
Volume 77(5). Published November, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314  

KTHIRI et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 77(5), 4510-4522                                           4523 

 

Effect of coating seeds with Trichoderma harzianum (S. INAT) on 

the oxidative stress induced by Fusarium culmorum in durum 

wheat  

 
 

ZAYNEB KTHIRI1, MAISSA BEN JABEUR1, NOURA OMRI2, WALID HAMADA1 
 

1National Institute of Agronomy of Tunis, Tunis, Tunisia 
2 National Agricultural Research Institute of Tunis, Tunis, Tunisia 

 

*Corresponding author: zayneb.kthiri@gmail.com 

Abstract - Fusarium crown rot (FCR) is a devastating wheat disease caused by Fusarium culmorum. 

The plants respond to infection by inducing a set of defence related enzymes. In this current study, seed 

coating with Trichoderma harzianum, known as biocontrol agent, was released on durum wheat grains 

of the cultivar ‘Karim’ in order to investigate its effects on F. culmorum resistance and antioxidant 

metabolites synthesis, under controlled conditions. Seed coating with a commercial product 

“Panoramix” was applied as reference, which is based on T. harzianum and mycorrhiza. Following 

Fusarium-inoculation, the results showed that the plants treated by T. harzianum induced wheat defence 

mechanisms by significantly reducing the necrotic symptoms in wheat crown compared to control plants 

with 50% of rate reduction of severity index at 10dpi (days post infection). The activities of peroxidase, 

catalase, chitinase as well as phenolic compounds were highly induced since the start of stress in plants 

treated by Trichoderma compared to plants treated by Panoramix. Both treatments significantly decrease 

40% the pro-oxidant H2O2 content compared to control. These results suggest that T. harzianum reduce 

the H2O2 damage by enhancing the antioxidant defence mechanisms in response to the Fusarium 

challenge. Hence, the seed coating with T. harzianum may be considered as a potential strategy to 

alleviate of the oxidative stress caused by the FCR disease in durum wheat. 
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1. Introduction 

Fusarium culmorum  (wm.g.sm) sacc performs a hemibiotrophic life cycle in wheat seedlings (Petti et 

al., 2012). F. culmorum infects host plants at the initial growing stages, causing rotting of root and crown 

tissues. In some cases, lesions and browning of the coleoptiles or seedling death may occur. When F. 

culmorum infects wheat plants at later growing stages, brown spots on basal internodes can be observed 

(Scherm et al., 2013; Balmas et al., 2015, Mohapatra et al., 2017). The pathogen is also the causal agent 

of Fusarium crown rot (FCR) (Chekali, et al.2013) in wheat field in Tunisia leading to crop loss.  Many 

strategies have been employed to control this disease using the biotic agents to avoid the use of 

chemicals products. Among the known biocontrol agents, Trichoderma spp. is a common and effective 

fungus used for the management of plant diseases (Benítez et al. 2004). The beneficial potential of 

Trichoderma spp. is gradually gaining attention in the pathogen-biocontrol sector as it is capable to 

colonise roots and enhance root and shoot development and are known as antagonist to various 

phytopathogens including Fusarium spp (Harman et al., 2004; Oliveira et al., 2018). Their mechanisms 

include competition for nutrients, mycoparasitism, production of inhibitory volatiles and non-volatile 

compounds involving the production of hydrolytic enzymes (Benítez et al. 2004) and production of 

siderophores (Vinale et al. 2013), leading to the induction of plant defense-related enzymes against a 

wide range of pathogens (Harman, 2011, Harman et al., 2004; Zhang et al., 2016). Seed coating with 

Trichoderma spp. may afford several economic and agronomic advantages through priming the 

germinating seedling in order to react more rapidly and efficiently to a stress (Umadi et al., 2018), by 

using beneficial microorganisms and thus improve disease resistance (Lutts et al., 2016), and at the same 

time tends to outweigh farmers fungicide’s expenses on fertilizers and fungicides. Therefore, in the aim 

of this present work is to investigate the effects of seed coating with T. harzianum on F. culmorum 

resistance in durum wheat and to explore the possible induced defense response. 
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2. Materials and methods  

Trichoderma strain 

The strain S. INAT of T. harzianum (KU710282) used in this assay was isolated and identified in the 

laboratory of genetics and cereal breeding of INAT. A liquid culture of S. INAT strain was produced by 

scraping the spores of a culture on a ??? medium in the sterile distilled water and transferring them to a 

250 ml Erlenmeyer flask containing 100 ml of PDB (Potato-Dextrose-Broth) medium. The liquid culture 

was then incubated on a rotary shaker at 110 rpm and 25 ° C. After seven days, conidia suspension was 

collected by filtration and the concentration was adjusted to 106 conidia mL-1. 

Cuture of F. Culmorum and inoculums preparation 

To produce macroconidia of F. culmorum, a mixture of barely grains (3:1 by volume) was soaked in 

water overnight in 250 mL glass bottles. Water was decanted and seeds were autoclaved. Afterwards, 

seeds were inoculated with F. culmorum mycelium from culture 7 days, and were kept for 2 weeks at 

25°C in the dark. Conidia were washed from the kernels and the concentration of the conidial suspension 

was set to 1x105 mL-1.  The plants were inoculated two weeks after sowing by removing the soil around 

the collar and applying 100ml of the Fc suspension, or water for control plants, both containing 0.02 % 

(v/v) Tween 20. 

 

Coating seeds and plant inoculation 

The durum wheat variety «Karim» was used in this work. It is one of the most used durum wheat 

cultivars in Tunisia (Rezgui et al. 2000). Seeds were surface disinfected by soaking them in 95% ethanol 

for 10 s and 5% sodium hypochlorite for 3 min and were rinsed three times in sterile water. 

The coating technique consists on preparing the coating solution mixture containing 40 µl of the coating 

product (Agicote Rouge T17, AEGILOPS Applications, France) and 400 µl of the prepared conidia 

suspension of Trichoderma S. INAT. An amount of 400 µl of water was used as a control. Similarly an 

amount of 400 µl of the product Panoramix was used as reference. The product Panoramix is a biological 

seed dressing that is marketed by koppert and is a combination of microorganisms and additives which 

promote plant growth.  This product is composed of Mycorrhiza (>10 propagules /ml), Trichoderma 

spp. (>1x107 CFU/ml), and Bacillus spp. (2 x 107 CFU/ml) which colonize the roots and protect the crop 

during the entire cultivation season. 

The coating mixture was applied progressively to 10 g of wheat seeds in rotation. Coated seeds were 

sown in pots containing an autoclaved mixture of horticultural compost and sand (1/1, v/v).  

Coated seeds were sown in a total of 12 pots (volume of 1 litre) with a density of 4 seeds/pot; 

(total of 3 pots for each coating treatment). The trials were repeated three times independently, with 

three replications each. The pots were incubated in a growth chamber at 22°C (day) and 18°C (night) 

with 16h photoperiod. Seedlings were watered twice a week with distilled water, and once a week with 

Hoagland nutritive solution (Hoagland and Arnon 1950).  

