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Abstract 

Trichoderma is a fungus used as a biological control agent for plant disease. Chocolate spot 

disease is one of the fungal diseases caused by Botrytis fabae Sard in faba beans. Thus, the 

present study was conducted to characterize Trichoderma isolates for their antagonistic 

efficiency against B. fabae and plant growth-promoting traits (PGPts). The effectiveness of 

the isolates against B. fabae varied from 7% to 88% upon 3-9 days of incubation (DOI) using 

the dual culture technique. Isolates AAUT21 and AAUT14 were the most effective, with 58-

88 % of inhibition. The inhibition increased from 3-9th DOI from 13-64 % by sealed plate 

method. In the detached leaf assay, AAUT14 and AAUT44 showed significant differences 

from the controls (P < 0.05). Moreover, 63% and 95 % of the isolates were positive for 

indole-3-acetic acid and ammonia synthesis, respectively. In addition, the isolates 

solubilized tricalcium phosphate (TCP) in the range of 135-575 µg mL-1 upon 3-6 DOI. A 

negative correlation was also observed between pH and TCP solubilization (r = -.612**). 

Based on the cultural characteristics and tef1α gene sequence analysis, AAUT21, AAUT14, 

AAUT44, AAUT45, AAUT6, AAUT30, and AAUT4 were identified as T. afroharzianum 

AAUT21, T. harzianum AAUT14, T. tomentosum AAUT44, T. afroharzianum AAUT45, T. 

harzianum AAUT6, T. afroharzianum AAUT30, and T. tomentosum AAUT4, respectively. 

Trichoderma harzianum AAUT14 showed the best antagonistic feature against B. fabae 

along with PGPts production. Thus, T. harzianum AAUT14 can be a candidate to be used as 

a biofungicide for B. fabae and growth-promoting agent for faba bean plants. 
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1. Introduction 

Chocolate spot disease is one of the emerging 

fungal diseases caused by Botrytis fabae, with a 

wide host range of vegetables and legumes. The 

disease is widely distributed in Tunisia, Algeria, 

Morocco, Libya, Ethiopia, and other countries 

such as Spain, Norway, Germany, Scotland, 

Russia, Japan, China, Canada, and Australia 

(Hebblethwaite 1983). In Ethiopia, yield loss of 

up to 67.5% were recorded in susceptible faba 

bean cultivars by chocolate spot disease (Sahile 

et al., 2010). Several studies showed that the 

disease can be managed through an integrated 

approach, including careful selection of seeds, the 

use of resistant varieties, and applications of 

fungicides such as MORE 720 WP 

(Mancozeb+Cymoxanil) and ORZEB 80WP 

(Mancozeb) (Kora et al., 2017; Tegegn et al., 

2019).  

Even though fungicides are effective in 

controlling fungal pathogens of plants, they 

induce resistance to the pathogen (Hassan et al., 

2006; Jin and Khalid, 2022). Resistance problems 

could be much worse. All types of fungicide are 

still effective in many situations. Current 

countermeasures are by no means perfect, but 

they have proved to be necessary and beneficial 

(Oliver, 2021).  In order to minimize the use of 

synthetic fungicides, selected microorganisms 

can be used as part of the integrated disease 

management (IDM). Trichoderma species are 

cosmopolitan fungi that are present in all types of 

soil and other habitats (wood decay, barks, etc.). 

Trichoderma harzianum, T. koningii, T. orientale, 

T. tomentosum, and T. viride are usually found in 

cellulose-rich soil and other environments (Jang 

et al., 2017). These fungi are good biological 

control agents (BCAs) of various aerial, root, and 

seed diseases of economically important crops 

(Galarza et al., 2015; Reddy et al., 2018). The 

fungi are effective in controlling phytopathogens 

due to their ability to grow toward the hyphae of 

other fungi, coil around them, and degrade the 

cell wall of the pathogen (mycoparasitism). Elad 

(2000) has reported that about 90% of different 

strains of Trichoderma spp. are being used as 

BCAs. Although studies on the antagonistic 

properties of Trichoderma spp., T. harzianum, T. 

viride, and T. virens on different fungal diseases 

showed disease reduction of 24-98% under 

greenhouse and field conditions on vegetables 

(Bokhari and Perveen, 2012; Kator et al., 2015), 

chickpeas (Yadav et al., 2011; Subhani et al., 

2013), and potato blight (Al-Mughrabi, 2008; 

Quiroga-Rojas et al., 2012). However, there is 

limited report on chocolate spot disease on faba 

beans. 

In addition, Trichoderma spp. are capable of 

producing ammonia and hydrogen cyanide to 

suppress the efficiency of pathogens to infect 

pathogens (Keszler et al., 2000) and acquire 

multiple plant growth-promoting properties that 

involve phosphate solubilization and 

phytohormone production. According to Reino et 

al. (2008), T. harzianum, T. hamatum, T. 

asperellum, and T. atroviride are commercialized 

for the control of phytopathogens and plant 

growth promoters in agriculture. To that end, 

some studies showed the antagonistic fungi T. 

album (Barakat et al., 2014), Trichoderma spp. 

Teshome et al. (2013) reduced the disease 

incidence of chocolate spot by 78 and 51 %, 

respectively; Mbazia et al. (2016) also showed a 

35 % reduction in chocolate spot infestation on 

leaves of faba beans by T. viride. The application 

of Trichoderma spp. showed an antagonistic 

efficacy ranging from 47.6 to 98 % against B. 

fabae (Sahile et al., 2011). Mbazia et al. (2016) 

have reported a 35% reduction in chocolate spot 

infestation on leaves of faba beans by T. viride. 

Moreover, Trichoderma species possess a natural 

resistance to many chemicals and fungicides used 

in agriculture, therefore, they are readily 

integrated into agricultural practices (Ons et al., 

2020). Thus, the objective of this study was to 
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isolate, screen, identify, and characterize 

Trichoderma spp. for their multiple plant growth-

promoting and antagonistic effectiveness against 

B. fabae, the causative agent of chocolate spot in 

faba bean in Ethiopia.

2. Materials and Methods 

2.1 Description of the study area Study area 

and sample collection 

This study was conducted at Arsi zone 

(DigelunaTijo and Tiyo districts) and Bale zone 

(Goba district) as shown below (Figure 1). 

DigelunaTijo is located at geographical 

coordinates of 7° 19' 60.00" N latitude and 39° 

14' 60.00" E longitude and altitude between 

2500-3560 meters above sea level (a.s.l). The 

district is found in Arsi zone, bordered by Bekoji 

on the South, Munesa on the South-West, Tiyo on 

the North-West, Hitosa on the North, Tena on the 

North-East and Sherka on the East. It has 39.5% 

arable, 27.4% pasture, 13.3% forest and 19.8% as 

swampy land (SEP, 2019). Tiyo district is found 

at 7° 49' 59.99" N latitude and 39° 09' 60.00" E 

longitudes, an altitude of 1780-3100 m.a.s.l. The 

district is bordered by Munesa to the south, Ziway 

Dugda to the west, Hitosa to the northeast, and 

the Digeluna Tijo district in the southeastern part. 

This district has 40% arable land, 23.1% pasture, 

8.7% forest, and 28.2% swampy land (SEP, 2019) 

and an altitude of 1780-3100 m. a. s. l., with a 

temperature of 5-28°C and relative humidity of 

43-60%. Both Digeluna Tijo and Tiyo districts 

have bimodal rainfall, having March to April 

short and July to October long rainy seasons. 

The Goba district is found in the Oromia region, 

Bale zone. It is bordered on the south by Mennana 

Harena Buluk, on the west by Arsi, on the north 

by the Mena river, and on the southeast by 

Berbere town with coordinates of 6° 49' 59.99" N 

latitude and 39° 49' 59.99" E longitude. This 

district is located at a distance of 14km south of 

Bale zonal town, Robe, and 444km southeast of 

Addis Ababa, with coordinates of 6° 49' 59.99" N 

latitude and 39° 49' 59.99" E longitude. The 

altitude of this district is 1500-4377 m. a. s. l., 

having a temperature of 0-23°C (BZMED, 2007). 

