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Abstract – The effect of Thiram, benomyl and the mixture 

of the two fungicides was studied on Curvularia lunata

Fusarium semitectum which were isolated from the seeds of 

cowpea (Vigna unguiculata (L.) Walp). The radial growth of 

the two pathogens on potato dextrose agar (PDA) was 

significantly reduced at all concentrations of the tested 

fungicides. The fungi toxic effects of the fungicides were 

expressed at a concentration as low as 0.1 ppm. The two 

fungicides and their mixture became fully fungicidal causing 

100% inhibition of spore germination in both fungi at 

concentrations of (1.000 and 10.00ppm). Sporogenesis was 

similarly 100% inhibited in F. semitectum

concentrations but in the case of C. lunata

inhibition was achieved at 10.000 ppm. A mixture of these 

fungicides was found to be more effective and potent than 

when they were used single under the same experimental 

conditions. 

 

Keywords – Fungicide, Radial Growth, Sporulation 

Density, Spore Germination, Pathogens. 

 

INTRODUCTION 
 

Cowpea (Vigna unguiculata (L.) Walp is a major food 

crop grown in many African countries. The grains are well 

known for their protein content (20 – 

good source of cheap plant protein to resource

can hardly afford animal proteins from fish

and eggs (IITA, 1984; Anderson, 1985). Cowpea is very 

rich in minerals, oils, fats and vitamins. The plant leaves, 

husk and other by-products are used to feed livestock and 

a good delicacy in Nigeria, where it may be consumed as 

moi-moi or akara (bean cake), “gbegiri soup” among the 

Egbas in Ogun State, Nigeria. The crop 

tropical and sub-tropical region of the world on diverse 

soil types and conditions (Alghali, 1991). The yield

generally low (Olatunde et al, 1991) and tota

and crop failure may occur due to activities of some 

pathogenic fungal pathogens which decimates the crop in 

the field, storage and at various stages of growth.

Seeds of various crop plants have been .implicated in. 

the spread of diseases, with attendant .yield losses, if they 

are not treated to inhibit or destroy deep

organisms in or on seeds, and to protect the seeds and 

emerging seedlings from-both soil and .seed

pathogens. In some cases death of individual plants 

particularly from legume in the tropics occur, when th

seeds are not treated (Allen, 1995). 

Fungi have become important experimental tools for 

studies of fundamental biological processes.

1993) and some of them have been reported to
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fungicides. The fungi toxic effects of the fungicides were 

expressed at a concentration as low as 0.1 ppm. The two 

fungicides and their mixture became fully fungicidal causing 

inhibition of spore germination in both fungi at 
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(L.) Walp is a major food 

crop grown in many African countries. The grains are well 

 30%) and a very 

good source of cheap plant protein to resource-poor who 

can hardly afford animal proteins from fish, meat, milk 

and eggs (IITA, 1984; Anderson, 1985). Cowpea is very 

rich in minerals, oils, fats and vitamins. The plant leaves, 

are used to feed livestock and 

a good delicacy in Nigeria, where it may be consumed as 

“gbegiri soup” among the 

The crop is grown in the 

tropical region of the world on diverse 

soil types and conditions (Alghali, 1991). The yields are 

1991) and total yield losses 

and crop failure may occur due to activities of some 

pathogenic fungal pathogens which decimates the crop in 

the field, storage and at various stages of growth. 

Seeds of various crop plants have been .implicated in. 

ith attendant .yield losses, if they 

are not treated to inhibit or destroy deep-seated pathogenic 

ds, and to protect the seeds and 

soil and .seed-borne 

cases death of individual plants 

tropics occur, when the 

Fungi have become important experimental tools for 

studies of fundamental biological processes. (Taylor et al, 

hem have been reported to-be 

responsible for reduced agriculture production (Trutmann

et al, 1993). Benomyl and thiram have been widely used, 

as fungicides against varied species .of pathogenic fungi of 

various crop plants. (Ventural 

1975; El-Nagar et al, 1990; Subrahm

1994) 