 

Growth parameters  

At 7 dpi, roots and shoot lengths, and biomass were measured. Further, total chlorophyll content of each 

treatment was estimated following the method of Witham et al (1971). Chlorophyll a was measured by 

reading the absorbance at 663 nm and chlorophyll b was measured by reading the absorbance at 645 nm 

using UV-vis spectrophotometer. The total chlorophyll (TC) content was calculated using the following 

formula:  

TC (mg. g-1 FW) = (((20.2xA645) +(8.02xA663))/1000xW)) xV 

Where W: fresh weight, V: volume extraction 

  

Disease Scoring  

The visible necrosis on the stem base was scored weekly for all treatments (3 

plants/repetitions/treatments). For each evaluation, the plants were gently uprooted and the crown 

disease was scored basing on symptom extension and browning index on a five-class scale (class 0 = 

healthy stem; class 1 = mild browning on the stem; class 2 = browning on one-half of the stem; class 3 

= complete browning of the stem; class 4 = plant death). 

 

Determination of Antioxidants activities 

The antioxidant enzymes and the phenolic compounds were performed in the leaf’s wheat 3, 7 and 10 

days after fusarium-inoculation. 
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Phenolic compounds quantification  

The quantification of the soluble phenolic compounds was determined according to the Folin-Ciocalteu 

method modified by Singleton et al. (1999). Samples were collected in the same conditions used for the 

enzymatic analysis. Foliar tissues (200 mg from 3rd leaf), were homogenized in an ice bath with 1.5 ml 

methanol. The homogenate was centrifuged three times at 10,000×g for 5 min; supernatants were 

collected each time. A 100 μL of the supernatant was added to the reaction mixture containing 50μL 

of sodium carbonate (20%), 1750 μL of sterile distilled water and 250 μL of Folin-Ciocalteu reagent 

(Sigma-Aldrich, Germany). The mixture was incubated at 40°C for 30 min and the blue color was read 

at 760 nm using cathechin (Sigma Aldrich, USA) as a standard. The content of soluble phenolic 

compounds was expressed in mg-equivalents of cathechin per gram of fresh weight (FW).  

 

Assay of H2O2 content  

H2O2 was extracted and assayed following the method described by Noreen and Ashraf (2009). Fresh 

shoot tissues (0.1 g) from each sample were homogenised with 2 mL of 0.1% (w/v) cold trichloroacetic 

acid (TCA), centrifuged at 14,000 g for 15 min and the supernatant was collected. Absorbance of the 

reaction mixture containing 0.5 mL of the supernatant, 0.5 mL of 10 mM phosphate buffer (pH 7.0) and 

1 mL of 1 M KI was read at 390 nm. The H2O2 content was determined using an extinction coefficient 

of 0.28 μM−1 cm−1 and expressed as μM g−1 FW.  

 

Peroxidases activity  

500 mg of were homogenized in 5 mL of 50 mM K-phosphate buffer (pH 5.5). After centrifugation at 

12,000× g for 20 min at 4 °C, the supernatant was collected as the crude enzyme solution. A reaction 

mixture was prepared by adding 2.9 mL of 50 mM K-phosphate buffer (pH 5.5), 1 mL of H2O2 (0.6 M) 

and 1 mL of 50 Mm guaiacol to 0.1 mL of crude enzyme solution (Egley et al. 1983). Protein content 

of the crude enzyme solution was determined at 595 nm with bovine serum albumine as the standard 

using the Bradford assay (Bradford 1976) by mixing 790μL of extraction buffer, 10μL of crude enzyme 

solution and 200μL of Bradford reagent (Biomatik, Tunisia). Peroxidases activity was determined with 

guaiacol at 470 nm and expressed in unit mg-1 protein. 

 

Catalase enzyme  

Catalase activity was assayed according to the method of Aebi(1974). 100 mg of leaf sample was mixed 

with 5 mL of sodium phosphate buffer (100 mM, pH 7.0) and ground thoroughly. The homogenate was 

centrifuged as above. CAT activity was determined by adding 0.2 mL of the enzyme preparation to 3 

mL of sodium phosphate buffer containing 0.2 mL H2O2 as a substrate. The decomposition of H2O2 was 

measured by the decline in absorbance at 240 nm with a spectrophotometer. One unit was defined as the 

change in 0.001 absorbance units per minute and the specific activity was expressed as units per gram 

of fresh weight 

 

Chitinase enzyme  

Leaves were frozen in liquid nitrogen and immediately ground to a fine powder with a mortar and pestle. 

The powder was mixed with 2 mL of buffer (0.05 M NaAc, pH 5.0, 100 lM PMSF) for 1 h (Ride et al., 

1990). The reaction mixture was centrifuged at 15,000g for 15 min and the supernatant was collected 

for enzyme assays. The concentration of the total soluble protein was determined by using the method 

of Bradford (1976) with bovine serum albumin (BSA) as a standard. The chitinase activity of crude 

protein was analyzed by using colloid chitin as the substrate. A unit of chitinase activity was defined as 

the amount of enzyme required for releasing 1 lM N-acetylglucosamine (GlcNac) in 1 h. 

 

Statistical analysis  

Analysis of variances was performed by one-way ANOVA test using the SPSS-20 software (SPSS Inc). 

Means were compared by Duncan’s test at the 0.05 level of confidence to show significant differences 

among treatments. 

 

3. Results  

Effect of seed coating on the growth parameters 

 The treatments affected significantly (P<0.05) all the growth parameters (Table1). After Fusarium-

infection, Results showed that in control plants, the infection reduces significantly in total biomass and 

total chlorophyll, and in root and shoot length with more remarkable reduction in root length compared 

to shoot length (table1). Seed coating with either Trichoderma or Panoramix, induce biomass, total 
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chlorophyll and root length, compared to both non-infected and infected control (Table1). Seed coating 

with Panoramix had more remarkable impact on total biomass while seed coating with Trichoderma had 

more remarkable impact on root and shoot length. 

 
Table 1: Comparative assessment of growth parameters as Biomass (g/seedling), root length (cm), shoot length (cm) and 

Total Chlorophyll in durum wheat seedling at 7 dpi. Means in the same column followed by letters differ significantly at P 

< 0.05.  
Biomass 

(g/seedling) 

Root length (cm) Shoot length (cm) Total Chlorophyll 

Non-infected Control  1,96±0.11bc 8,50±0.48b 9,77±0.24b 39,92±4.37b 

Infected control  1,18±0.16c 6,57±0.89c 8,10±0.29c 23,73±0.90b  
T. harzianum  3,55±0.49b 12,13±0.53a 13,60±0.65a 76,46±11.82a 

Panoramix  2,36±0.43a 9,57±0.32b 9,77±0.44b 66,50±11.82a 

ANOVA     

Coating  9,86** 48,48*** 48,89*** 5259,32** 

Sum squares were indicated with Level of significance (LS) (**, significant at P < 0,05; ***significant at P < 0,001) 

 

Effect of seed coating on disease severity 

Compared to controls, plants derived from seed coating with T. harzianum and Panoramix showed 

significantly lower disease index at 14 dpi and 21 dpi (figure1).  

