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SUMMARY 

Several are phytopathogens that limit the production of cassava (Manihot esculata 

Crants) being rot of the roots to which they marry the greatest loss in the crop reaching 

70%. This culture is of high interest to the Northeast region of Brazil, providing great 

losses. The difficulties in management have directed the search for alternatives, 

among which, biocontrollers have shown significant results. This literature review 

aimed to gather information related to the rot of cassava root cv Rosinha, the main 

phytopathogens and antagonistic activities of Trichoderma in the control of diseases 

in the state of Alagoas. A bibliographic survey was carried out in the databases Scielo, 

Google Acadêmico, Capes portal (theses and dissertations), journals and books. To 

obtain information on: root rot of table cassava, Trichoderma spp., as a biocontrol 

agent of phytopathogens. 

Keywords: Tuberous root, biological control, phytopathology. 

1. INTRODUCTION 

Due to its nutritional value, Manihot esculenta Crantz stands out in Brazil and in the 

world with significant economic and social contribution due to its versatility, as it is used 

in both animal and human food and widely used in industry. The crop exerts a 

significant support to the population with low purchasing power, because besides being 

a nutritious source it is also a generator of income in family agriculture (NOTARO et 

al. 2013). 

In the world, the consumption of cassava and its derivatives are in the sixth position in 

the ranking being soybeans, wheat, rice, corn and potatoes the crops that occupy the 

first positions according to fao data (2012). Brazil is the fourth largest producer in the 

world, with an estimated harvest for 2016 of 25 million tons (IBGE, 2015). 
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Of great versatility, the crop is fully used, not only the aerial part (leaves and stems) 

but also the root. The leaves have their use in human (supplement) and animal 

(crushed) food. The stems, in animal feed, in the form of silages and hays and still in 

natura. The root, in human food, animal and also by industries, mainly flour, starches, 

biodegradable plastics, textile products and biofuel (CONAB, 2013). 

Cassava culture faces many challenges, including phytosanitary problems 

(NASCIMENTO JÚNIOR, 2015). Several diseases have already been reported in the 

culture, among them, root rot, whose agents may be Lasiodiplodia sp., Pythium sp., 

Rosellinia sp., Fusarium sp., Neoscytalidium lignicola, Phytophthora drechsleri Tucker 

however, the last three phytopathogens are the most frequently involved in root rot in 

the state of Alagoas (Figure 1) and in most producing regions. Information on the rot 

of cassava roots is still incipient and is of paramount importance to serve as a tool in 

decision making on the best strategy to use (MASSOLA JR; BEDENDO, 2005; MUNIZ 

et al., 2006; NOTARO et al., 2013; SILVA, 2013; FUKUDA, I'M NOT GOING TO BE 

OTSUBO, 2015). 

Among the microorganisms causing cassava root rot P. drechsleri and F. solani, they 

are the most important due to the scope and severity causing significant losses in 

production. In dense and acidified soils the occurrence of Fusarium sp., is more 

frequent, and one of the characteristics of this pathogens is to cause damage to the 

stem near the soil by infection of the xylemic vessels and consequently interfere in the 

circulation of the sap, thus causing indirect rot of the root in any cause of plant 

development. Unlike Phytophthora, whose symptoms provoked in the roots are brown 

in color and soft-consistency rot that exude a liquid with bad smell, already the rots of 

Fusarium sp., without apparent disturbances in the tissues with signs of dehydration 

and mummified appearance of a dry rot (MOURA; SILVA, 1997; POLTRONIERI et al., 

2001; SILVA, I'M not going to TEIXEIRAS, 2012). 