Cowpea fungal diseases of e c o n o m i c  

the tropics include cowpea anthracnose induced by 

Colletotrichum lindemutianum

profuse sporulation in susceptible

varieties does not sporulate or

Emechebe and Shoyinka 1985), transmitted through

(Emechebe and. MacDonald 1979; Qure

Seed rot and seedling mortality caused

was reported to reduce germination in India (P

1985). Ascochyta blight was reported as one of

diseases of cowpea-in African, 

(Emechebe and Shoyinka 198

Kannaiyam et al., 1987). Black leaf spot a

occurs widely in tropical Africa, C

India and Nepal (Vakili, 1978; Rios

induced by Colletotrichum species is primarily seed 

transmitted and survives harsh dry season weather in seed 

(Alabi, and Emechebe 1992; Emechebe, 1981

is reputed for having or susceptible to numerous fungal 

pathogen which may be seed borne, soil borne, air borne 

or transmit from one plant species to another. Among th

widely and well distributed pathogens common 

encountered on cowpea include: 

Colletotrichum spp. Fusarium

Penicillium spp, Aspergillus

Phytophotra spp which causes various diseases ranging 

from, rot, damping-off, seed decay, anthracnose, blight, 

seedling mortality, leaf spot, scab, brown blotch etc 

(Allen, et al., 2004; Florini, 1997; Amadioha, 1999; 

Ajibade and Amusa, 2001; Adejumo and Ikotun, 2003

Bosah, 2013). 

This study was carried out 

thiram, a dithiocarbarmate, non

benomyl, a benzimidazole systemic fungicide used e

singly, or as a mixture against

germination and sporulation density of

C. lunata in culture. 

 

II. MATERIALS AND 

  

The seed borne fungi (Curvularia lunata

semitetcum) used for this study were isolated, from 

Cowpea seeds. Identification was made 
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their growth habits and characteristics. These were further 

confirmed by examining slide preparations of the 

spores/mycelia using binocular light microscope with the 

aid of “Illustrated General of Imperfect Fungi”, (Barnette 

and Hunter, 1972). 

Potato dextrose agar (PDA) was the substrate used to 

culture the fungi species. This was sterilized in the 

autoclave at a temperature of 12°C (1.1 kg/cm

for 15 minutes. Media which were not immediately used 

were stored in the refrigerator. Glasswares were wrapped

with aluminum foil and sterilized in the oven at 160°C for 

24 hours while inoculating needles were sterilized in the 

oven at 160°C for 24 hours while inoculating needles were 

sterilized in a flamed spirit lamp. 

Benomyl, thiram solutions and chemical media
Stock solution of 10,000ppm formulated product 

(2g/100ml sterile distilled water) was used. Serial dilutions 

of 1,000ppm, l00ppm, l0ppm, 1 ppm and 0.1 ppm were 

prepared by adding 50ml of stock solution (10,000ppm) to 

450ml sterile distilled water to obtain 1,000ppm; 50ml of 

1,000ppm was added to another 450ml sterile water to get 

100ppm. Similar transfers were made to obtain l0ppm, 

1ppm and 0.1ppm. 

For the fungicide PDA medium containing, 1,000ppm, 

l00ppm, l0ppm, 1ppm and 0.1ppm, 10,000ppm thiram (T) 

and Benomyl (B) dilution series (I.0ml PDA

benomyl mixture to 9ml agar blanks) were prepared. 

Plates for each chemical concentrations and those without 

the fungicides (controls) were replicated four times each 

and placed in a complete randomized block design manner 

in the inoculating chamber for two clays to ensure absence 

of contaminants in the plates. 

Effect of thiram and benomyl on radial growth of 

lunata and F. semitectum 
Investigating the effect of Thiram and benomyl on radial 

growth of C. lunata and F. semitectum, a flamed

5mm diameter cork borer was used to cut mycelial discs 

from 2-day old culture of the two species of fungi and 

transferred to the center of PDA containing different 

concentrations of seed-dressing fungicides. Bott

Petri dishes were marked with two perpendicular lines 

along the center for easy measurement and 

were similarly .inoculated with the test fungi co

fungicides. Treatment consisted of four replicates which 

were incubated at 25±1°C for 3 days. Radial growth was 

measured .in two directions along the perpendicular

and mean for each colony calculated. 

