
 

 

 

Trichoderma spp. isolates from agriculture field identified internal transcribed spacers (ITS), with 

chitinase activity and biocontrol activity against Fusarium spp. 

 

Abstract 

Twelve12 Trichoderma isolates were obtained from various Uttar Pradesh sites. Internal transcribed spacer 

(ITS) amplification and sequencing were used to identify isolates of Trichoderma that showed 99–100% 

identification with Trichodermaharzianum, Trichodermaasperellum, and Trichodermalongibrachiatum, the 

three species of Trichoderma. Tests were conducted in vitro to evaluate the biocontrol potential of 

Trichoderma isolates against Fusarium species. After seven days of incubation, the isolate TBT6 (T. 

harzianum) exhibited the greatest antagonism against Fusariumoxysporum, with inhibition rates of 87.1%) 

by TBT7 (82.2%), and the least amount of inhibition (59.7%) by T. longibrachiatum isolate TBT10. Under 

field conditions, the antagonistic T. harzianum isolate TBT6 can be employed as a bio-control agent against 

Fusarium spp. and for the development of formulations based on Trichoderma. Using the dual plate 

approach, twelve highly antagonistic Trichoderma isolates were selected for chitinolytic activity. Observing 

the breakdown of chitin substrates, Trichoderma isolates TBT6 was wereshown to have strong chitinolytic 

enzyme activity, making it a good candidate for endochitinase gene isolation. Using two particular primers, 

the genomic DNA of the Trichoderma isolates TBT6 was isolated and amplified. 

Key words: Trichoderma, internal transcribed spacers (ITS), antagonism, Fusariumoxysporum, 

Chitinase activity, Biocontrol. 

 

INTRODUCTION 

Farmers use chemical pesticides as their first option to manage plant diseases and 

maximisemaximize crop yields. (Junaidet al., 2013). It was estimated that 12% ofcrop loss is due to plant 

pathogens (Sharma et al., 2012).Long-term pesticide use can lead to serious health and environmental 

issues in addition to being very expensive for developing nations. The Ffamous saprophytic fungus 

Trichoderma may be isolated from any soil and, because of its high rate of colonisationcolonization and 

reproduction, is an effective biocontrol agent. (Pandya etal., 2011; Pal and Gardener, 2006; El-Hassan et 

al.,2013; Rao et al., 2015). Numerous fungal phytopathogens, including Phythium, Phytophthora, 

Macrophomina, Aspergillus, Rhizoctonia, and Fusarium, are combated by Trichoderma. 

employingEmploying a variety of biocontrol techniques, such as mycoparasitism, antibiotic synthesis, and 

pathogen competition for resources (food and space). (Benítez et al., 2004; Rayatpanah et al., 2011; 

Krishnamurthy and Shashikala, 2006). Recently, the global attention rely onhas been paid toTrichodermaas 

a safe alternative of topesticides and this led to an increase in the number of Trichodermabiocontrol 

products (Woo et al., 2014). In agriculture, 37% of crop loss is due to pests, out of which 12% is due to 

pathogens. Fungi are responsible for more than 70% of all major crop diseases. Significant loss has been 

observed in several crop species like rice, wheat, barley, cotton, and groundnut due to fungi. In agriculture, 

annual crop losses due to pre and post-harvest fungal diseases exceeds 200 billion euros, in the United 

States alone, over $600 million are annually spent on fungicides. (Sharma et al., 2012). 

Fusarium oxysporum species are ubiquitous soil-borne pathogens of a wide range of horticultural 

and food crops which cause destructive vascular wilts, rots, and damping-off diseases and several strains of 

pathogen to humans or animals (Gordon, 2017). 

Chemical pesticides are used by the farmers for the management of fungal and pest control. The 

chemical pesticides which used have been affecting on both humans and the environment. Chitinase is one 

of the enzymes that has been effectively used for the management of fungal diseases. It targets chitin of the 

cell wall for the management of plant pathogens. Plants have been known to implicate chitinase in defense 

against plant pathogens. Chitinase provides an alternate solution over harmful chemicals to plant defense 

against fungal pathogens. Fusariumoxysporum and Fusariumgraminearum are the representative species 

known as plant-pathogenic Fusarium(Arie, 2019). The majority of Fusarium species are soil-inhabiting 

fungi,Fusarium conidia can be dispersed by water in rain splash and via irrigation systems but become 

airborne when dried, which makes them well-suited for atmospheric dispersal over long distances and 

which contributes to their worldwide distribution (Lin et al., 2013). Although Fusarium utilizes multiple 

infection strategies, these fungi are considered to be hemibiotrophs capable of transitioning to necrotrophs 

depending on specific environmental and metabolic (Perfect and Green, 2001). As plant pathogens, they 



 

 

cause root and stem rot, vascular wilt, or fruit rot in a number ofseveral economically crop species resulting 

in major yield losses (MT ha
-1

) and in economic losses that value over $1 Billion (Xia et al., 2020). 

