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oxysporum f. sp. ciceri. Causing wilt of Chickpea (Cicer arietinum L.) 

 

Abstract 

Wilt of chickpea caused by Fusarium oxysporum f. sp. ciceri. is an emerging threat to 

chickpea production particularly under stress conditions such as high temperature and low 

soil moisture. This study showed response of culture media, different temperatures and pH 

levels on the growth of Fusarium oxysporum f. sp. ciceri. causing chickpea. The fungus 

was isolated from different locations of Satna, M.P. and was purified for further studies 

through tip and single mycelium. Pure culture was with white fluffy mycelium. Potato 

dextrose agar (PDA) was found best medium for culturing the fungus in laboratory. 

Optimum mycelial growth was achieved at temperature 26°C and pH 6 in laboratory 

conditions. The results showed that the fungus Fusarium oxysporum f. sp. ciceri. causing 

Wilt disease in chickpea favors in slightly acidic. 
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1.Introduction 

Chickpea (Cicer arietinum L.) variously known as Gram pois, hoes, hommes, grao-de-

beco, garbanzo and Bengal gram. Pulse crops play an important role in Indian agriculture, 

the chickpea is an important winter grain legume having extensive geographical 

distribution. Fusarium wilt of chickpea mostly occur in 32 countries across 6 continents 

Butler (1918). Chickpea being rich in protein 25.3-28.9%, Calcium from 115.0 to 226.5 

mg, and Magnesium from 128 to 188.6 mg. They also contain Vitamin C at 12.48 mg per 

100g.  (Begum et al (2023), Badola et al. (2023), (Hulse, 1991).  Fusarium wilt is one of 

the major diseases of chickpea and they were found that at national level the yield losses 

up to the tune of 9-41 percent (khan et al. 2004). In addition to the cultivated cicer 

arietinum, 42 wild Species are known to exist. All-India Chickpea production in year 2023-

24 115.76 lakh tones. In the year 2023-24 Rabi season, Madhya Pradesh (MP) cultivated 

23.46 lakh hectares under chickpea, making it a major producer in India, according to the 

DPD, Bhopal (ANGRAU) Bengal gram Outlook Report. Chickpea wilt caused by F. 

oxysporum f. sp. ciceri was first reported from India by Butler (1918). It is 

soil and seed borne, facultative, saprophyte and survive in soil for two to three years 

(Haware et al. 1978). Fusarium oxysporum f. sp. ciceri is considered to be the primary 

cause of wilt disease in chickpea (Chattopadhyay and Sen Gupta, 1967). The objective of 
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the present study was to find out effect of culture media, temperatures and pH levels against 

the growth of Fusarium oxysporum f. sp. ciceri causing Wilt of chickpea. 

2.Materials and Methods  

2.1 Survey of the Disease 

A roving survey was carried out to record the severity/ incidence of Fusarium wilt in chickpea. 

The survey was conducted during the Rabi season of 2024-25 in Sohawal block of Satna 

district, Madhya Pradesh. 

 

 

 

 

 

2.2 Isolation, Identification and Purification of Fungus 

Naturally affected plants of chickpea showing symptoms of wilt disease were collected during 

kharif season 2024-25 from different surveyed fields and research field of AKS. University, 

Satna (M.P). Infected plants apparently showing typical wilt symptoms were collected and 

brought to the laboratory for initial examination. The white fungal mycelium showing on the 

infected stem and roots of chickpea was inoculated separately on PDA medium in petri plate 

and the petri plates were incubated at 26 ± 1°C in BOD incubator for 7 days. Pure cultures were 

obtained by using the hyphal tip culture methods on the medium. The fungus was identified 

morphologically on the basis of following characters- a) color of hyphae, b) color and 

morphology of colony, c) Microconidia and Macroconidia d) septation of conidia e) Resting 

structure chlamydospore. 

2.3 Selection of Suitable Culture Medium  

Three culture media, viz., corn meal agar, Sabouraud dextrose agar (SDA), and potato dextrose 

agar (PDA) are used to select one for fast growth of the fungus. These culture media are 

prepared and sterilized as per the standard protocol and poured into 90 mm polyethylene Petri 

plates in a laminar air flow. Twenty ml of melted medium is poured into each sterilized Petri 

plate and allowed to solidify at room temperature. A five mm disc of the test fungus is cut with 

the help of a sterilized cork borer from a five-day-old culture grown on a PDA Petri plate and 

placed in the center of each Petri plate. A total of five replicates of each culture medium is 

maintained. All inoculated Petri plates are incubated in a BOD incubator at 26 ± 1°C for 7 days. 

