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Abstract

Carbendazim fungicide (50% SC) at four rates (0.1, 0.3, 1 and 3 mg/mL) was evaluated on in vitro radial

growth of mycelia of Fusarium oxysporum f.sp. lycopersici “strain F20” isolated from tomato

(Lycopersicon esculentum) and Colletotrichum capsici “strain C226.3” isolated from chilli (Capsicum

annum L). It was observed that the fungicide (Carbendazim) at all the concentrations tested inhibited

mycelial radial growth of the fungi. The optical density (OD) can be used to test the fungal growth

inhibitors and monitor the metabolism of culture medium by fungal pathogens. Inhibitory effect of the

carbendazim fungicide tested on mycelial radial growth was greatest at 3 mg/mL. Carbendazim EC50

proved to be highly toxic with no growth of F. oxysporum f.sp. lycopersici “strain F20” and C. capsici

“strain C226.3” in media containing respectively 0.55 and 0.35 mg/L. That inhibitory effect is fast to

strain C226.3 than to strain F20 at the lowest carbendazim concentrations (0.1 and 0.3 mg/L) while the

situation tends to reverse at the highest carbendazim concentrations (3 and 1 mg/L). These findings

suggested that high carbendazim concentrations tested possess antifungal activities against F. oxysporum

f.sp. lycopersici “strain F20” and C. capsici “strain C226.3”and could be associated to potential

antifungal agents for the control of fungal plant diseases.

Keywords: Fungicidal effect, mycelial growth, Fusarium oxysporum f.sp. lycopersici "strain F20",

Colletotrichum capsici "strain C226.3", in vitro.

1. Introduction

Phytopathogenic fungi are living organisms

responsible for nearly half of known diseases in

crop plants. In some of these fungi such as

Fusarium oxysporum and Colletotrichum

capsici, the vegetative system (or thallus)

consists of filaments (cylindrical tubular

branched or unbranched filaments) with apical

linear growth, whose diameter varies according

to species from 1-2 microns to over 50 microns

(Lepoivre, 2003). F. oxysporum is an ubiquitous

species complex of soilborne plant pathogens

that comprises many different formae specialis,

each characterized by a high degree of host

specificity (Lievens et al., 2009). Pathogenic F.

oxysporum strains can cause vascular wilt or root

rot in over 100 plant species, among which are

several economically important crops including

tomato, banana, bulb flowers, cucumber, cutting

flowers, date palm, and melon (Gordon and
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Martyn, 1997). Fusarium wilt of tomato (L.

esculentum), caused by F. oxysporum f. sp.

lycopersici (FOL) is a major disease in nearly all

major tomato growing regions worldwide.

The disease has been reported in at least 32

countries (Cai et al., 2003). The same authors

also reported that three races of FOL (race 1, 2,

3) are known to exist, distinguished by their

virulence to tomato cultivars that contain

particular genes for disease resistance.

Moreover, FOL race 3 is especially problematic

as few commercial tomato cultivars with race 3

resistance are available.

Likewise, C. capsici is also one of the

pathogenic fungi that can cause anthracnose

disease which is one of the major economic

constraints to chilli production in tropical and

subtropical regions (Sangdee et al., 2011;

Sharma et al., 2005). Chilli (C. annuum L.) is

one of the most popular and widely grown

vegetables in the world (Makari et al., 2009).

Based on the effect of carbendazim, 10 isolates

(categorized into six groups, CC-I, CC-II, CC-

III, CC-IV, CC-V and CC-VI) of C. capsici were

classified into two groups designated as highly

resistant group (<40% inhibition) and highly

sensitive group (>90% inhibition) (Sangdee et

al., 2011).

Thus, fungicides, as chemicals to kill fungi, are

capable of showing fungitoxic activity more or

less at important stages of fungal development

(particularly mycelial growth). Fungi respond

relatively well (with more or less variable

sensitivity) to the action of these fungicides that

may be relatively negative (Serghat, 2004).

Carbendazim, one of these fungicides, was

approved by International Standardization

Organization (ISO) with a common name for

methyl 2-benzimidazole carbamate, a

systemically active benzimidazole fungicide that

inhibits the synthesis of ᵦ-tubulin (Pfeil1 and

Dellarco, 2005). The benzimidazole fungicide

carbendazim was used for the control of many

diseases caused by Deuteromycetous pathogens

(Delp and Klopping, 1968), owing to its

systemic properties and its great efficacy in

controlling plant diseases. It was also

recommended for a long period for the control of

ripe rot disease of chillies (C. annum L.) caused

by C. capsici (Syd.) (Bollen and Zaayen Van,

1975; Delp, 1980; Georgopoulos and Dovas,

1973; Miller and Fletcher, 1974). Many in vitro

studies demonstrated that some fungicides

restrict or prevent the growth of fungal

pathogens (Marley and Gbenga 2004;

Karaoglanidis et. al.; 2004).

