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Abstract

The problems and limitations of the control of diseases caused by phytopathogens through 
the use of fungicides, make the biological control present as an alternative method in the 
production of tomato plants in greenhouse, which is limited by the incidence of Fusarium 

oxysporum Schlechtend.:Fr., being the most worldwide destructive disease. The objective 
of the present investigation was to evaluate the effect of three Mexican strains of the genus 
Trichoderma against F. oxysporum on the production of tomato seedlings under greenhouse 
conditions, as well as to determine the antagonistic effect of the strains used. The Trichoderma 

harzianum strain had the highest antagonistic activity (81.50%) and the highest growth rate 
(1.25 cm/day), proving to be the most aggressive strain to control F. oxysporum. in addition the 
results of the interaction of the dual cultures paired, presented a visible overgrowth zone with 
hyphae of Trichoderma spp. Seeds inoculated with T. harzianum showed a survival of 84% and 
a mortality of 16%, lower than the control group, which present a mortality of 58%; however, 
the treatment inoculated with F. oxysporum had the highest incidence of “disease” with 83%, 
the lowest survival (17%) and a decrease of the green biomass with respect to the control.

Keywords: antagonistic, greenhouse, phytopathogen, incidence, mortality

1. Introduction

The need to reduce the use of fungicides in phytosanitary control makes it necessary to 

develop technologies that allow easy, economical and effective ways to obtain products from 
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endogenous microorganisms with sufficient quality and quantity to their application in the 
crops areas [1]. In the soil there are microorganisms with antagonistic capacity, the most stud-

ied in the world is Trichoderma spp [2]; due to its ubiquity, its ability to isolate and present 
rapid growth on a large number of substrates [3, 4].

In the last 10 years, research work has been carried out, and native species of Trichoderma spp. 

have been isolated, selected and evaluated, with the potential to establish a biological control 

against different diseases, which have proposed several mechanisms of innovation for the 
implementation of this fungus with satisfactory results [5–7]. These mechanisms of action 

may act synergistically on various phytopathogens such as Septoria triticii in wheat, Sclerotinia 

sclerotiorum in soybean and lettuce, Rhizoctonia solani in soybean, Sclerotium rolfsii in cucumber 

cohombro, Fusarium oxysporum in tomato and Pythium splendens in beans [8, 9].

The genus Trichoderma presents several mechanisms by which they easily move to the phy-

topathogen, but the most important is based on three types: (a) Direct competition for space 

or nutrients [10–13], (b) Production of antibiotic metabolites, whether of a volatile or non-

volatile nature [14, 15] and (c) Direct parasitism of some species of Trichoderma spp [16, 17].

The fungus F. oxysporum Schlechtend.: Fr. cause root and neck rot in tomato plants (Lycopersicon 

esculentum M.), causing severe losses that affect the quality and quantity of the production 
[18]. The most noticeable symptoms produced by using F. oxysporum occur in the transplanta-

tion of seedlings and at the beginning of flowering [18]. If a transverse section of the stem is 

made, it is possible to observe a vascular necrosis of brown color, particularly on the smaller 

lateral roots; which accelerates foliage wilting; after the plant dies and the fungus fructifies 
on the surface of the stem, under conditions of a humid environment [19]. The vascular wilt 

of the tomato by F. oxysporum was first described by Masse in 1885, on the Isle of Wight and 
Guernsey, located in the English Channel. In the year 1899, the disease was already in the 

United States of America, causing severe losses in the areas dedicated to growing tomato 

in the north of the state of Florida. In 1940 they reported that the disease was disseminated 

throughout the world and F. oxysporum was given greater importance [20].

The tomato (L. esculentum M.), is grown in all types of soils for family and commercial use 
[21]; for the 2016 year, occupied the first place with a total area planted of 4734 million hect-
ares with a production of 163 million tons [22]. To date China is the first producer with 50 
million tons, followed by India with 18 million tons, the United States with 12 million tons 

and Mexico is in the tenth position with 3282 million tons [23]. In Mexico the statistics of the 
Sistema de Información Agropecuaria [24], reported that in the 2016 year, 52,374 thousand 

hectares of tomato were planted with a production of 2875.164 tons, with a value of 15,735 

million of pesos. While data from the Sistema Producto, they indicated that exports amounted 
to 20 billion pesos, with the United States and Canada being the main buyers; where the 

main producers were Sinaloa with 867,832.04 tons, San Luis Potosí with 196,011.25 tons 

and Michoacán with 169,768.98 tons [25]. Tomato production under greenhouse  conditions 

 during 2016 represented 26.2% of the national production, with average yields of 171.82 tons/