Fungicides effect on spore germination of 

and F. semitectum 
To determine the effect of the fun

germination of C. lunata and F. semitectum, 

sporulating culture of each fungus was washed and

in test tubes and centrifuged at l,000ppm for a minute

sedimented spores after decanting the. supernatants were 

re-suspended in 2ml sterile water-to give 

of 2 x 10
3
 spores/ml (C. lunata) and 2 x 10

semitectum). A ml of each spore suspension was added to 

9ml sterile distilled water (control) shaken thoroughly to 

obtain uniform suspension of thiram and benomyl. Drop of 

the concentration were placed separately in 

Copyright © 2015 IJAIR, All right reserved 

48 

International Journal of Agriculture Innovations and Research

Volume 4, Issue 1, ISSN (Online) 2319

growth habits and characteristics. These were further 

confirmed by examining slide preparations of the 

spores/mycelia using binocular light microscope with the 

perfect Fungi”, (Barnette 

PDA) was the substrate used to 

gi species. This was sterilized in the 

(1.1 kg/cm
2
 pressure) 
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benomyl mixture to 9ml agar blanks) were prepared. 

Plates for each chemical concentrations and those without 

des (controls) were replicated four times each 

and placed in a complete randomized block design manner 

in the inoculating chamber for two clays to ensure absence 
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, a flamed-sterilised 

5mm diameter cork borer was used to cut mycelial discs 

day old culture of the two species of fungi and 
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dressing fungicides. Bottom of the 

dishes were marked with two perpendicular lines 

center for easy measurement and control plates 

were similarly .inoculated with the test fungi containing no 

our replicates which 

°C for 3 days. Radial growth was 

perpendicular lines 

Fungicides effect on spore germination of C. lunata 

To determine the effect of the fungicides on spore 

emitectum, the PDA-

fungus was washed and
 
filtered 

centrifuged at l,000ppm for a minute. The 

er decanting the. supernatants were 

to give a concentration 

and 2 x 10
1
 spores ml (F. 

suspension was added to 

shaken thoroughly to 

thiram and benomyl. Drop of 

the concentration were placed separately in different glass 

slides and incubated in petri dish moist chambers at 25 

1°C. Each treatment had four repl

incubated for 12 hours. To stop further germination of the 

spore, a drop of lactophenol in cotton blue was added; 

cover slides were placed on each drop and germination 

count taken under low power light m

counter. 

Thiram and benomyl effect on sporulation density of 

C. lunata and F. semitetcum 
Investigation of the effect of Thiram and Benomyl on 

sporulation density of C. lunata

carried out with 5mm-diameter mycelial discs from a 2

day old non-sporulating cultures of the test fungi on PDA. 

Different concentration of the fungicides in PDA were 

obtained by serial dilution from the stock of 10,000pp. 

PDA plate that served as controls were pure PDA without 

the test fungicides and were inoculated with 

Each treatment had four replication

randomized complete block design at room temperature

(25°C) and diffused sunlight. Sporulat

determined 6 days after incubation with

slide. Ten 5mm-diameter discs were randomly

transferred to 5ml distilled water in test 

shaken to dislodge the spores into the water.

mycelium-spore suspension was filtered 

spore suspension and final volume

sterile water. Three drops of each 

examined and counted in 10 large square/ml and (X) was 

calculated thus: 

 
X Nv

V

−

 

where 

N = means no of spore in the large square counted, 

v = l ml= 1000mm
3
 and V =

under cover slip (0.1 x l/25mm
3

 

III. RESULTS

 

The effect of thiram and benomyl

two fungicides on radial- growth

C. Iunata (Table I) showed significant reduct

radial growths of the two pathogenic f

concentrations. The degree of inhibiti

significantly with successive increase in the

of fungicides applied. 

At 10,000ppm, the combination of t

gave a radial growth of 2.0mm which was significantly 

reduced than when they were used singly i.e. 

4.5mm for thiram and benomyl respec

semitectum. The same trend was obtained with 

which gave 2.3mm, 1.5mm and for 

the combination respectively. There was no significant 

difference in the degree of inhibition by benomyl alone, 

and the mixture but this was significantly lower whe

thiram was singly used at (P = 0.05).

Results on the effect of thiram, benomyl a

of the two on spore germination o

lunata is presented in Table 2). 

germination of the spore reduced significantly w

successive increase in the concentrations of the 
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incubated for 12 hours. To stop further germination of the 

spore, a drop of lactophenol in cotton blue was added; 

cover slides were placed on each drop and germination 

count taken under low power light microscope with a tally 
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design at room temperature 

sunlight. Sporulation density was 

ubation with haemacytometer 

discs were randomly cut and 

distilled water in test tubes, manually 

dge the spores into the water. Agar-

suspension was filtered to obtain pure 

volume made up to 5ml with 

sterile water. Three drops of each suspension were 

ed in 10 large square/ml and (X) was 

N = means no of spore in the large square counted,  

and V = volume of suspension 
3
). 
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for, F. semitectum. At 1000ppm – 10,000

100% inhibition of spore germination in

the same trend and pattern of significant decrease in 

germination of the spores of F. semitectum

inhibition at 100ppm and 10,000ppm. It was however 

observed that benomyl had higher inhibitor

than thiram alone on both fungi but their individual 

inhibitory effect was lower than, when the mixture

two was applied. 