Fusarium toxins are the most abundant natural contaminants of diets containing cereals and other grains 

(Kumar et al., 2013). Additionally, in clinical, several species are considered to be opportunistic pathogens 

in immune- compromised humans (Guarro, 2013).  

Plant diseases management is a significant cost component in crop production. Traditionally, the 

approaches to dealing with disease in agricultural ecosystems include breeding resistant varieties of the 

crops species, hygiene to prevent the spread of contaminated soil or seed, and fungicides to kill potentially 

infecting fungi. However, increasing concerns about the effects of fungicides in the environment and 

residues in food have resulted in the deregistration of a number ofseveral fungicides. Moreover, resistance 

of pathogens to fungicides has rendered certain fungicides ineffective. There is a need to strengstrengthen 

then practices and components of IPM in order to reduce the dependence on synthetic agrochemicals. 

Biological control is an essential part of these strategies as a substitute of foragrochemicals. Biological 

control is the suppression of disease by the application of a Biocontrol Agent (BCA) usually a fungus, 

bacterium, or virus, or a mixture of these to the plant or the soil. The biological control agent acts to prevent 

infection of the pathogen by the plant. The main advantage of using a biological control agent they are 

highly specific for a pathogen and hence are considered harmless to non-target species.  

The Biocontrol agents exercise several antagonistic mechanisms such as nutrient competition, 

antibiotic production, mycoparasitism and induction of systemic resistancehas been proposed as the major 

antagonistic mechanism by Trichodermaproduces enzymes like chitinase and β-1, 3-glucanase which 

degrades the cell wall materials and also releases a number ofseveral toxic substances that can inhibit the 

growth of the pathogens fungal. (Puyam, 2016). These chitinase genes have functions in the biocontrol 

mechanism such as cell wall degradation, hyphal growth, and parasitic activity. (Lidia et al., 2014). 

Chitinase helps in the breakdown of the glycoside bonds. Glucose oxidase catalysescatalyzes D-glucose to 

D-glucono-1, 5-lactone, and hydrogen peroxide are known to have antifungal effects. Xylanase helps in 

breaking hemicelluloses a major component of plant cell walls. The Chitinase chitinasegene (ech42) was 

produced by the biocontrol agent Trichodermaharzianum which was responsible for mycoparasitism. These 

genes have their unique functions in the biocontrol mechanism such as cell wall degradation, hyphal 

growth, stress tolerance, and parasitic activity. Role The role of genes play a major the biocontrol process 

by regulating some signals and leading to the secretion of some enzymes that help in the degradation of the 

pathogens and hence they are known as biocontrol genes. Increased expression of the genes helps in 

enhanced biocontrol activity which helps in promoting the plant growth and prevents the plant from 

pathogen attack. The gene ech42 from T. harzianumcodes for endochitinase with significantly higher 

inhibitory activity against a broad range of phytopathogenic fungi than other chitinolytic enzymes. The 

ech42 gene involved in the biocontrol activity of Fusarium disease incidence has not been reported. Thus 

the genetic characterization of ech42is still remains an open field for the researchers.  

It is also known to have the ability to interact with plants, inducing resistance to biotic and abiotic 

stresses and promoting plant growth. These characteristics of fungi are useful in the research of 

Trichodermastrains as biocontrol agents. Trichodermaharzianumbeing isthe most cited species as an active 

agents of commercial biopesticides and biofertilizers. Chitinases are found in a wide range of organisms 

including bacteria, fungi, higher plants, insects, and some vertebrates. Chitinases have been isolated from 

the Trichodermaspecies (Ganigeret al., 2009). So the Trichodermachitinase encoding gene/s will help in 

crop improvement and disease management. They will also minimize the use of chemical pesticides.  

 It was reported that the identification of Trichodermabased on morphological characters can give 

misleading results (Fahmi et al., 2016). Recently, molecular identification based on internal transcribed 

spacers (ITS) amplification and sequencing is has beencommon and highly trusted (Savitha and Sriam, 

2015; Fahmi et al., 2016; Oskiera et al., 2015; Jiang et al., 2016). In this study, 10 isolates of 

Trichodermaspp. were isolated from soil rhizosphere of different locations in Egypt, characterized on a 

molecular level and screened for their antagonistic Fusariumoxysporum. 