However, although some existing studies

conducted on inhibitory effects of carbendazim

fungicide on mycelial growth of either Fusarium

or Colletotrichum, in the current literature there

are only few or no reports about the influence of

Carbendazim fungicide on mycelial growth of F.

oxysporum f.sp. lycopersici from Tomato plant

and C. capsici from Chilli plant. Moreover, there

is no report about the same influence on mycelial

growth of new strains such as F20 for F.

oxysporum f.sp. lycopersici and C226.3 for C.

capsici. In view of the importance of the tomato

and chilli plants and the effect of fungal diseases

on the yield, there is a need to identify
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management options for disease(s) associated

with these important and relatively crops in

tropical and subtropical regions.

Therefore, in the present investigation, inhibition

of mycelial growth of important pathogenic

fungi, F. oxysporum f.sp. lycopersici (strain F20)

from Tomato plant and C. capsici (strain

C226.3) from Chilli plant, exposed to different

concentrations of Carbendazim fungicide was

studied. The objective of the present study was

to compare the effects of different Carbendazim

fungicide concentrations on F. oxysporum f.sp.

lycopersici (strain F20) and C. capsici (strain

C226.3) mycelial growth in vitro and identify the

concentration(s) of Carbendazim that has/have

high fungicidal properties.

In the point of view, in 2012, an experiment was

arranged in a completely randomized design

with treatments (two replications per treatment

were considered) in laboratory of Plant

Pathology of Université Catholique de Louvain

(in Belgium) by monitoring (comparatively) the

evolutions of fungal radial growth, radial growth

rate and optical density (either in static solid or

stirred liquid medium) in relation to the

variations of time and fungicidal concentration,

and by measuring fungal dry weight and

counting fungal conidia through Thoma cell.

2. Materials and Methods

2.1. Materials

The equipments of this study consist of:

laboratory; an incubation chamber (equipped

with a thermal control system, stirred system and

depot "shelf", etc.) ; Petri dishes (20 boxes);

Erlenmeyer flasks (4 in number), a work table, a

Klett device, a Bunsen burner, a scalpel,

tweezers, an oven 70ºC; a Thoma cell; a Buchner

; a suction pump; Whatman filter paper 1, a

marker; a ruler, a needle, parafilm paper; ethanol

70°; formalin 8%, deionized water, test tubes (4

in number), a precision balance; foil; detergent; a

dustbin; nutrient medium or culture medium for

molds (for 1 liter of culture medium: 20 g of

glucose, 1.5 g of asparagine, 1 g of K2HPO4, 0.5

g of MgSO47H2O, 0.01 g of FeAl3, 1 g of yeast

extract, 15g of agar and 1 liter of H2O);

fungicide (carbendazim 50% SC), the biological

material (F. oxysporum f.sp. lycopersici "strain

F20" obtained from isolates, presumed to be

FOL, collected from tomato plant roots

displaying wilt symptoms in low altitude of

Imbo plain of Burundi and C. capsici "strain

C226.3" obtained from anthracnose lesions on

fruits of chilli (Capsicum annum L.) collected

from the Northern Province of Burundi.); test

tube rack, etc.

2.2. Methods

2.2.1. Collection and isolation of test fungi

Collection and isolation of F. oxysporum f.sp.

lycopersici "strain F20"

Five isolates, presumed to be FOL, were

collected from tomato plants (tomato cultivars

originated in California-USA) displaying wilt

symptoms in low altitude of Imbo plain of

Burundi in 2008, one year after a strain

(unknown) was observed in the field. These

isolates were characterized using vegetative

compatibility grouping (VCG) and pathogenicity

in laboratory of Plant Pathology of Université

Catholique de Louvain (in Belgium) in 2009.



East African Journal of Science and Technology, 2013, 2(2):76-96 www.eajst.inilak.ac.rw

79 www.eajst.inilak.ac.rw ISSN 2227-1902 (Online version) eajscience@gmail.com

Then, after characterization of the isolates, F.

oxysporum f.sp. lycopersici "strain F20" was

isolated from roots of the infected tomato plants

showing characteristic symptoms of wilt disease

in the field. These roots were examined under

microscope to confirm the presence of F.

oxysporum f.sp. lycopersici "strain F20" inside

them. The infected root parts were cut into small

pieces (2-3 cm), surface sterilized with 0.1%

mercuric chloride solution for 20 sec washed

thrice with sterilized water and transferred

aseptically on a Potato Dextrose Agar (PDA)

media contained in Petri dishes. The inoculated

Petri dishes were incubated at 22-25oC for 4-6

days and the pathogen was identified as F.

oxysporum f.sp. lycopersici "strain F20" which

was used in this study.

Collection and isolation of C. capsici "strain

C226.3"

Five isolates, presumed to be C. capsici, were

collected from anthracnose lesions on fruits of

chilli (C. annuum L.) in Northern Province of

Burundi. Isolation was carried out, in Belgium,

using the tissue transplanting technique. The

samples were cut (5 × 5 mm2) from the margins

of infected tissue, surface sterilized by dipping in

1% sodium hypochloride for 2 min, and rinsed

several times with sterile distilled water before

being transferred onto the surface of water agar.

