R., (2015). 

Quality assessment of yard long bean 

(Vigna unguiculata) seeds through the 

controlled deterioration technique. 

International Journal of Agronomy and 

Agricultural Research, 7 (4): 117-127. 

Koscielny, J., Klüssendorf, D., Latza, R., Schmitt, R., 

Radtke, H., Siegel, G., and Kiesewetter, H. 

(1999). The antiatherosclerotic effect of 

Allium sativum. Atherosclerosis, 144(1), 

237-249. 

Kubiak, K., and Korbas, M. (1999). Occurrence of 

fungal diseases on selected winter wheat 

cultivars. Postepy Ochronie Roslin, 39(2), 

801-804.

 

Science and Development 
Volume 7, No. 2, November 2023 

ISSN: 2821-9007 (Online) 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  139 



 

Kulik, M. M., and Schoen, J. F. (1981). Effect of 

seedborne Diaporthe phaseolorum var. 

sojae on germination, emergence, and 

vigor of soybean seedlings. 

Phytopathology, 71(5), 544-547. 

Lakshmeesha, T.R., Sateesh, M.K. Vadashree, S. and 

Mohammad, S.S. (2013). Antifungal 

activity of some medicinal plants on 

soybean seed-borne Macrophomina 

phaseolina. Journal of Applied 

Pharmaceutical Science 3(02): 084-087.   

Lamprecht, S. C., Marasas, W. F. O., Knox-Davies, 

P. S., and Calitz, F. J. (1990). Seed 

treatment and cultivar reaction of annual 

Medicago species and wheat to Fusarium 

avenaceum and Fusarium graminearum 

Gr. 1. Phytophylactica, 22(2), 201-208. 

Lartey, R. T., Caesar-TonThat, T. C., Caesar, A. J., 

Shelver, W. L., Sol, N. I., and Bergman, J. 

W. (2005). Safflower: a new host of 

Cercospora beticola. Plant Disease, 89(8), 

797-801.

Lawson, I. Y. D., Mensah, E. A., and Yeboah, E. N. 

(2009). Improving the establishment and 

yield of soybean through planting depth 

and land preparation methods in northern 

Ghana. West African Journal of Applied 

Ecology, 14(1). 

Mancini, V., and Romanazzi, G. (2014). Seed 

treatments to control seedborne fungal 

pathogens of vegetable crops. Pest 

management science, 70(6), 860-868. 

Mansur A., Mehbub H., Kamrul H. and Chandra K. 

D. (2013). Efficacy of Different Plant 

Extract on Reducing Seed Borne Infection 

and Increasing Germination of Collected 

Rice Seed Sample. Universal Journal of 

Plant Science 1(3): 66-73. 

Masum, M. M. I., Islam, S. M. M., and Fakir, M. G. 

A. (2009). Effect of seed treatment 

practices in controlling of seed-borne 

fungi in sorghum. Scientific Research and 

Essays, 4(1), 022-027. 

Mathur, S. B., and Kongsdal, O. (2003). Common 

laboratory seed health testing methods for 

detecting fungi. 

Mbanya, W. (2011). Assessment of the constraints in 

soybean production: A case of Northern 

Region, Ghana. Journal of Developments 

in Sustainable Agriculture, 6(2), 199-214. 

Michelle, M. (2003). Garlic extract and two diallyl 

sulphides inhibit methicillin-resistant 

Staphylococcus aurens infection in mice. 

Journal of Antimicrobial Chemotherapy, 

52: 974-980. 

 

Science and Development 
Volume 7, No. 2, November 2023 
ISSN: 2821-9007 (Online) 

 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  140 



 

Mondall, N. K., Mojumdar, A. S. K., Chatterje, A., 

Banerjee, J. K. and Gupta, S. (2009). 

Antifungal activities and chemical 

characterization of neem leaf extracts on 

the growth of some selected fungal species 

in vitro culture medium. Journal of 

Applied Sciences and Environmental 

Management 13(1):49-53. 

Moss, M.O. and Smith, J.E. (2006). Mycotoxins: 

Formulation, Analysis and Significance. 

John Willey and Sons. Chichester, Britain, 

143.  

Nayyar, B. G., Woodward, S., Mur, L. A., Akram, 

A., Arshad, M., Naqvi, S. S., and Akhund, 

S. (2017). The incidence of Alternaria 

species associated with infected Sesamum 

indicum L. seeds from fields of the 

Punjab, Pakistan. The plant pathology 

journal, 33(6), 543. 

Oladimeji, A., Olusegun, S. B, Oluyemisi, B. F., 

Oluwatoyin, A. F., Aliyu, T. H. and 

Kassoum, O. K. (2016). Seed-Borne Fungi 

of Soybeans (Glycine Max [L.] Merr) in 

the Guinea Savannah Agroecology of 

Nigeria. Journal of Agricultural Sciences. 

Vol. 61, No. 1. Pages 57-68. 

Oshone, K., Gebeyehu, S., and Tesfaye, K. (2014). 

Assessment of common bean (Phaseolus 

vulgaris l.) Seed quality produced under 

different cropping systems by smallholder 

farmers in eastern Ethiopia. African 

Journal of Food, Agriculture, Nutrition 

and Development, 14(1), 8566-8584. 

Patil, V. B., Gawade, D. B., Surywanshi, A. P., and 

Zagade, S. N. (2015). Biological and 

Fungicidal Management of Chickpea Wilt 

caused by Fusarium oxysporum f. sp. 

ciceri. The Bioscan, 10(2), 685-690. 

Perelló, A., Gruhlke, M., and Slusarenko, A. J. 

(2013). Effect of garlic extract on seed 

germination, seedling health, and vigour of 

pathogen-infested wheat. Journal of plant 

protection research, 53(4), 317-323. 