 

 

Table  1. Isolation and identification of Trichodermaisolates based on ITS data 

 

Isolate code  State  GenBank Acc. No. (ITS sequence)BLASTnresults  identityresults identity (%)      

Molecular  

 



 

 

identification 

 

 

TBT1        U.PMW776752          99T. asperellum 

TBT2    U.PMW776753          100T. asperellum 

TBT3  U.P MW776754           99T. asperellum 

TBT4  U.PMW776755         99T. asperellum 

TBT5   U.PMW776756                 100T. longibrachiatum 

TBT6  U.PMW776756                               99T. harzianum 

TBT7 U.PMW776758    99 T. harzianum 

TBT8U.PMW776759      99T. harzianum 

TBT9U.PMW776760          99T. longibrachiatum 

TBT10U.PMW776761             99T. longibrachiatum 

TBT11 U.P-                      -       Trichoderma spp. 

TBT12U.P-                              -Trichoderma spp. 

 

MATERIALS AND METHODS 

Isolation of Trichodermaisolates 

twelve12 isolates of Trichoderma spp. were recovered from the soil rhizosphere of various locations in 

Uttar Pradesh.  thatThat were grown with various crops. A number ofSeveral soil samples were taken at a 

depth of 15 cm, sealed in sterile bags, and brought into the lab for the isolation procedure. Fahmi et al. 

(2016) 1g air- dried soil sample was wereadded into 9 ml sterile water in a test tube to make a 1:10 dilution 

(10
-1

). The mixture was vigorously shaken on a vortex mixture for 5-10 minutes to obtain a uniform 

suspension. One ml of soil suspension was transferred into a fresh sterile test tube containing 9 ml sterile 

water under aseptic conditions to make 10
-2

 dilution. Further, 10
-3

 dilution was made by pipetting 1 ml 

suspension into another fresh test tube containing 9 ml sterile water. One ml of soil suspension was taken 

and uniformly spread on PDA and TSM-containing Petri plates and incubated at 25±2°C for 5-7 days in the 

dark. After incubation as the mycelial growth were appeared, the hyphal tips from the advancing mycelium 

were cut and transferred into the fresh PDA medium for further purification. The purified isolates were 

cultured on PDA slants and maintained at 4°C for further use. 

 

Mycelial growth kinetics of different Trichoderma isolates  

Growth kinetics of different Trichoderma isolates performed on PDA medium. Recorded data of 

growth kinetics observed by studied studying their regular time interwal interval for 12 h. By studying 

growth Trichoderma isolate viz., TBT1, TBT2, TBT3, TBT4,(Trichodermaasperellum), TBT5, TBT9, 

TBT10 (T. longibrachiatum), TBT6, TBT7, TBT8,(T. harzianum) TBT11 (T. koningii) and TBT12, (T. 



 

 

koningiopsis). Among different Trichoderma TBT6, TBT7 and TBT9 groups were fast-growing were 

shown in (Table. 2) 

Table 2- Growth kinetics data mean value of different Trichoderma isolates (cm) 

Isolates 12hr 

 

24hr 

 

36hr 48hr 

 

60hr 

 

72hr 

 

84hr 

TBT1 
1.63 

 

2.43 

 

4.46 5.40 

 

7.20 

 

7.43 

 

8.63 

TBT2 
1.26 

 

2.30 

 

4.30 5.20 

 

7.15 

 

7.27 

 

7.83 

TBT3 
1.36 

 

2.36 

 

4.43 5.37 

 

7.50 

 

7.47 

 

8.60 

TBT4 
1.46 

 

2.40 

 

4.40 5.27 

 

7.30 

 

7.50 

 

8.50 

TBT5 
1.30 

 

2.63 

 

4.30 5.30 

 

7.30 

 

7.60 

 

8.80 

TBT6 
1.90 

 

2.80 

 

4.80 5.90 

 

7.80 

 

8.20 

 

9.00 

TBT7 
1.86 

 

2.73 

 

4.43 5.60 

 

7.60 

 

7.63 

 

8.93 

TBT8 
1.36 

 

2.60 

 

4.80 5.20 

 

7.50 

 

7.50 

 

8.87 

TBT9 
1.50 

 

2.50 

 

4.26 5.70 

 

7.70 

 

7.80 

 

8.90 

TBT10 
1.10 

 

2.10 

 

4.20 5.10 

 

7.10 

 

7.30 

 

8.30 

TBT11 
1.43 

 

2.50 

 

4.50 5.20 

 

7.20 

 

7.60 

 

8.73 

TBT12 
1.33 

 

2.40 

 

4.30 5.23 

 

7.13 

 

7.50 

 

8.87 

CD@5% 
0.138 

 

0.150 

 

0.238 0.324 

 

0.210 

 

0.205 

 

0.242 

C V 
5.536 

 

3.539 

 

3.165 3.564 

 

1.684 

 

1.602 

 

1.641 

        Values are the mean of three replications 

 

Soil borne pathogens 

The University of Svpuat Meerut's Faculty of Agri-Biotech kindly provided by isolated of Fusaium spp.  