ha, where Puebla ranked 14th with 75,219.09 tons of tomato [24].
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In Mexico, few investigations have been carried out for the biological management of phyto-

pathogens with soil origin through the use of native strains of Trichoderma spp [26]. Biocontrol 

of phytopathogenic fungi and biofertilization using the genus Trichoderma is a method used in 

various crops in different parts of the world; however, the use of commercial strains presents 
difficulties with their persistence in the soil, due to factors such as the genetics of the isolates, 
the environmental conditions and others characteristic of phytopathogenic species [27]. For 

the aftermentioned, the objective of this research was to characterize three native Trichoderma 

strains from the municipality of Tetela de Ocampo, Puebla-Mexico and to evaluate its antago-

nistic effect on the incidence of root and neck rot in tomatoes caused by F. oxysporum in the 

production of tomato seedlings in greenhouse.

2. Materials and methods

2.1. Strains

Strains native from the state of Puebla-Mexico were used, Th-T4 (3) from Trichoderma har-

zianum, Tav-T7 (2) from Trichoderma atroviridae, Tv-T3 (1) from Trichoderma viridae and the 

strain (Fo-A) from Fusarium oxysporum, which belong to the Centro de Recursos Genéticos 

del Centro de Agroecología del Instituto de Ciencias-BUAP and are in culture medium PDA 

(Potato Dextrose Agar).

2.2. Rate of development and speed of growth

The rate of development and rate growth of Th-T4 (3), Tav-T7 (2), TV-T3 (1) and (Fo-A) strains, 

was determined in Petri dishes (4.5 cm in diameter) in culture medium (PDA), incubated at 

room temperature for 7 days; the growth rate was measured every 24 h until the culmination 

of the total colonization of the strains, the macroscopic morphological characteristics of the 

colonies were recorded in texture, density, aerial mycelium and color. The rate of develop-

ment and growth rate were determined using the following formula [28]:

  TD = VCF − VCI / Number of days  (1)

2.3. Antagonistic activity of the strains of Trichoderma spp. on F. oxysporum in vitro

To evaluate the antagonistic activity of Trichoderma spp., Cherif and Benhamou technique was 
used [29]. For each of the treatments that were performed in Petri dishes with PDA (Agar, 

Dextrose and Potato) culture medium, was place at one end of the Petri dish a 5 mm diam-

eter agar disc with mycelium of the pathogenic fungus, in this case F. oxysporum, due to its 

slow growth was allowed to develop for 2 days and then another 5 mm disc with mycelium 

of Trichoderma spp. was inoculated at the opposite end, (natives) at a distance of approxi-
mately 5 cm between them [30, 31]. The controls consisted of mycelium of the pathogens and 
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the antagonist, separately cultured in Petri dishes with PDA medium described above. Petri 

dishes were incubated at a temperature of 26°C. To measure the inhibitory effect of antagonis-

tic fungus to the pathogen, measures colony diameter was recorded every 24 h; until standoff 
and formation of an inhibition zone between the colonies was formed. Ten repetitions were 

considered for each comparison, in this case will be three strains of Trichoderma spp., a single 

strain of F. oxysporum, evaluating a total of 30 experimental units. The percentage growth 
inhibition are calculated using the formula given by [32]:

  PICR =  [ (R1 − R2)  / R1]  × 100  (2)

where:

PICR: Percent inhibition of radial growth.

R1: Diameter of token.

R2: Diameter of organism tested.

Additionally, the strain was compared respect to the antagonistic capacity according to the 

scale proposed by Bell [33] in 1982 (Table 1).

2.4. Greenhouse antagonism tests

Seeds of tomato (L. esculentum Mill) var. Ramses were used, these were sterilized in 20% (v/v) 
sodium hypochlorite solution for 20 min, followed by three 5-minute washes in sterile distilled 

water. Subsequently the sowing was carried out in disinfected trays of 27 × 17 × 4 cm, contain-

ing 60 g of sterilized vermiculite in an autoclave at 121°C for 1 h. In each tray 100 tomato seeds 

were sown. Three strains of Trichoderma spp. were selected in the laboratory for their antago-

nistic response [Th-T4 (3), Tav-T7 (2), Tv-T3 (1)] plus two commercial strains (Perkins-C21 and 

Tricovel-25) and a control inoculated with F. oxysporum without Trichoderma spp. plus an abso-

lute control; for a total of seven treatments, where each tray with 100 tomato seeds represented 

an experimental unit. The inoculations were carried out at the time of planting the seeds in 
the trays with 1 mL of a suspension of F. oxysporum at a concentration of 5 × 106 conidia mL−1 

per well. The trays were installed in a culture chamber at 25 ± 2°C, were irrigated with 80 mL 

of distilled water per tray every 2 days. After 15 days, 1 mL of the five strains of Trichoderma 

spp. was applied at a total concentration of 83 × 104 conidia with a viability percentage of 96%.