 

 

 
Figure 1: Disease severity in durum wheat stem under T. harzianum, Panoramix and control conditions measured at 7, 14, 

21 dpi. LS: ns, Not significant; *, P < 0.05; ***, P < 0.001 

 

 

  Effect of the disease and the seed coating on phenolic compound content: 

Phenolic compound (PC) was significantly affected by the two factors coating (C) and time of analysis 

(D) and their interaction C x D (Table3). In control plants, the infection with F. culmorum decrease 

slightly PC at 10 dpi. Seed coating with Panoramix induced a higher accumulation of PC at 10 dpi. 

Differently, seeds coating with T. harzianum induced a slight decrease of PC at 3 and 7 dpi associated 

with the highest recorded accumulation of PC at 10 dpi (Figure 2).  
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Figure 2: Change in the total phenolic content (PC) in leaves after 7, 14 and 21-days post inoculation by F. culmorum 

 

 

 Effect of the disease and the seed coating treatments on H2O2 content and enzymatic activity of 

catalase, chitinase, and peroxidase in wheat plants  

The ANOVA analysis showed that H2O2content, and the enzymatic activity of catalase, chitinase, and 

peroxidase were affected significantly by the two factors treatment and time of analysis, and their 

interaction (TxD) (Table3). In control plants, the inoculation induced: (i) an increase of H2O2 content at 

7 and 10 dpi (figure3, A); (ii) a slight increase of peroxidase at the beginning of the stress (3 dpi) 

followed by a decrease at 10 dpi (figure3, B); (iii) a slight increase of catalase activity at 10 dpi (figure3, 

C); and (iv) a slight increase of chitinases activity at 7 dpi (figure3, D).  

 
Table3: ANOVA for the H2O2 content, and enzymatic activity of catalase, chitinase, and peroxidase in inoculated 

plants with F. culmorum 

  df H2O2 Catalase 

activity 

Chitinase 

activity 

Peroxidase 

activity 

Phenolic 

compounds  

Treatment (T) 3 1721,22*** 23,43*** 116,38** 1405,12*** 17,06** 

dpi(D) 2 25,81 ns 6,55***  134,31*** 1593,14*** 179,06*** 

T X D 6 4658,76*** 12,16*** 155,42** 2041,65*** 107,80*** 

 

The sum squares values are shown with LS (ns: non-significant, **, P < 0,01; ***, P < 0,001). 

Unlike the infected control, plants derived from both of the seed coating treatments induced an early 

increase in H2O2 content at 3 dpi followed by its decrease over time (figure3, A). This was associated 

with an increase in peroxidase and catalase activities at 7 and 10 dpi (figure3, B, C) lhowever, 

Trichoderma induced an early increase of peroxidases at 3 dpi (figure3, B), and an increase of chitinases 

at both 3 and 10 dpi (figure3, C, D); while Panoramix resulted in an early decrease of peroxidases at 3 

dpi (figure3, B) with no remarkable change on chitinases (figure3, D). 
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Figure3: Comparative assays of H2O2 content, and enzymatic activities of catalases, chitinases, and peroxidases in durum 

wheat leave tissues following Fusarium-inoculation: (A) H2O2; (B) Peroxidases; (C): catalase activity; (D): chitinase 

activity. 

 

4. Discussion  

As already cited, F. culmorum performs a hemibiotrophic life cycle in wheat seedling (Petti et al., 2012) 

and produce lesions on the coleoptile, roots, and subcrown internode and cause browning of the stem 

bases (Beccari et al, 2011; Chekali et al., 2011). Despite the detrimental impact of the FCR disease in 

wheat, few studies were focused on the defense response induced by plants following Fusarium-

inoculation. The physiological studies of infected plants could help to clarify the pathways involved in 

the defence signaling. In plants, the resistance to pathogens is often mediated by a complex system of 

defence responses. Within this network, a variety of antioxidative enzymes, such as, catalase (CAT), 

and peroxidase (POX) are involved in the detoxification of ROS (Mottalebi et al., 2017). In the present 

study, the infection by F. culmorum resulted mainly by a reduction of root length. This was associated 

with an increase of peroxidases at 7 dpi, followed by an increase of phenolics compounds at 10 dpi, 

indeed, peroxidases are oxido-reductive enzymes that participate in the wall-building processes such as 

oxidation of phenols, suberization, and lignification of host plant cells during the defence reaction 

against pathogenic agents. Besides, the accumulation of phenolic compounds have been correlated with 

disease resistance in a number of plant–pathogen interactions (Mohammadi et Kazmi, 2002) . This 

finding was consistent with the study of (Mohammadi et Kazmi, 2002), who suggested that wheat 

infected with F. graminearum increased activities of peroxidase. Moreover, the production of 

mycotoxins by F. culmorum is believed to play a role in pathogenesis as potent inhibiters of protein 

synthesis and is postulated to inhibit activation of defence response genes, and can induce complete loss 

of chloroplast pigments (Wagacha & Muthomi, 2007). This could explain the observed reduction of 

chlorophyll content and the slight increase of chitinases, phenolic compounds, and catalases. 

The potential of Trichoderma spp. has already been reported in growth promotion and disease control 

of plants (Benítez et al. 2004; Chandra Nayaka et al. 2010; Harman, 2011; Vinale et al. 2013). 

Nevertheless, the potential of seed coating with these beneficial species have been rarely tested. Chandra 

Nayaka et al. (2010) reported that seed treatment with Trichoderma spp. increased the germination rate 

and vigour index of maize and enhanced growth in the field. The extent to which the seed coating 

technique with Trichoderma spp and Trichoderma-based products could enhance plant protection and 

production is yet to be discovered. In this study, seed coating with either Trichoderma or Panoramix, 

increased the seedling biomass, chlorophyll and elongation compared to both non-infected and infected 

control, and reduced the disease severity. This demonstrates that both treatments have a potential of 

growth promotion and plant protection against F. culmorum. The observed potential of the growth 
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promotion supports previous studies demonstrating that Trichoderma spp. has the ability to colonize 

plant roots, provide symbiotic relationships with several host plants, and promote plant growth and 

development (Harman, 2011, Hajieghrari et Mohamed, 2016, Oliveira et al., 2018, Mohapatra et al., 