DNA extraction from Trichodermaisolates 

Trichoderma DNA was isolated according to Al-Samarrai and Schmid's (2000) instructions. The sharp, 

separate bands served as a quality indicator for the DNA. 

Isolation of Genomic DNA  

The genomic DNA from twelve Trichodermaisolates of was extracted by CTAB methods with some 

modification. The Genomic DNA of Trichoderma was isolated from cell which were in vegetative phase. 

The cell suspension culture obtained by incubation of Potato Dextrose Broth (PDB) 

Trichodermamyceliumand incubated for 36 hrs genomic DNA successfully isolated. 

Purification of crude genomic DNA 

Isolated DNA samples were treated with 1µl of RNAse (10mg/ml) mixed gently and incubated in 

boiling water bath at 37
0
C for 1 h.  This was done to single stranded RNA. The purified DNA was 

precipitated and dissolve in 30µl TE buffer (pH 8.0). The quality of purified DNA of Trichoderma was 

checked on 0.8% agarose gel electrophoresis.The purified DNA did not show shearing or presence of RNA 

contamination. This DNA was purified. 

Molecular identification of Trichodermaisolates  

Polymerase chain reaction (PCR) was utilized to amplify the internal transcribed spacer regions of 

Trichodermausing ITS1 (5' – TCC GTA GGT GAA CCT GCG G - 3') and ITS4 (5' - TCC TCC GCT TAT 



 

 

TGA TAT GC - 3') primers. PCR conditions were performed as described by Loc et al. (2011). PCR 

products were first purified using QIAquick PCR Purification Kit (QIAGEN Cat. No. 28104). Sequencing 

was performed using Big Dye Terminator v3.1 Cycle Sequencing Kit in a total volume of 20 μL using 3500 

GeneticAnalyzer, Applied Biosystems (Daejeon, Korea). 

 

PCR amplification of chitinase gene 

According to Loc et al. (2011), the chitinase gene was amplified using two particular primers: CHI-F (5-

ATG TTG GGC TTC CTC GGA-3) and CHI-R (5-TTC GGG ATG GTT GTC ATA CTG-3). 

Antagonism of Trichodermaagainst Fusariumoxysporum 

The pathogen and antagonist were inoculated in the same Petri plate opposite with each other and observation was 

recorded at every 24 hours after inoculation of both organisms up to 96 hours. The interaction was observed 

between Trichoderma isolates andFusariumoxysporumat 4
th

 day. The growth of Fusariumoxysporumwas increases 

at and 5
th

 day thereafter this was checked by the antagonist at 6
th

 and 7
th

 day.  

 
 

Figure 1. Antagonism of  T. harzianumagainst Fusarium spp. 

 

All T. harzianum isolates exhibited higher growth inhibition activity of Fusariumoxysporum compared to 

the other species isolates. Among the T. harzianum isolates highest growth inhibition percentage was recorded in 

TBT6 (87.1%) followed by TBT7 (82.2%), whereas the minimum growth inhibition TBT10 (59.7%) was recorded 

in T. longbrachiatum isolates TBT10 after 7 DAI (Table 3.). T. harzianum isolate TBT6 showed initial faster 

growth, overgrew on Fusariumoxysporum after 5 days of inoculation. 

Table 3- Growth inhibition of Fusariumoxysporumin dual culture by different Trichodermaisolates at 28 ±2
0
 C 

Trichoder

ma 

isolates 

Growth inhibition efficiency of Trichoderma spp. in dual culture 

5
th 

days after 

inoculation 

6
th 

days after 

Inoculation 

7
th

 days after 

inoculation 

Radial 

Growth 

(cm)* 

Growth 

Inhibition 

(%)
#
 

Radial 

Growth 

(cm)* 

Growth 

Inhibition 

(%)
#
 

Radial 

Growth 

(cm)* 

Growth 

Inhibition 

(%)
#
 

TBT1 2.33 43.6 2.00 68.8 1.76 80.4 

TBT2 3.66 11.4 3.40 48.2 2.83 68.6 

TBT3 2.93 29.1 3.03 53.6 3.03 66.3 

TBT4 3.03 26.6 2.86 56.1 2.63 70.8 

TBT5 3.00 27.4 2.46 62.0 2.10 76.7 

TBT6 2.63 36.3 2.33 64.0 1.16 87.1 

A B 



 