Radial growth of the test fungus is observed at 3, 5, and 7 Days After Inoculation (DAI). The 

data are tabulated to determine the best medium for fungal growth. 

2.4 Effect of Temperatures on Mycelial Growth   

Three replicates with PDA culture medium were inoculated with discs of 5mm diameter cut 

from 3-5 days old culture of Fusarium oxysporum f. sp. ciceri.  Inoculated petri plates (each 

three replicates) were incubated at six different temperatures: 10°C, 15°C, 20°C, 25°C, 30°C, 

and 35°C up to 7 DAI. Two-dimensional average radial growth was measured at 3, 5, and 7 

days after inoculation (DAI) and tabulated for statistical analysis. When maximum radial 

fungal growth was found from any tested temperatures, two lower and two upper ranges of 

temperatures of maximum growth temperature were also tried to find out the optimum 

temperature. The experiment was arranged in a Completely Randomized Design (CRD) with 

five replications. 

 

 

Percent Disease Incidence       =         

Number of infected plants 

× 100 

Total number of plants  
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2.5 Effect of pH levels on Mycelial Growth 

Suitable culture medium (Potato dextrose agar) was prepared and divided into seven separate 

parts (according to pH levels) in conical flasks. There were Seven different level of pH ranging 

from 5.0 to 8.0 with a difference of 0.5 were adjusted by using either N/10 HCl or N/10 NaOH 

before autoclaving the PDA medium. For each pH value, 3 replications were maintained. The 

Petri dishes containing sterilized medium was inoculated with 5 mm mycelium disc and 

incubated at 26±1ºC. Observations were taken after 3,5 and 7days of inoculation for mycelial 

growth. 

3 RESULTS AND DISCUSSION 

3.1 Survey of the Disease 

Fusarium wilt symptoms initially appeared as vein clearing on the outer portion of younger 

leaves and downward drooping of older leaves. (Fig. 1A) The seedlings were drooped down 

followed by sudden death. (Fig.1B) The infected root, collar region and main stem showing 

the typical symptoms and browning of the vascular tissues is strong evidence of the disease. 

(Fig. 1C) The foliage shows the chlorosis before wilting. Further with the time of infection and 

growth of the plant symptoms appear during flowering and pod maturation. A roving survey 

was carried out to record the severity/ incidence of Fusarium wilt in chickpea. The survey was 

conducted during the Rabi season of 2024-25 in Sohawal block of Satna district, Madhya 

Pradesh. The number of fields in sohawal block of Satna visited in 12, with a distance of 5-7 

km.  revealed that in the Five villages, surveyed during rabi (2024-2025), the average incidence 

of wilt ranged from 11% (Jiganhat) to 17% (AKS University) percent. However, the chickpea 

crop grown in the village of AKS University was found to suffer more with wilt incidence of 

17 percent with overall average incidence of wilt (13.2 %). The second highest average wilt 

incidence of 15 percent was recorded from the Sohawal followed by the village of Amoudha 

(12%), Dadhiya (11%). average wilt incidence. Comparatively minimum average wilt 

incidence of 11 percent was recorded in the village of Jiganhat. 
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Fig. 1. Symptoms of the disease; Wilted plants patches on field (A), Wilted Seedlings drooped down 

(B), collar & roots of infected Whole young plant (C) 

 

3.2 Isolation and Identification of the Fungus (Fusarium oxysporum f. sp. ciceri) 

The pathogen was isolated by selecting chickpea plants showing typical wilting symptoms and 

placing small bits of infected root on Potato Dextrose Agar as described under material and 

methods after a week’s incubation period, when the Mycelium where observed they were white 

in colour (Fig.2A). The slide culture technique was prepared and observed under microscope 

first at 10 x power and then at 40 x magnification revealed presence of micro conidia, macro 

conidia (2-3) septate and chlamydospores (Fig.3 A, B). Based on this microscopy the pathogen 

was identified as F. oxysporum f. sp. ciceri (Fig.2B, C). The Pathogen was most frequently 

isolating from the infected roots on potato dextrose agar medium.  