On sporulation density of F. semitectum and C. lunata 

with the different chemical treatments (Table 

were significant decreases with each successive increase

the concentrations of the seed dressing

were used singly or in combination against the test fun

in culture. At 100ppm there was complete stoppage of 

sporulations when the combination of the

used. 100% inhibition of sporulation was achieved at 

1000ppm for all the chemical treatments on the test fungi 

except C. lunata with 0.63 X 10
5
 sporula

treated with 1000ppm of thiram alone which nonetheless 

was not significantly higher than results obtained with the 

same concentration of benomyl or in combination.

 

IV. DISCUSSION 
 

The fungicidal effects of thiram and benomyl appl

singly or in combination were expressed at con

as low as 1.0ppm. Radial growth of F. semitectum

lunata at this concentration were significantly reduced at 

(P = 0.05) compared to growth on fungici

medium. Optimum temperature for radial growth in 

artificial culture of some species of fungus particularly 

Collectotrichum has been reported to be 25°

Emechebe, 1992) which was the temperature at which the 

test fungi were cultured, inhibition of Curvularia

was equally reported in culture when benomyl

were applied (Fajemisin and Okunyemi 

1986, Emechebe et al., 1994). Growth of the test

were significantly reduced with successive increase in th

concentration of the fungicides. 

At concentration of 0.1 ppm and 100

germination of F. semitectum and 

significantly reduced when compared with control 

experiment. At higher concentration (1000ppm and 

10000ppm) these chemical either alone or in 

became fully fungicidal causing 100% inhibition

germination in the two test fungi in .culture. In 

sporulation studies (Tables 3), all tested concentration of 

the fungicides significantly inhibited con

culture. At 100ppm and 10000ppm sporegenesis

100% inhibited in F. semitectum by either thiram or

benomyl alone or in optimum temperature of 25

sporulation (Alabi and Emechebe, 1992). 

it is evident that the .combination of the seed dressing 

fungicides is more potent and effective on 

and C. lunata than when they were used separately under 

the same experimental condition. Combination of seed 

dressing fungicides, a viable option for peasant farmers in 

West Africa has been applauded than when used singly 

because of the wide spectrum of activity against fungal 
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an thiram alone on both fungi but their individual 
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F. semitectum and C. lunata 

with the different chemical treatments (Table 3), there 

successive increase in 

seed dressings when fungicides 

were used singly or in combination against the test fungi 

ppm there was complete stoppage of 

the combination of the fungicides was 

ion was achieved at 

ents on the test fungi 

sporulation density when 

ppm of thiram alone which nonetheless 

han results obtained with the 

of benomyl or in combination. 

 

iram and benomyl applied 

re expressed at concentration 

F. semitectum and C. 

were significantly reduced at 

fungicide free agar 

for radial growth in 

fungus particularly 

be 25°C (Alabi and 

s the temperature at which the 

inhibition of Curvularia species 

benomyl and thiram 

nyemi 1976, Ogundana 

94). Growth of the test fungi 

with successive increase in the 

100ppm, the spore 

and C. lunata were 

red with control 

experiment. At higher concentration (1000ppm and 

ppm) these chemical either alone or in combination 

gicidal causing 100% inhibition of spore 

two test fungi in .culture. In the 

tested concentration of 

nidial production in 

ppm sporegenesis was 

by either thiram or 

perature of 25°C for 

1992). From this study, 

it is evident that the .combination of the seed dressing 

more potent and effective on F. semitectum 

n when they were used separately under 

condition. Combination of seed 

able option for peasant farmers in 

has been applauded than when used singly 

um of activity against fungal 

diseases (Emechebe et al., 1994). Th

been reported effective against the growth of many fungi 

species, such as Phythium, Corticium, Macrophomina

Fusarium, Curvularia, Alternaria

remarkable reduction in cowpe

production when not timely controll

Ventural et al, 1970; Allison 

appeared more potent, effective and of wider spectrum 

than thiram when applied alone

The study has established these fungicides 

inhibitors to mycelial growth

sporulation of the test fungi, the effects of which were 

concentration dependent. It is therefore recommended that

farmers who wish to embark on cu

production of cowpea are encouraged to combine thir

and benomyl as seed dressing

potency against activity of fungi pathogens. 
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Thiram and Benomyl effects on radial growth of Fusarium semitectum and Curvularia