As a part of the Bale Zone, Goba District has two 

types of rainfall regimes. The long rainy season 

extends from March to April, with high rainfall 

during June, July, and August. The second rainy 

season of rainfall regime is influenced by 

equatorial westerly and easterly winds with 

rainfall during spring and autumn. A survey of the 

land in this district shows that 13% is arable or 

cultivable, 27.6% is pasture, 54.6% is forest (or 

part of the Bale Mountains National Park), and 

the remaining 4.8% is considered degraded or 

otherwise unusable (BOARD, 2012). 
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Figure 1. A map showing the study zones and selected districts (Firdu et al., 2022) 

2.2 Soil sample collection and processing  

Rhizospheric soil samples were collected from 

the study areas during the faba bean growing 

season of 2016. From each sampling site, 50 g of 

root-adhering soil samples were collected from 

the standing faba bean plants in triplicate, and 

composited into one and collected in alcohol-

surface-sterilized polyethylene bags and stored at 

4°C until the isolation of Trichoderma isolates. 
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2.3 Isolation and cultural characterization 

of Trichoderma isolates 

The Trichoderma fungi were isolated according 

to Elad et al. (1980); 10 g of each soil sample was 

dissolved in 90 mL of sterilized-water in a 250 

mL flask. The suspension was prepared to 

appropriate dilutions from which 0.1 mL of the 

final dilution was transferred onto Rose Bengal 

agar (RBA) medium (MgSO4.7H2O, 0.20 g/L, 

K2HPO4, 0.9 g/L, KCl, 0.15 g/L, NH4NO3, 1 g/L, 

glucose, 3 g/L, rose Bengal, 0.15 g/L, and agar, 

20 g/L). The plates were incubated at 25+2°C for 

7-10 days. Typical Trichoderma-resembling 

colonies were picked according to Barnnet et al. 

(1972) and subcultured on potato dextrose agar 

(PDA) plates for purification and 

characterization. The purified cultures were then 

compared with the characteristics and 

illustrations in the manual to confirm the isolates 

and stored in PDA slants at 4°C for further study. 

2.4 Isolation of Botrytis fabae (the test 

pathogen) 

The test fungus was isolated from leaves 

(showing symptoms of chocolate spot) of faba 

bean collected from the study areas and seeds 

from storage, according to Shinde (2016), using 

faba bean dextrose agar (FDA) medium (200 g 

faba bean seed extracts, 20 g dextrose, and 18 g 

agar). Seeds and leaves were washed with tap 

water, surface sterilized with 3 % sodium 

hypochlorite for 5 minutes and rinsed in 

sterilized-distilled water and air-dried. Four to six 

seeds and leaf cuts per plate were transferred to 

FDA medium and incubated at room temperature 

for 10-12 days under 12hr light and 12hr dark 

conditions, and purification was done by 

subculturing on PDA plates. The identification of 

B. fabae was conducted through looking at the 

cultural characteristics (i.e., colony color and 

formation of sclerotia on the PDA). The purified 

culture was then preserved at 4°C using PDA 

slants for further experimental work.   

2.5 Pathogenecity test (Koch’s postulate) 

The pathogenecity test was done according to 

Abdel-Aleem et al. (2011). Faba bean seeds were 

surface sterilized with 3 % sodium hypochlorite 

for 5 min and rinsed with sterilized-distilled 

water. Faba bean seeds were sown in alcohol-

sterilized pots filled with 3 kg of sterile soil. 

Fifteen days after planting, a 12 mL spore 

suspension having 4.5X105 spores/mL was 

sprayed on the foliar parts of faba bean seedlings 

and covered with surface-sterilized plastics, and 

the control plants were sprayed with 12 mL 

sterilized water. Samples of the infected plants 

were utilized to re-isolate the pathogen after the 

7th days of spraying to confirm Koch’s postulate. 

The isolates were tested for cultural 

characteristics and compared with the reference 

strain of B. fabae obtained from the 

Phytopathology Laboratory of the Ethiopian 

Institute of Agricultural Research. 

2.6 Molecular identification of the isolates 

2.6.1 Extraction of Deoxyribonucleic acid 

(DNA) 

The DNA was extracted using the cetyl trimethyl 

ammonium bromide (CTAB) method (Doyle and 

Doyle, 1987). Three hundred milligrams (300 

mg) of mycelia mat were transferred to a sterile 

pestle and mortar and grounded using lysis buffer 

(100 mM Tris HCl [pH8.0], 50 mM EDTA, 3 % 

SDS), and transferred to 1.5 mL Eppendorff, with 

the addition of CTAB buffer, centrifuged at 

13,000 rpm for 10 min. The supernatant was then 

mixed with 210 mg/L of RNase A and incubated 

at 37°C for 15 min, to which chloroform: Isoamyl 

alcohol (25:24:1) was added and centrifuged at 

13,000 rpm for 10 min. The upper aqueous layer 

was treated with 100 % cold ethanol, precipitated 

at -20°C for 30 min, and centrifuged at 12,000 

rpm for 10 min. The DNA pellet was washed with 

70 % ethanol and centrifuged at 12,000 rpm for 5 
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min. The DNA pellets were air-dried and 

suspended in a 1×TE buffer. For PCR reactions, 

1 µL of the extracted DNA was utilized as a 

template for the amplification.  

2.6.2 Quantity and quality determination of 

DNA 

The quantity of the extracted genomic DNA was 

determined by measuring the absorbance at 260 

nm using Thermo Scientific NanoDrop 

(NanoDrop 2000). The quality and suitability for 

PCR reaction of the DNA were checked by visual 

comparison with the standard DNA size markers 

after electrophoresis through 0.8 % agarose TAE 

(Tris-acetate EDTA) gels stained with 0.5 mg mL-

l ethidium bromide (Sigma Chemicals Co.). 

2.6.3 Primers and PCR conditions for DNA 

(Tef1α) gene amplification 

The amplification of the 1.3 kb translation 

elongation factor 1 alpha (tef1α) gene was 

performed using the primer pairs of EF1728F 

(5`-CATCGAGAAGTTCGAGAAGG-3`) 

(Chaverri and Samuels, 2003) and TEF1LLErev 

(5`-AACTTGCAGGCAATGTGG-3`) (Jaklitsch 

et al., 2005). The PCR cycling conditions 

consisted of an initial denaturation step of 95°C 

for 2 min and being subjected to 35 cycles of the 

following program: 95°C for 45 s, 58°C for 1 

min, 72°C for 1 min and final extension at 72°C 

for 5 min. The PCR products were visualized by 

ethidium bromide staining on 1.5 % agarose gel 

electrophoresis.  

2.6.4 Sequence analysis and identification of 

the Trichoderma isolates 

The Tef1α gene sequences were subjected to the 

BLAST search program (National Center for 

Biotechnology Information) to find a similarity 

index between sequences. Each sequence was 

subjected to an individual BLAST search to be 

verified in GenBank. The BLASTn similarity 

search program was used to find homologous 

sequences against the NCBI nucleotide database 

that confirmed the species-level similarity with 

the query sequence of the isolates. However, due 

to commercial interest, the isolates were not 

submitted to any GenBank yet.  

2.7 Screening of Trichoderma strains for 

their antagonistic properties 

2.7.1 Dual-culture assay 

The Trichoderma isolates were screened for their 

biological control potential of B. fabae using a 

dual culture assay according to Dennis and 

Webster (1971). In this method, a 5 mm cut of 

mycelial agar disc from 5-days’ culture of 

Trichoderma isolates were cut and placed on one 

side of PDA contained in 90 mm diameter petri 

plate. After 24 hrs. of incubation a 5 mm mycelial 

agar was cut from the margin of 7 day-old culture 

of B. fabae and placed on the same plate at the 

opposite side. The plates were incubated at 

25±2ºC until the control was fully covered with 

the growth of B. fabae. The antagonistic activity, 

percent inhibition of radial growth, was 

calculated according to Morton and Stroube 

(1955). The radial growth of B. fabae against 

Trichoderma isolate was taken using a measuring 

ruler in millimeters (mm) on the 3rd, 5th, 7th and 

9th days of incubation. 

PIRG = R1-R2/R1X100 % 

Where, PIRG- percent inhibition of radial 

growth, R1- the radial growth of B. fabae in the 

control Petri plate and R2-the radial growth of B. 

fabae toward the Trichoderma isolates in the 

treated Petri plates. The experiment was 

conducted three times in triplicates. 

The status of antagonism between the 

Trichoderma isolates and B. fabae was tested 

following the method suggested by Bell et al. 

(1982), with ranking scales of 1-5. Where (1) 

Trichoderma isolates overgrew B. fabae and 

covered above 80 % of the medium, (2) 

Trichoderma isolates overgrew B. fabae and 

covered at least 75 % of the medium, (3) 

Trichoderma isolates and B. fabae each colonized 

one half, 50% of the medium surface, and neither 
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microorganism appeared to dominate each other, 

(4) B. fabae colonized at least two-thirds of the 

medium surface and (5) B. fabae completely 

overgrew Trichoderma isolates and occupied the 

entire surface of the medium.  

