
 

Materials and Methods 

The location of this study was a commercial garden of bitter elderberry located south of Nasiriyah 

city, Dhi Qar province, Iraq. The time of the study coincided with the growing season in 2023-

2024. Six-year-old buckthorn trees naturally infected with A. alternata were used. Standard 

mycological techniques were used to isolate and identify pathogens from infected fruits. In vitro 

antagonism tests were conducted on potato dextrose agar (PDA) to assess the inhibitory effect of 

T. viride against A. alternata. Then assess the Atonic effect on the growth of both fungi was 

performed under laboratory conditions. In the field experiment, trees were treated with Atonic 

alone, T. viride alone, a combination of both, and an untreated control. 

Results 

Our laboratory results showed that T. viride has a high inhibitory effect on the growth of A. 

alternata. It indicates that it has high potential to act as a biological control agent. In contrast, we 

did not observe any direct inhibitory or stimulatory effects of Atonic on any of the fungi in vitro. 

These results suggest that its role is mainly physiological. Based on field results, it was found that 

the combined use of Atonic and T. viride was more effective than individual treatments and 

control. This treatment significantly increased vegetative growth, fruit length and diameter, fresh 
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and dry fruit weight, pulp weight, seed weight, and pulp-to-seed ratio. In addition, the treated 

fruits showed a significant reduction in the severity and extent of A. alternata infection.  

Conclusions 

The results of this study showed that the interaction between Atonic and T. viride is synergistic. 

The physiological stimulation provided by Atonic, combined with the biocontrol and growth-

promoting effects of T. viride. This resulted in improved physical fruit quality and effective 

suppression of A. alternata. Therefore, we can recommend this hybrid method as a safe and 

effective approach to improve the quality of bitter buckthorn fruit and manage fungal diseases in 

field conditions. 
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Materials and methods 

Molecular isolation and identification of Trichoderma viride: The isolate of Trichoderma 

viride used in this study was obtained from agricultural soil samples. The fungus was cultured on 

potato dextrose broth and incubated for five days at 25 ± 2°C to obtain sufficient mycelial 

performed in the laboratory of the University of Basra. The quality and integrity of the extracted 

DNA were evaluated according to the protocol described by Williams et al. (1990), and the isolate 

was confirmed as T. viride based on molecular characteristics. 

Isolation and identification of Alternaria alternata: Naturally infected buckthorn fruits 

(Ziziphus mauritiana L. cv. Tufahi) showing black spot symptoms were collected from an orchard 

located in the Al-Husayniyah region, south of Nasiriyah City. The infected fruits were placed in 

sterile plastic bags and transported to the Plant Pathology Laboratory, College of Agriculture and 

Marshes, Thi-Qar University. Small sections from the diseased tissues were surface sterilized, 

placed on potato dextrose agar (PDA) medium, and incubated at 25 ± 2°C. The fungus was 

identified as A. alternata based on colony morphology and microscopic characteristics, following 

standard mycological methods. The plant growth regulator Atonic (Japanese origin) was 

purchased from authorized agricultural suppliers. 

Pathogenicity test of the isolated fungus: The pathogenicity of the isolated A. alternata 

was evaluated using the method described by Park et al. (2024). A fungal disc (0.5 cm in diameter) 

taken from the margin of a 7-day-old colony grown on PDA was placed in the center of Petri 

dishes containing water agar supplemented with tetracycline (250 mg L⁻¹). The inoculated plates 

were incubated at 25 ± 2°C for three days. Surface-sterilized garden cress (Lepidium sativum L., 

local variety) seeds were arranged around the fungal colony, with 25 seeds per plate and four 

replicates. Control plates contained seeds without fungal inoculation. Plates were incubated until 

complete germination of control seeds. Infection percentage was calculated using the following 

formula: 

Infection percentage (%)  =
Number of infected seedlings 

Total number of seedlings
 ×  100 

Assessment of infection severity: Infection severity was assessed using a numerical scale (Table 

1 and Figure 1) and calculated using the Mickenny (1923) equation, as cited in Pondkule (2018). 

 

Infection severity (%) =
[Σ (Number of plants ×  Severity score)]  

Total plants ×  5
 ×  100 
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Table 1. Infection severity scale used for pathogenicity evaluation 

Severity score Description 

0 No infection 

1 Slight infection 

2 Mild infection 

3 Severe infection 

4 Very severe infection 

 

 

Figure 1. Diagrammatic representation of infection severity scale 

 

Evaluation of antagonistic activity of T. viride against A. alternata: The antagonistic 

potential of T. viride against A. alternata was assessed using the dual culture technique, as 

described by Bell et al. (1982). Both fungi were inoculated on opposite sides of PDA plates and 

incubated at 25 ± 2°C. The degree of inhibition was recorded after seven days. 
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