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Introduction 
 

Wilt disease of chickpea caused by 

Fusarium oxysporum f.  sp. ciceris (Foc)  is 

a complex  and destructive disease all over   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the world. The genus Fusarium had many 

soil borne species which were distributed 

worldwide and known as plant pathogens 
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A series of laboratory experiments were conducted at the Department of Plant 

Protection at the College of Agricultural studies- Sudan University of Science and 
Technology (Shambat). The objective of the study was to work out a management 

strategy for chickpea Cicer arietinum wilt disease caused by Fusarium oxysporum 

f. sp ciceri. The fungus was identified based on morphological and cultural 

characters as Fusarium oxysporum .In vitro studies were conducted to evaluate the 
effect of media, temperature and pH on mycelial growth of the fungus. The results 

showed that the fungus grew best on Potato Dextrose Agar medium (86.7 mm) 

followed by Potato Sucrose Agar (78.2 mm). Growth of F. oxysporum was 
maximum at 25 o C (84 mm) followed by 30 oC (46 mm). The maximum growth 

of the fungus was achieved at pH 7 followed by pH 6. The antifungal effects of the 

medicinal plant extracts Argel (Solenostemma argel), Ginger (Zingiber officinale) 

and Jatropha (Jatropha crucus) (seeds, stems, leaves and roots) were determined by 
in vitro study using aqueous and ethanolic extracts following the Poisoned Food 

Technique. The extracts, undiluted and 2and 4–fold diluted were screened for 

antifungal activity using PDA medium. All extracts gave significant inhibition of 
growth of the pathogen. Among all plants Argel extracts was the most inhibitory. It 

was followed in descending order by Ginger and Jatropha. Furthermore, the 

ethanolic extracts of all plants was more suppressive to the fungal growth than their 
aqueous equivalents. The fungicides, Bayfedan, Abronstar, and Thiram each at 

three concentrations (25, 50 and 100 ppm) reduced mycelial growth of the fungus 

in a concentration dependent manner. Thiram was the most effective (95% 

inhibition) followed in descending order by Bayfidan (82 % inhibition) and 

Abronstar (77% inhibition). 
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since a long time ago (Moss and Smith, 

1984). It is widely occurred in India 

(Andrabi et al., 2011), Pakistan (Hameed et 

al., 2012), Ethiopia (Merkuz and Getachew, 

2012a), Mexico  (Arvayo-Ortiz et  al., 

2012),  Iran (Moradi et  al., 2012),  

Nebraska,  USA  (Harveson  2011), Spain  

(Jimenez-Diaz et  al., 1990),  Syria  (Haware  

1990) and  Sudan  (Ali et  al.,  2002)  where 

ever gram (Cicer arietinum L.) is grown.The 

pathogen of chickpea wilt disease is seed-

borne (Pande et al., 2007) as well as soil 

borne (Jiménez-Fernández et al., 2011). It 

can survive in soil for more than 6 months in  

damage to crop yield (Haware et al., 1986). 

Fusarium spreads through the soil to a small 

extent as mycelium. The spores or sclerotia 

are carried in the soil water, on farm 

equipment, transplants, tubers and seeds of 

some hosts, cuttings of infected plants and 

might be in some cases by windblown 

spores or sclerotia (Agrios, 1984). Chickpea 

crop is affected by several diseases but wilt 

caused by Fusarium oxysporum f. sp. ciceris 

is the most serious disease and causes heavy 

losses up to 10 percent in yield (Dubey et 

al., 2007) 

 

The cultivars which were susceptible to 

chickpea wilt disease showed symptoms 25 

days after sowing. The symptoms of wilt 

disease might be confused with root rot 

disease if not observed carefully. Wilted 

plants showed drooping and yellowing of 

leaves and lie down on the ground. The 

fungus attacked the root system, made its 

way through the epidermis, cortex and 

finally into xylem vessel of the tap root from 

where it spread. As a result, the lateral roots 

might wither off (Murumakr and Chavan 

1985; Chavan et al., 2009). Resistance in 

available germplasm of chickpea is very 

uncommon and only few lines showed 

resistance to chickpea wilt disease so it is 

very important to find out other control 

measures against wilt pathogen. Chemical 

control is widely being used in past and 

present to cope with Fusarium wilt disease. 