2017). Different mechanisms have been proposed to explain the improvement of plant growth such as 

the increase of plant nutrient uptake, the ability of mineral solubilization (Altomare et al., 1999), and 

production of phytohormone and plant growth regulatory material (Vinale et al., 2008; 2013). However, 

differences were observed concerning the extent of impact between seed coating with T. harzianum and 

with Panoramix; Panoramix had more remarkable impact on total biomass, while T. harzianum had 

more remarkable impact on total chlorophyll and seedling elongation. This difference could be due to 

the composition of Panoramix which includes not only Trichoderma spp but also Mycorrhiza and 

Bacillus spp. suggesting that the competition between these three different microorganisms is in favour 

for the biomass yield but not as much for chlorophyll and seedling elongation. Indeed, many species 

of Bacillus have been identified as plant-growth promoting bacteria and/or biocontrol agents (Kan et al., 

2018). The most commonly studied is B. subtilis which have been known to enhance plant growth by 

phytohormone production and the acquisition of nutrients such as phosphorous and nitrogen (Kan et al,, 

2018). Moreover, Arbuscular mycorrhizal fungi promote host plants growth under stress conditions by 

mediating a complex of communication events between the plant and the fungus leading to induced 

photosynthetic rate and enhances the access of roots to a large soil surface area (Begum et al., 2019),  

Similar results were obtained when applying T. harzianum strain CCTCC-RW0024 (Saravana kumar et 

al., 2017) and T. gamsii T6085 (Sarrocco et al., 2013; Matarese et al., 2012) as potential biocontrol 

agents against the pathogens F. graminearum and F. culmorum through inhibiting their growth and 

reducing the mycotoxin contamination. Other studies reported that two beneficial strains of Bacillus 

protect Tunisian durum wheat  against F. graminearum  (Zalila-Kolsi et al,, 2016). The biocontrol 

potential of both Trichoderma and Panoramix against FCR might be due to the activation of direct 

mechanisms such as mycoparasitism, antibiosis,  competition, and indirect mechanisms by inducing the 

systemic plant resistance which involve the production of secondary metabolites 

(Jaber and Ownley,  2018). 

Undeniably, the alleviation of FCR disease by T. harzianum and Panoramix was associated to a higher 

induction of antioxidant metabolites and lower accumulation of the pro-oxidant H2O2, compared to the 

control. The production of reactive oxygen species (ROS) is one of the different mechanisms of defence 

against a wide range of pathogens (Torres, 2010). It is among the earlier cellular responses induced by 

plant defence response, and at higher rates can cause oxidative damage of cells (Torres, 2010). In this 

study, both seed coating treatments triggered the accumulation of H2O2 at the beginning of the stress. 

H2O2 accumulation could be considered as a temporary signal, it is suggested that both treatments 

induced seed priming at the germination stage that is reported to make plants react more rapidly and 

more efficiently to a subsequent stress (Lutts et al., 2016). Indeed, subsequently both treatments 

maximized defensive properties in host plants depicted by the higher accumulation of peroxidases and 

phenolic compounds. Peroxidases are one of the enzymes involved in the anti-oxidative defence 

response, due to her ability to decompose H2O2, and play a key role in lignin synthesis (Mohapatra et 

al.2017). The production of phenolic compounds may relate to PAL activity and is involved in the non-

enzymatic resistance mechanism in plants exposed to biotic stressors (Kofalvi  et al. 1995; Vinale et 

al. 2008 ; Mottalbi et al., 2017; Tchameni et al., 2017). Also, these metabolites may be involved in 

stopping pathogen development or by accelerating the death of cells close to the infection site thus 

preventing the growth of the pathogen inside the cells (Madadkhah and al. 2012). 

Noticeably, it seems that Panoramix and T. harzianum triggered different defense responses that could 

be attributed to the different composition of the products; T. harzianum triggered chitinases at 10dpi 

while Panoramix triggered catalases at 7 dpi. The Chitinases induced by T. harzianum has the role to 

hydrolyse chitin; one of the major cell wall compounds of most of the fungal pathogens, into mono- and 

oligomers, thus induction of chitinases in plants plays an important role in defense against invading 

pathogens (Zaho et al., 2008; Kumar et al., 2018). The catalases induced by Panoramix can eliminate 

the effects of ROS and catalyses the disproportion of highly damaging O2- into comparatively less 

damaging H2O2 (Torres, 2010), and its induction could be attributed to the presence of Bacillus spp. and 

Mychorriza in Panoramix. Other studeis reported that after application of T. harzianum in wheat infected 

with Mycosphaerella graminicola, they showed increase in the activity of the catalase. The catalse is 

responsible for the direct dissociation of  

H2O2 in H2O and O2, removing this peroxide generated in the peroxisomes by oxidases involved in the 

oxidation of fatty acids, photorespiration and purine catabolism (Pittner et al., 2019). 

   

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/triticum-durum
https://www.sciencedirect.com/science/article/abs/pii/S088557658571065X#!
https://www.tandfonline.com/doi/full/10.1080/21501203.2017.1300199
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Conclusion  

In conclusion, our results could contribute to understanding the quantitative plant resistance against 

hemi biotrophic pathogen. It is conceivable that Trichoderma may be capable to induce plant growth 

following Fusarium-infection and reduce the severity of the disease. Hence, the coating seeds with T. 

harzianum compared the commercial product Panoramix, may be considered as a potential strategy for 

alleviation of the oxidative stress induced by the infection and may be capable to minimise the excess 

of ROS through the activation of antioxidant enzymes. 

  

Acknowledgments 

This paper and the research behind it would not have been possible without the exceptional 

support of the laboratory technicians.   

 
References 

Aebi, H. (1974). Catalase. In Methods of enzymatic analysis pp. 673-684). Academic press.  

https://doi.org/10.1016/B978-0-12-091302-2.50032-3 

Altomare C, norvell WA, bjorkman T, harman GE (1999). Solubilization of phosphates and 

micronutrients by the plant-growth-promoting and biocontrol fungus Trichoderma harzianum rifai. Appl 

Environ Microbiol. 65: 2926-2933.  Doi :10.1128/AEM.65.7.2926-2933.1999 

Balmas V, Scherm B, Marcello A, Beyer M, Hoffmann L, Migheli Q, & Pasquali M (2015). 

Fusarium species and chemotypes associated with fusarium head blight and fusarium root rot on wheat 

in Sardinia. Plant Pathol. 64(4), 972-979. Doi: 10.1111/ppa.12337. 

Beccari G, Covarelli L, & Nicholson P (2011). Infection processes and soft wheat response to 

root rot and crown rot caused by Fusarium culmorum. Plant Pathol.60(4), 671-684. 

DOI: 10.1111/j.1365-3059.2011.02425.x. 

Begum N, Qin C, Ahanger M , Raza S, Khan M I, Ahmed N, ... & Zhang L (2019). Role of 

arbuscular mycorrhizal fungi in plant growth regulation: implications in abiotic stress 

tolerance. Front. Plant Sci. 10: 1068. Doi: 10.3389/fpls.2019.01068. 