As protective and root rot control measures, physical and chemical soil management 

is used, but the use of tolerant varieties associated with cultural practices such as crop 

rotation and cultivation system has been positively supported. Nascimento Júnior 

(2015), highlights that it is of fundamental importance to know the edapho-climatic 
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conditions of the cultivation region and the use of appropriate techniques that can be 

adopted by the farmer, to have an economic return within a sustainable agricultural 

system. The alternative control of phytopathogens with antagonists, especially 

trichoderma species, has already been studied, due to the worldwide interest of using 

products that are less aggressive to the environment (SOUSA et al., 2012; SILVA et 

al., 2014). For Robbs (1992) and Barbosa; Meza (2009) the competition for food and 

antibiosis, are the mechanisms most frequently used by some species of Trichoderma, 

being therefore considered an excellent biocontrol agent. 

In view of the above, the objective of the present work was to perform a bibliographic 

review about the main phytopathogens and the potential of Trichoderma antagonism 

involved with cassava root rot in the state of Alagoas. 

2. METHODOLOGY 

The present study consists of a literature review, conducted between December 2014 

and March 2016, in which a consultation was made to scientific articles, selected 

through the search in the database of google academic, LILACS, MEDLINE, SciELO, 

portal of Capes (theses and dissertations), journals and books. Of the numerous 

related articles, 84 of them were used. As descriptors we used: root rot, biological 

control of phytopathogens, phytosanity. 

3. LITERATURE REVIEW 

3.1 CASSAVA CULTIVATION 

Cassava, a crop of great interest for the Brazilian Northeast, notably for the State of 

Alagoas, is a perennial, shrubby plant, belonging to the Euphorbiaceous family, rich in 

starch, used in human and animal food or as a raw material for various industries 

(FRAIRE FILHO; BAHIA, 2015). 

Nascimento Júnior (2015), emphasizes the advantages of this crop, due to its rusticity, 

low cost, adaptation in relation to the climate, soil and its nutritional characteristics that 
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are related to the large accumulation of starch in its roots, as well as proteins and 

amino acids in the leaves. It is a plant originating in the tropical regions of South 

America, but which had as places of its domestication Southeast Asia, Africa and 

Tropical America (NOTARO et al., 2013; SILVA, 2013; FRAIRE SON; BAHIA, 2015). 

In 2013, 281,718,000 tons of cassava were produced worldwide, with Brazil being the 

fourth largest producer in the world with 23,977,757 tons, behind Nigeria, Indonesia 

and Thailand. The north and northeast regions of Brazil have a large volume of 

production and cultivated area is in the south, southeast and midwest, the ones with 

the highest agricultural yield. The State of Pará is the largest national producer of 

cassava root, followed by Paraná, Maranhão and Bahia (IBGE, 2015). 

In Alagoas, the regions that stand out as cassava producers are the wild, with 70% of 

the total production of the state (Arapiraca, São Sebastião and Campo Alegre), the 

forest zone and the north coast, being the first region, the one with the largest number 

of producers, responsible for 13.36 t.ha-¹ and 240.448 tons, occupying the second 

place in productivity when compared to the other states of the northeast (CONAB 

2013). 

Notaro (2012) emphasized that this crop is still family farming and develops in a 

rudimentary way, and the main means of propagation is vegetative and varieties of low 

genetic quality are still cultivated. Its usefulness is associated with the content of 

hydrocyanic acid (HCN) present in leaves and roots, which classifies it as meek or 

sweet (<180 mg kg-¹ de HCN) also known as  “macaxeira”, used for fresh 

consumption; intermediate (180 – 300 mg kg-¹) and bitter or angry (>300 mg kg-¹) 

these last two are used for animal feed, starch production, flour and biofuel (OLIVEIRA 

et al., 2012). 

The greatest utility of cassava is in the food industry, mainly in the production of starch 

destined for the modified starch market, which in addition to serving regional cuisine in 

breads, tapiocas, beijus, gum cake and tomboy's foot; is one of the products derived 

from the plant that employs more labor and adds a high value in the processed product, 

according to Nascimento Júnior (2015). Regarding the use for the extraction of 
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fermented products in the biofuel industry, cassava has been shown to be a good 

alternative in the manufacture of ethanol, as it presented a lower energy cost in 

production, comparing sugarcane and corn, according to Salla et al., (2010). 