Pickett, L. S. and Pruitt, J. D. (1989). Non-Chemical 

Methods for Controlling Diseases in the 

Home Landscape and Garden. Oklahoma 

Cooperative Extension Fact Sheets 

available on website: 

http://osufacts.okstate.edu. 

Pinto, N.F.J. DE A. (1997). Efficiency of fungicides 

in the treatment of maize seeds to control 

Fusarium moniliforme and Pythium sp. 

Pesquisa Agropecuria Brasileira 32: 797-

801. 

Poornima (2010). Studies on Cercospora beticola 

Sacc. Causing Leaf Spot of Palak (Beta 

vulgaris var. bengalensis Hort.). Thesis 

submitted to the University of Agricultural 

Sciences, Dharwad 

Science and Development 
Volume 7, No. 2, November 2023 

ISSN: 2821-9007 (Online) 

 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  141 



 

Ramannuj, P., Patel, D. R., and Pandey, A. K. 

(2014). Study on seed borne mycoflora 

of soybean, sorghum and groundnut of 

different zones of Madhya 

Pradesh. International Journal of Plant 

Protection, 7(1), 9-14. 

Ramesh, B. V., Hiremath, S. V., Naik, M. K., 

Amaresh, Y. S., Lokesh, B. K., and 

Vasudevan, S. N. (2013). Study of seed 

mycoflora of soybean from north eastern 

Karnataka. Karnataka Journal of 

Agricultural Sciences, 26(1). 

Roy, K.W., Baird, R.E. and Abney, T.S. (2000). A 

review of soybean (Glycine max) seed, 

pod, and flower mycofloras in North 

America, with methods and a key for 

identification of selected fungi. 

Mycopathologia. 150:15-27. 

Sauvant, D., Perez, J., andTran, G. (2004). Tables of 

composition and nutritional value of feed 

materials. Second revised and corrected 

edition ed. 

Shovan, L. R., Bhuiyan, M. K. A., Sultana, N., 

Begum, J. A., and Pervez, Z. (2008). 

Prevalence of fungi associated with 

soybean seeds and pathogenicity tests of 

the major seed-borne 

pathogens. International Journal of 

Sustainable Crop Production, 3(4), 24-33. 

Shurtleff, W., and Aoyagi, A. (2007). The soybean 

plant: Botany, nomenclature, taxonomy, 

domestication and dissemination. Soy info 

Center, California, 40pp. 

Sivparsad, B. J., Chiuraise, N., Laing, M. D. and 

Morris, M. J., (2014). Negative effect of 

three commonly used seed treatment 

chemicals on biocontrol fungus 

Trichoderma harzianum. African Journal 

of Agricultural Research, 9 (33): 2588-

2592. 

Solanke, R. B., Kore, S. S., and Sudewad, S. M. 

(1997). Detection of soybean seed borne 

pathogens and effect of fungicides. Journal 

of Maharashtra Agricultural 

Universities, 22(2), 168-170. 

Song, W., Zhou, L., Yang, C., Cao, X., Zhang, L., 

and Liu, X. (2004). Tomato Fusarium wilt 

and its chemical control strategies in a 

hydroponic system. Crop 

protection, 23(3), 243-247. 

Southwell, R.J., Moore, K.J., Manning, W., and 

Haymna, P.T. (2003). An outbreak of 

Fusarium head blight of durum wheat on 

the Liverpool plain in Liverpool plain in 

Northern New South Wales in 1999. 

Australian Plant Pathology 32: 465-471. 

 

Science and Development 
Volume 7, No. 2, November 2023 
ISSN: 2821-9007 (Online) 

 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  142 



 

Spross-Blickle, B., Rotem, J., Perl, M., and Kranz, J. 

(1989). The relationship between 

infections of the cotyledons of Gossypium 

barbadense and G. hirsutum with 

Alternaria macrospora and cotyledon 

abscission. Physiological and molecular 

plant pathology, 35(4), 293-299. 

Statistics, Research and Information Directorate, 

SRID of Ministry of Food and Agriculture. 

(2012). Production Estimates. Accra, 

Ghana. 

Sun, S., Wang, X., Zhu, Z., Wang, B. and Wang, M. 

(2015). Occurrence of Charcoal Rot 

Caused by Macrophomina phaseolina, an 

Emerging Disease of Adzuki Bean in 

ChinaJournal of Phytopathology. Pp (1-5). 

Taye, W., Laekemariam, F., and Gidago, G. (2013). 

Seed germination, emmergence and 

seedlings vigor of maize as influenced by 

pre-sowing fungicides seed treatment. J 

Agric Res Dev, 3(3), 35-41 

Venugopal Rao T., Rajeswari, B., Keshavulu, K., and 

Sandeep Varma V. (2015). Studies on 

Seed borne Fungi of Soybean. SSRG 

International Journal of Agriculture & 

Environmental Science (SSRG-IJAES), 

2(1), 16-24. 

Vloutoglou, I., and Kalogerakis, S. N. (2000). Effects 

of inoculum concentration, wetness 

duration and plant age on development of 

early blight (Alternaria solani) and on 

shedding of leaves in tomato plants. Plant 

pathology, 49(3), 339-345. 

Xue, A. G. (2003). Biological control of pathogens 

causing root rot complex in field pea 

using Clonostachys rosea strain 

ACM941. Phytopathology, 93(3), 329-

335.

 

 

 

 

 

Science and Development 
Volume 7, No. 2, November 2023 

ISSN: 2821-9007 (Online) 

 

Eleblu et al., 2023 • Detection, Identification and Management of Seed-born fungal Pathogens on farmer …  143 