The mycelium growing out of the plant tissue

was sub-cultured to Potato Dextrose Agar (PDA)

and incubated at ambient temperature for 7 to 10

days. After confirming C. capsici "strain

C226.3" by microscope examination, one

monoconidial culture from one of the isolates

was prepared and used in this study.

2.2.2. Preparation of test fungicide

One fungicide namely Carbendazim (50% SC)

was selected to evaluate its effect on F.

oxysporum f.sp. lycopersici "strain F20" and C.

capsici "strain C226.3". The required dilutions

of that fungicide (0, 0.1, 0.3, 1, 3 mg/L) were

prepared by taking the active ingredient (a.i.).

The actual quantity of formulae product used in

the study was calculated by considering the

percentage of active ingredient (50%) in the

product. The poison food technique was adopted

in the experiment. The principle involved in this

technique is to supplement the nutrient medium

with a toxic chemical and then allowing a test

fungus to grow on the medium and evaluate the

effect of such chemical by measuring the growth

of the fungus.

2.2.3. Inoculation with test organism

The experiment took place in a laboratory where

windows and doors were initially closed to

prevent drafts like microbes which may cause

contamination to the laboratory. Having cleared

and thoroughly cleaned the work bench using

ethanol 70º, the experiment began with sampling

close to the lighted Bunsen burner, with a

sterilized needle mounted flame, of mycelial

discs (both fungi: F. oxysporum f.sp. lycopersici

"strain F20" and C. capsici "strain C226.3")

previously pre-cut. Then, four Erlenmeyer flasks

(2 flasks with Fusarium "stirred liquid medium:

F/A20 noted and static solid medium: F/S20

noted" and two others with Colletotrichum

"stirred liquid medium: C/A226.3 noted and
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static solid medium: C/S226.3 noted") were

aseptically prepared and inoculated (by working

near the Bunsen burner) at the rate of 10 discs

per Erlenmeyer and according to the fungal

strain.

In addition, 20 Petri dishes (10 for each of these

two fungal strains) were taken, and then an

equilateral triangle was drawn outside the

bottom of each box so that three points at the

midpoints of the sides of this triangle are

equidistant from the edge of the Petri dish. Five

Petri dishes, repeated twice (that is 10 boxes),

contained the culture medium where

incorporated concentrations of 0 mg / L

(control), 0.1 mg / L, 0.3 mg / L, 1 mg / L and 3

mg / L of carbendazim (fungicide) for each of

these two fungal strains. Thus, for each of the

two strains tested (strain F20 and C226.3), three

of the mycelial discs pre-cut were also

aseptically inoculated, per box, and placed (on

midpoints of the sides of a triangle layout) at

equidistance from the edge and each of the Petri

dishes, mycelium facing down, then all the

inoculated boxes were in turn sealed in parafilm

to prevent any possible contamination.

After this stage of inoculation, all Erlenmeyer

flasks and Petri dishes were incubated in the

chamber at 21°C (this temperature was

maintained constant along the experiment).

Thus, two Erlenmeyer flasks (with connection

piece) respectively marked F/A20 and C/A226.3

were placed on the shaker culture (90 rpm) and

two other marked F/S20 and C/S226.3 as well as

every 20 Petri dishes were placed on the shelf of

the above culture chamber.

Observations and measurements were carried out

for one week (that is seven days after

inoculation). The diameter of each mycelial disc

measured the day of inoculation was 5 mm.

Radial mycelial growth was taken one time (at

the same moment) daily for seven days after

inoculation (DAI), by measuring the diameter (in

mm) of each disc along two perpendicular lines,

from the underside of the petridishes. Meanwhile

the optical density was measured by Klett unit in

the stirred liquid medium. Other observations

including the evolution (development) of fungi

in Petri dishes and Erlenmeyer flasks, as well as

the temperature variation in the incubation

chamber, were also made one time daily along

the seven days after inoculation. The last day

after incubation (that is the seventh DAI), in the

laboratory, each one mL of each Erlenmeyer

flask was removed, and then put into a labeled

test tube, adding later, one mL of 8% formalin to

stop the development of the fungus, which made

a total of four test tubes. The next step was to

filter each Erlenmeyer separately on a Whatman

filter 1 (weighed after drying) in a Buchner

funnel, under moderate vacuum with a pump,

and then rinsed twice with 100 mL of deionized

water. This step was followed by drying in an

oven at 70ºC for 24 to 48 hours (in order to get a

constant weight), then it was cooled in an

agitator after drying it. After this drying period,

samples were weighed using the sensitive

balance, followed by calculation of dry weight

for fungi, depending on media used. Using the

contents of test tubes, an analysis, through

Thoma cell, of the suspensions of conidia and
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mycelium taken from the Erlenmeyer flasks

enabled to determine the concentration of the

conidia suspension, optionally after dilution.