2.7.2 Volatile metabolite production-sealed 

plate assay 

Volatile metabolite production was performed by 

a sealed plate method as described by Mannaa 

and Kim (2018). From a 7-days old cultures of 

Trichoderma isolates, a 5 mm-diameter of 

mycelial cuts were placed on the central part of 

the PDA medium and incubated. At the same 

time, the center of another PDA plate of the same 

size of B. fabae. The bottom of both plates was 

then sealed together with Parafilm tape and 

incubated at 25±2oC until the B. fabae was fully 

grown on the control PDA plates. The mycelial 

growth pattern of the test pathogen was measured 

in mm on the 3rd, 5th, 7th, and 9th days of 

incubation. All the assays were performed in 

triplicates three times and the PIMG was 

calculated using the following formula: 

PIMG = D1-D2/D1X100, Where, PIMG- percent 

inhibition of mycelial growth, D1-the diameter of 

B. fabae in the control plate and D2- the diameter 

of B. fabae in the treated plate. 

2.7.3 In vivo Inhibition-Detached leaf assay 

The effect of five Trichoderma isolates on the 

level of B. fabae infection was evaluated using 

detached leaf assay according to Teshome et al. 

(2013). The faba bean leaves were washed under 

tap water, surface sterilized with 1 % sodium 

hypochlorite for 1 min, washed thoroughly with 

sterilized water, kept in sterilized glass plates and 

sprayed on their biaxial surface with a small 

amount of water. The spore concentrations for B. 

fabae and Trichoderma species were adjusted to 

4.5x105 and 1.0x108 spore mL-1, respectively, 

using a haemocytometer. The leaf samples were 

then treated with 3 drops of spore concentration 

of B. fabae pretreated with Trichoderma isolates 

one day before the inoculation of the test 

pathogen. The controls were treated with 

pathogen only. All the assays were undertaken in 

three replications three times and incubated for 

five days. The severity of the infection on the leaf 

samples was rated according to Fotopoulos 

(2008) using a scale (0-3). Where 0= no lesion, 

1= flecked lesion, 2=limited lesion and 

3=spreading lesion. 

 

2.7.4 Hyphal coiling/interaction 

Mycoparasitism study 

The Trichoderma isolates were tested for their 

ability to parasitize B. fabae using the slide 

culture technique according to Soliman et al. 

(2016). A grain size (approx. 2x2 mm) of 

Trichoderma isolates and B. fabae was grown on 

the same glass slide containing the PDA blocks 

(10x20 mm) side by side and incubated at 25±2oC 

for 72 hrs. After incubation, the slides were 

observed and photographed under a microscope 

(OLYMPUS-BX51, Germany) at 400x to check 

the growth and the presence of hyphal coiling 

over B. fabae and compared to the control. 

2.8 Plant growth-promoting properties of 

the Trichoderma strains 

2.8.1Qualitative and quantitative tricalcium p

hosphate (TCP) solubilization 
The isolates were tested for their ability to 

solubilize inorganic phosphate on Pikovskaya's 

(PVK) agar medium using tricalcium phosphate 

(TCP) as the sole source of phosphate and the 

amount of solubilization was determined 

according to Nautiyal (1999) quantitatively, using 

National Botanical Research Institute Phosphate 

(NBRIP) medium. The medium contained; (g/L), 

glucose (10.0), Ca3(PO4)2 (5.0), MgCl2.6H2O 

(5.0), MgSO4.7H2O (0.25), KCl (0.2) and 

(NH)2SO4 (0.1). For quantification, cultures were 

taken after 3, 6, and 9 days of incubation and 

centrifuged (Centrifuge, Wagtech international, 

United Kingdom) at 10,000 rpm for 25 min. The 
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pH change of the supernatant was measured using 

a digital pH Meter (NIG 333, New Delhi, India). 

The amount of phosphorus was detected using 

Olsen’s Method. One mL of the supernatant was 

taken and quantified at 880 nm using a 

spectrophotometer (6405UV/Vis., Jenway, 

England) and the concentration was calculated 

from the standard curve constructed from known 

quantities of potassium di-hydrogen 

orthophosphate, KH2PO4 (µg mL-1).   

2.8.2 Qualitative and quantitative assay of 

indole-3- acetic acid (IAA) 

The Trichoderma isolates’ ability to produce IAA 

was checked qualitatively as described by 

Hartmann et al. (1983). Spores (1x106 spores/mL) 

were extracted from a 5 mm mycelial cuts of 5-

day-grown culture and inoculated in 50 mL 

potato dextrose broth (PDB) amended with L-

tryptophan (1 g L-1) in 250 Erlenmeyer flasks and 

incubated at 25°C on an orbital shaker (ZJZD-III, 

Shanghai, China) for 72 hr. Uninoculated flasks 

were included as controls. The cultures were 

centrifuged (Wagtech International, United 

Kingdom) at 3000 rpm for 30 min, from which 2 

mL of the supernatants were mixed with two 

drops of orthophosphoric acid and 4 mL of 

Salkowaski's reagent (50 mL of 70 % perchloric 

acid and 1 mL of 0.5 M FeCl3 and 49 mL of 

sterilized distilled water) and incubated at room 

temperature in the dark for 30 min. The 

development of the pink color was visually 

checked as an indicator of IAA production and 

quantified at 530 nm. The concentration of IAA 

produced was calculated in µg mL-1 using the 

standard curve sketched from known 

concentrations of IAA. 

2.8.3 Qualitative assay of ammonia production 

The qualitative assay of ammonia production by 

microbes was done according to Cappuccino and 

Sherman (1992). The Trichoderma isolates were 

grown in 5 mL peptone water at 28+2°C for 4 

days. Following the incubation, 1 mL of Nessler’s 

reagent was added to the cultures to detect the 

development of a yellow color as an indicator of 

ammonia production. 

2.9 Statistical analysis 

The statistical analysis was performed by One-

Way ANOVA of SPSS version 24. The 

comparisons among means were done by Tukey 

HSD at α= 0.05. Values were considered 

significant at p<0.05. 

3. Results and Discussion 

3.1 Cultural characterization and 

identification of Trichoderma isolates 

A total of 19 isolates were isolated and 

characterized on the basis of their cultural and 

genetic features. The colonies were whitish on the 

PDA medium at the beginning on the front side 

and changed to green as they got older within 3-5 

days, small and whitish at 25+2°C incubation for 

48-72 hrs. However, following sub-culturing onto 

PDA, the color was changed to greenish, 

indicating variability (change in color) as a 

function of time. The edges of cultures remain 

white, whereas the reverse side of the plates 

appears yellowish on PDA, the typical 

characteristics of Trichoderma spp. The data 

showed that 58, 21 and 21 % of the mycelial color 

of the isolates on the front side of PDA were 

whitish green, pale green, and deep green, and the 

same percentage on the reverse side of the 

cultures was dull yellowish, pale yellow, and 

yellow, respectively.  

The cultural characteristics, together with 

translational elongation factor 1-alpha gene 

(Tef1α) sequence analysis on NCBI, identified 

the isolates as five of the closest species: 

Trichoderma afroharzianum, Trichoderma 

harzianum, Trichoderma tomentosum, 

Trichoderma spp., and Trichoderma orientale. 

The translational elongation factor 1-alpha gene 

(Tef1α) sequence was used for the identification 

of Trichoderma isolates in this study because this 
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gene has a unique genetic resolution and has good 

sequence variation to be used in fungal taxonomy 

and species differentiation, which is also proven 

to be useful in studying the Trichoderma genera 

(Zhao et al., 2011; Alhawatema et al., 2019). The 

relative abundance of the species showed that 

42 % of the isolates were Trichoderma 

afroharzianum, 21 % Trichoderma tomentosum, 

16 % Trichoderma harzianum, 16 % 

Trichoderma sp. LSBA1. and 5 % Trichoderma 

orientale (Table 1).  
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Table 1: Cultural characterization and molecular identification of Trichoderma isolates from the rhizosphere of faba bean collected from Arsi and 

Bale Zones 

 

Isolates 

Cultural characteristics (color) 

 

The nearest species from GenBank 

(Tef1αg) 

S
im

il
a

ri
ty

 (
%

) 

Accession 

number of the 

nearest species 

 

Identified strains 
Front   Reverse 

AAUT21 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT21 

AAUT14 Whitish green Dull yellowish Trichoderma harzianum T2018 98.90 MG735712.1 Trichoderma harzianum AAUT14 

AAUT3 Pale green  Pale yellow Trichoderma tomentosum MIAE00032 98.40 HM176580.1 Trichoderma tomentosum AAUT3 

AAUT4 Pale green Pale yellow Trichoderma tomentosum MIAE00032 98.40 HM176580.1 Trichoderma tomentosum AAUT4 

AAUT35 Whitish green Dull yellowish Trichoderma afroharzianum CNFG3201 99.20 MH662568.1 Trichoderma afroharzianum AAUT35 

