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ABSTRACT : 

                   Black pepper, a significant spice crop, suffers from various fungal diseases including Phytophthora foot rot. This study investigated the potential of 

Trichoderma spp. as a biocontrol agent against Phytophthora capsici, the causal agent of foot rot. The research involved isolating and culturing both the pathogen 

and Trichoderma spp. Subsequently, growth inhibition of Phytophthora by Trichoderma was assessed using dual culture plate methods. Results revealed that 

Trichoderma, a fast-growing fungus, significantly suppressed the growth of Phytophthora in dual culture. This inhibition is likely due to the production of 

diffusible substances by Trichoderma. Additionally, Trichoderma's rapid growth allows it to compete for space and resources, further limiting the pathogen's 

growth.  This study concludes that Trichoderma spp. is a promising biocontrol agent for managing Phytophthora foot rot in black pepper, offering a sustainable 

alternative to chemical control methods. 
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INTRODUCTION 

                     Black pepper (Piper nigrum) is flowering vine in the family piperaceae. The dried fruit of the plant is used as a spice (1). Black pepper is 

native to Kerala, India, and extensively cultivated in the tropical regions. Black pepper is the world’s most traded spice and is one of the most common 

spices added to cuisines around the world. Black pepper suffers considerably from various diseases; one of the major diseases is Phytophthora foot 

rot/quick wilt, caused by Phytophthora capsici (2). The leading procedures for controlling the phytophthora root rot on piper nigrum include chemical 

methods, cultural practices, and the use of fungicides. Chemical methods and fungicides are harmful to the normal flora of the environment. Fungicides 

are expensive and not completely effective against the pathogen (3). The use of fungicides can also lead to the development of resistant strains. The use 

of biological methods instead of fungicides is less expensive and more environmentally friendly. Trichoderma sp. is a fungal biocontrol agent that is 

used against plant disease (4). The use of Trichoderma sp. against phytophthora can be an alternative method for controlling the phytophthora root rot 

on black pepper. The success of a biocontrol agent depends on the ability of the antagonist to proliferate under the conditions of a given environment, 

so native fungal strains have a greater advantage (5). The native strains do not possess any foreign material and thus do not endanger the natural 

biodiversity (6).  

Our study is focused on the biocontrol potential of native Trichoderma sp. against P. capsici, the causal agent of phytophthora root rot in black pepper 

(7). 

MATERIALS AND METHOD 

   Isolation, Identification and maintenance of Pathogen 

  Infected Phytophthora disease samples of black pepper were observed at Kunchithanny fields, Myladumpara and brought to the laboratory. The 

symptoms of affected plant were closely observed and recorded. For the isolation of casual organisms, affected leaves were collected. The leaves were 

cut in to small pieces with scalpel or blade. These where thoroughly washed with distilled water. The pathogen were isolated by surface sterilizing the 

affected piece in 0.1  mercuric chloride solution for 1 minutes followed by repeated washing with distilled water. The surface sterilized piece is then 

plated on PDA medium under aseptic conditions using laminar air flow equipment. The plates were incubated at 28   for 7 days (8).  

The isolated organism was identified by using LPCB (Lacto Phenol Cotton Blue) Staining method (9). 
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The fungal growth obtained was sub cultured and purified to get pure culture of the organism. Isolated organism was cultured and maintained in PDA 

medium at 25   in petriplates and slants (10). 

Culturing and maintenance of Antagonists 

 The standard isolate of Trichoderma sp. was collected from the laboratory of ICRI (INDIAN CARDAMOM RESEARCH INSTITUTE), Myladumpara 

,Idukki.  Trichoderma sp.was cultured and maintained in PDA plates and slants and allowed to grow at room temperature (11).  

Mono Culture Method 

This was carried out to measure the growth rate of the antagonism in individual cultures of Petri plates. 5mm size mycelial disc of the fungal antagonist, 

Trichoderma sp. was cut out from the PDA plates using a cork borer and placed at the center of individual plates. These plates were incubated at 28  

and measured the diameter and recorded for 6 days (12). 

Dual Culture Method  

     Dual cultures were done in Petri plates containing PDA to test the interaction between pathogens and Antagonists (13). The growth rate or diameter 

of fungi in the dual culture plate was measured and recorded daily. In dual culture plates also the antagonists grew faster and covered the entire area. 

However, growth of the pathogen was restricted and after 2 to 3 days of inoculation, no further growth was recorded. The antagonists completely 

covered the pathogen colony after three days and prevented the latter from further growth (14). 

RESULTS AND DISCUSSION: 

This study investigates the isolation, identification, and effect of fungi in black pepper, focusing on foot rot caused by Phytophthora capsici .  

Phytophthora species, a heterothallic oomycete, cause root and crown rot, aerial blight of leaves, fruit, and stem, and are spread through soil, water, root 

contact, movements of people, slugs, snails, and use of contaminated implements. 

Isolation of Phytophthora capsici: Only one isolate of Phytophthora capsici was successfully isolated from the four infected black pepper samples 

collected. 

                                                                                               

Fig 1:  Black pepper plant                                                              Fig 2:  Infected black pepper plant 
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Fig 3: Infected black pepper leaf 

ANTAGONISTIC PROPERTY OF THE BIOAGENTS 

Trichoderma spp. exhibited rapid growth, quickly colonizing the media surface and limiting the available space for Phytophthora capsici. This resulted 

in a restricted growth pattern of the pathogen. 