The steps that followed the previous were to put

the measures in Excel graphs, to calculate the

growth rate in liquid medium estimated based on

the optical density (OD), to calculate the rate of

radial growth of colonies on different Petri

dishes by bringing the variation in the radial

growth rate (in mm/hour) according to the

concentration of fungicide into graph.

2.2.4. Measurements

Evolution of the fungal growth in relation to

the time in static solid medium:

F. oxysporum f.sp. lycopersici (strain F20)

To study the evolution of the growth of F.

oxysporum f.sp. lycopersici (strain F20) in

relation to the time in a static medium, for the

day of inoculation (time t0 = 0 hour), the initial

diameter “d” (= 5 mm) of each disc was

measured. For the following 7 days after

inoculation (times: t1 = 23 hours; t2 = 45.67

hours; t3 = 70.12 hours; t4 = 94.14 hours; t5 =

118.14 hours, t6 = 142.14 hours; t7 = 165.51

hours), the diameter “D” (in mm) was measured

at each daily given time. The temperature in the

incubation chamber remained stable at 21ºC

throughout the experimental period. The

calculation of the radial growth of this fungus

was done by considering the initial diameter “d”

(in mm) of the mycelium before the growth and

the measured diameter “D” (in mm) each day

(each time by performing an average of 6

measurements); which made

Eq.1: radial growth (in mm) of F. oxysporum

f.sp. lycopersici (strain F20) =
2

dD 

C. capsici (strain C226.3)

To study the growth of C. capsici (strain C226.3)

in relation to the time in a static medium, the

first day of the experiment (t0), the initial

diameter (d = 5 mm) was measured for each

disc. Similarly, at the level of F. oxysporum f.sp.

lycopersici (strain F20), the following days (t1,

t2, t3, t4, t5, t6, t7), the diameter “D” (in mm) was

measured. The temperature remained stable at

21ºC in the incubation chamber. Thus,

measurements of the diameters obtained enabled

the calculation of the growth of this fungus [C.

capsici (strain C226.3)] based on

Eq. 2: radial growth (in mm) Colletotrichum

capsici (strain C226.3) =
2

dD 

Evolution of the radial growth in relation to

the carbendazim concentration in static solid

medium:

The evolution of radial growth (RG) of these two

strains of fungi, depending on the concentration

in a static solid medium, was studied after

calculating the radial growth rate (in mm/hour)

of each of these fungi in a time interval where

the growth of the fungus was maximum for each

of these five concentrations (control

concentration “C0” = 0 mg/L, C1 = 0.1 mg/L, C2

= 0.3 mg/L; C3 = 1 mg/L; C4 = 3 mg/L). Thus,

for this case, considering the radial growth

(maximum) of these two fungi in the time

interval t2 and t4 (see results in Figures 1 & 2)

for all considered concentrations, calculating the
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radial growth rate of these fungi was performed

according to

Eq. 3: Radial growth rate (mm/hour) =

24

24 )()(

tt

tRGtRG




.

Where CR(t2) is the radial growth rate (in

mm/hour) at time t2 = 45.67 hours and CR(t4) is

the radial growth rate (in mm/hour) at time t4 =

94.14 hours.

Calculation of EC 50:

As EC50 reported by Neubig et al. (2003) as the

concentration of an inhibitor where the response

(or binding) is reduced by half, the EC50 values

for each of the two strains of fungi were

determined by performing the perpendicular

projection of point on the curve (expressing the

rate of radial growth of these fungi based on

carbendazim concentrations) corresponding to

50% of the radial growth rate.

Evolution of the optical density (OD)

according to the time in stirred liquid

medium:

The study of the evolution of the optical density

(OD) in relation to the time in a stirred liquid

medium was performed by measuring, each day

during the experiment, the optical density by

applying the connection piece of the Erlenmeyer

flasks (containing the stirred liquid medium on

which was incorporated the fungal strain) on the

Klett device.

Measurement of dry weight:

Dry weight was obtained by a precision balance

for both fungi after oven drying at 70°C for 24 h.

2.2.5. Data analysis

The data collected were subjected to statistical

analysis using simple ANOVA (GENSTAT

statistical package) and, as recorded by Duncan

(1951), means separated using Duncan Multiple

Range Test (DMRT) at 5% level of significance

to determine the significance difference between

different treatments.

3. Results and Discussion

3.1. Evolution of the fungal growth in relation

to the time in static solid medium

3.1.1. F. oxysporum f.sp. lycopersici (strain

F20)

Based on Eq. 1, Figure 1 shows the evolution of

the radial growth of F. oxysporum f.sp.

lycopersici in relation to the time in static solid

medium.

3.1.2. C. capsici (strain C226.3)

Based on Eq. 2; Figure 2 illustrates the evolution

of the radial growth of C. capsici according to

the time in static solid medium.