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 (A) cross section of stem showing discoloration of vascular system 

         (B) Mycelial growth from the infected stem and root 

         (C) Pure culture of Foc isolated from infected chickpea 
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 Fig.3 (A) Mycelium, (B) Microconidia, (C) Macroconidia  

3.3 Selection of Suitable Culture Medium 

The results presented in Table 1 and Fig. 4 clearly indicated that PDA supported higher radial 

growth of the fungus as compared to CMA and SDA. The radial growth of fungus (Fusarium 

oxysporum f. sp. ciceri) was found sparse on CMA and Very Sparse on SDA (Fig. 4). Maximum 

growth was observed on PDA 39.50mm, 68.50mm, and 89.60mm at 3, 5 and 7 DAI 

respectively followed by Corn meal extract medium (25.80mm, 43.30mm, 63.80mm), 

Sabouraud dextrose agar (20.40mm, 33.20mm, 53.00mm) at 3, 5, and 7 Days after inoculation 

at 26  1 C temperature (Table 1). Since, fungus growth were very dense on PDA therefore, 

PDA was more suitable than other two (SDA & CMA) culture media. 

Table 1. Growth of Fusarium oxysporum f. sp. ciceri on different culture media 

 SEm+ = Standard Error of Mean (plus/minus), C.D. (P =.01) = Critical Difference at Probability Level 

= 0.01, C.V. (%) = Coefficient of Variation (in percent), F – Tab = Fisher’s Tabulated Value, F-Cal = 

Fisher’s calculated value 

 

 

 

 

 

 

Nutrient media Mycelial growth (mm) 

3 DAI* 5 DAI* 7 DAI* 

Potato dextrose agar 39.50 68.50 89.60 

Corn meal Agar medium  25.80 43.30 63.80 

Sabouraud dextrose agar 20.40 33.20 53.00 

C.V. (%) 4.22 1.80 1.96 

SE(m)± 0.54 0.38 0.60 

CD (1%) 1.68 1.21 1.88 

F-Tab 6.93 6.93 6.93 

B  A  C  
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   Fig. 4. Growth of Fusarium oxysporum f. sp. ciceri on different culture media at 7 DAI 

 

 

 

 

 

 

 

 

Fig.5 Effect of different nutrient medium on mycelial growth of Foc 

3.4 Effect of Temperature on Growth 

Analysed Data obviously indicated that the use of different Nutrient Media could cause 

significant effect on the mycelial growth of Fusarium oxysporum f. sp. ciceri. Maximum 

mycelial growth was supported at 26C growth 39.16mm, 68.50mm, and 89.33mm at 3, 5, and 

7DAI respectively followed by 27C, 25C, 24C and minimum growth was recorded at 35C, 

10C and 15C. Significant differences in growth were observed across all tested temperatures 

(Table 2 & Fig. 6, Fig. 7). 

 

39.5

68.5

89.6

25.8

43.3

63.8

20.4

33.2

53

0

20

40

60

80

100

3 DAI* 5 DAI* 7 DAI*

M
yc

el
ia

l 
g

ro
w

th
 (

m
m

)

Observation

PDA CMA SDA

UNDER PEER REVIEW



 

Table 2. Effect of Different Temperatures on the radial growth of Fusarium oxysporum f. sp. 

ciceri. 

SEm+ = Standard Error of Mean (plus/minus), C.D. (P =.01) = Critical Difference at Probability Level 
= 0.01, C.V. (%) = Coefficient of Variation (in percent), F – Tab = Fisher’s Tabulated Value, F-Cal = 

Fisher’s calculated value 

 

 

 

 

 

 

 

 

 

Fig.6 Effect of different temperature levels on mycelial growth of Fusarium oxysporum f. sp. ciceri. 

 

 

Temp. 

range 

(°C) 

Mycelial growth (mm) 

3 DAI* 5 DAI* 7 DAI* 

10 10.50 16.83 24.00 

15 11.33 21.33 32.16 

20 13.00 27.00 38.00 

24 21.33 41.83 59.83 

25 26.66 48.66 65.83 

26 39.16 68.50 89.33 

27 32.83 57.83 82.33 

30 17.00 26.33 35.16 

35 8.33 10.50 11.00 

C.V. (%) 6.34 3.96 4.11 

SE(m) ± 0.73 0.81 1.15 

CD (1%) 2.19 2.42 3.45 

F-Tab 3.71 3.71 3.71 
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Fig.7. Effect of temperature; effect of 10C (A), effect of 15C (B), effect of 20C (C), effect of 

24C (D), effect of 25C (E) effect of 26C (F) effect of 27C (G) effect of 30C (H) and effect of 

35C (I) on radial growth of Fusarium oxysporum f. sp. ciceri. 