Benítez T, Rincón A M, Limón M C, & Codon A C (2004). Biocontrol mechanisms of 

Trichoderma strains. Int. J. Microbiol.7(4), 249-260. DOI:10.2436/IM.V7I4.9480. 

Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities 

of protein utilizing the principal of protein-dye binding. Anal Biochem 72: 248–258. 

DOI:10.1016/0003-2697(76)90527-3 

Chandra Nayaka S, Niranjana S R, Uday Shankar A C, Niranjan Raj S, Reddy M S, 

Prakash H S, & Mortensen C N (2010). Seed biopriming with novel strain of Trichoderma harzianum 

for the control of toxigenic Fusarium verticillioides and fumonisins in maize. Arch. Phytopathol. 

Pflanzenschutz. 43(3), 264-282. DOI:10.1080/03235400701803879 

Chekali S, Gargouri S, Berraies S, Gharbi M S, Nicol M J, & Nasraoui B (2013). Impact of  

fusarium foot and root rot on yield of cereals in Tunisia. Tunisian Journal of Plant Protection, 8(2), 75-

86. DOI:10.14601/PHYTOPATHOL_MEDITERR-1793. 

Chekali, S., Gargouri, S., Paulitz, T., Nicol, J. M., Rezgui, M., & Nasraoui, B. (2011). 

Effects of Fusarium culmorum and water stress on durum wheat in Tunisia. Crop Prot, 30(6), 718-725. 

DOI:10.1016/J.CROPRO.2011.01.007 

Egley GH, Paul RN, Vaughn KC, Duke SO (1983). Role of peroxidase in the development of 

water impermeable seed coats in Sida spinosa L. Planta 157:224-232. genetically diverse cultivars of 

radish (Raphanus sativus L.). Environ Exp Bot. 67:395–402. DOI:10.1007/BF00405186.  

Hajieghrari B, & Mohammadi M. (2016). Growth-promoting activity of indigenous 

Trichoderma isolates on wheat seed germination, seedling growth and yield. Aust. J. Crop Sci., 10(9), 

1339. DOI:10.21475/AJCS.2016.10.09.P7857. 

Harman G E, Howell C R, Viterbo, A., Chet, I., & Lorito, M. (2004). Trichoderma species—

opportunistic, avirulent plant symbionts. Nature reviews microbiology, 2(1), 43-56. 

DOI:10.1038/nrmicro797. 

Harman G E. (2011). Multifunctional fungal plant symbionts: new tools to enhance plant 

growth and productivity. New Phytol. 189, 647–649. doi: 10.1111/j.1469-8137.2010.03614.x. 

Harman G. E (2011). Trichoderma—not just for biocontrol anymore. Phytoparasitica, 39(2), 

103-108. DOI:10.1007/s12600-011-0151-y. 

https://doi.org/10.1016/B978-0-12-091302-2.50032-3
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1128%2FAEM.65.7.2926-2933.1999?_sg%5B0%5D=yNmEw9ySGLY5AVQsnxbPTjLzLykEsQL8kuFS6vIbKEfsPzdtarfWqYLRdpPuVuidO4FLxCIiwpvPOWzOjYtucOfALQ.QZ8cYK13cUO9V3hJ6Ijc5guPvYgE1LFwKQUu5hcHOqR5i5jfM9x7DfBQg1Mfef3vdyPtX2yu28VymZShhs1Y0Q
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fppa.12337?_sg%5B0%5D=hRlEbXgbYEpoeZzs3VIyhBrGDaR59lknucU-F7WL--NtwQVbhMLUjdrQNYPJUeAtrLTlxoUcE4PD8KvixWy44duIHQ.-tuLPKP2yYxfKoDRDyOoRl1ltE3K94yDOMAEwdO8p0mB3roLWrRJ7N8orcmqE-RpNwfBM3R3Xa8rYaeol4VirQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1365-3059.2011.02425.x?_sg%5B0%5D=kturFgv5wm9A9RjxRCxdadghTVQdFKMc7Ckem42SBAQQCYHxsqZDFHWdWcusON_F3yjofBt3-OGMNDoAAmilwcLWBQ.CH--uBfizBGr5TCwLo2o6e3p5UA5nJt6QwbB6Nid6hKWsFkh-lNSYgzD2r8c3ziwB36jeqBH1X8sm0iPDsyj3A
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3389%2Ffpls.2019.01068?_sg%5B0%5D=razdIutyT_fV4GXSOHP52SAWjXc70azmuimnMhYMQ-lcmTDIi53azoZ-XQZ-XHJ4NWiBpzrwORUCIy0tEV3qrOL4fg.DQYI5qGXjm6qdMNtBOtPWn-yJK9POAUQY4ciIih3_IospYbYD5pAG8jFKYtOkC8dNqB67frWBwVrO5YAgGbC_Q
https://doi.org/10.2436/IM.V7I4.9480
https://doi.org/10.1016/0003-2697%2876%2990527-3
https://doi.org/10.1080/03235400701803879
https://doi.org/10.14601/PHYTOPATHOL_MEDITERR-17933
https://doi.org/10.1016/J.CROPRO.2011.01.007
https://doi.org/10.1007/BF00405186
https://doi.org/10.21475/AJCS.2016.10.09.P7857
https://doi.org/10.1038/nrmicro797
https://doi.org/10.1007/s12600-011-0151-y


Volume 77(5). Published November, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314 

KTHIRI et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 77(5), 4523-4532                                           4531 

Jaber LR, Ownley BH (2018) Can we use entomopathogenic fungi as endophytes for dual 

biological control of insect pests and plant pathogens? Biol Control 116:36–45. 

DOI:10.1016/J.BIOCONTROL.2017.01.018 

Khan N, Martínez-Hidalgo P, Ice T, Maymon M, Humm E A, Nejat N, ... & Hirsch, A M 

(2018). Antifungal activity of Bacillus species against Fusarium and analysis of the potential 

mechanisms used in biocontrol. Front. Microbiol. 9: 2363. doi: 10.3389/fmicb.2018.02363. 

Kofalvi S A et Nassuth A. Influence of wheat streak mosaic virus infection on phenylpropanoid 

metabolism and the accumulation of phenolics and lignin in wheat. physiol mol plant p, 1995, vol. 47, 

no 6, p. 365-377. DOI:10.1006/pmpp.1995.1065. 

Kumar K, Amaresan N, Bhagat S, Madhuri K, & Srivastava R C (2012). Isolation and 

characterization of Trichoderma spp. for antagonistic activity against root rot and foliar 

pathogens. Indian J. Microbiol., 52(2), 137-144. DOI: 10.1007/s12088-011-0205-3. 

Kumar M, Brar A, Yadav M, Chawade A, Vivekanand V, & Pareek N. (2018). Chitinases—

potential candidates for enhanced plant resistance towards fungal pathogens. Agri, 8(7), 88.  

DOI: 10.1007/s12088-011-0205-3. 