3.1.3. Discussion

Concerning the radial growth of F. oxysporum

f.sp. lycopersici (F/S20) and C. capsici

(C/S226.3) in static solid medium as illustrated

in Figure 1 and 2, the results of analysis of

variance (Table 1) revealed that evolution of the

radial growth of F. oxysporum f.sp. lycopersici

(F/S20) was highly significant influenced by the

concentration and time in static solid medium

(P<0.001). The radial growth of F/S20 recorded

in 0 mg/L and 0.1 mg/L was significantly higher

compared to with other concentrations both are

not significant at 5% while the F/S20 in



East African Journal of Science and Technology, 2013, 2(2):76-96 www.eajst.inilak.ac.rw

83 www.eajst.inilak.ac.rw ISSN 2227-1902 (Online version) eajscience@gmail.com

Figure 1 : Evolution of the radial growth of F. oxysporum f.sp. lycopersici in relation to the time in

static solid medium

Figure 2 : Evolution of the radial growth of C. capsici in relation to the time in static solid medium

concentration of 1 mg/L and 3 mg/L respectively

was significantly lower than the other

concentrations (Table 3). The means comparison

(Table 3) showed that the radial growth of F.

oxysporum f.sp. lycopersici (F/S20) reduced as

the concentration of Carbendanzim increased

and it influenced the reduction of F/S20 about of

410% compared the 0 mg/L with 3 mg/L.

Similar findings were reported by Taskeen et al.

(2011) to F. oxysporum where carbendazim at

highest concentration (1000 ppm) caused highest

reduction of mycelial growth (9.40 mm) in
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solidified poisoned PDA. However, the

Carbendazim fungicide has been shown to

completely inhibit the mycelial growth of F.

oxysporum in Richard medium (Sharma, 2006).

The radial growth of C. capsici (C/S226.3) in

static solid medium (Table 2) was very higher

significant influenced by Carbendanzim

concentration and also it was influenced by time

(P<0.001). The concentration of 0 mg/L was

significantly higher in influencing radial growth

of C. capsici by 703.6% in comparison with the

radial growth F. oxysporum f.sp. lycopersici

followed by 0.1, 0.3, 1 mg/L respectively while

the concentration of 3 mg/L of Carbendanzim

was significantly lower than other treatments.

Similar findings were reported by Sangdee et al.

(2011) to the effect of carbendazim on mycelial

growth of C. capsici where a group of isolates

were highly sensitive (>90% inhibition).

Moreover, the linear regression analysis revealed

a strong positive correlation (P= 0.73) and

explained 73% (R2=0.7295) of the variation

between radial growth of F. oxysporum f.sp.

lycopersici and C. capsici (Figure 3) meaning

that the radial growth of F. oxysporum f.sp.

lycopersici increased as the C. capsici following

the regression equation.

Table 1: ANOVA of evolution of the radial growth of F. oxysporum f.sp. lycopersici (F/S20) in static

solid medium

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 2.940E-01 2.940E-01 3.07

Concentration 4 6.360E+03 1.590E+03 16613.98 <.001

Time 7 4.390E+03 6.271E+02 6552.24 <.001

Concentration* Time 28 2.756E+03 9.843E+01 1028.39 <.001

Residual 39 3.733E+00 9.571E-02

Total 79 1.351E+04

Table 2: ANOVA of evolution of the radial growth of C. capsici (C/S226.3) in static solid medium

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 0.08845 0.08845 1.80

Concentration 4 1035.74797 258.93699 5264.72 <.001

Time 7 1952.65424 278.95061 5671.63 <.001

Concentration* Time 28 956.43451 34.15838 694.51 <.001

Residual 39 1.91816 0.04918

Total 79 3946.84332
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Table 3: Mean comparison evolution of the radial growth of F. oxysporum f.sp. lycopersici (F/S20)

and C. capsici (C/S226.3) in static solid medium

Concentration

(mg/L)

Radial growth of F. oxysporum f.sp.

lycopersici (F/S20) in static solid

medium

Radial growth of C. capsici

(C/S226.3) in static solid medium

0 19.55a* 10.575a*

0.1 19.42a 9.239b

0.3 16.52b 6.088c

1 0.40c 2.628d

3 0.46c 1.316e

*Means followed by the same letters within column are not significantly different according to DMRT at

5%

Figure 3: Relationship between evolutions of the radial growth of F. oxysporum f.sp. lycopersici

(F/S20) and C. capsici (C/S226.3) in static solid medium

3.2. Evolution of the radial growth rate in

relation to the Carbendazim concentration in

static solid medium

3.2.1. Results

According to the measurements obtained after

treatment and calculations based on Eq. 3; the

evolution of the radial growth rate of F.

oxysporum f.sp. lycopersici (strain F20) and C.

capsici (strain C226.3) according to the

carbendazim concentration in static solid

medium is given in Figure 4.
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Figure 4 : Evolution of radial growth rate of F. oxysporum f.sp. lycopersici (strain F20) and C.

capsici (strain C226.3) in relation to the Carbendazim concentration in static solid medium.