Class Characteristics

1 Overgrowth of Trichoderma that colonized the entire medium surface and reduced colony pathogen.

2 Overgrowth Trichoderma colonized at least 2/3 of the medium surface.

3 Trichoderma and pathogen colonized medium to medium (more than 1/3 and less than 2/3).

4 Pathogenic fungus colonized at least 2/3 of the medium surface and resist invasion by Trichoderma.

5 Overgrowth of the pathogenic fungus that colonized the entire surface of the medium.

Table 1. Class and characteristics of Trichoderma spp. antagonistic capacity.
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The variables evaluated were incidence and severity of disease at 30 days after sowing, both 

for the radical part and for the aerial part (Table 2) using the scale proposed by Amaro-Leal 

[34]. The percentage of mortality and survival of tomato seedlings at 45 days, as well as height, 

stem thickness and total dry biomass were evaluated.

The results obtained were subjected to an analysis of variance (ANOVA) and test of separation 

of means by Tukey (p < 0.05), sing the SPSS version 17 (Statistical Package for Social Sciences) 

to determine differences between treatments.

3. Results and discussion

3.1. Growth rate and rate of development

The Tv-T3 (1) and Th-T4 (3) strains of Trichoderma spp. presented a cottony texture with abundant 
density and abundant mycelium, a dark green and white coloration, whereas the Tav-T7 (2) strain 

presented a regular density, regular mycelium and a green/yellow coloration. For the F. oxysporum 

strain in this case (Fo-A) presented a velvety texture with a regular density and mycelium of pink 
white color, as described by Guzman [35], in addition its mycelium is formed by septate hyphae 

and the conidiophores present clusters of macroconidia where chlamydospores are observed.

T. harzianum presented the highest growth rate with a mean of 1.25 cm/day, followed by T. viridae 

with 0.75 cm/day, with the T. atroviridae strain being the lowest growth rate with 0.64 cm/day. For 

F. oxysporum the growth was 0.83 mm/day, results similar to those found by Amaro-Leal [36], with 

a speed between 70 and 73 mm/day in PDA, results similar to those of the present investigation.

Scale of severity in root of plants

Code Description Code Description

a Circular dry injury. A Healthy plant.

b Light necrosis at the base of the root, lesion greater than 

0.5 cm.

B Plant with some leaves with loss of 

turgor.

c Dry necrosis approx 1.5 cm, suberized, adventitious roots. C Plants with all leaves with loss of 

turgor.

d Root presenting lesions with necrosis of 2 cm. D Plants with withered leaves. Planta 

sana.

e Lesions with necrosis of 2 cm, roots begin to detach.

f Lesions with necrosis of 2 cm, large amount of roots are 

released.

g It gives off epidermis leaving vascular tissue, loss of 50% 
of roots.

h Detachment 80% roots expose tissue loss of epidermis, 
necrotic roots.

Table 2. Severity scale of F. oxysporum attack on tomato culture.
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The highest development rate was 5.69 mm/day for T. harzianum, followed by T. viridae at 

5.04 mm/day and T. atroviridae at 4.85 mm/day; with respect to strain of F. oxysporum Fo-A 

had a rate of 3.80 mm/day, where a significant difference (p = 0.023) occurs among strains of 
Trichoderma spp. (Table 3).

3.2. Confrontation of Trichoderma spp. on F. oxysporum in vitro

The results of the percentage of inhibition of Trichoderma spp. strains on F. oxysporum by the 

dual culture method are shown in Figure 1, the Mexican strains of Trichoderma spp. inhibited 

the growth of the pathogenic fungus, where they presented a percentage of inhibition of radial 

significant growth (PIRG) [p = 0.056] at the Fo-A strain of F. oxysporum, with T. harzianum 

which showed higher antagonistic activity, with an average value of 81.50% (PIRG), followed 

Figure 1. Percentage of radial growth inhibition (PICR) in replicates of Trichoderma spp., on F. oxysporum in dual culture. 

*Different letters in the columns mean statistical differences in percent inhibition with Tukey’s test (p < 0.05).