AAUT6 Whitish green Dull yellowish Trichoderma harzianum T2018 98.90 MG735712.1 Trichoderma harzianum AAUT6 

AAUT8 Whitish green Dull yellowish Trichoderma harzianum T2018 98.90 MG735712.1 Trichoderma harzianum AAUT8 

AAUT19 Whitish green Dull yellowish Trichoderma afroharzianum KUC21406 99.20 MN580168.1 Trichoderma afroharzianum AAUT19 

AAUT10 Deep green  Yellow  Trichoderma sp. LSBA1 98.20 KP743134.1 Trichoderma sp. AAUT10 

AAUT16 Pale green Pale yellow Trichoderma tomentosum MIAE00032 98.40 HM176580.1 Trichoderma tomentosum AAUT16 

AAUT17 Deep green  Yellow  Trichoderma orientale PPRI 3894 98.80 EU401579.1 Trichoderma orientale AAUT17 

AAUT30 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT30 

AAUT37 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT37 

AAUT38 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT38 

AAUT39 Deep green  Yellow  Trichoderma sp. LSBA1 98.20 KP743134.1 Trichoderma sp. AAUT39 

AAUT40 Deep green  Yellow  Trichoderma sp. LSBA1 99.20 KP743134.1 Trichoderma sp. AAUT40 

AAUT44 Pale green Pale yellow Trichoderma tomentosum MIAE00032 98.40 HM176580.1 Trichoderma  tomentosum AAUT44 

AAUT50 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT50 

AAUT45 Whitish green Dull yellowish Trichoderma afroharzianum LESF553 99.60 KT279014.1 Trichoderma afroharzianum AAUT45 

Tef1αg- translation elongation factor 1-alpha gene
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3.2 The antagonistic properties of the 

Trichoderma strains against Botrytis 

fabae Sard 

The effectiveness of the Trichoderma strains in 

inhibiting the radial mycelial growth of the test 

pathogen B. fabae varied from 7 % up to 88 % 

within 3-9 days using dual culture assay. Thus, 

the inhibitory activity of the strains was within 

the range of 7-59 % and 53-88 % upon 3 and 9 

days of incubation. Among the strains, T. 

afroharzianum AAUT21, and T. harzianum 

AAUT14 were the most effective ones, with 58-

88 % PIRG at all incubation, whereas T. 

tomentosum AAUT3, T. tomentosum AAUT4, T. 

harzianum AAUT6, T. harzianum AAUT8, and T. 

afroharzianum AAUT19 were slow at the 

beginning but showed the maximum inhibition of 

80 % after 9 days of incubation. It is interesting 

to note that T. afroharzianum AAUT45 showed a 

PIRG of 10 % with 3 days of incubation but 

increased 8-fold (81 %) after 9 days of 

incubation. All these strains fell within the best 

Bell’s et al. (1982) scoring scales (Table 2). 

However, T. orientale qualified for the moderate 

inhibition scoring. 

Table 2: The effects of the Trichoderma strains on the inhibition of radial growth (%) of Botrytis fabae upon 

3-9 days of incubation using dual culture assay 

FRSS"- stands for faba bean rhizosphere soil 

samples with corresponding number. Mean 

values of three replications within the same  

columns labeled with same  letter (s) are not 

significantly different (p>0.05) by Tukey HSD  

analysis of One-Way ANOVA. Numbers refer to 

antagonism reactions of Trichoderma isolates 

with Botrytis fabae based on the scale of Bell et 

al. (1982) after 7 days of dual growth. CV-

indicates the coefficient of variation among 

means in the same column. 

The strains also showed in vitro inhibitory 

activity of 35-72 % over the control, which was 

similar to 45-78 % inhibitory activities against B. 

fabae after 7 days of incubation over the control, 

as reported by Bogumił et al. (2013). On the 

contrary, Barakat et al. (2014) reported that 

Trichoderma spp., inhibited the mycelial growth 

 

 

Sample  

 

 

Strains  

Inhibition of radial growth (%) over control (days) 

Bell’s 

scale 3rd days 5th days 7th days 9th days 

FRSS-13 Trichoderma  afroharzianum AAUT21 58a 61ab 68ab 85a 1 

FRSS-09 Trichoderma  harzianum  AAUT14 59a 65a 72a 88a 1 

FRSS-03 Trichoderma  tomentosum AAUT3 47b 54abc 59abc 83a 1 

FRSS-02 Trichoderma tomentosum AAUT4 39bc 46bcde 51bcd 81a 1 

FRSS-04 Trichoderma  afroharzianum AAUT35 35cd 42cdefg 47cd 74ab 2 

FRSS-01 Trichoderma harzianum AAUT6 43bc 48bcd 53abcd 81a 1 

FRSS-15 Trichoderma harzianum AAUT8 42bc 44bcde 53abcd 79ab 2 

FRSS-07 Trichoderma  afroharzianum AAUT19 47b 48bcd 54abcd 74ab 2 

FRSS-02 Trichoderma sp. AAUT10 40bc 45bcde 51bcd 65ab 2 

FRSS-06 Trichoderma  tomentosum AAUT16 10gh 24h 35d 65ab 2 

FRSS-08 Trichoderma  orientale AAUT17 27de 39cdefgh 43cd 53b 3 

FRSS-14 Trichoderma  afroharzianum AAUT30 14fgh 29 efgh 40cd 68ab 2 

FRSS-10 Trichoderma  afroharzianum AAUT37 14fgh 27gh 43cd 67ab 2 

FRSS-05 Trichoderma afroharzianum AAUT38 15fgh 24h 42cd 64ab 2 

FRSS-16 Trichoderma sp. AAUT40 18efg 30efgh 42cd 64ab 2 

FRSS-09 Trichoderma  tomentosum AAUT44 19efg 26gh 42cd 74ab 2 

FRSS-12 Trichoderma  afroharzianum AAUT50 7.0h 28gh 43cd 64ab 2 

FRSS-11 Trichoderma  afroharzianum AAUT45 19efg 36defgh 47cd 81a 1 

CV 0.14 0.18 0.11 0.22 - 
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of B. fabae by 51-78 % after 6 days of incubation. 

In Ethiopia, Sahile et al. (2011) showed the most 

effective Trichoderma spp., obtained from faba 

bean phylloplane inhibited B. fabae by 48-98 % 

within a short incubation time of 3 days. The 

authors argued that effectiveness is affected by 

different factors such as the source of the isolates, 

the difference among the species, the metabolites 

released by the different strains, and/or the way 

by which an inhibition was determined and the 

days of incubation. Based on Bell`s scale, 75 % 

of the strains covered the medium through over-

growing B. fabae compared to 21 % of the strains 

that failed to do so after 7 days of incubation. 

The other study was undertaken to evaluate the 

inhibitory activity level, mycelial growth 

inhibition (MGI) of B. fabae by the selected 

Trichoderma strains using a sealed plate method. 

The MGI over the control was increased from the 

3rd-9th days ranging from 13% to 64 % (Figure 2). 

The most effective strain was T. afroharzianum 

AAUT19, that showed the highest activity upon 

the 3rd day of incubation, and T. harzianum 

AAUT14, T. harzianum AAUT8, and T. 

afroharzianum AAUT19 showed the best 

antagonistic activity upon the 6th day of 

incubation without significant difference among 

them (P>0.05). However, upon the final days of 

incubation, T. afroharzianum AAUT19, T. 

harzianum AAUT8, T. harzianum AAUT14, and 

T. afroharzianum AAUT19 revealed the best 

antagonistic activity against the test pathogen, 

showing insignificant differences among each 

other. All the strains reached a maximum 

inhibition of 50-60 % upon the longest day of 

incubation, except for T. tomentosum AAUT4 and 

T. harzianum AAUT6. It is interesting to note that 

these strains, together with T. afroharzianum 

AAUT45, were the most effective antagonistic 

strains in a dual culture (PIRG > 80 %) and yet 

not effective in this test. On the contrary, T. 

afroharzianum AAUT19 and T. afroharzianum 

AAUT35, which displayed relatively lower 

activity than the best performers in the dual assay, 

showed better activity in the MGI assay. The 

difference between the two assays might be 

related to the efficiency of volatile metabolites 

produced by the studied strains. In general, the 

highest % MGI was shown by T. harzianum 

AAUT14 having no significant variation 

(p<0.05) with T. harzianum AAUT8 and T. 

afroharzianum AAUT19, both having 63 % of 

MGI after 3 (62 %) and 6 (64 %) days after 

incubation. However, there was variation among 

the study strains that might be caused by the 

production of different volatiles at different 

stages by the Trichoderma strains. 
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Figure 2. The effects of Trichoderma spp. on the mycelial growth of Botrytis fabae through sealed plate method. The same letter (s) on the graph represent no 

significance difference on 3rd, 6th and 9th days of incubation (p<0.05) by Tukey`s HSD analysis of One-Way ANOVA
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Trichoderma harzianum showed an inhibition of 

47 % on Botrytis isolates on 7 days of incubation 

(Bendahmane et al., 2012), and the present study 

also indicated 30-62 % MGI by different T. 

harzianum strains. On the other hand, the T. 

harzianum strains obtained from faba bean leaves 

exhibited 56-72 % MGI after 7 days of 

incubation, as reported by Barakat et al. (2014), 

and Saber et al. (2009) found 50 % MGI of B. 

fabae by T. harzianum tag7 on the 6th day of 

incubation. However, the dual culture assay 

indicated better inhibition than the sealed plate 

method to screen Trichoderma isolates after 9 

days of incubation, whereby a maximum of 64 % 

and 88 % MGI was displayed by T. harzianum 

AAUT14 on the same days of incubation in the 

volatile and nonvolatile metabolites assays, 

respectively. The non-volatile assay conducted by 

the dual culture method contains the non-

diffusible that might be released by the strains 

into the medium and the involvement of 

diffusible metabolites that can synergistically 

contributed for better antagonism than in the 

sealed plate method (Go et al., 2023). 

