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Abstract 

Trichoderma harzianum is a widely used biocontrol agent known for its antagonistic activity 

against various plant pathogens. Copper oxychloride is a common fungicide used to combat 

fungal diseases in agriculture. The present research aims to investigate the compatibility of 

Trichoderma harzianum with different concentrations of copper oxychloride fungicide. The 

study was conducted to assess the potential impact different concentrations of copper 

oxychloride viz., 200 ppm, 400 ppm, 600 ppm, 800 ppm and 1000 ppm on the growth, survival, 

and antagonistic capabilities of Trichoderma harzianum. The results obtained from this 

research can provide valuable insights into the feasibility of integrating Trichoderma 

harzianum with copper oxychloride for sustainable and effective disease management in 

agriculture. 
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 Introduction 

Trichoderma harzianum is a highly effective biocontrol agent widely utilized in agriculture and 

horticulture to combat various plant pathogens. This filamentous fungus belongs to the 

Trichoderma genus and is renowned for its exceptional antagonistic properties against a range 

of plant pathogens, including fungi, bacteria, and nematodes.1 As a biocontrol agent, T. 

harzianum works through multiple mechanisms. It produces an array of bioactive compounds 

such as chitinases, glucanases, and proteases that effectively degrade the cell walls of 

pathogenic organisms, leading to their suppression. Additionally, it competes for nutrients and 

space with harmful pathogens, further limiting their growth and establishment. Moreover, the 

fungus stimulates the plant’s defense mechanisms, inducing systemic resistance, and enhancing 

the plant’s ability to fend off diseases. The use of T. harzianum offers several advantages over 

chemical pesticides. It is eco-friendly, non-toxic to humans and animals, and does not leave 
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harmful residues in the environment. Moreover, its compatibility with various crops and its 

ability to persist in the rhizosphere make it a sustainable and cost-effective solution for disease 

management. Overall, Trichoderma harzianum has proven to be a promising alternative to 

synthetic pesticides, promoting environmentally sustainable agriculture while effectively 

protecting crops from devastating pathogens. Continuous research and development in the field 

of biocontrol are essential to harness its full potential and ensure food security while 

safeguarding the environment.2,3,4,5 

Copper oxychloride is a widely used fungicide in agriculture and horticulture. It is an inorganic 

compound that contains copper, oxygen, and chlorine. The chemical formula for copper 

oxychloride is Cu(OH)Cl, and its molecular structure consists of copper ions (Cu2+), hydroxyl 

groups (OH-), and chlorine ions (Cl-). Copper oxychloride is typically available in the form of 

a light green powder or granules. The active ingredient, copper oxychloride, is often mixed 

with inert carriers and adjuvants to facilitate application and improve its efficacy. Copper 

oxychloride is usually applied as a foliar spray or as a seed treatment. It is used to control 

various fungal diseases in crops, such as powdery mildew, downy mildew, anthracnose, and 

other fungal infections. The frequency and timing of applications depend on the crop, the target 

fungal pathogen, and environmental conditions.6,7 

Copper oxychloride acts on fungi through multiple mechanisms such as disruption of cell 

membranes: copper ions interfere with the functioning of fungal cell membranes. They can 

penetrate the cell walls and disturb the permeability of the cell membrane, leading to the 

leakage of essential cellular contents and causing the cell to die, generation of Reactive Oxygen 

Species (ROS): inside the fungal cells, copper ions can catalyze the formation of ROS such as 

superoxide radicals and hydroxyl radicals. ROS cause oxidative stress and damage various 

cellular components, ultimately leading to the death of the fungus, inhibition of enzymes: 

copper oxychloride can inhibit key enzymes involved in vital metabolic pathways of the fungi, 

disrupting their growth and reproduction, prevention of spore germination: copper oxychloride 

can prevent spore germination in fungi, which is crucial for their propagation and spread and 

Systemic Acquired Resistance (SAR) Induction: in plants treated with copper oxychloride, the 

compound can trigger the plant’s defense mechanisms, inducing systemic acquired resistance 

(SAR). SAR helps the plant become more resistant to fungal infections by activating defense-

related genes and producing antifungal compounds.6,8,9,10,11 

 
Fig 1: Structure of copper oxychloride 11 
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Trichoderma harzianum is a well-known biocontrol agent widely used in sustainable 

agriculture practices due to its potential in controlling a wide range of plant pathogens. On the 

other hand, copper oxychloride is a commonly used fungicide for the control of fungal diseases 

in various crops. The co-application of biocontrol agents and fungicides has garnered interest 

in integrated disease management strategies. This research aims to evaluate the compatibility 

of Trichoderma harzianum with different concentrations of copper oxychloride fungicide, with 

a focus on their combined effects on plant health and the antagonistic activity of Trichoderma 

harzianum. 