3.5 Effect of pH on Growth of Fusarium oxysporum f. sp. ciceri 

Data revealed that the mycelial growth of Fusarium oxysporum f. sp. ciceri have been 

significantly affected by the various pH levels Table 3, graphically represented in fig- 8. 

Analysed Data clearly indicated that the use of different pH levels was significantly affect the 

mycelial growth of Fusarium oxysporum f. sp. ciceri. Maximum mycelial growth was 

supported at 6 pH 42.33mm, 65.66mm, and 86.33 mm at 3, 5, and 7 DAI respectively followed 

by 6.5pH, and 5.5pH minimum growth was recorded at 5pH, 8pH, and 7.5pH. 
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SEm+ = Standard Error of Mean (plus/minus), C.D. (P =.01) = Critical Difference at Probability Level 

= 0.01, C.V. (%) = Coefficient of Variation (in percent), F – Tab = Fisher’s Tabulated Value, F-Cal = 

Fisher’s calculated value 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Effect of different pH levels on mycelial growth of Fusarium oxysporum f. sp. ciceri. 

 

 

A roving survey was carried out to record the severity/ incidence of Fusarium wilt in chickpea. 

The survey was conducted during the Rabi season of 2024-25 in Sohawal block of Satna 

district, Madhya Pradesh. The number of fields in sohawal block of Satna visited in 12, with a 

distance of 5-7 km.  revealed that in the Five villages, surveyed during rabi (2024-2025), 

Fusarium wilt symptoms initially appeared as vein clearing on the outer portion of younger 

leaves and downward drooping of older leaves. (Fig. 1A) Found such as a similar disease 

incidence Shrivastava et al. (2021) Conducted a survey on chickpea wilt disease incidence 

pH Mycelial growth (mm) 

3 DAI* 5 DAI* 7 DAI* 

5 35.66 51.66 67.66 

5.5 39.33 63.16 76.00 

6 42.33 65.66 86.33 

6.5 41.50 62.33 80.00 

7 40.33 61.33 75.33 

7.5 38.00 60.50 72.33 

8 35.83 57.16 70.83 

C.V. (%) 2.09 2.30 2.10 

SE(m) ± 0.47 0.80 0.91 

CD (1%) 1.44 2.45 2.80 

F-Tab 4.46 4.46 4.46 
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Table 3. Effect of Different Temperatures on the radial growth of Fusarium oxysporum f. sp. 

ciceri. 
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during, the rabi seasons 2018-19 and 2019-20, covering 180 chickpea fields from 60 locations 

in 10 tehsils under Vidisha district, distributed under Vindhya plateau zone of M.P. The 

seedlings were drooped down followed by sudden death. (Fig.1B) The infected root, collar 

region and main stem showing the typical symptoms and browning of the vascular tissues is 

strong evidence of the disease. (Fig. 1C) Haware and Nene (1980) found that chickpea plants 

experiencing early wilting result in greater losses compared to those that wilt later. However, 

seeds from plants that wilt later are lighter, rougher, and duller than those from healthy plants. 
Nikam et al. (2011) observed that the early signs of chickpea wilt included light yellowing and 

drooping of leaves, eventually leading to the wilting of the plant. 

The pathogen was isolated by selecting chickpea plants showing typical wilting symptoms and 

placing small bits of infected root on Potato Dextrose Agar as described under material and 

methods after a week’s incubation period, when the Mycelium where observed they were white 

in colour (Fig.2A). The slide culture technique was prepared and observed under microscope 

first at 10 x power and then at 40 x magnification revealed presence of micro conidia, macro 

conidia (2-3) septate and chlamydospores (Fig.3 A, B). Based on this microscopy the pathogen 

was identified as F. oxysporum f. sp. ciceri (Fig.2B, C). The Pathogen was most frequently 

isolating from the infected roots on potato dextrose agar medium. Soni et al. (2023) studied 

the isolates of Fusarium oxysporum f. sp. ciceri from two district of Bundelkhand region and 

studied their phenotypic and pathogenic variability. Pigmentation of FOC isolates have a wide 

range includes cottony white, white with ting of orange and white with violet and pale-yellow 

pigmentation. Macro and microconidia with resting spores (Chlamydospores) were also 

observed. 