In the detached leaf assay, all the Trichoderma 

strains illustrated the least level of B. fabae 

infection (<2.5 scale) in both faba bean varieties 

as compared to the respective controls (Table 3). 

Trichoderma harzianum AAUT14, T. 

tomentosum AAUT44, and T. afroharzianum 

AAUT45 allowed the least level of B. fabae leaf 

infection, and the highest leaf infection was seen 

in the controls. In the Ashebeka variety, treated 

by T. harzianum AAUT14, T. tomentosum 

AAUT44, and T. afroharzianum AAUT19, B. 

fabae displayed flecked lesions (1-1.3 mean 

growth of B. fabae). In addition, B. fabae showed 

flecked lesions (0.6 mean growth of B. fabae) in 

the Hachalu variety treated by T. harzianum 

AAUT14 and 1.3 mean growth of B. fabae treated 

by T. tomentosum AAUT3 after 5 days of 

inoculation. 

Table 3: The effects of Trichoderma strains on the developments of chocolate spot symptoms caused by 

Botrytis fabae on two faba bean varieties (Ashebeka and Hachalu) using detached leaf assay after 5 days of 

inoculation 

 

Strains  

Mean growth of Botrytis fabae (virulence scale 0-3) 

Ashebeka Hachalu 

Control 3.00 a 2.67a 

Trichoderma afroharzianum AAUT21 1.67ab 2.00 ab 

Trichoderma harzianum  AAUT14 1.00 b 0.67b 

Trichoderma tomentosum AAUT3 2.00ab 1.33 ab 

Trichoderma tomentosum AAUT4 1.67 ab 1.67ab 

Trichoderma afroharzianum AAUT35 2.00 ab 1.67ab 

Trichoderma harzianum AAUT6 1.67 ab 2.33a 

Trichoderma harzianum AAUT8 1.67 ab 1.67ab 

Trichoderma afroharzianum AAUT19 1.33 ab 2.00 ab 

Trichoderma tomentosum AAUT44 1.00 b 1.67ab 

Trichoderma afroharzianum AAUT45 1.67 ab 2.00 ab 

CV 0.35 0.36 

Mean values in the same column labeled with the same letter (s) as superscript are not significantly different 

(p>0.05) by Tukey HSD analysis of One-Way ANOVA. CV-indicates the coefficient of variation among 

means in the same column. 

All the strains were significantly different 

compared to their respective faba bean variety 

controls (p<0.05) in the protection of B. fabae 

infection and its symptom development on leaf 

samples of faba beans. This indicates the 

potential of the strains in prolonging the 
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incubation period of leaf samples by more than 5 

days. The same result was reported by Teshome 

et al. (2013) using different Trichoderma spp. to 

increase the incubation period of different faba 

bean leaf samples inoculated by B. fabae better 

than the controls. In addition, the reduced 

development of chocolate spot symptoms on 

different faba bean genotypes (Sahile et al., 

2011). 

In the present study, the mycoparasitic properties 

of all the Trichoderma strains on B. fabae were 

also investigated by light microscope using the 

slide culture method. It was noted that the hyphae 

of all the Trichoderma grew against B. fabae, and 

their hyphae formed hyphal coiling, indicating 

the mycoparasitic behavior of the strains as 

represented by T. harzianum AAUT14 (Figure 3). 

Many studies have reported that most isolates of 

the genus Trichoderma act as mycoparasites of 

many economically important faba bean fungal 

pathogens. For example, Trichoderma harzianum 

Rifai (Soliman et al., 2016) and Trichoderma 

reesei (Magdy et al., 2008) mycoparasitized B. 

fabae using slide culture studies. Therefore, in 

this study, the inhibitory activity of Trichoderma 

spp. in the dual culture method is based on 

mycoparasitism that can cause hyphal lysis of B. 

fabae. 

 

  

(a)                                                                             (b) 

  

(c)                                                                         (d) 

Figure 3. Mycoparasitism of T. harzianum AAUT4 on Botrytis fabae (control (a), growth on Botrytis fabae hypha (b) 

and hyphal coiling (c & d)) 
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3.3 Plant growth-promoting properties of the 

Trichoderma isolates 

Trichoderma strains were further characterized 

for their plant growth-promoting and antagonistic 

properties under in vitro conditions. The data 

showed that the Trichoderma strains that 

solubilized TCP, produced IAA, and produced 

ammonia (Table 4). Thus, 47 %, 63 %, and 95 % 

of the strains solubilized inorganic calcium 

phosphate, and produced IAA and ammonia, 

respectively. The strains belonging to T. 

harzianum AAUT14, T. tomentosum AAUT4, T. 

harzianum AAUT6, T. harzianum AAUT8, T. 

orientale AAUT17, T. afroharzianum AAUT37, 

and T. afroharzianum AAUT38 produced the 

tested plant growth-promoting properties in this 

study. Indole acetic acid (IAA) production varied 

considerably among the isolates. The strains 

produced IAA that ranged from 1.0 to 4.17 µg 

mL-1 indicating that Trichoderma spp. obtained 

from the faba bean rhizosphere can act as a 

growth promoters of plants through synthesizing 

beneficial phytohormones. Maximum IAA was 

produced by T. harzianum AAUT6 (4.17 µg mL-

1), followed by T. afroharzianum AAUT30 (3.34 

µg mL-1) and T. harzianum AAUT14 (3.16 µg 

mL-1). The better quantity of IAA was produced 

by the isolates that showed inhibitory activity 

against B. fabae. Kumar et al. (2017) reported 

IAA-producing T. viride VKF3 exhibited a 

maximum inhibition of 82 % against F. 

oxysporum.  

 

 

 

 

 

 

 

 

Table 4: Plant growth-promoting properties of the Trichoderma strains from faba bean (Vicia faba L.) grown 

in Arsi and Bale Zones 

Strains  IAA  (µg mL-1) Ammonia PS NPGPP 

Control  0.00g - - - 

Trichoderma afroharzianum AAUT21 2.36 cd + - 2 

Trichoderma harzianum  AAUT14 3.16 bc + + 3 

Trichoderma tomentosum AAUT3 - + - 1 

Trichoderma tomentosum AAUT4 1.0 ef + + 3 

Trichoderma afroharzianum AAUT35 1.70 de + - 2 

Trichoderma harzianum AAUT6 4.17a + + 3 

Trichoderma harzianum AAUT8 1.03 ef + + 3 

Trichoderma afroharzianum AAUT19 1.06 ef + - 2 

Trichoderma sp. AAUT10 - - - 0 

Trichoderma tomentosum AAUT16 - + - 1 

Trichoderma orientale AAUT17 1.03 ef + + 3 

Trichoderma afroharzianum AAUT30 3.34 ab + - 2 

Trichoderma afroharzianum AAUT37 - + + 2 

Trichoderma afroharzianum AAUT38 2.67 bc + + 3 

Trichoderma sp. AAUT39 1.21 e + - 2 

Trichoderma sp. AAUT40 - + + 2 

Trichoderma tomentosum AAUT44 -  + - 1 

Trichoderma afroharzianum AAUT50 - + + 2 

Trichoderma afroharzianum AAUT45 2.54 bcd + - 2 
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Total (%) 63 95 47 95 

NPGPP-Number of plant growth-promoting properties (0-3), PS-Phosphate solubilization, IAA- Indole-3-acetic acid 

and µg mL-1-microgram per milliliter L-

tryptophan-based Trichoderma culture. The 

higher and the lower µg mL-1 stands for the 

maximum and lower value obtained from the 

spectrophotometer’s reading values.  Mean 

values in the same column labeled with the same 

letter (s) as superscript are not significantly 

different (p>0.05) by Tukey HSD analysis of 

One-Way ANOVA.  

