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ABSTRACT 

 
A number of soil borne fungi are reported to cause diseases in chilli crop in Pakistan and induce heavy annual losses. During our 

survey conducted during July 2010 to August 2012 it was observed that in the chilli plants of lower areas of Sindh Province including 

Kunri, Kot Ghulam Muhammad, Mirpurkhas, Hyderabad, Tando Allahayar, Samaro, Umerkot and Digri show pathogenicity  
symptoms including wilting, stunted growth, chlorosis and blotch.  Diseased plant specimens were collected and brought to 

laboratory. The soil borne fungi Rhizoctonia solani, Macrophomina phaseolina, Fusarium oxysporum, F. solani and Pythium sp. were 

isolated from specimens collected from these areas.  Pathogenicity tests were carried out under greenhouse conditions using isolated 
fungi on chilli and colonization, and infection percentages were determined. During this study, Pythium sp., and R. solani severely 

affected plants compared to other fungi tested for their pathogenicity such as F. oxysporum, F. solani and M. phaseolina. In biological 

control, four antagonistic fungi Aspergillus flavus, A. niger, Penicillium commune and Trichoderma harzianum were used against the 
above mentioned plant pathogenic fungi which successfully suppressed the activity of pathogenic fungi. In addition, it disclosed that 

T. harzianum was highly antagonistic towards R. solani, M. phaseolina, F. oxysporum, F. solani and Pythium spp. as it showed a 

strong inhibitory effect on the growth and mycelial development. 

 

Key-words: 

 

INTRODUCTION 

 

Chilli is affected by a number of plant pathogens including fungi which cause root and crown rot. These 

pathogenic fungi are recorded in almost all chilli growing areas of the world. In Pakistan, several plant parasitic 

pathogens which cause root rot and fungi including Fusarium spp. produce wilt, root rot while powdery mildew is 

caused by the fungus Leveillula taurica, damping off and wilting of seedling caused by Pythium aphanidermatum 

and root rot and wilting of chilli plant caused by Macrophomina phaseolina (Hafeez, 1986; Saleem et al., 1996; 

Mushtaq; Hashmi, 1997; Hussain and Abid, 2011). Rhizoctonia root rot caused by R. solani generally affects 

seedlings, but R. solani can also infect mature plants and induce root rot, which leads to wilting and death of chili 

plants. To date, there are no commercially acceptable chili cultivars that are resistant to R. solani (Muhyi and 

Bosland, 1992). 

Isolates of M. phaseolina obtained from different plant species differed in cultural and morphological characters 

and pathogenicity (Dhingra and Sinclair, 1973). Macrophomina is a monotypic genus and efforts to divide M. 

phaseolina into sub-species were unsuccessful, based on the morphology and pathogenicty, there were extremely 

intraspecified variations (Dhingra and Sinclair, 1972; Echavez-Badel and Perdomo, 1991). The significant 

differences of morphological (Mayek-Perez et al., 2001), physiological (Mihali and Taylor, 1995), pathogenic 

(Mayek-Perez et al., 2001; Su et al., 2001) and genetic (Vandemark et al., 2000; Mayek-Perez et al., 2001; Su et al., 

2001; Alvaro et al., 2003; Jana et al., 2003; Aboshosha et al., 2007) diversity have been reported. Many researchers 

have also found great variability in pathogenicity and morphology among isolates from the same host.  That is 

affirmed that during the hyphal fusion, heterokaryosis could occur after mitotic segregation and recombination 

(Sinclair and Backman, 1986). 

It is now widely recognized that biological control of plant pathogens using antagonistic fungi is a distinct 

possibility for the future and can be successfully utilized especially within the framework of integrated disease 

management system (Muthamilan and Jeyarajan, 1996). Use of antagonistic organisms against Macrophomina root 

rot has been well documented in several crops (Mukhopadhyay, 1987; Raguchander et al., 1995). Biological control 

offers an environmentally friendly approach to the management of plant disease and can be incorporated into 

cultural and physical controls and limited chemical usage for an effective integrated pest management (IPM) system 

(Monte, 2001). Trichoderma species have been extensively studied as biological control agents against fungal 

pathogens (Chet, 1990; Chet et al., 1998; Howell, 1998; Siddiqui et al., 2001). In particular, T. harzianum has been 

demonstrated to be a very effective biocontrol agent (Zeilinger et al., 1999; Siddiqui and Shaukat, 2004). 
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Several Trichoderma species reduce the incidence of soil borne plant pathogenic fungi under natural conditions 

(Sivan and Chet, 1986; Calvet et al., 1990; Spiegel and Chet, 1998; Elad, 2000); nevertheless the effectiveness of 

this depends mainly on the physical, chemical and biological conditions of the soil. Antagonistic interactions have 

been recognized as one of the excellent mechanisms for biological control of pathogenic fungi (Khara and Hadwan, 

1990). Trichoderma harzianum is an efficient bio-controlling agent commercially produced to thwart the 

development of several soil born pathogenic fungi (Shalini et al., 2006). 