3.2.2. Discussion

Regarding the radial growth rate (mm/h) of F.

oxysporum f.sp. lycopersici (Strain F20) and C.

capsici (Strain C226.3) according to the

Carbendanzim concentration in static solid

medium, the results of analysis of variance

(Table 4) showed a highly significant difference

(P<0.001) between F. oxysporum f.sp.

lycopersici (Strain F20) and C. capsici (Strain

C226.3) according to the Carbendanzim

concentrations. Based on Figure 4, the results of

analysis of variance mean that F. oxysporum

f.sp. lycopersici (Strain F20) generally has a

higher radial growth rate than C. capsici (Strain

C226.3) when carbendazim concentrations are

very low, while the situation tends to reverse

when concentrations of this fungicide are very

high. Likewise, there is a positive correlation

between radial growth and radial growth rate of

the two fungi tested. The Figure 5 showed

moderate negative correlation between radial

growth rate and concentration of Carbendanzim.

The radial growth rate of Strain F20 and Strain

C226.3 reduced as the Carbendanzim

concentration increased. An increase of

concentration caused the reduction of radial

growth rate of 58.33%. As carbendazim is

recommended for the control of C. capsici

(OEPP/EPPO, 2000), the results revealed in this

section showed clearly the effectiveness of the

inhibitory behavior of carbendazim on both

radial growth of F. oxysporum f.sp. lycopersici

(Strain F20) and C. capsici (Strain C226.3).

3.3. Calculation of EC 50

As recorded by Neubig et al. (2003), the EC50 is

the concentration of a drug that gives half-

maximal response. It is the concentration of an

inhibitor where the response (or binding) is

reduced by half. Then, in this study, EC50 is an

index characteristic of the fungicide (effective

dose or lethal dose) that expresses the

concentration of fungicide (carbendazim) for

reduction of the fungal growth (mycelial growth)

of 50% in relation to the value of the maximum
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radial growth rate. The perpendicular projection

of point on the curve (expressing the rate of

radial growth of these fungi based on

carbendazim concentrations) corresponding to

50% of the radial growth rate yielded EC 50 =

0.55 mg/L of Carbendazim for F. oxysporum

f.sp. lycopersici (strain F20) and EC50 = 0.35

mg/L of Carbendazim for C. capsici (strain

C226.3). The results of analysis of variance

(Table 5) showed that there was significant

difference (P<0.001) between treatments (F.

oxysporum f.sp. lycopersici (strain F20) and C.

capsici (strain C226.3). The comparison of

means using Least Significant Difference

(L.S.D) revealed a higher significant difference

between the two treatments. These results

correlate positively with those regarding the

radial growth rate. As reported by Van Gestel et

al. (1992); Kühner (1992); Pietrzik (1992) and

Decker (1993) to defferent species, the median

effective concentration (EC50) values of

carbendazim found in this study [0.55 mg/L of

Carbendazim for F. oxysporum f.sp. lycopersici

(strain F20) and EC50 = 0.35 mg/L of

Carbendazim for C. capsici (strain C226.3)] are

ranging in EC50 recommended values (between

0.34 mg/L and 419 mg/L). Thus the toxicity of

carbendazim appeared to be species-dependent.

Table 4: ANOVA of evolution of radial growth rate (mm/h) of F. oxysporum f.sp. lycopersici (strain

F20) and C. capsici (strain C226.3) according to the Carbendazim concentration in static solid

medium.

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 0.00144500 0.00144500 63.44

Treatment 1 0.01458000 0.03967000 1741.61 <.001

Concentration 4 0.15868000 0.03967000 1741.61 <.001

Treatment*Concentration 4 0.02972000 0.00743000 326.20 <.001

Residual 9 0.00020500 0.00002278

Total 19 0.20463000

Table 5: ANOVA of EC50 (mg/L of Carbendazim)

Source of variation d.f s.s. m.s. v.r. Fpr

Treatment 1 0.0400000 0.0400000 209.45 <.001

Residual 2 0.0004000 0.0002000

Total 3 0.0404000

L.S.D. =0.06085



East African Journal of Science and Technology, 2013, 2(2):76-96 www.eajst.inilak.ac.rw

88 www.eajst.inilak.ac.rw ISSN 2227-1902 (Online version) eajscience@gmail.com

Figure 5: Relationship between radial growth rate of F. oxysporum f.sp. lycopersici (strain F20) and

C. capsici (strain C226.3) and concentration of Carbendanzim

Figure 6 : Evolution of optical density of F. oxysporum f.sp. lycopersici (strain F20) and C. capsici

(strain C226.3) in relation to the time in stirred liquid medium.

3.4. Evolution of the optical density (OD)

according to the time in stirred liquid

medium

The results obtained allowed to establish the

evolution of the optical density (OD) of these

two fungi in relation to the time in a stirred

liquid medium as shown in Figure 6.