Lutts, S., Benincasa, P., Wojtyla, L., Kubala, S., Pace, R., Lechowska, K., ... & 

Garnczarska, M. (2016). Seed priming: new comprehensive approaches for an old empirical 

technique. New challenges in seed biology-basic and translational research driving seed technology, 1-

46. DOI: 10.5772/64420 

Madadkhah E, Lotfi M, Nabipour A, Rahmanpour S, Banihashemi Z, Shoorooei M (2012). 

Enzymatic activities in roots of melon genotypes infected with Fusarium oxysporum f.sp. melonis race. 

Sci Hortic 135:171–176. doi: 10.3389/fpls.2017.00362. 

Matarese, F., Sarrocco, S., Gruber, S., Seidl-Seiboth, V., & Vannacci, G. (2012). Biocontrol 

of Fusarium head blight: interactions between Trichoderma and mycotoxigenic 

fusarium. Microbiology, 158(1), 98-106. DOI: 10.1099/mic.0.052639-0 

Mohammadi, M., & Kazemi, H. (2002). Changes in peroxidase and polyphenol oxidase 

activities in susceptible and resistant wheat heads inoculated with Fusarium graminearum and induced 

resistance. Plant Sci. 162(4), 491-498. doi.org/10.1016/S0168-9452(01)00538-6 

Mohapatra, Subhalaxmi et mittra, Bhabatosh. Alleviation of Fusarium oxysporum induced 

oxidative stress in wheat by Trichoderma viride. Arch. Phytopathol. Pflanzenschutz, 2017, vol. 50, no 

1-2, p. 84-96. DOI: 10.1080/03235408.2016.1263052 

Motallebi, P., Niknam, V., Ebrahimzadeh, H., Hashemi, M., & Enferadi, S. T. (2017). 

Exogenous methyl jasmonate treatment induces defense response against Fusarium culmorum in wheat 

seedlings.  J. Plant Growth Regul, 36(1), 71-82. DOI: 10.1007/s00344-016-9620-3. 

Noreen Z, & Ashraf M (2009). Changes in antioxidant enzymes and some key metabolites in 

some genetically diverse cultivars of radish (Raphanus sativus L). environ exp bot, 67(2), 395-402. 

DOI: 10.1016/j.envexpbot.2009.05.011. 

Oliveira, J. B., Muniz, P. H. P. C., Peixoto, G. H. S., Oliveira, T. A. S., Duarte, E. A., 

Rodrigues, F., & Carvalho, D. D. C. (2018). Promotion of seedling growth and production of wheat 

by using Trichoderma spp. J. Agric. Sci, 10(8), 267-276. DOI: 10.5539/jas.v10n8p267. 

Petti, Carloalberto, Reiber, Kathrin, Ali, Shahin S., et al., 2012. Auxin as a player in the 

biocontrol of Fusarium head blight disease of barley and its potential as a disease control agent. BMC 

plant biology, 2012, vol. 12, no 1, p. 1-9. DOI: 10.1186/1471-2229-12-224. 

Pittner, E., Marek, J., Bortuli, D., Santos, L. A., Knob, A., & Faria, C. M. D. R. (2019). 

Defense responses of wheat plants (Triticum aestivum L.) against brown spot as a result of possible 

elicitors application. Arquivos do Instituto Biológico, 86. 

Rezgui, M., Ben Mechlia, N., Bizid, E., Kalboussi, R., & Hayouni, R. (2000). Étude de la 

stabilité du rendement de blé dur dans différentes régions de la Tunisie. L’amélioration du blé dur dans 

la région méditerranéenne : nouveaux défis. Options méditerranéennes, Sér A: Séminaires 

Méditerranéennes, 40, 167-72. 

Ride, J. P., & Barber, M. S. (1990). Purification and characterization of multiple forms of 

endochitinase from wheat leaves. Plant Sci, 71(2), 185-197. DOI: 10.1016/0168-9452(90)90008-C 

Saravana kumar K, Li Y, Yu C, Wang Q Q, Wang M, Sun, J., ... & Chen, J. (2017). Effect of 

Trichoderma harzianum on maize rhizosphere microbiome and biocontrol of Fusarium Stalk 

rot. Scientific reports, 7(1), 1-13. DOI: 10.1038/s41598-017-01680-w. 

Sarrocco S, Matarese F., Moncini, L., Pachetti, G., Ritieni, A., Moretti, A., & Vannacci, G 

(2013). Biocontrol of fusarium head blight by spike application of Trichoderma gamsii. Eur. J. Plant 

Pathol, 95(1).  