Similarly, 95 % of the strains produced ammonia, 

indicating that a majority of the strains were 

producers of ammonia compared to IAA. Prasad 

et al. (2017) found that 95.5 and 64 % of 

Trichoderma strains obtained from the 

rhizosphere region of tomato, are the producers 

of ammonia and IAA, respectively. However, 

Mohiddin et al. (2017) revealed 65 % of the 

Trichoderma strains obtained from the 

rhizosphere of chili fields and Kitchen gardens 

were positive for IAA, which is different from the 

present study. The difference might be associated 

with the hosting plants and/or the strains’ 

potentials.  

The production of ammonia may have 

contributed to the antagonistic property displayed 

by the Trichoderma strains against the studied 

pathogen acting as a volatile metabolite in this 

study. The production of ammonia by different T. 

harzianum strains has been widely documented 

as a means to culminate the pathogens as a result 

of their cellular toxicity (Rawat and Tewari, 

2011). Although Trichoderma sp. AAUT10 

showed various levels of antagonism in the non-

volatile (dual culture) assay; the strains failed to 

produce IAA, ammonia, and solubilize the 

inorganic phosphate (TCP). This may show its 

sole antagonistic role in the proximity of the test 

pathogens through different mechanisms that 

were not determined in this study, such as the 

synthesis of lytic enzymes and siderophores. In 

general, the antagonistic Trichoderma strains 

displayed multiple plant growth-promoting 

properties.  

The phosphate-solubilizing strains were further 

tested for their ability to solubilize inorganic 

phosphate, TCP, in a liquid culture medium 

quantitatively (Table 5). The different 

Trichoderma strains showed variations in the 

concentration of solubilized phosphate that 

ranged from 135 to 575 µg mL-1 upon 3-6 days of 

incubation, exhibiting significant differences 

with the control. Phosphate solubilization 

increased from 3rd-6th days and reduced after 6 

days. Trichoderma harzianum AAUT6 released 

338 µg mL-1 of solubilized phosphate on the 3rd 

days, and followed by T. harzianum AAUT14  

(327 µg mL-1) and T. tomentosum AAUT4 (326 

µg mL-1). The quantity of released phosphate 

increased from 180 to 575 µg mL-1 after the 3rd 

days and solubilization reduction was observed 

after the 6 days of incubation in all the strains, 

though maximum phosphate was released on the 

6 days of inoculation by T. afroharzianum 

AAUT38 (575 µg mL-1). Compared to the 

respective controls, an increase of 2-7, 4-11 and 

1.75-6.89-fold was displayed on the 3, 6 and 9 

days of inoculation, respectively. This result was 

much higher than Kapri and Tewari (2010) study 

that pointed out 392.96 µg mL-1 of solubilized 

phosphate obtained from Trichoderma DRT-1 

upon 6 days of incubation. However, Bader et al. 

(2020) reported a maximum of 288.18 µg mL-1 

solubilized TCP by Trichoderma FCCT 363-2 

strains on 6 days of inoculation, which is different 

from the peak concentration noted in the present 

study (509 µg mL-1) by T. harzianum AAUT14 

strain. The variation could be due to the 

physiological variability between the strains. 
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Table 5: Phosphate solubilization efficiency of the different Trichoderma strains from faba bean (Vicia faba 

L.); the amount of phosphorus released (µg mL-1) (NBRIP liquid) (from inorganic calcium phosphate based 

upon days of incubation (3-9) (for isolates with PVK"+") and change in the initial pH of medium (pHo=7) 

 

Strains  

TCPS 5 g L-1 NBRIP (liquid) (µg mL-1) in 

days ( 3-9 days)  

pH change (3-9 days) 

3 6 9 3 6 9 

Control  45 f 47 h 49 f 6.4 a 6.6a 6.5 a 

Trichoderma harzianum  AAUT14 327 a 509b 351 c 5.5 bcd 4.3bc 5.0bcd 

Trichoderma tomentosum AAUT4 326 a 428 c 387b 5.8 b 4.1bcd 5.2bc 

Trichoderma harzianum AAUT6 338a 386d 239 d 5.0de 4.3bc 5.4b 

Trichoderma harzianum AAUT8 135e 216 f 157e 5.6 bc 4.5b 5.3bc 

Trichoderma orientale AAUT17 236c 294 e 231d 5.1cde 4.3bc 4.7cd 

Trichoderma afroharzianum AAUT37 242c 417c 357 c 5.1cde 4.1bcd 4.5c 

Trichoderma afroharzianum AAUT38 285b 575a 417 a 5.0de 4.5b 4.9c 

Trichoderma afroharzianum AAUT50 143d 180g 135e 4.7 e 4.2bcd 4.5c 

CV 0.30 0.32 0.32 0.18 0.22 0.20 

TCPS- Tricalcium phosphate solubilization, and NBRIP- National Botanical Research Institute Phosphate. Mean 

values in the same column labeled with the same letter (s) as superscript are not significantly different (p>0.05) by 

Tukey HSD analysis of One-Way ANOVA. CV-indicates the coefficient of variation among means in the same column. 

The data also showed a steady decrease of 1-2.5 

pH units from a pH of 6.6-4.1 during 3-6 days of 

incubation. This may indicate that phosphate 

solubilization might be enhanced in acidic 

conditions, as it was observed on the 6th days after 

inoculation by T. afroharzianum AAUT38 (575 

µg mL-1, pH=4.5), T. harzianum AAUT14 (509 

µg mL-1, pH=4.3), and T. tomentosum AAUT4 

(428 µg mL-1, pH=4.1). Although T. tomentosum 

AAUT4 displayed a pH of 4.1, the released 

phosphate was the lowest than observed in the 

two strains (T. afroharzianum AAUT38 and T. 

harzianum AAUT14) on the same days, which 

may indicate the involvement of other byproducts 

for TCP solubilization. According to Ribas 

(2016), the potential of TCP solubilization in 

Trichoderma spp. is not only assisted by medium 

acidification but also by the production of 

alkaline phosphatases (ALP). Pearson`s analysis 

indicated no correlation between pH and TCP 

solubilization (r = -0.612**) (Table 6). Asea et al. 

(1998) have found a negative correlation between 

pH and the amount of solubilized phosphorus in 

the liquid medium of fungi. However, after the 6th 

day of inoculation, an increase in the pH was 

observed that might be caused by alkaline 

substances that are released by the strains into the 

medium. 
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Table 6: The Pearson`s correlation analysis between Phosphate solubilization and the change of pH 

Correlations 

 phosphate solubilized pH change 

phosphate solubilized 

Pearson Correlation 1 -.612** 

Sig. (2-tailed)  .001 

Sum of Squares and Cross-

products 
500422.000 -1574.900 

Covariance 19247.000 -60.573 

N 27 27 

pH. Change 

Pearson Correlation -.612** 1 

Sig. (2-tailed) .001  

Sum of Squares and Cross-

products 
-1574.900 13.250 

Covariance -60.573 .510 

N 27 27 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

4. Conclusion and Recommendation 

This study indicated the antagonistic potential of 

different Trichoderma strains on Botrytis fabae 

by the production of plant growth-promoting 

traits. Trichoderma harzianum AAUT14 showed 

the best antagonistic feature against B. fabae 

along with different plant growth-promoting 

properties. Thus, further studies should be 

conducted using another test pathogen, such as 

Fusarium species, to explore the potentials of 

Trichoderma isolates. The volatile and non-

volatile compounds of Trichoderma isolates 

should be analyzed by GC-MS technique and 

quantified. 

Ethical approval 

Ethical approval was not applicable for this study 

Data transparency 

The authors would like to confirm that the data 

supporting the findings of this study are available 

within the article and further can be obtained 

from the corresponding author upon request. 

Competing interests 

Authors have declared no competing interests 

exist. 

Source of funding 

This study obtained no financial support. 

Acknowledgments 

The authors would like to thank Addis Ababa 

University, the Department of Microbial, 

Cellular, and Molecular Biology, and Madda 

Walabu University for providing all the 

laboratory facilities for this study and the 

University of Pisa, Italy, and the Federal 

University of Lavras (UFLA) for all the help to 

conduct the molecular work used for the 

identification of the Trichoderma isolates. 

 

 

References 

Abdel-Aleem, S.A., Hassan, M.H.A., Sallam, 

N.M.A., and Eraky, A.M.I. (2011). 

Enhancement of suppressive effect of 

compost on faba bean root rot and wilt 

diseases by yeast seed treatment. Assiut 

J. Agric. Sci 42:434-452. 

Alhawatema, M., Alqudah, A., and Tawaha, 

A.R.T. (2019). Separation of different 

Trichoderma species based on partial 

TEF-1α and RPB2 protein coding genes 

sequences against ITS regions. 