 

TBT7 2.66 35.6 2.43 62.5 1.60 82.2 

TBT8 2.63 36.3 2.53 61.0 2.16 76.0 

TBT9 3.83 36.3 3.66 44.3 3.36 62.7 

TBT10 4.03 2.4 3.86 41.4 3.63 59.7 

TBT11 3.26 21.1 2.63 59.5 2.36 73.8 

TBT12 3.66 11.4 3.5 46.7 3.13 65.2 

Control 4.13 - 6.66 - 9.00 - 

C.D. 0.20 - 0.19 - 0.176 - 

C.V. 3.13 - 3.41 - 3.55 - 

*Values are the mean of three replications, 
#
Values are the mean percentage inhibition 

Data and cluster analysis 

The NCBI website (http://www.ncbi.nlm.nih.gov/) was used to compare the findings of Trichoderma 

sequencing with known sequences using BLASTn. MEGA version 6 was used for the alignment and 

phylogenetic analysis (Tamura et al., 2013). The costat Costas6.3 version programme was used to 

analyseanalyze the antagonistic data that was obtained. Use of the Duncan's multiple range test (1955) 

guided the analysis of variance and means comparison at the 5% level of significance. 

Quantitative estimation of chitinase activity of Trichoderma isolates 

All Trichodermaisolates were used for biochemical assay for the production of cell wall degrading 

enzymes. Chitinase activity was assayed by measuring the release of reducing saccharides from colloidal 

chitin. AStandard standard curve generated with N-acetyl-β-D-glucosamine (NAGA) was used to 

determine reducing saccharides concentration. The activity ranged from 5.77 unit/ml to 21.15 unit/ml 

commercial chitin-derived colloidal chitins of the TBT5 and TBT6 isolates respectively; while TBT7 

isolate presented 20.12 unit/ml chitinase enzyme activities  

Table 4. Quantitative estimation of chitinase activity (U/ml) from different speciesof  Trichoderma 

S. N. Isolates Chitinase activity 

(Unit/ml) 

TBT1 Trichodermaasperellum 12.30 

TBT2 Trichodermaasperellum 18.23 

TBT3 Trichodermaasperellum 14.26 

TBT4 Trichodermaasperellum 9.17 

TBT5 Trichodermalongibrachiatum 6.18 

TBT6 Trichodermaharzianum 21.15 

TBT7 Trichodermaharzianum 20.12 



 

 

TBT8 Trichodermaharzianum 18.34 

TBT9 Trichodermalongibrachiatum 18.63 

TBT10 Trichodermalongibrachiatum 5.77 

TBT11 Trichodermakoningii 17.28 

TBT12 Trichodermakoningiopsis 7.29 

 

RESULTS AND DISCUSSION 

Isolation and molecular identification of Trichodermaisolates 

From rhizosphere soil samples taken from several locations in Uttar Pradesh, 12 strains of Trichoderma 

were identified (Table 1). The ITS region was amplified by PCR using ITS primers, yielding a single band 

of roughly 600 bp. After the PCR products were sequenced, the sequencing data was uploaded to the NCBI 

website for BLAST searches and comparison with previously released ITS data. Four isolates were found 

to belong to Trichodermaasperellum (TBT1, TBT2, TBT3, TBT4), three isolates were classified as 

Trichodermaharzianum (TBT6, TBT7, TBT8), and two  isolatetwo isolate was identified as 

Trichodermalongibrachiatum. The amplified ITS regions of the Trichoderma isolates showed 99 to 100% 

identity with three species of Trichoderma. (Table 1). The ITS identity was validated by the phylogenetic 

analysis. 

Phylogenetic analysis of Trichoderma 
Phylogenetic relationship among theTrichoderma species was determined using the ITS sequence 

information of 12 Trichoderma spp. and 23 other Trichoderma sequences, including T. asperellum, T. 

harzianum, T. longibrachiatum, T. koningii and T. koningiopsis available in the NCBI database.  A 

dendrogram was constructed by using the ClustalW and Mega7.0 software with the Neighbor-Joining (NJ) 

method. 

 

 



 

 

Figure 2. Phylogeny analysis of Trichodermaisolates based on ITS data using MEGA.  