https://doi.org/10.1016/J.BIOCONTROL.2017.01.018
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3389%2Ffmicb.2018.02363?_sg%5B0%5D=U-JWTFBjywPmX7PyA9jx7Euw8Dcv9vbit8je33dWl_fuwnQSWSpz6-RT4plWExHInsbei6V7EZHYuV2oCZvH-R8dtg._PAJMyO5oDv3geM6Ks-LkXwXGFyQRgI-8hBtqMM19eJvYcklPTtV3CFa2q5aHSdWj1lW0EnvDI-F7vidbe9deA
https://doi.org/10.1006/pmpp.1995.1065
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs12088-011-0205-3?_sg%5B0%5D=eE3WDKhttVQK1WBPb8u_-XaGQb2ExeS9bUUCevcMBQn9Da4g_4FFolqcB8f424aFbCCGUe-xkeSlLsh7eAnErrbV8A.FQLzsO1RFueEZ0IcEQ1EsTobrdUgxyTGtfyZ23iFHfJ7nVXI2yxv0CrhfPSP39u6DL_3xVwn-fYwofw6TCGBBw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs12088-011-0205-3?_sg%5B0%5D=eE3WDKhttVQK1WBPb8u_-XaGQb2ExeS9bUUCevcMBQn9Da4g_4FFolqcB8f424aFbCCGUe-xkeSlLsh7eAnErrbV8A.FQLzsO1RFueEZ0IcEQ1EsTobrdUgxyTGtfyZ23iFHfJ7nVXI2yxv0CrhfPSP39u6DL_3xVwn-fYwofw6TCGBBw
https://dx.doi.org/10.3389%2Ffpls.2017.00362
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1099%2Fmic.0.052639-0?_sg%5B0%5D=nXY9WSty-eDd0QRLAFq3h0v9em_aUiJOzwOFCT5nVdUCY8k3uXAkSodhsojjUhF98CuUP9_RLC7lgS7GDHCb0Jszmg.o7zlNp7YL0W4yvcE8n1TtmEhkVJ1ymXWkEUKDcKk1VOUTrjJw4ROAHKOa0PeB8LkFjlrf4Dj_mmbI013YsOGPA
https://doi.org/10.1016/S0168-9452(01)00538-6
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F03235408.2016.1263052?_sg%5B0%5D=a2yPpoySISt8RsQW93WRZEM1E5WY3HK-wtQJk9_0HC1m9mlDXCl2XR2lSCrPabsObx9HSNhgK1WiDCrb1Uj_8Nz_Gw.sWilc4x_MEuAkUk-oDWOdnnuTWxtEsSDWCFERN8A7mLaY3bPPcveNH8f0Xk0Kg8yR4OmQLhgu3iAhtK-9PtO_w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs00344-016-9620-3?_sg%5B0%5D=iLinktmr668Ir1GPz6JQHm8YOI5apYHLPYElECDxp2ElPMU4UYBMIFOQ7jL_0sTcTMTR1WeQLK6wBxjHB7yNsOpm6w.4mZ3qY42uCQtiCLLbCnjOnEtlfj3Y0MD0Vplzhrbt8S7BesqQmgcE75GUNQ8qXdODABHJ8bT6qaLx5nQH8Np0A
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.envexpbot.2009.05.011?_sg%5B0%5D=TMmxPacH-VkwgYNGWx2CNN1q5jXnGuqlYAIWLtkjYO1WeCN10G5m8jiEOhnm_cGLonOpDnZcAgOy4dJQqz5nVbZe1A.TmwoCaLg6Q0j-a3yZdLef1UCWiAHDEItPii6Z8xZILY-GIToRvINYK-YUoByiCD3xXWba9qNUL7XhE31qYGKaA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5539%2Fjas.v10n8p267?_sg%5B0%5D=Q1iVdWtFWY6yZFNL2FpJvJPHcVx5IvX_DQ-tNBQVS-haPY7UTOjkI2CXBQsPXFKdG46TVEv6ZP80OSfo4x40C8GdDQ.AY8XdhXmD1Mnf18viNMFniDWLMCjd_SGI_RwSjVZ_Liib0hadu1GcsNDJZ15nYWnTs6fWsFvjhYXS7Yv7SRoVg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1186%2F1471-2229-12-224?_sg%5B0%5D=vdrV24hEnTZJ5111sim2zDkXSRINOzMAJcrbIvwk7Q1jyR7uSukdPy9aulSzBmEaBjM6YMhGA2Vj1efXv0YjLbmWhQ.qrVeQBIe9d6NhS1B4CRIH_ycJFdlHlptW2icx9I3tZSUHekuRW6vkCwEecQ1beC-5xTrnLohWv2RQIchlBtI9w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2F0168-9452(90)90008-C?_sg%5B0%5D=2VcfGneaqjyMYR6Io-3CSXZmRuidLJxX2Jy011raEo80cRr_RL9evzT1KuAnymGd5llYY9suYZAszyoNmV83DpHwIg.x2vIFBuxS5D0H08Ol2A7tGfQQzXdzCgXja-6P38jbiUr4iM8EcpQXU0gwYC0frxDDqYKHaEm6xtdUeV7yXRs3Q
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1038%2Fs41598-017-01680-w?_sg%5B0%5D=qqVWjvKNF3K5EbUGlSTCDv5wyhcEqUfSNPEGZ-hvOeU_8SUUPfKkX87dXUcoo7ajveIIiafMzke02KRmXMDPT6brog.4kRq0FPtLGyWiT8GN6nKVYlP9EPr7wmUt8iBBtCkiTmThdqEujxi2kqAjXBBApR7S27dZ_rmbFPuf3BYC64_7A


Volume 77(5). Published November, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314 

KTHIRI et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 77(5), 4523-4532                                           4532 

Scherm B., Balmas V., Spanu F., Pani G., Delogu G., …Migheli Q., 2013. Fusarium 

culmorum: causal agent of foot and root rot and head blight on wheat. Mol. Plant Pathol. 14: 323–341. 

DOI: 10.1111/mpp.12011. 

Sharma P, Patel A N, Sain M K & Deep, S. (2012). Field demonstration of Trichoderma 

harzianum as a plant growth promoter in wheat (Triticum aestivum L). Journal of Agricultural 

Science, 4(8), 65. DOI: 10.5539/jas.v4n8p65. 

 Singleton VL, Orthofer R, Lamuela-Raventos RM (1999). Analysis of total phenols and 

other oxidation substrates and antioxidants by means of Folin-Ciocalteu reagent. Methods Enzymol 299: 

152-178.soil. Circular. California agricultural experiment station, 347(2nd edit). DOI: 10.1016/S0076-

6879(99)99017-1. 

Tchameni, S. N., Sameza, M. L., O’donovan, A., Fokom, R., Mangaptche Ngonkeu, E. L., 

Wakam Nana, L., ... & NWAGA, D. (2017). Antagonism of Trichoderma asperellum against 

Phytophthora megakarya and its potential to promote cacao growth and induce biochemical 

defence. Mycology, 8(2), 84-92. DOI: 10.1080/21501203.2017.1300199. 

Torres M A. (2010). ROS in biotic interactions. Physio Plant, 138(4), 414-429. 

DOI: 10.1111/j.1399-3054.2009.01326.x. 

Umadi, S. S., Sumadi, S., & Sobarna, D. S. (2018). The Effect of Seed Coating with 

Trichoderma sp. and Application of Bokashi Fertilizer to the Quality of Soybean (Glycine max. L) 

Seed. Jurnal Biodjati, 3(2), 110-117. DOI: 10.15575/biodjati.v3i2.3204 

Vinale F, Sivasithamparamb K, Ghisalberti EL, Marra R, Barbetti MJ, Li H, Woo SL, 

Lorito M (2008) A novel role for Trichoderma secondary metabolites in the interactions with plants. 

Physiol Mol Plant Path. 72: 80-86. DOI: 10.1016/j.pmpp.2008.05.005. 

Vinale, F., Nigro, M., Sivasithamparam, K., Flematti, G., Ghisalberti, E. L., Ruocco, M., 

... & Woo, S. L. (2013). Harzianic acid: a novel siderophore from Trichoderma harzianum. FEMS 

microbioletters, 347(2), 123-129. DOI: 10.1111/1574-6968.12231. 

Wagacha, J. M., & Muthomi, J. W. (2007). Fusarium culmorum: Infection process, 

mechanisms of mycotoxin production and their role in pathogenesis in wheat. Crop prot, 26(7), 877-

885. DOI: 10.1016/j.cropro.2006.09.003. 

Witham FH, Blaydes DF, Devlin RM. 1971. Experiments in plant physiology. New York 

(NY): 

Zalila-Kolsi ., Mahmoud A B, Ali H, Sellami S, Nasfi Z., Tounsi S, & Jamoussi K (2016). 

Antagonist effects of Bacillus spp. strains against Fusarium graminearum for protection of durum wheat 

(Triticum turgidum L. subsp. durum). Microbiological research, 192, 148-158. 

DOI: 10.1016/j.micres.2016.06.012 

Zhang, Shuwu, GAN, Yantai, et XU, Bingliang. Application of plant-growth-promoting fungi 

Trichoderma longibrachiatum T6 enhances tolerance of wheat to salt stress through improvement of 

antioxidative defense system and gene expression. Front. Plant Sci., 2016, vol. 7, p. 1405. 