The results from ANOVA (Table 6) showed a

highly significant difference (P<0.001) between

the treatments (F. oxysporum f.sp. lycopersici

“strain F20” and C. capsici “strain C226.3”),

time and interraction for their optical density.

The highiest optical density (618) was recorded

in treatment one (F. oxysporum f.sp. lycopersici

“strain F20”) which is higher significantly
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different with treatment two (C. capsici “strain

C226.3”) at 0.523 L.S.D.

The Figure 7 showed the optical density of strain

F20 and strain C226.3. The maximum optical

density for strain F20 in relation to the time in

stirred liquid medium was recorded at 118.14h

and after the optical density starting to decrease

and strain C226.3 the optical density was null

meaning that the optical density of strain C226.3

responded negatively to the time in stirred liquid

medium. Comparatively to the studies conducted

by Dodge and Wackett (2005) on other strain BI

of Fusarium sp., the optical density data showed

that F. oxysporum f.sp. lycopersici “strain F20”

grown on stirred liquid medium (containing

carbendazim) reached stationary phase ∼118.14

h. As highlighted by Steinberg et al. (2006), the

OD measurements of F. oxysporum strain F20

with this method can be considered as a reliable

method.

Table 6: ANOVA of optical density of F. oxysporum f.sp. lycopersici (strain F20) and C. capsici

(strain C226.3) according to the time in stirred liquid medium

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 5.281E+00 5.281E+00 10.97

Treatment 1 1.024E+06 1.024E+06 2.127E+06 <.001

Time 7 4.202E+05 6.003E+04 1.247E+05 <.001

Treatment*Time 7 4.202E+05 6.003E+04 1.247E+05 <.001

Residual 15 7.219E+00 4.813E-01

Total 31 1.864E+06

L.S.D. of treatment is 0.523, time is 1.046, and interaction is 1.479

Figure 7: Optical density and time with treatments
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3.5. Measurement of net dry weight and

counting of fungal conidia via Thoma cell

3.5.1. Results

Measurement of net dry weight:

The net dry weight of the two fungi yielded the

results reported in Figure 8 below.

Counting of fungal conidia via Thoma cell:

At the time of counting conidia of fungi through

the Thoma cell, two small squares were counted

in F. oxysporum f.sp. lycopersici (strain F20) in

a stirred liquid medium (12 to 13 conidia in the

first Thoma cell and 15 to 16 conidia in the

other) and in a static solid medium (9 to 10

conidia in the first Thoma cell and 9 to 10

conidia in the other).

As for C. capsici, the counting that was done on

the large square revealed no conidia either in

stirred liquid or static solid medium.

Figure 8 : The dry weight of F. oxysporum f.sp. lycopersici (strain F20) in stirred liquid (F/A20) and

static (F/S20) medium and C. capsici (strain C226.3) in stirred liquid (C/A226.3) and static solid

(C/S226.3) medium.

Table 7: Number of conidia counted using Thoma cell

Fungal strain (F20 or

C226.3) by culture medium

(A or S)

Number of conidia

counted

multiplicative factor Total number of

obtained conidia

F/A20 14 250 000 3 500 000

F/S20 9,5 250 000 2 375 000

C/A226.3 0 10 000 0

C/S226.3 0 10 000 0

For the first case [F. oxysporum f.sp. lycopersici

(strain F20)], an average was performed for four

values of the number of conidia counted for each

medium; which yielded 14 conidia in stirred

medium and 9.5 for static solid medium. In this

instance, the multiplication factor to express the
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total number of conidia in a liter was 250 000;

and in case of C. capsici (strain C226.3), the

factor was 10 000. The results of this count were

reported in  Table 7.

3.5.2. Discussion

Regarding the net dry weight and number of

conidia counted using Thoma cell, the results of

analysis of variance (Table 5 and 6) showed a

highly significant difference (P<0.001) between

treatments (F. oxysporum f.sp. lycopersici

“strain F20: F/A20 and F/S20” and C. capsici

“strain C226.3: C/A226.3 and C/S226.3”) for

their net dry weight and number of conidia

counted using Thoma cell. Net dry weight means

comparison by using DMRT at 5% classified

treatments in four groups and the number of

conidia counted using Thoma cell classified

treatments in three groups (Table 10). The net

dry weight (262.9 mg) of treatment one (F/A20)

was significantly higher than other treatments, it

showed a significance of about 60.3% compared

with the treatment revealed with the lower net

dry weight, the treatment one is followed by

treatment three (C/A226.3) with net dry weight

of 192.0 mg and the lower net dry weight (164.0

mg) recorded in treatment four (C/S226.3). The

bigger number conidia counted using Thoma cell

(3500000) was recorded in F/A20 followed by

F/S20 (2375000) both are very higher significant

each other and with other treatments at 5%

according to D.M.R.T. and the low number of

conidia counted using Thoma cell (0) was

recorded in C/A226.3 and C/S226.3.