Subhani et al. (2011) observed the effects of 

6 fungicides at four different concentrations 

through poisoned food technique. There was 

a significant decrease in mycelial 

development of Foc pathogen with a raise in 

fungicidal concentration. Natural eco-system 

of plants also contains many beneficial 

microbes called symbionts. Those symbionts 

help plant in getting their nutrition in a 

better way and improve the resistance ability 

of the plant. Among these symbionts, two 

i.e. Arbuscular mycorrhizal fungi and 

rhizobia are very important. (Demir and 

Akkopru, 2007). The objectives of the 

current research were to successfully 

manage the disease with the timely use of 

chemicals and medicinal plants against 

Fusarium oxysporum f. sp.ciceris when host 

resistance is not available. 

 

Materials and Methods 

 

Isolation of Fusarium oxysporum 

 

Isolation from Plant Materials 

 

Infected chickpea roots showing symptoms 

of the disease were obtained from sick blots 

from Shambat Research Station in 

September, 2009. The roots were cut into 

small sections (0.5-1.0 cm), washed 

thoroughly with tap water, surface sterilized 

with Clorox (NaOCL) for 5 minutes, rinsed 

three time in changes of sterilized distilled 

water and dried on sterilized filter papers. 

The sterilized roots sections were plated at 

the rate of five sections/ plate onto potato 

dextrose agar (PDA) medium supplemented 

with chloramphenicol (0.05 g/L) in 9-cm 

Petri dishes. The Petri dishes were incubated 

at 25
0
C. After incubation for 7 days, isolated 

fungi were subculture on PDA. When free 

from contamination; Isolates were 

maintained on PDA slants and examined 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Fusarium+oxysporum
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visually for their growth patterns and 

pigmentation on the adverse side of the agar. 

Further microscopic examinations were 

carried out for mycelia and conidia structure 

using pure culture of F. oxysporum 

f.sp.ciceri was obtained by using Hyphal Tip 

Technique. Pure culture of the isolated fungi 

was transferred to PDA slants and kept in 

refrigerator at 40
◦
C for further use. Sample 

of the obtained colonies were sub cultured 

by transferring small mycelia from the 

colony margins. Pure cultures were obtained 

by sub-culturing three times and slides were 

prepared and examined microscopically to 

confirm identity (x: 40).  
 

Isolation from Soil Sample 

 

Soil samples, 1gram each, were collected 

from the vicinity of the roots of infected 

plants. The samples, bulked, were 

thoroughly mixed and 1g sample was 

randomly taken. The soil suspensions of 

different dilutions were prepared. One 

milliliter of each dilution was uniformly 

spread over PDA. The obtained colonies 

were sub cultured on PDA plates by 

transferring small mycelial from the colony 

margins. Pure culture was obtained by sub-

culturing three times. The fungus was 

identified based on morphology and colony 

characteristics using the method of 

Watanabe (2000). 
 

Identification of the Pathogens 

 

The identification of the fungus was based 

on visual culture characteristics, mainly the 

growth patterns and pigmentation. 

Furthermore, microscopic examinations 

were carried out for mycelial and conidia 

structure based on the methods of Booth’s 

key (1977).  

 

Growth Rate of the Pathogen 

 

The pure cultures of F. oxysporum were 

prepared using 7 days old mycelia. The 

fungus was cultured on PDA then 

transferred, aseptically, to the centre of Petri 

dishes containing PDA medium and 

incubated at 25
◦
C. The linear growth of the 

fungus was assessed in cm after 48h. 

 

Physiological Studies of F. oxysporum  

 

Effects of Solid Media on Radial Growth 

of F. oxysporum 
 

Four culture media were evaluated for 

suitability to sustain growth of the fungus. 