 

 

 

Fig.3 Amplified PCR products of ITS region of 12 native Trichoderma spp. isolates from soil using ITS 

universal primers. Lane M: 100 bp ladder (Promega, USA), Lane 1-12: TBT1-TBT12 

 

Amplification of chitinase gene from Trichodermaharzianum 

The genomic DNA isolated from T. harzianum was PCR amplified with specific primers for chitinase gene. 

The concentration (10 pM/μl) of respective primers was used in the PCR amplification. Through amplification, 

a good unique band was observed without any primer dimers. The large-scale amplification of putative full-

length of chitinase gene approx (1.3 kb). 

4.9. Gel elution of the PCR amplicon 

The PCR products were separated in a low melting agarose gel of 1.2% along with 1kb DNA molecular 

marker. Very sharp bands of expected sizes were obtained. The 1.3 kb amplicon corresponding to chitinase gene 

were eluted out using QIAEX II Gel Extraction Kit. 

 

 

Figure 4. Amplification of chitinase gene in Trichodermaisolates based CHI-F and CHI-R primers, M; 1 kb 

DNA ladder.



 

 

 

 

Chitinase gene of Trichoderma 

chitinA Chitin is an essential part of these pathogen cell walls, Trichoderma secretes extremely potent chitinases 
that may degrade and feed on them. (Seidl-Seiboth et al., 2014; Hassan et al., 2015; Prasetyawan et al., 2018). 

Chitinase 42 is one Trichodermaendochitinase that can hydrolyze the β-1, 4-glycosidic bonds that hold the N-acetyl 
glucosamine residues in chitin together. (Hassan et al., 2015). Using PCR-based specialist primers (CHI-F and CHI-
R), the chitinase 42 gene in Trichoderma isolates was amplified and discovered in this experiment, as shown in 
Figure 4. The presence of this gene was confirmed in all investigated isolates by the PCR, which a single band 
around 1500 bp similar by Loc et al. (2011). Since the primers are unique to Trichodermachitinases, the 

amplification of the chitinase gene verifies that these isolates are Trichoderma. 
 

 

Conclusion 
 

Identification of Trichodermabased on ITS markers exhibited high efficiency in discrimination among different 

Trichodermaspp. isolates. Trichodermaisolates showed variability in their aggressiveness against 

Fusariumoxysporum.. In general, the isolate TBT6 of T.harzianumshowed the best antagonism against 

Fusariumoxysporum and while the isolate. Trichoderma isolates improved. These results confirm the efficacy of 

Trichodermaas excellent biocontrol agent and also as plant growth promoting. Trichoderma under in-vitro 

conditions, against Fusariumoxysporuminoxysporumin dual culture bioassay.Among the T. harzianum isolates 

highest growth inhibition percentage was recorded in TBT6 (87.1%) followed by TBT7 (82.2%), whereas the 

minimum growth inhibition (59.7%) was recorded in T. longibrachiatum isolates TBT10 after 7 Days. Chitinase 

activity was assayed by measuring the release of reducing saccharides from colloidal chitin. Standard curve 

generated with N-acetyl-β-D-glucosamine (NAGA) was used to determine reducing saccharides concentration. The 

activity ranged from 5.17 unit/ml to 21.15 unit/ml commercial chitin derived colloidal chitins of the TBT10 and 

TBT6 isolates respectively; while TBT7 isolate presented 20.12 unit/ml chitinase enzyme activities. 

 

 

REFERENCES 

Abdel-lateifK,El-

ZanatyAF,HelwaM(2017).GeneticdiversityofTrichodermaisolatesandtheirantagonismagainstRhizoctoniaSolania

nd Phythiumaphnidermatum. Menoufia Journal of AgricultureBiotechnology2:63-73. 

AgrawalT,KotasthaneAS(2012).ChitinolyticassayofindigenousTrichodermaisolates collected from 

differentgeographical locationsofChhattisgarh inCentralIndia. SpringerPlus 1:73-82 

Al-Samarrai TH, Schmid J (2000). A simple method for extraction offungalgenomicDNA.LettersinApplied 

Microbiology 30:53-56. 

Arie T. (2019).Fusarium diseases of cultivated plants, control, diagnosis, and molecular and genetic dtudies. 

Journal of Pesticide Science, 44: 275-281. 

Athira K (2017). Efficacy of fungicide and bio-control agents against 

rootrotofblackGram(VignamungoL.)causedbyMacrophominaphaseolina(Tassi) Goid. International Journal of 

Current MicrobiologyandApplied Sciences6(10):2601-2607. 