The objectives of the present investigation were 1) to test the pathogenicity of some important root fungi to the 

chilli plant and 2) to investigate the biocontrol potential of some of the organisms, in particular Trichoderma 

harzianum. 

 

MATERIALS AND METHODS: 

 

Isolation of Pathogens: 

The infected plants with roots were collected from the lower region of Sindh province including Mirpurkhas, 

Umerkot, Kunri, Samaro and Kot Ghulam Muhammad during the period of July 2010 to August 2012. These roots 

were placed in Petri dishes which contained Potato Dextrose agar medium and Czapek’s agar medium after surface 

sterilization by 1 % Ca (OCI)2 for 1 min. These Petri dishes were further incubated for 5 days at 28°C for the 

isolation of fungi.  

 

Identification of fungi: 

 Isolated fungi were identified using the standard manuals or refernces including Ellis (1971;1976), Barnett 

and Hunter (1972), Nelson et al. (1983), Singh et al., (1991) and Sutton (1980). 

 

Pathogenicity test: 

The pathogenicity tests were conducted at the Department of Botany, Federal Urdu University of Art, Science 

and Technology Karachi in the greenhouse. Pathogenicity tests of Rhizoctonia solani, Macrophomina phaseolina, 

Fusarium oxysporum, F. solani and Pythium spp. were carried out separately in screen house using isolated fungi. 

Colonization and infection % were recorded after every five days. For pathogenicity test, seedlings (having average 

10 cm in length) were taken and planted in pots containing 400g of sterilized and unsterilized soil/fertilizer mixture 

(2:1 ratio) separately. Pots were kept in two sets containing sterilized (Fig.1) and unsterilized soil (Fig.2) separately 

for 15 days. Expressions of pathogenicity were observed after inoculation of different fungi (Table 1). The spore 

suspension of different fungi including Rhizoctonia solani, M. phaseolina, F. oxysporum, F. solani and Pythium sp. 

were prepared in the laboratory. The spore suspension containing 100 spores/ ml were prepared and inoculated in 

pots. Hundred ml of a fungal spore suspension was applied by pouring suspension in three holes made around the 

plant in each pot. 

 

Antagonism test: 

In order to select some suitable antagonistic micro-organism against the pathogens were evaluated in the 

laboratory on PDA. Both antagonist and the pathogen were simultaneously inoculated at the opposite ends of the 

Petri dishes containing about 15 to 20ml PDA. Three Petri dishes were used for each antagonist and the same 

number was kept as control with the pathogen alone plated on one side of the Petri dish at the periphery. The 

inoculated Petri dishes were incubated at 30°C for 6 days and the final observations were recorded.  The interaction 

was determined by the growth of the two interacting microorganisms. The colony diameter of the antagonist toward 

the pathogen was recorded. The colony diameter of the pathogen alone (control) and in combination (dual culture) 

were measured. Percentage decrease over the control was calculated by the following formula:  

 

 

Some of the antagonists caused inhibitions at a noticeable distance whereas the others inhibited the pathogen on 

contact and continued to grow over the inhibited colony.  

 

Preparation of inocula of Antagonistic fungi:   

Native potential fungal antagonists were isolated from chilli rhizosphere and rhizoplane in chilli crop fields. The 

affected leaves, stems and roots of chilli plants were collected and surface-sterilized with 1% sodium hypochlorite. 

Isolations were made from these chilli plant parts in Potato Dextrose agar (PDA) and Czapex dox agar at room 
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temperature (28 ± 2°C) for 5 days, to allow for the growth of all organisms. Isolations were also made from the soil 

and infected plants. Transfers were made unto potato dextrose agar (PDA) plates (Odigie and Ikotun, 1982). Stock 

cultures of the isolates were maintained at 4° C in bottle slants for subsequent studies. Biocontrol agents including 

Rhizoctonia solani, M. phaseolina, F. oxysporum, F. solani and Pythium spp. were obtained from the crop of chilli 

samples collected from various locations of lower region of Sindh Province. These fungi were multiplied on Potato 

Dextrose agar and Czapex dox agar for 5 days at 28°C.   