The cultures were, Potato Dextrose Agar 

(PDA), Malt Extract Agar (MEA), and 

Czepek Dox Agar and Potato sucrose Agar 

(PSA). Each culture medium was prepared 

in 250 litre of water and autoclaved at 121
o
c 

for 20 min. Three plates (9 cm diameters) 

were prepared for each medium. The plates 

were inoculated with 5-mm plugs cut by a 

cork-borer from 7days old culture of 

Fusarium oxysporum. The plates were 

incubated at 25
◦
C.The fungal growth was 

estimated daily by measuring the colony size 

along the two diameters drawn on the back 

of each Petri dish. 

 

Effect of Liquid Media on Radial Growth 

of F. oxysporum 
 

Different liquid media namely Potato 

dextrose broth (PDB), Malt extract broth 

(MEB), Czepek Dox broth (CDB) and 

Potato sucrose broth (PSB) were evaluated 

for their effects on growth of F. oxysporum. 

(250ml), from each broth, was placed in 

500ml flasks. Thereafter, each flask was 

inoculated with 5 mm discs cut from a 7 

days old fungus culture. The treatments 

were replicated three times. The mycelium 

was retrieved from the flasks after 15 days 

then dry weight was measured. 

http://scialert.net/fulltext/?doi=ajppaj.2009.50.60&org=10#45419_b
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Effects of Temperature on radial F. 

oxysporum 

 

Fusarium oxysporum, in PDA medium in 

Petri dishes was incubated for 7 days in the 

dark at different temperatures (20, 25, 30 

and 35
◦
C). Each treatment was replicated 3 

times. The fungus growth was measured.  

 

Effects of pH on F. oxysporum 

 

The fungus was inoculated on Potato 

Dextrose Broth (PDB) medium the pH of 

which was adjusted to different values (5.0, 

6.0, 7.0, and 8.0). Each treatment was 

replicated 3 times. Flasks were inoculated 

with the fungus (5-mm disc) cut from7 day’s 

old culture as in 3.2.1.The mycelium was 

harvested 15 days after inoculation and the 

dry weight was determined. 

 

Effects of Botanicals 

 

The aim of this experiment was to study the 

antifungal activities of plant extracts on the 

growth of F. oxysporum in vitro. Extracts 

from three plants were tested for their 

effects on the fungus. The plants used were 

Jatropha (Jatropha crucus), Argel 

(Solenostemma argel) and Ginger (Zingiber 

officinale) 

 

Sample Preparation 

 

Collection of Plant Samples 

 

Jatropha crucus (leaves, seeds, roots and 

stems) were obtained from Sudan University 

of Science and Technology while leaves of 

Argel were obtained from the Department of 

Botany, Faculty of Agriculture, and 

University of Khartoum. Ginger was 

obtained from the market. All plants were 

cleaned from dust and strange materials by 

hand. The plants or the plant part were 

washed with tap water, air-dried under 

shade, and each part, packed in a separate 

envelope, dried in an oven at 50°C for 48 h. 

The dried plants were crushed by a home 

crusher into coarse powder. 

 

Extraction Procedures 

 

Exactly 20 g of the plant material was 

extracted in ethanol for 48 h using a Soxhlet. 

Ethanol was evaporated using a rotary 

evaporator and the residues, re- dissolved in 

water, was stored at 58°C in airtight brown 

bottles till used. The extracts were tested for 

antifungal activity against Fusarium 

oxysporum f. sp. ciceri. Aqueous extracts of 

plant materials were prepared by soaking 

250g sample in water (250 ml) for 4 days 

with occasional shaking following the 

procedure of Harborne (1998). 

 

Potato Dextrose Agar (PDA) 10 g were 

placed in 250 ml flasks. Distilled water and 

plant extract were adjusted to attain the 

respective extract dilution (undiluted, 2 and 

4- foted diluted). The antibacterial 

Chloromycetin capsules were used to 

suppress bacterial contamination. Aliquots 

of the extract certified medium (20 ml each) 

was poured into sterilized glass Petri dish. 

After solidification of the medium, discs (5 

mm diameter) cut from 7 days old F. 

oxysporum culture were transferred, 

aseptically, each placed in center of a Petri 

containing PDA medium for7days. The Petri 

dishes were incubated at 25
o 

C. Standard 

PDA medium without plant extracts 

similarly inoculated with the fungus was 

included as control for comparison. Each 

treatment was replicated three times. 