BenítezT,RincónAM,LimónMC,CodónAC(2004).BiocontrolmechanismsofTrichodermastrains.InternationalMicro

biology7:249-260 



 

 

Chen S, Dickson DW (2004). Biological control of nematodes by fungalantagonists. In: Nematology Advances 

and Perspectives. NematodeManagementand Utilization,vol. II.(Chen ZX,Chen 

SY,DicksonDW,eds).Wallingford:CAB International,UKpp.977-1039. 

DaykinME,HusseyRS(1985).Stainingandhistopathologicaltechniquesin nematology.pp.39-

48.In:K.R.Barker,C.C.Carter,J. N. Sasser, eds. An Advanced Treatise on Meloidogyne: Volume II.Raleigh,NC: 

NorthCarolinaStateUniversityGraphics. 

Duncan B (1955). Multiple range and Multiple F test. Biometrex 11:1-

42.EladY,HadarY,ChetI,HenisY(1981).BiologicalcontrolofRhizoctoniasolanibyTrichodermaharzianumincarnati

on.Plant Disease65:675-677. 

El-Hassan SA, Gowen SR, Pembroke B (2013). Use of 

Trichodermahamatumforbiocontroloflentilvascularwiltdisease:efficacy,mechanismsofinteractionandfutureprosp

ects.JournalofPlantProtectionResearch53(1). 

EpsteinE(1972).MineralNutritionofPlants:PrinciplesandPerspectives.JohnWiley,NewYork. 

Ganiger M. C., Bhat S., Chettri  P. and Kuruvinashetti M. S. (2009). Production of endoglucanase by 

Trichodermafor control of phytopathogenic fungus Sclerotiumrolfsii. Journal of Applied Sciences 

Research, 5(7): 870-875  

GoodyJB(1957).Laboratorymethodforworkwithplantandsoilnematodes.MinistryofAgric.,FisheriesandFood:Tech.

Bull.2London,England44 p. 

Gordon T. R. (2017).Fusariumoxysporum and the Fusarium wilt syndrome. Ann. Rev. Phytopathol.  55 : 23-39. 

Guarro  J.  (2013).Fusariosis, a complex infection caused by a high diversity of fungal species refractory to 

treatment. European Journal of Clinical Microbiology & Infectious Diseases.32, 1491–1500. 

Hartman K, Sasser JN (1985). Identification of Meloidogyne species onthe basisofdifferentialhosts test and 

perinealpattern morphology.In: Barker KR, Carter CC, Sasser JN, editors. Anadvanced treatiseon Meloidogyne. 

Volume II. North Carolina State University Graphics,Raleigh, North Carolina: Methodology. A cooperative 

publication ofthe Department of Plant Pathology and the United States Agency 

forInternationalDevelopmentpp.69-77. 

HassanM,EL-fikyZA,SaidMA,AhmedNF(2015).Chitinaseandcellulase genes sequencing for some Egyptian 

Trichoderma speciesisolated from rhizosphere and assay of their activity. Egyptian 

JournalofGeneticsandCytology 44:15-30. 

Hussey RS, Barker KR (1973). Comparison of methods for collectinginoculaof Meloidogyne 

spp.,includinganewtechnique. PlantDiseaseReport57:1025-1028. 

Izuogu NB, AbiriTO (2015).Efficacy ofTrichodermaharzianumT22 asabiocontrolagentagainstroot-

knotnematode(Meloidogyneincognita)onsomesoybeanvarieties.CroatianJournalofFoodScienceandTechnology7(

2):47-51. 

Jansson HB, Jeyaprakash A, Zuckerman BM (1985). Control of root-

knotnematodesontomatobytheendoparasiticfungusMeriaconiospora. JournalofNematology17:327-329. 

http://journals.fcla.edu/jon


 

 

Junaid JM, Dar NA, Bhat TA, Bhat AH, Bhat MA (2013). Commercialbiocontrol agents and their mechanism of 

action in the managementof plant pathogens. International Journal of Modern Plant and 

AnimalSciences1(2):39-57. 

Karssen G, Moens M (2006). Root-knot nematodes. In: Perry, R.N. 

andMoens,M.(Eds).PlantNematology.CABIpublishingpp. 59-90. 

KrishnamurthyYL,ShashikalaJ(2006)InhibitionofaflatoxinB1productionofAspergillusflavus,isolatedfromsoybeans

eedsbycertain natural plant products. Letters in Applied Microbiology 43:469-474. 

Kumar A., Sahu T. K., Bhalla A. and Jain, A. K. (2013) Morphological characterization of Trichodermaharzianum 

from Madhya Pradesh. Annals of Plant Protection Sciences22(1): 190-239. 