Bioscience Research 16:161-170.Print 

ISSN:1811-9506 Online ISSN:2218-

3973. 



98 

 

Al-Mughrabi, K.I. (2008). Biological control of 

Phytophtora infestans of potatoes using 

Trichoderma atroviride. Pest Technology 

2:104-108. Corpus ID:202695380. 

Asea, P.E.A., Kucey, R.M.N., and Stewart, J.W.B. 

(1998). Inorganic phosphate 

solubilization by two Penicillium species 

in solution culture and soil. Soil Biology 

and Biochemistry 20:459-

464.https://doi.org/10.1016/0038-

0717(88)90058-2. 

Bader, A.N., Salerno, G.L., Covacevich, F., and 

Consolo, V.F. (2020). Native 

Trichoderma harzianum strains from 

Argentina produce indole-3-acetic acid 

and phosphorus solubilization, promote 

growth and control of wilt disease on 

tomato (Solanum lycopersicum L.). J. 

King Saud University-Science 32:867-

873. 

https://doi.org/10.1016/j.jksus.2019.04.0

02. 

Bale Zone Market and Economic Development 

(BZMED) (2007). Bale zone market and 

economic development office annual 

report, Bale Robe, Ethiopia. 

Barakat, F.M., Abada, K.A., Abou-Zeid, N.M., 

and El-Gammal, Y.H.E. (2014). Effect of 

volatile and non-volatile compounds of 

Trichoderma spp. on Botrytis fabae the 

causative agent of faba bean chocolate 

spot. Ame. J. Life Sciences 2: 11-18.doi: 

10.11648/j.ajls. s.2014020602.12. 

Barnett, H.L., and Hunter, B. (1972). Illustrated 

genera of imperfect fungi, Burgess 

publishing company, Minnesota. 

Bell, D.K., Wells, H.D., and Markhan, C.R. 

(1982). In vitro antagonism of 

Trichoderma species against six fungal 

pathogens. Phytopathology 72: 379-

382.doi:10.1094/phyto-72-379. 

Bendahmane, B.S., Mahiout, D., Benzohra, I.E., 

and Benkada, M.Y. (2012). Antagonism 

of three Trichoderma species against 

Botrytis fabae and Botrytis cinerea, the 

causal agents of chocolate spot of faba 

bean (Vicia faba L.) in Algeria. World 

Applied Sciences J. 17:278-283. Corpus 

ID:18839387. 

Bogumił, A., Paszt, L.S., Lisek. A., Trzciński. P., 

and Harbuzov, P. (2013). Identification of 

new Trichoderma strains with 

antagonistic activity against Botrytis 

cinerea. Folia Hort. 25: 131-132.doi: 

https://doi.org/10.2478/fhort-2013-0014. 

Bokhari, N.A., and Perveen, K. (2012). 

Antagonistic action of Trichoderma 

harzianum and Trichoderma viride 

against Fusarium solani causing root rot 

of tomato. Afr. J. Microbiology Research 

6: 7193-7197.doi:10.5897/AJMR12.247. 

Bureau of Agriculture and Rural Development 

(BOARD) (2012). Office of Agriculture 

and Rural Development annual report 

Goba District, Ethiopia. 

Cappuccino, J.C., and Sherman, N. (1992). 

Microbiology: A Laboratory manual. 3rd 

ed., Benjamin/cummings, Pub. Co. New 

York. 125-179. 

Chaverri, P., and Samuels, G.J. (2003). 

Hypocrea/Trichoderma (Ascomycota, 

Hypocreales, Hypocreaceae): Species 

with green ascospores. Studies in 

Mycology 48:1-116. 

Dennis, C., and Webster, J. (1971). Antagonistic 

properties of species-groups of 

Trichoderma. Transactions of the British 

Mycological Society 57:363-IN2. 

https://doi.org/10.1016/S0007-

1536(71)80077-3. 

Doyle, J.J., and Doyle, J.L. (1987). A rapid DNA 

isolation procedure for small quantities 

of fresh leaf tissue. Phytochemical 

Bulletin 19:11-15. Corpus ID:91055061. 

Elad, Y., Chet, I., and Katan, J. (1980). 

Trichoderma harzianum: A biocontrol 

agent effective against Sclerotium rolfsii 

and Rhizoctonia solani. J. 

Phytopathology 70: 119-

121.doi:10.1094/phyto-70-119. 

Elad, Y. (2000). Biological control of foliar 

pathogens by means of Trichoderma 

harzianum and potential modes of action. 

Crop Protection 19:709-714. 

https://doi.org/10.1016/S0261-

2194(00)00094-6. 

Firdu, Z., Maia, L., Teodoro, J., Alemu, T., and 

Assefa, F. (2022). Characterization of 

Faba bean (Vicia faba L.) Rhizosphere 

Associating Rhizobacteria Against 

https://doi.org/10.1016/j.jksus.2019.04.002
https://doi.org/10.1016/j.jksus.2019.04.002
https://doi.org/10.1016/S0261-2194(00)00094-6
https://doi.org/10.1016/S0261-2194(00)00094-6


99 

 

Botrytis fabae AAUBF-12 and their Plant 

Growth-Promoting Properties. Heliyon, 

p. e08861. 

doi:https://doi.org/10.1016/j.heliyon. 

2022.e08861. 

Fotopoulos, V. (2008). Assessment of potential 

for biological control of Botrytis cinerea 

by an indigenous Trichoderma 

harzianum isolate with a novel detached 

leaf-droplet inoculation bioassay and 

correlated increase in phytoalexin 

production. Pest Technology 2:109-11. 

Corpus ID:46572141. 

Galarza, L., Akagi, Y., Takao, K., Kim, C.S., and 

Maekawa, N. (2015). Characterization of 

Trichoderma species isolated in Ecuador 

and their antagonistic activities against 

phytopathogenic fungi from Ecuador and 

Japan. J. Gen. Plant Pathol 81: 201-

210.doi:10.1007/s10327-015-0587-x. 

Go, W.Z., Chin, K.L., H’ng, P.S., Wong, M.Y., 

Lee, C.L., and Khoo, P.S. (2023). 

Exploring the Biocontrol Efficacy of 

Trichoderma spp. against Rigidoporus 

microporus, the Causal Agent of White 

Root Rot Disease in Rubber Trees 

(Hevea brasiliensis). Plants 12(5), 

p.1066. 

doi:https://doi.org/10.3390/plants12051

066. 

Hartmann, A., Singh, M., and Klingmuller, W. 

(1983). Isolation and characterization of 

Azospirillum mutants excreting high 

amounts of indole acetic acid. Can. J. 

Microbiol 29: 916-

923.doi:10.1139/M83-147. 

Hassan, M.E.M., Abd El-Rahman, S.S., El-

Abbassi, I.H., and Mikhail, M.S. (2006). 

Inducing resistance against faba bean 

chocolate spot disease. Egypt J. 

Phytopathol 34:69-79. 

Hebblethwaite, P.D. (1983). The faba bean. 

Butterworths, London, U.K., 573 pp. 

Jaklitsch, W.M., Komon, M., Kubicek, C.P., and 

Druzhinina, I.S. (2005). Hypocrea 

voglmayrii sp. nov. from the Austrian 

Alps represents a new phylogenetic clade 

in Hypocrea/Trichoderma. Mycologia 

97: 1365-

1378.doi:10.3852/mycologia.97.6.1365. 

Jang, S., Jang, Y., Kim, C.W., Lee, H., Hong, J.H., 

Heo, Y.M., Lee, Y.M., Lee, D.W., and 

Kim, J.J. (2017). Five new records of 

soil-derived Trichoderma in Korea: T. 

albolutescens, T. asperelloides, T. 

orientale, T. spirale, and T. tomentosum. 

Microbiology 45: 1-

8.doi:10.5941/MYCO.2017.45.1.1. 

Jin, C.J., and Khalid, A, H. (2022). Biological 

Control and Plant Growth Promotion 

Properties of Volatile Organic 

Compound-Producing Antagonistic 

Trichoderma spp. 13. 

doi:https://doi.org/10.3389/fpls.2022.89

7668. 

Kapri, A., and Tewari, L. (2010). Phosphate 

solubilization potential and phosphatase 

activity of rhizospheric Trichoderma spp. 

Brazilian Journal of Microbiology 

41(3):787-795. 

https://doi.org/10.1590/s1517-

83822010005000001. 

Kator, L., Kalu, O.J., and Oche, O.D. (2015). 