Code Texture Density Aerial 

mycelium

Color Form Growth 

rate (cm/

day) *

Development 

rate(mm/day) *

Tav-T7

T. atroviridae

Cottony Regular Regular Green/yellow Radial 0.75 b 4.85c

Th-T4

T. harzianum

Cottony Abundant Abundant Green/white Radial 1.25 a 5.69a

Tv-T3

T. viridae

Cottony Abundant Abundant Green/white Radial 0.64 c 5.04b

(Fo-A)

F. oxysporum

Velvety Low Regular White/pink Radial 0.83 b 3.80d

*Different lowercase letters indicate significant differences with the Tukey test (P = 0.05)

Table 3. Macroscopic characterization of the colonies of Mexican strains Trichoderma spp. and F. oxysporum in culture 

PDA.
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by T. viridae with (PIRG) 79.61% and finally T. atroviridae with (PIRG) 73.41%. Reports of the 

percentage inhibition of Fusarium by Trichoderma show values from 22.5 to 86.44% [37]. The 

values obtained from inhibition are higher than those obtained by Michel [38], who at evalu-

ating the antagonistic effect of native Trichoderma spp., on mycelial growth and reproductive 

potential of F. oxysporum and Fusarium subglutinans, presented inhibition of 47.6 and 73.0%, 

respectively. Snyder and Hansen [39], reported a percentage inhibition of 77.8% for F. oxys-

porum, when compared with Trichoderma viridae isolates, results lower than those reported in 

the present investigation.

The results of the interaction of the most representative paired cultures are presented in 

Figure 2. The F. oxysporum Fo-A strain was given 2 days advantage because of its slow growth 

compared to Trichoderma; the days after the first contact between hyphae, the behavior was 
determined, which was very heterogeneous and highly significant (P = 0.0001). Most of the 
Trichoderma isolates showed a visible overgrowth zone with the hyphae of F. oxysporum; the 

greater the area of overgrowth, the greater the aggressiveness of the antagonistic fungus [29].

In this sense, Michel [36], reported antagonism 1, 2 and 3 of F. subglutinans and F. oxysporum, 

similar results in the present investigation.

3.3. Greenhouse antagonism tests

The treatment inoculated with F. oxysporum showed symptoms of the disease in the root and 

aerial part (Table 4), presenting the highest values in incidence and severity, this in com-

parison with the other treatments evaluated in this study. These results coincide with that 

observed by Kim [40], who point out the damage caused by Phytophthora sp., at the root and 

crown of the stem of chile plants under greenhouse conditions, similar results in this research.

In the present investigation, the lowest incidence and severity was obtained in the treatment 

based on T. harzianum with 6%, presenting slight dry circular lesions in the root and without 

symptomatology in the aerial part. T. harzianum has the ability to produce enzymes such as 

cellulases, β-1,3-glucanase and chitinases, which degrade the cell wall of phytopathogens [41].

Treatments based on T. harzianum, T. atroviridae and T. viridae. used in this research work, 

present antagonistic efficacy against F. oxysporum with a survival ranging from 62.7 to 76.4% 

in comparison to the control treatment (Figure 3), which had a survival rate of 46%; while 

Figure 2. Antagonistic capacity, according to the scale of Bell for Trichoderma spp. on F. oxysporum. (A and B = T. harzianum 

and T. atroviridae overlapping F. oxysporum, has a type II interaction, covers 2/3 of the surface of the medium, stops its 

growth and can overgrow it, and C = T. viridae presents an interaction of type I, where it covers the entire surface of the 

medium and stops its growth).
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tomato plants inoculated with only F. oxysporum achieved the lowest survival with 26.3%. 

Michel [38] performed antagonistic studies with native isolates obtained from tomato crops 

planted in Tlayacapan, Morelos-Mexico, with which it confronted Trichoderma spp. against 

Alternaria solani and Phytophthora infestans achieving a range of inhibition percentage from 

16.3 to 85.5%, results that are similar to those obtained in this study.

For the variables height, stem thickness and dry biomass of each treatment, showed sig-

nificant differences (p = 0.043) among the strains of Trichoderma spp.; being the treatments 

based on Mexican strains Trichoderma spp. those that presented better results in the  evaluated 

Figure 3. Percentage of mortality and survival caused by F. oxysporum, evaluated 30 days after tomato planting (L. 

esculentum Mill). *Different lowercase letters indicate significant differences for % of mortality and survival with Tukey 
test (p < 0.05).

Root damage Damage in aerial part

Treatment % incidence *Severity scale % incidence

Witness 28 e 11

F. oxysporum 70 h 58

T. viridae 13 b 10

T. atroviridae 15 b 13

T. harzianum 6 a 4

Perkins-C21 24 e 14

Tricovel-25 26 e 14

Table 4. Percentage of incidence and severity caused by F. oxysporum at 30 days after sowing in tomato plants  

(L. esculentum Mill).
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 variables, highlighting the treatment based on T. harzianum, which showed an average height 

of 22.64 cm/plant, an average stem thickness of 1.00 mm and an average dry biomass of 0.18 g; 

denoting a significant increase in comparison with the control, which showed an average 
height of 13.57 cm/plant, an average stem thickness of 0.20 cm and an average dry biomass of 

0.02 g; while the treatment inoculated with the F. oxysporum strain Fo-A presented the low-

est averages of height (12.66 cm/plant), 0.10 mm of stem thickness and 0.02 g in dry biomass 

(Table 5). Romo [42], mention that Trichoderma spp. has antifungal properties, thanks to the 

production of substances such as: trichodermine, dermadina, sequisterpeno, suzukacillina, 
alamethicina, trichotoxina, acetaldehyde, as well as extracellular enzymes such as β-1,3 glu-

canase, chitinase and cellulase that degrade The host cell walls and allow the penetration of 

the antagonist’s hyphae, reducing its propagation in the root.