The results of linear regression analysis showed

weak positive relationship between net dry

weight and number of conidia counted using

Thoma cell. The number of conidia increased at

14.69% (R2= 0.1469) as net dry weight

increased. In accordance with results revealed by

the optical density of the two fungi tested and

similar findings reported by Steinberg et al.

(2006) to synthetic liquid media containing a

single C source, there is a positive relation

between optical density measurements and

biomass content (number of conidia counted).

Table 8: ANOVA of net dry weight of F. oxysporum f.sp. lycopersici (strain F20) in stirred liquid

(F/A20) and static (F/S20) medium and C. capsici (strain C226.3) in stirred liquid (C/A226.3) and

static solid (C/S226.3) medium

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 2.4200 2.4200 4.48

Treatment 3 13582.4950 4527.4983 8384.26 <.001

Residual 3 1.6200 0.5400

Total 7 13586.5350
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Table 9: ANOVA of number of conidia counted using Thoma cell

Source of variation d.f s.s. m.s. v.r. Fpr

Block 1 3.781E+10 3.781E+10 1.28

Treatment 3 1.852E+13 6.174E+12 209.45 <.001

Residual 3 8.844E+10 2.948E+10

Total 7 1.865E+13

Table 10: Mean comparison of net dry weight and number of conidia counted using Thoma cell

Treatment Net dry weight number of conidia counted using Thoma cell

F/A20 262.9a* 3500000a*

F/S20 192.0c 2375000b

C/A226.3 252.4b 0c

C/S226.3 164.0c 0c

*Means followed by the same letters within column are not significantly different according to DMRT at
5%

As reported by various authors, the growth

parameters of filamentous fungi are generally

assessed by either dry weight measurements

(Bermingham et al., 1995) or but more rarely by

optical density measurents (Broekaert et al.,

1990). However, the measuring of OD in liquid

medium can be used to test fungal growth

inhibitors (Broekaert et al., 1990).  This

corresponds to the positive correlation found

between OD results and number of conidia

counted in this study. The null values revealed

by the measurements of OD and conidia of C.

capsici are explained by the C source contained

in glucose (component of the medium used in

the study) that was specifically and completely

metabolized as reported by (Komada, 1976) and

(Anderson and Salomons, 1984) to respectively

galactose and culture media containing C source

like glucose, maltose and sucrose.

4. Conclusion

It was revealed from the study that all

concentrations of carbendazim fungicide tested

(0.1, 0.3, 1 and 3 mg/L) in vitro significantly

reduced F. oxysporum f.sp. lycopersici “strain

F20” and C. capsici “strain C226.3” mycelial

radial growth (development) in static solid

medium and in relation the time when compared

with the control (without carbendazim

fungicide). Moreover, the highest in vitro

inhibitory effect of carbendazim was revealed at

the highest concentration (3 mg/L). However,

although such a study revealed a positive

correlation between mycelial radial growth and

radial growth rate of both F. oxysporum f.sp.

lycopersici “strain F20” and C.
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Figure 9: Relationship between numbers of conidia counted using Thoma cell and net dry weight of

F. oxysporum f.sp. lycopersici (strain F20) in stirred liquid (F/A20) and static (F/S20) medium and

C. capsici (strain C226.3) in stirred liquid (C/A226.3) and static solid (C/S226.3) medium.

capsici “strain C226.3”, the inhibitory effect of

carbendazim is fast to strain C226.3 than to

strain F20 at the lowest carbendazim

concentrations (0.1 and 0.3 mg/L) while the

situation tends to reverse at the highest

carbendazim concentrations (3 and 1 mg/L). As

reported by other researchers in similar studies

and EC50 values were significant different for

the two fungi strains tested, the toxicity of

carbendazim appeared to be species-dependent.

Hence, EC50 proved to be highly toxic with no

growth of F. oxysporum f.sp. lycopersici “strain

F20” and C. capsici “strain C226.3” in media

containing respectively 0.55 and 0.35 mg/L of

carbendazim 50% SC. Likewise, results

regarding the optical density (OD), net dry

weight and number of conidia counted for the

two fungi tested, also revealed from this study a

positive correlation between OD and fungal

biomass content. Therefore as reported by other

authors in similar studies (applied on culture

liquid medium), the OD can be used to test the

fungal growth inhibitors. Moreover the C source

within culture medium stimulates the

metabolism. Thus, in addition to the presence of

glucose (C source) contained into culture

medium used in the study, the null values of OD

for C. capsici “strain C226.3” revealed the

complete metabolism of Carbon (C).

Although this was the first time such a study had

been conducted on F. oxysporum f.sp.

lycopersici “strain F20” and C. capsici “strain

C226.3” on respectively tomato and chilli plants

originated from Burundi, the results showed that

the fungicide (Carbendazim 50% SC) evaluated

had inhibitory effect on mycelial growth of F.

oxysporum f.sp. lycopersici “strain F20” and C.

capsici “strain C226.3” in vitro at all the four

concentrations used especially high

concentration.
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