 

Materials and Methods 

Sample collection: 

 Collection of Trichoderma harzianum sample 

Trichoderma harzianum was collected from Microbiology laboratory, Department of 

Microbiology, Maharani Cluster University, Bengaluru, Karnataka, India and cultured on 

Potato Dextrose Agar (PDA) medium. The pure culture of Trichoderma harzianum was 

maintained on PDA slants. 

 Copper Oxychloride fungicide  

Copper oxychloride fungicide was obtained commercially from the local markets. 

Compatibility Assay: 

Poisoned Food Technique was used to assess the compatibility of Trichoderma harzianum with 

different concentrations of copper oxychloride viz., 200 ppm, 400 ppm, 600 ppm, 800 ppm and 

1000 ppm. Potato dextrose agar was prepared, autoclaved and copper oxychloride was 

incorporated with potato dextrose agar media at different concentrations. Plates without copper 

oxychloride served as the control. After inoculation of Trichoderma harzianum on agar plates, 

plates were incubated at   27°C for 7 days. The growth inhibition zone and mycelial density of 

Trichoderma harzianum were measured after incubation. Experiments were performed in 

triplicates. 

Results 

The in vitro compatibility assay revealed that Trichoderma harzianum exhibited tolerance to 

different concentrations of copper oxychloride at all concentrations tested viz., 200 ppm, 400 

ppm, 600 ppm, 800 ppm and 1000 ppm.  
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Fig 2: Compatibility of Trichoderma harzianum with Copper oxychloride 

 

Table 1: Compatibility of Trichoderma harzianum with Copper oxychloride 

Fungicide Concentrations Zone of inhibition 

(mm) 

Mean colony 

diameter (mm)  

Control 00 ppm 00 90 

Copper oxychloride 200 ppm 00 90 

Copper oxychloride 400 ppm 00 90 

Copper oxychloride 600 ppm 00 90 

Copper oxychloride  800 ppm 00 90 

Copper oxychloride 1000 ppm 00 90 

 

Discussion 

The results of this research indicate that Trichoderma harzianum is completely compatible with 

different concentrations of copper oxychloride, making them suitable for co-application in 

integrated disease management strategies.  

From the study of Bhale, Udhav et al., compatibility of fungicides viz. Mancozeb and Captan 

with Trichoderma spp (T. viride, T. harzianum, T. koningii, T. pseudokoningii and T. virens) at 
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different concentrations was revealed. The results indicated that lower concentrations of 

Mancozeb and Captan was not effective in inhibiting the radial growth of Trichoderma spp. 

However, concentration of Mancozeb above 5000 μg/ml and of Captan above 500 μg/ml 

significantly reduced the radial growth of Trichoderma spp. Trichoderma viride, T. harzianum, 

T. virens and T. koningii.12 These results are partially similar and partially in contrast with our 

result where Trichoderma harzianum was fully compatible with all concentrations of copper 

oxychloride viz., 200 ppm, 400 ppm, 600 ppm, 800 ppm and 1000 ppm.  Amoghavarsha 

Chittaragi et al., had studied the compatibility of Trichoderma asperellum with captan 

fungicide. Results revealed that Trichoderma asperellum was not compatible with captan.13 

These results are in contrast with our results where Trichoderma harzianum is compatible with 

copper oxychloride fungicide. G. Bindu Madhavi et al., had studied the compatibility of 

Trichoderma viride with contact fungicides viz., pencycuron and propineb. Results revealed 

that Trichoderma viride was compatible with pencycuron and propineb.14 Similar to that study, 

in the present study Trichoderma harzianum was compatible with copper oxychloride 

fungicide. 

The present study explores the compatibility of Trichoderma harzianum, a biocontrol agent 

widely used in agriculture, with different concentrations of Copper Oxychloride fungicide. The 

study employed the poisoned food technique to evaluate the potential interactions between the 

biocontrol agent and the fungicide. The findings reveal crucial insights into the effects of 

Copper Oxychloride on the viability and growth of Trichoderma harzianum. The results 

indicate that all concentrations of the fungicide has supported the growth of Trichoderma 

harzianum. This research has significant implications for sustainable agricultural practices, as 

it highlights the importance of understanding the compatibility of biocontrol agents and 

chemical fungicides. Farmers and researchers can use this information to make informed 

decisions about integrated pest management strategies that maximize the benefits of both 

biocontrol agents and chemical interventions while minimizing potential adverse effects. 

Further studies could focus on investigating the underlying mechanisms behind the observed 

interactions and exploring alternative combinations of biocontrol agents and fungicides to 

optimize their compatibility and enhance overall disease management strategies in agriculture. 

Conclusion 

In conclusion, Trichoderma harzianum can be effectively integrated with different 

concentrations of copper oxychloride for enhanced disease management without 

compromising its antagonistic potential. This integrated approach holds promise for sustainable 

and environmentally friendly disease control in agriculture. However, further research is 

required to determine the optimal concentrations and application methods for achieving the 

best results in different crop systems. 
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