FUNGAL ANTAGONISM 

Observations revealed that Trichoderma spp. eventually overgrown the Phytophthora capsici colony, turning dark green due to sporulation. However, 

under microscopic examination, faint hyphae of the pathogen were still visible, suggesting a potential for limited survival. 

GROWTH AND CULTURAL STUDIES 

                                                                                                  
Phytophthora sp. on 1st day of growth                                                 b) Phytophthora sp. on 3th day of growth 

 

                                     

   C) Phytophthora sp. on 5th day of growth                                         d) Phytophthora sp. on 7th day of growth 

  

Fig 10 : a,b,c,d – Phytophthora sp. in PDA medium 

Table 1: Isolation chart 

Samples 

Number 

Sample Pathogen Isolated  Remarks 

    1 Leaf Bacteria Contamination 

    2 Leaf Phytophthora capsici  Required Organism 

    3 Leaf No growth No growth 

    4 Leaf No growth No growth 
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MICROSCOPIC STUDIES -STAINING 

 The isolated organism is identified as Phytophthora capsici by the LPCb staining technique. 

 

                  

                                                                                           

 

 

 

 
 
 
           
           Fig 11: Mycelia of Phytophthora capsici (day1)                                                Fig.12: Mycelia with spores (Slide culture) 

 

 

 

 

  

 

 

 

 

Fig.13: Phytophthora capsici (Control plate)                                                               Fig.14: Trichoderma-ICRI Stock 

                                                                              Culture (Control)   

 

 

 

                                                                                           

 

 

 

                          Fig.15: Dual culture (Day 2)                                                          Fig.16: Dual culture (Day 5 

 

Table. 2: Inhibition chart 

Day  Growth of 

Phytophthora 

capsici in control 

(mm) (C) 

Growth of 

Phytophthora 

capsici in dual 

culture (mm) R1 

Growth of 

Phytophthora 

capsici in dual 

culture (mm) R2 

Mean growth of 

Phytophthora 

capsici in dual 

culture (mm)  

Growth of 

inhibition (%) 

(I) 
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       1 7 6 6 6 14 

       2 15 8 8 8 46 

       3 25 12 12 12 52 

       4 32 18 15 16.5 48 

       5 43 20 19 19.5 54 

       6 46 23 21 22 52 

       7 46 25 23 24 91 

 

Growth of inhibition (I) = Growth in Control (C) - Growth in Treatment (T)    X 100 

Growth in Control (C) 

Table. 3: Growth of Trichoderma sp. in control 

Day  Growth of Trichoderma sp. in control (mm) 

 1 10 

 2 23 

   3 30 

 4 35 

 5 42 

 6 49 

 7 50 

 

Table. 4: Growth of Phytophthora capsici in control (mm) 

Day  Growth of Phytophthora capsici in control (mm) 

 1 7 

 2 15 

 3 25 

 4 32 

5 43 

 6 46 

 7 46 

 

Fig.17: Graphical representation of Phytophthora capsici in pure culture 

 

 

 

 

 

 

 

 

 

                                                                                                                                     

Fig.18: Graphical representation of Trichoderma sp. in pure culture 
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Dual Culture Assay: When Trichoderma spp. was co-cultured with Phytophthora capsici in a dual culture plate assay, the growth of Phytophthora 

capsici was significantly suppressed compared to the control plate where it grew alone. 

 

Fig.19: Inhibition of Phytophthora in dual culture 

    

 

 

 

 

 

 

 

 

This study successfully isolated Phytophthora capsici, the causal agent of foot rot disease, from a black pepper sample. The dual culture assay 

demonstrated the antagonistic potential of Trichoderma spp. against Phytophthora capsici. The observed growth suppression of the pathogen can be 

attributed to two possible mechanisms: 

Competition: Trichoderma spp.'s rapid growth likely outcompeted Phytophthora capsici for essential nutrients and space on the culture medium. This 

limited resource availability can significantly hinder the pathogen's growth. 

Antibiosis: The study suggests the potential role of diffusible substances produced by Trichoderma spp. These antifungal compounds might directly 

inhibit the growth and viability of Phytophthora capsici. Further investigation is needed to identify and characterize these potential antifungal 

metabolites. 

The observed overgrowth by Trichoderma spp. with some remaining hyphae of Phytophthora capsici suggests a potential for partial control rather than 

complete eradication. Future studies could explore the optimal conditions for maximizing Trichoderma spp.'s antagonistic activity and investigate its 

effectiveness in a controlled greenhouse setting. 
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Overall, this study provides evidence that Trichoderma spp. holds promise as a biocontrol agent for managing Phytophthora foot rot disease in black 

pepper. This approach offers a more sustainable alternative to traditional chemical control methods, potentially reducing reliance on pesticides and 

promoting environmentally friendly agricultural practices. 

CONCLUSION : 

The present study is focused on the isolation and identification of the fungal pathogen Phytophthora capsici as well as the antagonistic effects 

of native Trichoderma sp. against the pathogen. A native Trichodermal strain showed inhibitory effects on the pathogen. Our study shows that 

antagonism between fungal species can be used as an alternative to the drugs used to treat plant diseases. Further study can be done on the secondary 

metabolites produced by the antagonist against the pathogen. 
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