Identification 
key

Root 

(cm)

* P. aerial 

(cm)

* Total 

height

(cm)

* Stem 

diameter

(mm)

* Weight 

(green)

* Weight 

(dry)

*

Witness 4.53 c 9.04 d 13.57 b 0.20 d 0.19 b 0.02 b

F. oxysporum 3.70 c 8.96 d 12.66 b 0.10 c 0.18 b 0.02 b

T. viridae 9.25 ab 12.18 abc 21.43 a 0.80 a 0.62 b 0.05 b

T. atroviridae 9.04 ab 12.38 abc 21.42 a 0.60 b 0.48 b 0.04 b

T. harzianum 10.58 a 11.05 c 22.64 a 1.00 b 0.97 b 0.18 a

Perkins-C21 8.30 b 13.81 a 20.12 a 0.30 a 0.83 b 0.07 b

Tricovel- 25 7.81 b 12.73 b 20.54 a 0.30 d 0.66 a 0.06 b

*Different lowercase letters indicate significant statistic differences with the Tukey test (P = 0.05)

Table 5. Mean values of height, stem diameter and dry biomass of tomato plants (L. esculentum Mill) under greenhouse 
conditions.

Figure 4. Significant statistic differences of each of the treatments in green weight. (a) T. viridae, (b) T. harzianum, (c) T. 

atroviridae, (d) Perkins-C21, (e) Tricovel-25, (f) control and (g) F. Oxysporum.
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Harman [43], argues that T. harzianum stimulates the growth of plants by producing metabo-

lites that promote developmental processes, which allow greater root development and absor-

bent hairs, which favors the mobilization of nutrients in the soil, thus improving nutrition and 

water absorption; also accelerates the decomposition of organic matter and minerals [44].

The native strains of Trichoderma spp. presented higher biomass (green), emphasizing the 

treatment based on T. harzianum, which showed a root height of 10.58 cm and a green biomass 

of 0.97 g; denoting a significant increase in comparison with the control “Figure 4”, which 

showed an average root height of 4.53 cm, and a green biomass of 0.19 g, while the treatment 

inoculated with the F. oxysporum strain Fo-A, presented the lowest root height averages, with 

3.70 cm and 0.18 g in green biomass.

4. Conclusions

Plants affected by F. oxysporum reduce their growth due to the pathogen’s ability to colonize 
roots, which prevents proper nutrition of the seedling and leads to death, causing losses in the 

producer in the first stage of tomato crop.

The evaluation of Mexican strains of Trichoderma spp. and its antagonistic effect on F. oxys-

porum on tomato seedlings (L. esculentum Mill) was determinant to verify their potential for 
biological control in a crop of great importance in the economy and the country’s food.

The T. harzianum strain presented the highest growth rate with a mean of 1.25 cm/day, proving 

to be the most aggressive strain to control F. oxysporum with a development rate of 3.80 mm/day.

The three native strains of Trichoderma spp. present inhibition of radial growth on the Fo-A 

(F. oxysporum) strain, with T. harzianum being the most antagonistic (81.50%), in addition, the 

results of the interaction of the paired dual cultures to F. oxysporum, was very heterogeneous 

and highly significant statistic differences, where the Trichoderma isolates showed a zone of 

visible overgrowth with the F. oxysporum hyphae, which shows more aggressiveness on the 

part of the antagonistic fungus.

The efficacy shown by the native strains of Trichoderma spp. evaluated in this study against 

F. oxysporum, applied to tomato seedlings (Lycopersicon esculentum Mill), showed that  
T. harzianum obtained higher height, greater stem thickness and greater production of dry 

biomass, likewise, the treatment inoculated with F. oxysporum obtained the highest inci-

dence (83%) and the lowest survival (17%) of germination in greenhouse conditions.

Acknowledgements

The authors thank the Vicerrectoría de Investigación y Estudios de Postgrado and to Instituto 

de Ciencias from BUAP for funding this research project, likewise, producers of the region 

Tetela de Ocampo, Puebla-México, for the facilities to carry out the present investigation.