Radial Growth (mm)** 

F. semitectum C. lunata

Benomyl T+Ben Thiram Benomyl

70.3a (a) 59.0b (b) 30.5b (c) 42.5b (b)

56.0b (a) 32.6c (b) 20.0c (c) 23.8c (c)

37.8c (a) 18.5d (b) 16.1c (b) 15.0d (b)

29.8d (a) 13.3e(c) 11.3d (c) 11.0de (c)

11.8e (a) 5.5f (c) 9.3d (h) 6.3ef (c)

1.5f (b) 20.0f(c) 2.3e (c) 1.5f (d)

74.8a (a) 74.8a (a) 49.3a (b) 49.3a (b)

replications/concentration after 72 hours. Column means followed by same letter are not significant at 5% while means 

in rows followed by the same letter in parenthesis are not equally significantly different at 5% separation by Duncan’s New M

Table 2: Thiram and Benomyl effects on spore germination of Fusarium semitectum and Curvularia lunata

Germination percentage (%**) 

F. semitectum C. lunata

Benomyl T+Ben Thiram Benomyl

44.0b (b) 40.0b (c) 43.0b (b) 39.5b

28.5c (b) 27.0c (b) 30.0c (a) 2

17.5d (b) 13.5d (c) 17.0d (b) 1

6.0e (b) 2.0e(d) 9.0c (a) 

0.0f (a) 0.0f (a) 0.0f (a) 

0.0f (b) 0.0f (a) 0.0f (a) 

100a (a) 100a (a) 100a (a) 100

2 hours after incubation. Column means followed by same letter are not significant at 5% 

means follow by same letter in parenthesis are not different. 

Table 3: Thiram and Benomyl effects on sporulation density of Fusarium semitectum and Curvularia

Radial Growth (mm)* 

F. semitectum C. lunata

Benomyl T+Ben Thiram Benomyl

10.25b (a) 8.55b (b) 9.38b (a) 

5.81c (b) 3.50 (f) 5.63c (b) 4.33

1.75e (c) 0.75d (d) 2.81d (b) 1.

0.50ef (b) 0.0c (c) 1.25d (b) 0

0.00ef (b) 0.0c (b) 0.63ef (a) 

0.0f (b) 0.0c (a) 0.0f (d) 0.0

20.75a (a) 20.75a (a) 15.69a (b) 1

*Means of 4 replicates/concentration 5 days after incubation. Column followed by same letter are significantly different from

means followed by the same letter in parenthesis are not equally different from each other at 5% 

probability separated by Duncan’s New Multiple Range Test. 
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Curvularia lunata in culture 

C. lunata 

Benomyl T + Ben 

42.5b (b) 28.3a (b) 

23.8c (c) 17.5c (d) 

15.0d (b) 12.8cd (c) 

11.0de (c) 7.5d (d) 

6.3ef (c) 2.0e (d) 

1.5f (d) 1.5e (d) 

49.3a (b) 49.3a (b) 

replications/concentration after 72 hours. Column means followed by same letter are not significant at 5% while means 

in rows followed by the same letter in parenthesis are not equally significantly different at 5% separation by Duncan’s New Multiple 

Curvularia lunata in culure. 

C. lunata 

Benomyl T + Ben 

39.5b (a) 34.0b (d) 

25.0c (e) 20.5c (d) 

13.5d (c) 8.5c (d) 

4.3e (c) 0.25ef (e) 

0.0f (c) 0.0f (a) 

0.0f (c) 0.0f (a) 

100a (a) 100a (a) 

. Column means followed by same letter are not significant at 5% 

Curvularia lunata in culture. 

C. lunata 

Benomyl T + Ben 

7.0b (c) 5.83b (d) 

4.33c (d) 2.75c (c) 

1.55d (f) 0.63dcc (d) 

0.23ef (d) 0.0e (e) 

0.0f (b) 0.0e (e) 

0.0ef (a) 0.0e (e) 

15.69a (b) 15.69a (b) 

*Means of 4 replicates/concentration 5 days after incubation. Column followed by same letter are significantly different from each 

means followed by the same letter in parenthesis are not equally different from each other at 5% 