According to Alves (2006), the phenology of cassava can vary from 6 to 24 months of 

cultivation, but commercially it is 12 to 18 months for the processing of flour and starch 

and between 8 and 10 months for table. Among the varieties planted in Alagoas, 

rosinha stands out, whose cycle varies between 9 and 10 months in dry land, and can 

be anticipated for 7 to 8 months under irrigated system conditions. This variety can 

reach three meters in height, maintains the plant stand at the end of the crop with good 

production of branches and productivity in 21 t ha-¹ (DINIZ et al., 2009). 

Nascimento Júnior (2015), reports in his work that even with the rusticity of the crop is 

necessary is attentive to the adafo-climatic conditions, stating that cassava produces 

well in fertile soils, with pH between 5.5 to 7.0 with sandy or medium textural class and 

good natural drainage. The ideal climatic condition is in the temperature range between 

20°C and 27°C, and can be established in environments with temperatures between 

16 °C and 38°C; with precipitation between 1000 and 1500 mm year-¹, in semi-arid 

regions between 500 and 700 mm year-¹; altitudes of 600 to 800 meters above sea 

level and light period of 12 hours day-¹ (SILVA; ANDRADE, 2011; SILVA, 2013). 

3.2 DISEASES IN CASSAVA CROP 

Several factors can limit cassava production, such as the occurrence of insect pests 

and disease-causing phytopathogens, impairing the quality and development of the 

crop in Brazil and worldwide. According to Nascimento Júnior (2015), cassava is 

susceptible to several phytopathogens and this causes severe economic losses in 

production. 

Among the diseases of importance stand out the causes of leaf lesions such as brown 

spot (Cercosporidium henningsii) white spot (Phaeoramularia manihotis), burning 

leaves (Cercospora vicosae), black spot (C. manihobaea) and anthracnose 

(Colletotrichum gloeosporioides f.sp. manihotis) that limit photoassimilates (SILVA; 
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ANDRADE, 2011; MORAIS et al., 2013; OLIVEIRA et al., 2013). And root rot, caused 

by fungi and oomicetes, such as Lasiodiplodia sp., Pythium sp., Rosellinia sp., 

Fusarium sp., Neoscytalidium lignicola, Phytophthora drechsleri Tucker however, the 

last three phytopathogens are the most frequently involved in root rot in the state of 

Alagoas (Figure 1) and in most producing regions. Information on the rot of cassava 

roots is still incipient and is of paramount importance to serve as a tool in decision 

making on the best strategy to use (MASSOLA JR; BEDENDO, 2005; MUNIZ et al., 

2006; NOTARO et al., 2013; SILVA, 2013; FUKUDA, I'M NOT GOING TO BE 

OTSUBO, 2015). 

Notaro et al., (2013) and Silva (2013) warn about the high socioeconomic impacts 

caused by cassava root rot in the states of Maranhão, Pará, Alagoas and Pernambuco, 

as it is causing significant losses in productivity, in addition to making the areas 

unviable for planting throughout the crop cycles. According to Nascimento Júnior 

(2015), being Omyceto Phytophthora sp and the fungus Fusarium sp., are main 

pathogens of culture in the Northeast and cause losses ranging from 30 and 70%. The 

author also states that under favorable conditions the disease can cause 100% loss. 

 

 

 

 

 

 

 

 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/agronomy-en/trichoderma-antagonism
https://www.nucleodoconhecimento.com.br


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

https://www.nucleodoconhecimento.com.br 

 

RC: 55548 
Disponível em: https://www.nucleodoconhecimento.com.br/agronomy-en/trichoderma-antagonism  

Figure 1. Aspect of colonies and reproductive structures of phytopathogens-causing 

cassava rot isolates in the State of Alagoas: Fusarium sp. (A1-A6), Neoscytalidium sp. 

(B1-B6) and Phytophthora sp. (C1-C6). Colony of Fusarium sp. (A1); conidia (A2); 

conidiogenic cell (A3-A6). Neoscytalidium sp. colony (B1); Conidia (B2-B6). 