Fusarium - Plant Diseases, Pathogen Diversity, Genetic Diversity, Resistance and Molecular Markers164



Author details

Omar Romero Arenas1, Jesús Francisco López Olguín1, Dionicio Juárez Ramón1,  

Dora Ma. Sangerman-Jarquín2, Conrado Parraguirre Lezama1, Primo Sánchez Morales1  

and Manuel Huerta Lara1*

*Address all correspondence to: batprofesor@hotmail.com

1 Centro de Agroecología, Instituto de Ciencias, Benemérita Universidad Autónoma de 

Puebla (BUAP), México

2 Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias (INIFAP), Campo 

Experimental Valle de México, Carretera Los Reyes-Texcoco, Texcoco, Estado de México, 

México

References

[1] Santos-Villalobos S, Barrera-Galicia GC, Miranda-Salcedo MA, Peña-Cabriales JJ. Bur-
kholderia cepacia XXVI siderophore with biocontrol capacity against Colletotrichum 

gloeosporioides. World Journal of Microbiology and Biotechnology. 2012;28:2615-2623. 

DOI: 10.1007/s11274-012-1071-9

[2] Howell CR, Stipanovic RD. Mechanisms in the biocontrol of Rhizoctonia solani induced 

cotton seedling disease by Gliocladium virens: Antibiosis. Phytopathology. 1995;85:469-472.  

DOI: 10.1094/Phyto-85-469

[3] Candela ME, Alcazár MD, Espín A, Egea-Gilabert C, Almela L. Soluble phenolic acids in 
Capsicum annuum stems infected with Phytophthora capsici. Plant Pathology. 1995;44:116-

123. DOI: 10.1111/j.1365-3059.1995.tb02723.x

[4] Verma M, Brar S, Tyagi R, Surampalli R, Valero J. Antagonistic fungi, Trichoderma spp., 

panoply of biological control. Biochemical Engineering. 2007;37:1-20. DOI: 10.1016/j.

bej.2007.05.012

[5] Cook RJ, Baker KF. The Nature and Practice of Biological Control of Plant Phatogens. 

St. Paul, Minnesota: American Phytopathological Society. 1989; 589 p. ISBN: 0890540535

[6] Chet I, Benhamou N, Haran S. Mycoparasitism and lytic enzymes. In: Harman GE, 
Kubicek CP, editors. Trichoderma and Gliocladium. Vol. 2. London, UK: Taylor and 

Francis; 1998. pp. 153-172

[7] Sandoval VMC, ZMCI N. Producción de conidios de Trichoderma harzianum rifai en dos 

medios de multiplicación. Fitosanidad. 2011;15(4):215-221. ISSN:1562-3009

[8] Ghisalbertí EL, Sivasithamparam K. Antifungal antibiotics produced by Trichoderma 

spp. Soil Biology and Biochemistry. 1991;23:1011-1020 http://www.bashanfoundation.
org/reddy/reddyharzianum

Biological Control of Fusarium oxysporum in Tomato Seedling Production with Mexican Strains…
http://dx.doi.org/10.5772/intechopen.72878

165



[9] Harman GE, Howell CR, Viterbo A, Chet I, Lorito M. Trichoderma species-opportunistic, 

avirulent plant symbionts. Nature Reviews Microbiology. 2004;2:43-56. DOI: 10.1038/

nrmicro797

[10] Elad Y, Baker R. Influence of trace amounts of cations and siderophore-producing 
Pseudomonads on chlamydospore germination of Fusarium oxysporum. Phytopathology. 

1985;75:1047-1052. DOI: 10.1094/Phyto-75-104710

[11] Elad Y, Chet I. The role of competition for nutrients in biocontrol of Pythium damping off 
by bacteria. Phytopathology. 1987;77:190-195. DOI: 10.1094/Phyto-77-190

[12] Chet I, Ibar J. Biological control of fungal pathogens. Applied Biochemistry and 

Biotechnology. 1994;48:37-43 https://link.springer.com/article/10.1007/BF02825358

[13] Belanger MJ, Miller JR, Boyer MG. Comparative relationships between some red edge 
parameters and seasonal leaf chlorophyll concentrations. Canadian Journal of Remote 

Sensing. 1995;21(1):16-21 http://dx.doi.org/10.1080/07038992.1995.10874592

[14] Sid AA, Pérez SC, Candela ME. Evaluation of induction of systemic resistance in pepper 
plants (Capsicum annuum) to Phytophthora capsici using Trichoderma harzianum and its rela-

tion with capsidiol accumulation. European Journal of Plant Pathology. 2000;106:817-824