Treatment effects were assessed as in 3, 5 

and 7 days later. Percent growth inhibition 

was calculated using the formula developed 

by Jagtap and Sontakke (2007):      

 

                            I  =   C – T x 100       (1) 

                                          C 
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Where: I = Percent inhibition, C = Growth 

of test fungus in control medium in cm and. 

T = Growth of test fungus in the respective 

treatment in cm 

 

Effect of Fungicides 

 

Three fungicides were tested in vitro to 

evaluate their effects on growth of the 

fungus employing the Poisoned food 

technique. The fungicides tested were 

Bayfidan 42, Thiram 25 and Abronstar. 

Three dilutions of each product were used; 

0.01g of each fungicide was added to 100 ml 

of sterilized distilled water and was 

consider100% concentration. From this 

concentration 2 and 4- fold dilutions were 

prepared by adding the required amount of 

sterilized PDA medium in 250ml conical 

flask to give a final respective concentration 

of 100, 50, and 25% of the original. The 

content of each flask was poured into 3 

sterilized Petri-dishes and left to solidify. 

Subsequent to medium solidification a disc 

of the fungus prepared as in 3.3.3 was 

placed at the center of each Petri dish. Petri 

dishes containing standard PDA, similarly 

inoculated with the fungus served as control 

and treatment effects were assessed and 

calculated as.  

 

Results and Discussion 

 

Effects of Solid Media on Radial Growth 

(cm) of F. oxysporum 

 

The results, showed that in the first 3 days 

fungal growth was similar in all media. 

However at seven days the redial growth of 

the fungus was significantly different on the 

different media.  

 

The least redial growth (7.33 cm) was 

recorded on Czpecks medium, while the 

highest growth (8.67cm) was recorded on 

PDA (Table 1). 

Effects of Broth Media on Redial Growth 

(g) of F. oxysporum  

 

The results indicated that the dry weight of 

the fungus varied greatly with the growth 

medium. Maximum growth of the fungus 

(2.44g) was achieved on PDB followed in 

desending order by PSB (1.95g), MED 

(1.78g), and Czpecks (1.25g) (Table 2).    

 

Effects of Temperature and Time on 

Redial Growth (cm) of F. oxysporum  

 

The fungus growth was affected by 

temperature and time (Fig.1).  Low rate of 

growth was displayed at 20 OC. A surge in 

growth was inhibited at 25oC followed by a 

consistent decline with increasing 

temperature to 30 and 35oC. The fungus 

growth progressively increased with time 

and was invariably maximal at termination 

(7days) of the experiment. The growth of the 

fungus was maximal 8.4 cm at 25oC and 

minimal growth was 1.36 cm at 20oC 

 

Effects of pH on Redial Growth of F. 

oxysporum 

 

The fungus growth progressively increased 

with pH reached a maximum growth (2.76 

g) at PH 7, and then declined to a minimum 

(1.44g) at PH 8 (Table 3). 

 

Effects of Plant Extracts on Redial 

Growth of F. oxysporum 

 

The results (Table 4) showed that extracts of 

all plants tested had negative effects on 

fungal growth. In general the antifungal 

activity increased with extract concentration. 

Furthermore, the ethanolic extract was 

invanably more effective in suppressing the 

fungus than its aqueous equivalent. Among 

the extracts tested Argel caused 66%, 74% 

and 96% inhibition of the fungus growth and 

was the most suppressive, followed in 
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descending order by Ginger (64-72% and 

93%inhibition) Jatropha (seeds, stems, 

leaves and roots) 
 

Effects of Fungicides on Redial Growth of 

F. oxysporum 

 

 The fungicides Thiram, Abronstar and 

Bayfedan irrespective of concentration, 

affected significant reductions in Fusarium 

oxysporum growth (Table 5). The result 

indicated that there was a significant 

decrease in the mycelial growth of the 

fungus which progressively increased with 

increases concentration of the fungicide 

Thiram, the most effective fungicide 

inhibition the fungus growth effected 88, 95 

and 100%. Abronstar resulted in 74, 82 and 

100% reductions in growth whereas 

Bayfidan caused 70, 77 and100% reductions 

in comparison to the untreated control. 
 