Phytophthora sp colony (C1); Spomangio (C2); Chlamydospores (C3 and C4); 

Spomangios (C5) and Sporantia in reproduction (C6). 

 

Fonte: SILVA e NASCIMENTO JÚNIOR (2016). 

The rot caused by Fusarium sp., occurs in young and adult plants, with symptoms of 

sudden wilting and severe defoliation, which can be potentiated in areas of clayey and 

poorly drained soil (SILVA; TEXEIRA, 2012). This fact has already been reported by 

Gomes; Leal (2003), who when working with cassava in the states of Sergipe, Bahia 

and Alagoas, states that root rot is the most limiting disease of culture in the Northeast 

region, especially when it is implanted in areas formed by compacted soil. 

The phytopathogens causing the rot have distinct symptoms. The authors report that 

phytophthora sp. usually attacks adult plants, causing "soft" rot in the roots, with very 

strong odor, similar to that of decaying organic matter and grayish coloration. The 

appearance of signs are more frequent and visible in the roots, but there are reports 

of the existence of young people presenting symptoms at the base of the stems of 

newly twinned plants, causing wilting and total death. In the case of dry rot caused by 
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Fusarium sp., direct root damage rarely occurs, but the problem is accentuated at any 

stage of plant development. (GOMES; LEAL, 2003; SILVA; TEXEIRA, 2012; 

NASCIMENTO JÚNIOR, 2015). 

3.3 THE PHYTOPATHOGEN FUSARIUM 

The genus Fusarium was described in 1809 by Link. The representatives of this genus 

belong to the kingdom Fungi, phylum Ascomycota, classes Eauscomycetes and 

Pyrenomycetes, order Hypocreales, presenting 65 species, 55 varieties and 22 special 

forms, according to Wollenweber; Reinking (1935)1 quoted by Ventura (1999). It is one 

of the most important phytopathogens in the world, with wide geographical distribution, 

distributed in the soil and in association with plants. Having cosmopolitan and other 

species with occurrence restricted to certain environments (VENTURA, 1999). Most 

species are saprobic, but there are representatives of the Fusarium complex that 

produce mycotoxins that can affect human and animal health (URBEN et al. 2009). 

Seifert (2006); Querales (2010) report that the genus Fusarium is a complex group 

growing in number of species and generate taxonomic controversies for 

phytopathologists. 

Milanesi (2009), comments that Fusarium sp., can occur especially in places of tropical 

and subtropical climates, and has a great ability to survive for long periods in the soil 

outside its hosts, through the formation of resistance structures called 

chlamydospores. Three groups within the genus are the most specific examples of 

these changes, named after the teleomorph group of the Gibberella fujikuroi (Sawada) 

Wollenw complex, the Fusarium solani (Mart.) Sacc., and F. graminearum complex. 

The genus may present colonies of colors ranging from violet, dark purpura to orange, 

but the predominance is of pale colony of rapid growth, airy and diffuse mycelium 

(MARTINS, 2005). Puhalla (1981); Martins (2005); Agrios (2005), report that conidia 

structures (micro and macro), morphology, disposition, variety of conidiophores and 

chlamydospores were the basis for identification of Fusarium sp species. Classical 

taxonomists describe the presence of single-celled and uninucleated microconidia and 

frequent multicellular macroconidia with cell with only one nucleus as genetically 
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identical progenitor. The sexual stages of Fusarium are ascomycetes; the sexual spore 

is the ascospore. Those allocated in the genus Nectria have bicellular ascospores. 

Each cell of the bicellular ascopore is uninucleated and both nuclei are genetically 

identical. Others, as is the case in Gibberella, form multicellular ascospores. Martins 

(2005) mentions that morphological characteristics are influenced by the environment 

and nutrition, so culture media are used to select microorganisms and group them, 

based on the nutritional needs that are made available in the culture environment under 

standardized conditions to identify them. Due to this plasticity and variations in 

phenotypic characteristics found in this fungus, taxonomy based only on morphological 

concepts is not reliable. (MARTINS, 2005; URBENS et al., 2009; QUERALES, 2010). 