[15] SIAP (Servicio de Información Agroalimentaria y Pesquera de la SAGARPA). 2016. 
Rendimientos de granos por Estados y años. [Accessed: July 6, 2017] on the site: https://
www.gob.mx/siap/acciones-y-programas/produccion-agricola-33119

[16] Yedidia I, Benhamou N, Chet I. Induction of defense responses in cucumber plants 

(Cucumis sativus L.) by the biocontrol agent Trichoderma harzianum. Applied and Envi-

ronmental Microbiology. 1999;65:1061-1070 http://aem.asm.org/content/65/3/1061

[17] Ezziyyani ME, Pérez SC, Requena ME, Rubio L, Candela CME. Biocontrol por Streptomyces 

rochei –Ziyani de la podredumbre del pimiento (Capsicum annuum L.) causada por 

Phytophthora capsici. Anales de Biologia. 2004;26:69-78 https://www.um.es/analesdebiolo-

gia/numeros/26/PDF/08-BIOCONTROL.pdf

[18] Mendoza ZC. Diagnóstico de Enfermedades Fungosas. Universidad Autónoma Chapingo. 
Departamento de Parasitología Agrícola. Chapingo, Edo. de México. 1993; 111 p

[19] Sánchez CMA. Enfermedades causadas por hongos en tomate. En: Cruz OJ, García ER,  
Carrillo AF, editors. Enfermedades de las Hortalizas. Culiacán, Sinaloa, México: Univer-
sidad Autónoma de Sinaloa. 1998; pp. 17-28

[20] Smith EF. Wilt diseases of cotton, watermelon and cowpea. United States Department of 
Agriculture Division of Vegetable Physiology and Pathology. 1899;17:1-54 https://www.
cabdirect.org/cabdirect/abstract/20057000788

[21] Adekiya A, Agbede T. The influence of three years of tillage and poultry manure applica-

tion on soil and leaf nutrient status, growth and yield of cocoyam. Journal of Advanced 

Agricultural Technologies. 2016;3:104-109. DOI: http://dx.doi.org/10.22490/21456453.1535

Fusarium - Plant Diseases, Pathogen Diversity, Genetic Diversity, Resistance and Molecular Markers166



[22] FAOSTAT (Food and Agriculture Organization of the United Nations Statistical). Crops 

(Production). [Accessed: June 2, 2017] on the site: http://www.fao.org/faostat/en/#search/
FAO%20STAT%202013; 2013

[23] FAOSTAT (Food and Agriculture Organization of the United Nations Statistical). 

Production Qantity, Crops (Production). [Accessed: June 9, 2017] on the site: http://
www.fao.org/faostat/en/#search/production%202016; 2016

[24] SIAP (Servicio de Información Agroalimentaria y Pesquera de la SAGARPA). Rendimien-
tos de granos por Estados y años. [Accessed: July 6, 2017] on the site: https://www.gob.
mx/siap/acciones-y-programas/produccion-agricola-33119; 2016

[25] SAGARPA (Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Aliment-

ación). Estados productores de tomate. [Accessed: June 10, 2017] on the site: https://
www.gob.mx/sagarpa; 2016

[26] Michel-Aceves AC, Rebolledo-Domínguez O, Lezama-Gutiérrez R. Especies de Trichoderma 

en suelos cultivados con mango, afectados por “Escoba de bruja” y su potencial inhibito-

rio sobre Fusarium oxysporum y F. subglutinans: Revista Mexicana de Fitopatología. 2001; 
 19(2):154-160. ISSN:0185-3309

[27] González SCH, Puertas AA, Fonseca MF, Suárez ES, Blaya RG. Actividad antagónica 
de Trichoderma sp. aislada de un suelo de la provincia Granma, Cuba frente a Alternaria 

solani Sor. Revista Facultad de Agronomía Luz. 1999;16:167173 http://www.scielo.org.
mx/scieloOrg/php/reflinks.php?refpid=S01853309200800020000500016&pid=S01853309
2008000200005&lng=es

[28] Romero-Arenas O, Huerta M, Damián MA, Macías A, Tapia AM, Parraguirre JFC, Juárez J.  
Evaluación de la capacidad productiva de Pleurotus ostreatus con el uso de hoja de 

plátano (Musa paradisiaca L., cv. Roatan) deshidratada, en relación con otros sustratos 

agrícolas. Agronomía Costarricense. 2010;34(1):53-63. ISSN:0377-9424

[29] Benhamou N, Chet I. Hyphal interactions between Trichoderma harzianum and Rhizoctonia 

solani. Ultrastructure and gold cytochemistry of the mycoparasitic process. Phytopathology. 