The wilt of chickpea can cause considerable 

losses in tropical areas like the Sudan. 

Isolation of the fungus was carried out from 

wilted chickpea plants and soil collected 

from a sick-plot at Shambat Research 

Station. The identification depended on 

laboratory investigations. Physiological 

studies of chickpea wilt were made in the 

light of previous investigations for the effect 

of different culture media, temperature and 

pH (Kushwaha, 1971).  
 

Four different media were used Czepek Dox 

Agar, malt extract Agar (MEA), Potato 

Dextrose Agar (PDA) and Potato sucrose 

Agar (PSA). The results of the experiment 

revealed that the PDA medium was the best 

for radial growth of F. oxysporum (86.7%) 

followed by PSA medium (78.2 %).  Dikkar 

and Deshmukh (2003) reported similar 

findings. The isolates were studied for 

growth at different temperature levels on 

potato dextrose agar. The temperatures used 

were 20, 25, 30 and 35oC. It was observed 

that at 25oC, the fungus attained the 

maximum growth (84 %) followed by 46 % 

at 30 o C. This finding is consistent with that 

reported by Gupta et al. (1986) and is in line 

with the common observation that the 

temperature 25 oC is the optimum for 

development of chickpea wilt (Chauhan, 

1965). Similar results have also been 

demonstrated by various workers (Navas-

Cortes et al. 2007; Bhatti and Kraft, 1992; 

Chi and Hansen, 1964 and Agrios, 2005). 

Gupta et al., (1986) also reported similar 

findings regarding temperature requirements 

by the fungus. Whereas, Chauhan (1963), 

Sinha and Dahiya (1973) and Desai et al., 

(1994) found that 25° C is the optimum 

temperature for development of Fusarium 

wilt. Similarly, Sharma et al. (2005) 

confirmed that a temperature around 25° C 

is optimum for disease development. This 

finding is consistent with that reported by 

Mina and Dubey (2010). 

 

The isolate was studied for growth in terms 

of dry mycelia weight at different pH range 

viz., 5, 6, 7, and 8. Growth of the fungus 

was obtained at all pH levels tested, but it 

maximum at pH 7 where it was 2.76 g at PH 

6 it was1.95 g and at pH 5 it was 1.83g. 

Growth of the fungus decreased with 

increasing or decreasing pH from neutral. 

The results of the present study are in 

agreement with those achieved by Hayes 

(1978). However, the fungus appeared to be 

tolerant to a wide range of pH (Shaikh, 

1974). 
 

The antifungal effects of crude medicinal 

plant extracts Argel, Ginger and  Jatropha 

parts (seeds, stem, leaves and root) was 

determined by in vitro study using water and 

ethanol as solvents. Three concentrations of 

three plants extracts were used (25, 50, and 

100%) as antifungal activity against 

Fusarium oxysporum. The results of the 

experiment revealed that the ethanol extract 

was more effective than the water extract.  
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Table.1 Effects of Solid Media on Redial Growth of F. oxysporum 

 
 

Time/days 

Media 

 

PDA 

 

MEA 

 

PSA 

 

CDA 

3 4.17 3.60 4.16 3.20 

5 7.64 6.23 6.40 5.15 

7 8.67 7.52 7.82 7.33 

Lsd 
CV% 

 .611           .139            .627                                                                                                                                                        
8 .3                  3.8             4.3 

CDA = Czepek Dox Agar, PDA =Potato Dextrose Agar, PSA = Potato sucrose Agar and MEA = Malt extracts 
Agar 

 

Table.2 Effects of Broth Media on Redial Growth (g) of F. oxysporum 

 
Liquid Media PDB PSB MEB CZPECKS 

Dry.wieght F.oxysporum 2.44 1.95 1.78 1.25 

   Lsd (0.05) = 
    CV% 

                 0.334 
                  9.6 

CDB = Czepek Dox Agar, PDB =Potato Dextrose Agar, PSB = Potato sucrose Agar and MEB = Malt Extracts Agar 
 

 