The results presented in Table 1 and Fig. 4 clearly indicated that PDA supported higher radial 

growth of the fungus as compared to CMA and SDA. The radial growth of fungus (Fusarium 

oxysporum f. sp. ciceri) was found sparse on CMA and Very Sparse on SDA (Fig. 4). Maximum 

growth was observed on PDA 39.50mm, 68.50mm, and 89.60mm at 3, 5 and 7 DAI 

respectively followed by Corn meal extract medium (25.80mm, 43.30mm, 63.80mm), 

Sabouraud dextrose agar (20.40mm, 33.20mm, 53.00mm) at 3, 5, and 7 Days after inoculation 

at 26  1 C temperature (Table 1). Since, fungus growth were very dense on PDA therefore, 

PDA was more suitable than other two (SDA & CMA) culture media. Thaware (2015) reported 

that among Fusarium isolates grouping most of them in two clusters. In vitro culture media 

studied, Potato dextrose agar (89.66 mm) and Richard agar medium (85.66) was found 

significantly highest mean mycelial growth and sporulation.  

Analysed Data obviously indicated that the use of different Nutrient Media could cause 

significant effect on the mycelial growth of Fusarium oxysporum f. sp. ciceri. Maximum 

mycelial growth was supported at 26C growth 39.16mm, 68.50mm, and 89.33mm at 3, 5, and 

7DAI respectively followed by 27C, 25C, 24C and minimum growth was recorded at 35C, 

10C and 15C. Significant differences in growth were observed across all tested temperatures 

(Table 2 & Fig. 6, Fig. 7). Paulkar et al. (2002) studied the effect of temperature, carbon and 

nitrogen sources and found best growth of F. oxysporum f. sp. ciceri on mannitol, dextrose, 

sucrose and potassium nitrate nutrients, between 25 to 30 °C. 

Data revealed that the mycelial growth of Fusarium oxysporum f. sp. ciceri have been 

significantly affected by the various pH levels Table 3, graphically represented in fig- 8. 

Analysed Data clearly indicated that the use of different pH levels was significantly affect the 

mycelial growth of Fusarium oxysporum f. sp. ciceri. Maximum mycelial growth was 

supported at 6 pH 42.33mm, 65.66mm, and 86.33 mm at 3, 5, and 7 DAI respectively followed 

by 6.5pH, and 5.5pH minimum growth was recorded at 5pH, 8pH, and 7.5pH. Desai et al. 
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(1994) reported that all the four races of F. oxysporum f. sp. ciceri recorded maximum growth 

at pH 6.0. Farooq et al. (2005) studied the impact of pH on the mycelial growth of F. oxysporum 

f. sp. ciceri and determined that the most suitable pH levels for growth were 6.0 and 7.0.      

4. CONCLUSION 

The roving survey conducted during the Rabi season of 2024–25 in the Sohawal block of Satna 

district, Madhya Pradesh, revealed a notable incidence of Fusarium wilt in chickpea across 12 

fields spanning five villages. Initial symptoms observed included vein clearing on younger 

leaves, downward drooping of older leaves, and eventual plant wilting, consistent with 

previous findings by Shrivastava et al. (2021), Nikam et al. (2011), and the classical 

observations of Haware and Nene (1980). Typical internal symptoms such as browning of the 

vascular tissue were evident, confirming disease presence. The pathogen was isolated on 

Potato Dextrose Agar (PDA), and microscopic examination showed the presence of 

microconidia, macroconidia (2–3 septate), and chlamydospores, leading to the identification 

of the causal organism as Fusarium oxysporum f. sp. ciceri. PDA proved to be the most 

supportive medium for fungal growth, with maximum radial growth observed at 26 ± 1°C, 

aligning with reports by Soni et al. (2023) and Thaware (2015). Growth was also significantly 

influenced by temperature and pH, with optimum mycelial development at 26°C and pH 6.0, 

confirming earlier studies by Paulkar et al. (2002), Desai et al. (1994), and Farooq et al. (2005). 

These findings highlight the aggressive nature of F. oxysporum f. sp. ciceri under favorable 

environmental conditions and reinforce the importance of monitoring and managing wilt 

incidence to minimize yield losses in chickpea cultivation. 
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