 

RESULT AND DISCUSSION 

 

The results obtained are given in the Table 2. All the fungi used in the experiment proved to be pathogenic. In 

case of soil inoculations with Rhizoctonia solani, the maximum disease intensity on chilli plant was 36% in 

sterilized soil compared with 39% in unsterilized soil. In soil inoculations with Pythium sp., the disease intensity 

was 29% in sterilized soil and 32% in unsterilized soil. The minimum disease intensity resulted following soil 

inoculation with Fusarium oxysporum, F. solani and Macrophomina phaseolina i.e. 14%, 13.33% and 8% in 

sterilized soil and 21%, 19%, 10.33% in unsterilized soil respectively (Table 2.). 

 

Table 1. Effect of Pathogenicity test after inoculation of different fungi. 

 

Pathogens  
Effect of pathogenicity after inoculation  

5
th

 day  10
th

 day  15
th

 Day  

Control  -- -- -- 

Fusarium oxysprorum  -- + ++ 

F. solani  -- + ++ 

Macrophomina phaseolina  -- -- + 

Rhizoctonia solani  ++ +++ ++++ 

Pythium sp.  + ++ +++ 

No effect (--), Effect(+), Less Effect (++), More effect (+++) and highly effect (++++) 

 

Table  2. Chilli plants inoculated with various fungi showing mean and S.E of disease intensity. 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Effect of different antagonists on selected fungal pathogens. Mean are followed by ± standard error. 

Treatments 
Average percent disease intensity 

Sterilized soil Unsterilized soil 

Control 0.00 0.00 

Soil+ Fusarium oxysporum  14±2.64 21±5.50 

Soil+ F. solani 13.33±3.52 19±7.76 

Soil+ Macrophomina phaseolina 8±3.21 10.33±4.91 

Soil+ Rhizoctonia solani 36±12.12 39±11.84 

Soil+ Pythium sp. 29±9.53 32±8.38 

Antagonists 

Different fungi pathogens 

Inhibiton% Fusarium 

oxysporum 

Fusarium 

solani 

Rhizoctonia 

solani 

Macrophomina 

phaseolina 

Pythium 

spp. 

Aspergillus niger 7.2±0.72 6.3±0.76 4.7±1.04 2.8±0.9 7.3±0.34 56.6 

A. flavus 4.5±1.08 5.3±0.49 5.6±1.18 4.8±0.81 4.2±0.9 48.8 

P. communes 4.9±1.43 4.2±1.12 3.4±1.07 2.8±0.86 5.3±0.61 41.2 

T. harzianum 7.4±0.47 6.8±0.38 5.8±0.82 6.8±0.73 6.5±0.75 66.6 
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Fig.1. Chilli plants in sterilized soil before the inoculation of the diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Chilli plants in unsterilized soil before the inoculation of the diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Chilli plants inoculated with different fungi in sterilized soil after the appearance of the disease. 

1. Control; 2. Soil+ Fusarium oxysporum; 3. Soil+ F. solani; 4. Soil+ Macrophomina phaseolina;   

5. Soil+ Rhizoctonia solani; 6. Soil+ Pythium sp.  
 

Table 4. F- ratios derived from ANOVA for pathogenicity of sterilized and unsterilized soil by fungal species. 

F= F-ratio was obtained from ANOVA tables, LSD=Least significant difference at P=0.05 

Source F P-value LSD0.05 

All five Fungi 40.56 .0000*** 1.54 

Sterilized & Unsterilized soil 8.36 .0062** 0.97 

Fungi × Sterilized and Unsterilized soil 1.31 .2813ns  
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Fig. 4. Chilli plants inoculated with different fungi in unsterilized soil after the appearance of the disease. 

1. Control; 2. Soil+ Fusarium oxysporum; 3. Soil+ F. solani; 4. Soil+ Macrophomina phaseolina;   

5. Soil+ Rhizoctonia solani; 6. Soil+ Pythium sp.  

 

Table 4 shows the results of ANOVA for pathogenicity of sterilized and unsterilized soil by fungal species on 

chilli plants. Five fungal species including Fusarium oyxsporum, F. solani, Macrophomina phaseolina, Rhizoctonia 

solani and Pythium spp. showed significant differences regarding pathogenicity (P<0.001). As expected there was a 

significant difference in pathogenicity in sterilized and unsterilized soils (P<0.001). However, the interaction of 

species X sterilized/unsterilized soil was found to be non-significant. 