Table.3 Effects of pH on the Mycelia Dry Weight Growth of F.oxysporum 

 
PH 5 6 7 8 

mycelia Dry weight /g 1.83 1.95 2.76 1.44 

Lsd (0.05) 
CV% 

                           0.359 
                            9.6 

 

Table.4 Effects of Plants Extracts on F. oxysporum Growth 

 
Treatment Inhibition (%) 

Aqueous Ethanol extract 

Dilution as of the original (%) 

25 50 100 25 50 100 

Argel 57.00i 68.00e 89.00a 66.00i 74.00e 96.00a 

Ginger 51.00j 65.00f 81.00b 64.00k 72.00f 93.00b 

Jatropha-seeds 40.00l 60.00h 75.00c 60.00m 67.00h 87.00c 

Jatropha-stems 29.00n 51.00j 72.00d 58.00n 62.00l 75.00d 

Jatropha-leaves 21.00o 42.00k 63.00g 55.00o 54.00p 71.00g 

Jatropha-roots 14.00p 39.00m 57.00i 44.00r 49.00q 65.00j 

Control 0.00q 0.00q 0.00q 0.00s 0.00s 0.00s 

C.V% 

Lsd0.05 

SE± 

              0.89% 

                            0.6784 

                            0.2373 

0.62% 

0.5927 

0.2074 
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Table.5 Effects of Fungicides on Redial Growth of F.oxysporum 

 

 

 

 

 

 

 

 

 

 

Fig.1 Effects of Temperature and Time on Redial Growth of F. oxysporum 

 

 
 

This finding corroborates the notion plant 

plants are one of the most important sources 

of medicine. Plants-derived compounds 

(phytochemicals) have been attracting much 

interest as natural alternatives to synthetic 

compounds. 

 

The present investigations revealed that in 

vitro growth of F.oxysporum was 

significantly checked by aqueous extracts of 

Argel at all concentration. Results showed 

that, Argel had the highest antifungal 

activity against F.oxysporum as it inhibited 

96% the radial fungus growth (100%).The 

roots of Jatropha displaced the lowest 

inhibition (65%). All the plant products 

tested significantly reduced the fungal 

growth as against radial growth in control 

treatment .The effect of the plant extract 

varied from one microorganism to another. 

Our result is in agreement with the study of 

Agrafotis, (2002). The attributed the strong 

inhibitory potential of Ginger to the fact that 

it contains over 400 different compounds 

comprising of a mixture of volatile and non- 

volatile chemical constituents including 

Zingerone, shogaols and gingerols. Abd 

Malek et al., (2005) investigated several 

essential oils from the fresh rhizomes of Z. 

officinale which had high inhibitory effect 

on fungal growth. Our results with Jatropha 

are in agreement with those reported by 

Ogbebor et al. (2007) who showed that the 

J. curcas leaves extract inhibited the 

mycelial growth of C. gloeosporioides in 

‘Para’ rubber tree, while extracts of J. 

curcas stem inhibited the growth of the 

fungus. These finding are further supported 

by Igbinosa et al. (2009).    

 

Fungicide Inhibition (%) 

25 50 100 

Thiram 88 95 100 

Abronstar 74 82 100 

Bayfedan 70 77 100 

Control 0 0 0 

Lsd(.05)=  

CV% 

0,396 

22.1 
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The results on the efficacy of three 

fungicides tested in vitro demonstrated their 

significant inhibitory effect on the fungus 

mycelial growth. Analysis of variance 

showed significant interaction between 

concentration and reduction of mycelial 

growth of F. oxysporum as an increase in 

fungicide concentration decreased the 

mycelial growth of the fungus.  

 

Preliminary evaluation of the comparative 

effect of fungicides on the mycelial growth 

of F. oxysporum revealed that the 

effectiveness of fungicides in inhibiting the 

mycelial growth of the pathogen varied. 

 

In general an increase in fungicide 

concentration increased the inhibition of 

mycelial growth. The effectiveness of 

fungicides in inhibiting the growth of the 

fungus, in descending order was Thiram, 

Abronstar and Bayfedan. These results are 

in agreement with those of Kovacikova 

(1970) and Jagtap and Sontakke (2007). 
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