DOI:  10.3389/fpls.2016.01405 

Zhao, Y., Tu, K., Shao, X., Jing, W., & Su, Z. (2008). Effects of the yeast Pichia guilliermondii 

against Rhizopus nigricans on tomato fruit. Postharvest Biol Tec, 49(1), 113-120. 

DOI: 10.1016/j.postharvbio.2008.01.001 

 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fmpp.12011?_sg%5B0%5D=Oy7k5GhN0myuxUyU43TlS23c6tLJ76SR-kRCEHxTWE8PMrIbIOA52VpBVbK9HUwxb5g7T7i9gwN2-P5UEl3nbl0wuw.SX5ikr-AH92_kjhLNZs7nataGSCRLYJ4_W8OCFqdNzNbwkAsBzKs05xa0lyQ86pSpkyEG7ecW1M5jGIYtLf-nA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5539%2Fjas.v4n8p65?_sg%5B0%5D=iw4g3tbJE226fmcgsUqbgnCGI8R_ZosNcMLbCaWLllbIHvPIDxMTiVESL3CBvHJ9-8dOhMgDWQevwqqLsePz65W4Og.xDQAreT0tLElp1IsvRo8t538XgvDg8p2hww5lZIHAnN5ZvkqRw0OAqKcODCvL7V4YHzTw94LZ5KC97KL68lMXQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS0076-6879(99)99017-1?_sg%5B0%5D=qYmSc0QDm3UiucuSjXlhexiDolYvNeiRAfbLFIygwgNBoRNNXw1hs32eI-B-EcfgCGkOufCBH2Kj5GUOOdTANtGUUA.LuKCa0itq4DV6V4aEr5gHdS4CoR_w7en7eLH97JHdmJqPo-iRbJ5fUahZgiwM1j582GXD6-kAWWOILqafgDXZg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS0076-6879(99)99017-1?_sg%5B0%5D=qYmSc0QDm3UiucuSjXlhexiDolYvNeiRAfbLFIygwgNBoRNNXw1hs32eI-B-EcfgCGkOufCBH2Kj5GUOOdTANtGUUA.LuKCa0itq4DV6V4aEr5gHdS4CoR_w7en7eLH97JHdmJqPo-iRbJ5fUahZgiwM1j582GXD6-kAWWOILqafgDXZg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F21501203.2017.1300199?_sg%5B0%5D=A0qFNKCxE2gF2lpX6_jL7QuZXw3DCtSQ11WOcRWzH5epMkLpEHc2SHdpEwJHWBx8lNj0k3A6tACwbUmeGwpoWyVg-w.h8PWUWPKl1cpdnv6tWm_HfpmPfSSB-qleeLfEQzcsKzcL6a1OfTH-9MuxPraGpIAOUrmE2gWWDnyhnNtrYXDRw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1399-3054.2009.01326.x?_sg%5B0%5D=MROnEGaRORjCp77j9BJVBj0h-0pW-GaafEQ4C2lFvFuHEXMH_ledn37mgrBKWjk16wzs9WTkCBytZidkBVYjbfsC7g.Q4_WdN21hmWN7dr6Zw9tJt7kjU2knLME_8UBOwTyVOCUT98XsZf108oQ8KCMLVvrT_NeCbvRMwkq8CCOgGE7qw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.15575%2Fbiodjati.v3i2.3204?_sg%5B0%5D=DALVp7ioJOriVBZIK2HYmrXfuCFAqvWD5sMS4w0QmTCnPG8yiQ1nUzTqQmUeoeWWn7dnGS-UPJYShVtcJnVagnz4vA.3NFz9SfEsf4hU8agK10mennWVTrNDqnjd2sTrwN_Y4uw3i0XCC1cyi3piiXENoQqug9NEdutQ13Tk_XYMBRFfw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.pmpp.2008.05.005?_sg%5B0%5D=8ThI4BarKn4iZFtL0619kSQ7V2aGW-afWPTtQDAt7RCA3i1gI9-2eWC1WHs2jnfTvBUi-Ko-KZ3BUxZf7Ce6unQKpg.oNz_1XOnHOaXtNzDuXcfGFieRqUPorJx5bDpED8HtnlBBKJ2CrqlFmXDZhE9QxsIKluPfuMgrR0oskrqIQ9COA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2F1574-6968.12231?_sg%5B0%5D=7lv1Rt1XzWJJ2DVhCmYnok1SnwbVNZ7MKti9TOvv4Y9mj3NXfw_ny0vHjgxbTPaAnEoriuECSLmrjXLUeYKclMwajA.6YRDAX7tP0tw1mx35JHy6BPyKT1j4YRifQzaLvxoTL8Vn3veb0co6f4tcG8DKTWSBeZ5GCYnu_Q85nlJEnRh9Q
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.cropro.2006.09.003?_sg%5B0%5D=26Duycpn2HSyISPvHL4Q_r77EvVq4KkfQfEu-PIULQkeNRHrjnRezo8jSw19lQ_zVSK80ugbly9taFh6Y8LDByGs0g.cIU21FRv45cFREfiD2Irf8xR5uRL0Sn-_XyCzawsZHdN6JENgGQ1zsxtxkkQJuKYM5GXVc1lgwBB4AyOvl60wg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.micres.2016.06.012?_sg%5B0%5D=nXyvRSwVRp8gBCbGXwFeNx24jvgTL6jKZmOpMl57_8BGkg3fNX-V8xqL3eO9y8PSiMb9DG5NiTge-CRiFwJcybOBAA.WHJyvKvzWiJ9ZOemlrXIb8o16P9AGPTWk9dV17LhJ_dcdlXRlGf2k9QpEoLEYqZnXZdE5eFk7_0vXiPNRd0y0w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3389%2Ffpls.2016.01405?_sg%5B0%5D=Mu3wXMZ7XjW5rEf3dx99HXetw5pJ959XKe3f9j3oI0TCYYCeIRODYQ97oyMlfcuy_HZQywLbh6GEYuCdNYcxEtldkg.tvxAxC7YBF8Wob0yiMKi_ccdfIjeITalXT4PlFQz4kuRCEfa5dHZ5m5Jv8pE7b0ebQZ_DRYSUv2iOCAayhQh5A
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.postharvbio.2008.01.001?_sg%5B0%5D=l72Xc8np2yhdKKtpWoDkzlRHBgRz37wsjU5EWK1cQfxy7vP81YA0-1VsP3luNAcUbg7VXwG_VcGaBdoeJkZ6ycUTXg.t1m0m8Wu1J-CYKkrJg2k_tBNcNNZkk6F7b03LRQ94jRCxVcMh9dFXhHTRjIff6FKiqPKZVcF_aBCYY2OodeYtg