 

Table 5. F- ratios derived from ANOVA for antagonist effect on different pathogen fungi. 

 

 

 

 

 

 

F= F-ratio was obtained from ANOVA tables, LSD=Least significant difference at P=0.05 

Table 5 shows the results of ANOVA for antagonist effect on different pathogen fungi. Five fungal species 

including Fusarium oyxsporum, F. solani, Macrophomina phaseolina, Rhizoctonia solani and Pythium spp. showed 

significant differences and inhibited by antagonist including Trichoderma harzianum, Aspergillus niger, A. flavus 

and Penicillium communes and. All five species proved as being antagonistic to at least some of the fungal 

pathogens. 

Chilli crop is vulnerable to be attacked by several soil-borne pathogenic fungi which are responsible for 

considerable plant mortality and consequently high losses in yield and quality in many parts of the world (Abada, 

1994; Lu et al., 1984; Mushtaq and Hashmin, 1997). Hafeez (1986) while conducting pathogenicity test of Fusarium 

sp., (root rot fungi) found brown discoloration of roots near soil line whereas Ghaffar (1988) observed severe 

colonization of cortical tissues of infected plants by root rot fungi.  

Siddiqui et al., (2001) investigated the biocontrol potential of five species of Trichoderma which significantly 

reduced the nematode population and root knot development in okra and mungbean. The highest activity was 

expressed by T. harzianum which suppressed the root knot nematode population and elevated plant height and fresh 

weight of shoot. Siddiqui and Shaukat (2004) reported the influence of soil-borne fungus Trichoderma harzianum 

on the biocontrol potential of Pseudomonas fluorescens against plant parasitic nematode Meloidogyne javanica and 

concluded the mixture of compatible T. harzianum and P. fluorescens are effective against plant parasitic nematodes 

and could be controlled by the mixture of both microognisms. The molecular mechanism of antagonistic activity of 

T. harzianum involves the formation of hydrolytic enzymes and peptaibol antibiotics (Schirmböck et al., 1994) and 

possibly 6-pentyl-α-pyrone metabolite (Scarselletti and Faull, 1994; Cooney et al., 1997). 

The result of pathogenicity test indicated that among the selected fungi, Macrophomina phaseolina, Fusarium 

oxysporum and F. solani exhibited lower pathogenicity symptoms on chilli, while two soil pathogens Rhizoctonia 

solani and Pythium spp. were found to show high pathogenicity effect on the chilli plant (Fig. 4; Table 1). 

Interestingly, Macrophomina phaseolina showed much lower pathogenicity effect on chilli compared to the other 

pathogens tested.  

Source F-ratio P-value LSD0.05 

All five Pathogen fungi 4.22 .0061** 0.90 

Antagonist fungi (4 spp.) 7.60 .0004*** 0.80 

Pathogen fungi × Antagonist 

fungi 

1.86 .0705ns  
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All the isolates in the study inhibited the growth of Fusarium oxysporum, Fusarium solani, Rhizoctonia solani, 

Macrophomina phaseolina, and Pythium spp. as shown in Fig. 5 (Table 3). Among these isolates, Trichoderma 

harzanium, Aspergillus niger and A. flavus resulted as effective antagonist inhibiting the growth of the pathogen by 

66.6%, 56.6% and 48.8% respectively. The least antagonist was Penicillium communes which inhibited the growth 

of the pathogen by 41.2% only. Macrophomina phaseolina and Rhizoctonia solani were also inhibited by all the 

isolates used in the experiment as shown in Fig. 5 (Table 3).  

Windham et al., (1986) and Malik and Dawar (2003) indicated that Trichoderma species produces plant growth 

promoting factors and various species of Trichoderma gained considerable success against pathogenic fungi 

particularly T. harzianum protects the root system against F. solani, R. solani and M. phaseolina infection on a 

number of crops.  

It is concluded that biological treatment with Trichoderma harzianum and Aspergillus niger as antagonists are 

effective for management of root rot fungi to the chilli crop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Graph showing sterilized soil and unsterilized disease intensity % with Mean and S.E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 The effect of different antagonists on selected fungal pathogens. 
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