Lidia B., Siwulski M., Sobieralski K., Lisiecka J. and Jędryczka M. (2014). Trichodermaspp. application and 

prospects for use in organic farming and industry. journal of plant protection research 54(4) 2014-0047. 

Lin B., Bozorgmagham A., Ross S. D., Schmale and D.G. (2013). Small fluctuations in the recovery of fusaria 

across consecutive sampling intervals with unmanned Aircraft 100 m above Ground Level.  Aerobiologia, 29: 

45–54 

Mascarin GM, Junior MFB, FilhoJVdeA (2012). 

TrichodermaharzianumreducespopulationofMeloidogyneincognitaincucumberplantsundergreenhouseconditions

.JournalofEntomologyandNematology 4:54-57. 

PalKK,Gardener BM (2006).BiologicalControlof Plant Pathogens.The Plant Health

 Instructor.https://www.apsnet.org/edcenter/advanced/topics/Pages/BiologicalCo ntrol.aspx. 

PandyaJR,SabalparaAN,ChawdaSK(2011).Trichoderma:aparticular weapon for biological control of 

Phytopathogens. Journal ofAgriculturalTechnology7(5):1187-1191. 

Perfect S. E. and Green, J.R. (2001). Infection structures of biotrophic and hemibiotrophic fungal plant 

pathogens. Molecular Plant Pathology, 2: 101–108 

PrasetyawanS,SulistyowatiL,Aulanni’am(2018).Glucanaseandchitinase from some isolates of endophytic fungus 

Trichodermaspp.IOPConferenceSeries:MaterialsScienceandEngineering299:012026. 

Puyam A. (2016). Advent of Trichodermabio-control agent. Journal of Applied and Natural Science 8 (2) 1100 - 

1109  

Rao KLNM, Raju KS, Ravisankar H (2015). Cultural conditions on theproductionofextracellularenzymesby 

Trichoderma isolatesfromtobaccorhizosphere.BrazilianJournalofMicrobiology47(1):25-32 

RayatpanahS,NanagulyanSG,AlavSV,RazaviM,Ghanbari-Malidarreh A (2011). Pathogenic and genetic diversity 

among Iranianisolates of Macrophominaphaseolina. Chilean Journal of AgriculturalResearch72:40-44. 

Seidl-SeibothV, Ihrmark K, Druzhinina I, Karlsson M (2014). Molecularevolutionof 

Trichodermachitinases.BiotechnologyandBiologyofTrichoderma2014:67-78. 

Sharma R. A. (2012).  Brief review on mechanism of Trichodermafungus use as biological control agents. 

International Journal of Innovations in Biological and Chemical Sciences 2: 200-210.  

Sharma RA (2012). Brief review on mechanism of Trichoderma 

fungususeasbiologicalcontrolagents.InternationalJournalofInnovationsinBiological Sciences2:200-210.. 

http://modernscientificpress.com/Journals/IJPlant.aspx
http://modernscientificpress.com/Journals/IJPlant.aspx
http://modernscientificpress.com/Journals/IJPlant.aspx
http://modernscientificpress.com/Journals/IJPlant.aspx
http://www.apsnet.org/edcenter/advanced/topics/Pages/BiologicalCo
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mallikharjuna%20Rao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26887223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siva%20Raju%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26887223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravisankar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26887223
https://www.sciencedirect.com/science/article/pii/B9780444595768000059


 

 

Spiegel Y, Sharon E, Bar-Eyal M (2007). Evaluation and mode of actionof Trichoderma isolates as biocontrol 

agents against plant-parasiticnematodes. IOBC.WPRS.Bulletin30:129-133. 

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013). 

MEGA6:MolecularEvolutionaryGeneticsAnalysisversion6.0.MolecularBiology and Evolution30:2725-2729. 

Woo SL, Ruocco M, Vinale F, Nigro M, Marra R, Lombardi N, et al(2014). Trichoderma-based Products and 

their Widespread Use inAgriculture. TheOpenMycologyJournal8(1). 

WuQ,SunR,NiM,YuJ,LiY,YuC,DouK,RenJ,ChenJ(2017).Identification of a novel fungus, 

Trichodermaasperellum GDFS1009,and comprehensive evaluation of its biocontrol efficacy. PLOS 

ONE12(6):e0179957. 

Xia R., Schaafsma A.W. F., and Hooker D. C. (2020). Impact of the improvements in Fusarium head blight and 

agronomic management on economics of winter wheat. World Mycotoxin Journal, 1–18. 

 

 

 

 

 

 

 