1993;83:1062-1071 http://apsnet.org/publications/phytopathology/backissues/Documents/ 
1993Articles/Phyto83n10_1062.PDF

[30] Howell CR. Mechanisms employed by Trichoderma species in the biological  control of 

plant diseases. The history and evolutions of current concepts. Plant Disease. 2003;87(1):4-

10 http://dx.doi.org/10.1094/PDIS.2003.87.1.4

[31] Suárez CL, Fernández RJ, Valero NO, Gómez RM, Paez AR. Antagonismo in vitro de 
Trichoderma harzianum Rifai sobre Fusarium solani (Mart.) Sacc., asociado a la marchitez 
en maracuyá. Revista Colombiana de Biotecnología. 2008;10(2):35-43. ISSN(ONLINE): 

1909-8758

[32] Correa S, Mello M, Ávila RZ, Minare BL, Padua R, Gomes D. Cepas de Trichoderma spp. para 

el control biológico de Sclerotium rolfsii Sacc. Fitosanidad. 2007;11:3-9. ID=209116144001

Biological Control of Fusarium oxysporum in Tomato Seedling Production with Mexican Strains…
http://dx.doi.org/10.5772/intechopen.72878

167



[33] Bell DK, Well HD, Markham CR. In vitro antagonism of Trichoderma species against six 
fungal plant pathogens. Phytopathology. 1982;72:379-382. DOI: 10.1094/Phyto-72-379

[34] Amaro-Leal JL. Biopreparados de cepas nativas de Trichoderma spp., para el control 

biológico en el cultivo de tomate. Tesis para optar por el título de Maestro en Ciencias 
en Manejo Sostenible de Agroecosistemas, Instituto de Ciencias de la Benemérita 
Universidad Autónoma de Puebla, México; 2015. 112 p

[35] Guzmán M. Micología médica. Bogotá, Colombia: Instituto Nacional de Salud; 1997 
86 pp

[36] Amaro-Leal JL, Romero-Arenas O, Rivera A, Huerta LM, Reyes E. Effect of the formula-

tion of seaweed (Porphyra umbilical R.) in biopreparations based on Trichoderma harzia-

num Rifai. Journal of Pure and Applied Microbiology. 2016, 2016;9(3):2033-2040 http://
www.microbiologyjournal.org/jmabsread.php?snoid=2940&month=&year

[37] Chakraborty MR, Chatterjee NC. Control of fusarium wilt of Solanum melongena by 
Trichoderma spp.: Biologia Plantarum. 2008;52(3):582-586. https://link.springer.com/
article/10.1007/s10535-008-0116-2

[38] Michel-Aceves AC, Otero-Sánchez MA, Martínez-Rojero R, Rebolledo-Domínguez O, 
Lezama-Gutiérrez R, Ariza-Flores R. Actividad micoparasítica in vitro de Trichoderma 

Pers.: Fr. spp., sobre F. subglutinans (Wollenweb and Reinking) P.E. Nelson TA, 
Toussoun, Marasas y F. oxysporum Schlechtend. Fr. Revista Mexicana de Fitopatología. 
2005;23(3):253-261 http://www.ucol.mx/revaia/portal/pdf/2008/sept/1.pdf

[39] Snyder WC, Hansen HN. The species concept in Fusarium. American Journal of Botany. 
1940;27:64-67 http://www.mycobank.org/BioloMICS.aspx?TableKey=1468261600000006
1&Rec=7626&Fields=All

[40] Kim KD, Nemec S, Musson G. Control of Phytophthora root and crown rot of bell pep-

per with composts and soil amendments in the greenhouse. Applied Soil Ecology. 

1997;5:169-179 https://doi.org/10.1016/S0929-1393(96)00138-2

[41] Küçük Ç, Kivanç M. Isolation of Trichoderma spp and determination of their antifungal, 

biochemical and physiological features. Turkish Journal of Biology. 2003;27(4):247-253 

http://journals.tubitak.gov.tr/biology/abstract.htm?id=6440

[42] Romo LI, Avila SJ, alazar, López CG. Efecto de Trichoderma harzianum Rifai sobre esclero-

cios de Phymatotrichum omnivorum Shear-Duggar. Horticultura mexicana. 1997;5(3): 

276-281 http://biblat.unam.mx/es/revista/horticultura-mexicana/2

[43] Harman GE. Overview of mechanisms and uses of Trichoderma spp. Phytopathology. 

2006;96:190-194. DOI: 10.1094/PHYTO-96-0190

[44] Vinale F, Sivasithamparam K, Ghisalberti EL, Marra R, Woo SL, Lorito M. Trichoderma 

plant pathogen interactions. Soil Biology and Biochemistry. 2008

Fusarium - Plant Diseases, Pathogen Diversity, Genetic Diversity, Resistance and Molecular Markers168