Assessing the biocontrol potential of 

Trichoderma species on sclerotia rot 

disease of tomato plants in Chile Island 

(Makurdi). J. Environmental Science, 

Toxicology and Food Technology 9: 51-

58.doi:10.9790/2402-09415158. 

Keszler, A., Forgacs, E., and Kotai, L. (2000). 

Separation and identification of volatile 

components in the fermentation broth of 

Trichoderma atroviride by solid-phase 

extraction and gas chromatography-mass 

spectrometry. J. Chromatogr. Sci. 38: 

421-

424.doi:10.1093/chromsci/38.10.421. 

Kora, D., Temam, H., and Ahmed, S. (2017). 

Management of chocolate spot (Botrytis 

fabae L.) on faba bean in Bale highlands. 

Ethiopia. J. Plant Sciences 5: 120-

129.doi: 10.11648/j.jps.20170504.14. 

Kumar, V.N., Rajam, S.K., and Rani, E.M. 

(2017). Plant growth promotion efficacy 

of indole acetic acid (IAA) produced by 

a mangrove associated fungi 

Trichoderma viride VKF3. Int. J. Current 

Microbiology and Applied Sciences 6: 

2692-

2701.doi:10.20546/ijcmas.2017.611.317



100 

 

. 

Magdy, E., Janos, K.G., Erzsebet, S., and Laszlo, 

I. (2008). Mycoparasitism and 

antagonistic efficiency of Trichoderma 

reesei against Botrytis spp. Contribuţii 

Botanice., XLIII. ISSN 0069-9616. 

Mannaa, M., and Kim, K.D. (2018). Effect of 

temperature and relative humidity on 

growth of Aspergillus and Penicillium 

spp. and biocontrol activity of 

Pseudomonas protegens AS15 against 

Aflatoxigenic Aspergillus flavus in 

stored rice grains. Mycobiology 46: 287-

295.doi: 

https://doi.org/10.1080/12298093.2018.

1505247. 

Mbazia, A., Omri, B., Youssef, N., and Kharrat, 

M. (2016). Tunisian isolates of 

Trichoderma spp. and Bacillus subtilis 

can control Botrytis fabae on faba bean. 

Biocontrol Sci. Technol. 26:915-927. 

https://doi.org/10.1080/09583157.2016.

1168775. 

Mohiddin, F.A., Bashir, I., Padder, S.A., and 

Hamid, B. (2017). Evaluation of different 

substrates for mass multiplication of 

Trichoderma species. J. Pharmacognosy 

and Phytochemistry 6:563-569.  

Morton, D.T., and Stroube, N.H. (1955). 

Antagonistic and stimulatory effect of 

microorganism upon Sclerotium rolfsii. 

Phytopathology 45: 419-

420.doi:10.18006/2017.5(4).506.514. 

Nautiyal, C.S. (1999). An efficient 

microbiological growth medium for 

screening phosphorus solubilizing 

microorganisms. FEMS Microbiol. Lett 

170: 265-

270.doi: https://doi.org/10.1111/j.1574-

6968.1999.tb13383.x. 

Prasad, M.R., Sagar, B.V., Devi, G.U., Triveni, S., 

Rao, S.R.K., and Chari, K.D. (2017). 

Isolation and screening of bacterial and 

fungal isolates for plant growth-

promoting properties from tomato 

(Lycopersicon esculentum Mill.). Int. J. 

of Current Microbiology and Applied 

Sciences 6: 753-

761.doi:10.20546/ijcmas.2017.608.096. 

Oliver, R. (2021). Achieving Durable Disease 

Resistance in Cereals. Milton: Burleigh 

Dodds Science Publishing Limited. 

Ons, L., Bylemans, D., Thevissen, K., and 

Cammue, B. (2020). Combining 

biocontrol agents with chemical 

fungicides for integrated plant fungal 

disease control. Microorganisms 8, 1930. 

doi:10.3390/microorganisms8121930. 

Quiroga-Rojas, L.F., Ruiz-Quinones, N., Munoz-

Motta, G., and Lozano-Tovar, M.D. 

(2012). Rhizosphere microorganisms, 

potential antagonists of Fusarium sp. 

causing agent of root rot in passion fruit 

(Passiflora edulis Sims). Acta 

Agronomica 61:244-250. 

Rawat, R., and Tewari, L. (2011). Effect of abiotic 

stress on phosphate solubilization by 

biocontrol fungus Trichoderma species. 

Current Microbiology 62: 1521-

1526.doi:10.1007/s00284-011-9888-2. 

Reddy, M.S.P, Vibha, and Pandey, S.K. (2018). 

Role of root colonizing Trichoderma 

species in management of alternaria leaf 

blight of Asalio (Lepidium sativum L.) 

caused by Alternaria alternata. Int. J. 

Curr. Microbiol. App. Sci.7: 2544-

2561.doi:10.20546/ijcmas.2018.707.299

. 

Ribas, P.P. (2016). In vitro potential for phosphate 

solubilization by Trichoderma spp. 

Brazilian J. Biosciences 14:70-75. 

ISSN:1679-2343. 

Reino, J. L., Guerrero, R. F., Hernández-Galán, 

R., and Collado, I. G. (2007). Secondary 

metabolites from species of the 

biocontrol agent Trichoderma. 

Phytochemistry Reviews 7(1), 89-123. 

https://doi.org/10.1007/s11101-006-

9032-2. 

Saber, W.I.A., Abd El-Hai, K.M., and Ghoneem, 

K.M. (2009). Synergistic effect of 

Trichoderma and Rhizobium on both 

biocontrol of chocolate spot disease and 

induction of nodulation, physiological 

activities and productivity of Vicia faba. 

Research J. Microbiology 4:286-300. 

doi:10.3923/jm.2009.286.300. 

Sahile, S., Chemeda, F., Sakhuja, P.K., and 

Ahmed, S. (2010). Yield loss of faba 

bean (Vicia faba) due to chocolate spot 



101 

 

(Botrytis fabae) in sole and mixed 

cropping systems in Ethiopia. Archives of 

Phytopathol. and Plant Protection 

43:1144-

1159.https://doi.org/10.1080/032354008

02343791. 

Sahile, S., Sakhuja, P.K., Chemeda, F., and 

Ahmed, S. (2011). Potential antagonistic 

fungal species from Ethiopia for 

biological control of chocolate spot 

disease of faba bean. Afr. J. Crop Science 

19:213-225. doi:10.4314/ACSJ.V19I3. 

Shinde, S. (2016). Isolation of seed borne fungi 

associated with pigeon pea (Cajanus 

cajan Linn.) seeds.  Int.  J. Science and 

Research 5:2319-7064.ISSN 

(Online):2319-7064. 

Socio-economic Profile of Arsi Zone 

(http://oromiagov.org / Socio % 20 

Economic % 20 Profile /Arsi/ Arsi % 20 

Zone.pdf) Government of Oromia 

Region (accessed on 24 May, 2019). 

Soliman, H.D., Abdel-Fattah, G.M., and 

Metwally, E.A. (2016). Antagonistic 

interactions between the foliar pathogen 

Botrytis fabae Sard. and Trichoderma 

harzianum Rifai. Asian J. Plant 

Pathology 10:21-28. 

doi:10.3923/ajppaj.2016.21.28. 

Subhani, M.N., Sahi, S.T., Ali, L., Hussain, S., 

Iqbal, J., and Hussain, N. (2013). 

Management of chickpea wilt caused by 

Fusarium oxysporium f. sp. ciceris 

through antagonistic microorganisms. 

Can. J. Plant Protection 1:1-6. 

Tegegn, A., Egigu, M. C., and Hundie, B. (2019). 

Evaluation of endod (Phytolacca 

dodecandra L.) extracts against Botrytis 

fabae, a causative agent of chocolate spot 

disease of Vicia faba. Cogent Food and 

Agriculture 5(1). 

https://doi.org/10.1080/23311932.2019.

1686948. 

Teshome, E., Chemeda, F., and Samuel, S. 

(2013). In vivo assay for antagonistic 

potential of fungal isolates against faba 

bean (Vicia faba L.) chocolate spot 

(Botrytis fabae Sard.). Jordan J. 

Biological Sciences 6: 183-

189.doi:10.12816/0001531. 

Yadav, J., Verma, J.P., and Tiwari, K.N. (2011). 

Plant growth-promoting activities of 

fungi and their effect on chickpea plant 

growth. AJBS 4: 291-

299.doi:10.3923/ajbs.2011.291.299. 

Zhao, P., Luo, J., and Zhuang, W.Y. (2011). 

Practice towards DNA barcoding of the 

nectriaceous fungi. Fungal Diversity 46: 

183-191.doi:10.1007/s13225-010-0064-

y. 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1080/23311932.2019.1686948
https://doi.org/10.1080/23311932.2019.1686948