The identification of fusarium species is one of the first steps for its study. Traditionally 

it has been carried out on the basis of morphology, since the publication of the treatise 

of the genus "Die Fusarien" in 1935 by Wollenweber; Reinking1. Other systems were 

proposed, but did not solve the problem of species identification. The tools for 

identification were increased and include the use of optical and electronic microscopy, 

selective and differential means, enzymatic comparisons, secondary metabolites, as 

well as the use of immunological and molecular technologies (LEAL-BERTIOLI, 1998; 

MARTINS 2005). O'Donnell et al., (2000); Summerell et al., (2003); Ottoni, (2008); 

comment that with the advent of molecular tools the identification of Fusarium is based 

on the morphology, biology and characteristic of the species, based on sexual 

compatibility, phylogeny and sequences of genomic regions. 

For decades, classical identification uses morphological characteristics as a basis, but 

has generated controversy, because several taxonomists and phytopathologists find it 

necessary to use other models to separate the species, while others believe that these 

models affect the taxonomy of the genus. It is noteworthy that practice in the diagnosis 

of causal agents of diseases in planting the adoption of genetic models are more 

adapted to the studies conducted by mycologists. Nevertheless, these changes are 

relevant, since in a genus there may be very close species and this can lead to a 

misdiagnoses with important practical consequences (QUERALES, 2010). 
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According to Notaro et al. (2013), Fusarium solani Math (Sacc) is the species that 

prevalent causes root rot in cassava cv branquinha in the State of Pernambuco. This 

species produces, in culture medium, aerial mycelium, with color ranging from white to 

cream, becoming bluish-brown when sporodochios are present. It produces three 

types of asexual spores: the slece-shaped macroconidia, with approximate dimensions 

of 15-35 x 4-7 μm with 3-5 septa; microconidia, which have or do not septum, measure 

about 5-10 x 1-3 μm and chlamydospores, which are hyaline, globose, smooth to 

rough, measuring 6-10 μm. 

The sexual state of the fungus is Nectria haematococca (Ascomycete). This fungus 

survives on infected cultural remains, soil, tubers and seeds, and may persist for 

several years. The ideal conditions for your establishment are temperatures ranging 

from 15 to 25 °C, humidity of 50 to 75%, occurrence of injuries, planting in 

contaminated soils and inadequate storage. Injuries to the root system, especially 

those caused by nematodes, facilitate the penetration of the fungus into the roots of 

the hosts. 

3.4 DISEASE CONTROL 

Because it is a pathogen carried by the soil, its elimination after installation in the 

planting area becomes a very difficult task and chemical control measures practically 

do not exist, except for preventive ones, such as the use of seed treatment or other 

propagation materials (LAZAROTTO et al., 2012). The cultural control, based on the 

prevention of injuries during harvest and storage, the use of healthy seeds and 

substrate free of the pathogen, used only once, the balanced application of nutrients, 

efficiency in irrigation, as well as varieties that present resistance characteristics and 

the treatment of cuttings (maniva) and substrate with fungicide for sowing when 

infected , can minimize production losses. 

As a control measure, the most efficient measure was based on research conducted 

in the Northeast by Embrapa Cassava and Fruit And Agricultural Development 

Company (EMAGRO), was the use of tolerant variety (Osso Duro, Cedinha, Bibiana, 

clone 148/02, Aramaris and Kiriris), associated with crop rotation and planting system, 
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which reduced rot by about 80% (GOMES; LEAL, 2003; BETTIOL, 2009; LOBO 

JÚNIOR et al., 2009; LAZAROTTO et al., 2012). 

For the control of Fusarium sp., the chemical difenochonazol and thiram, in the 

treatment of soil and seeds, are the most recommended due to the efficiency 

presented. However, chemical control has become constant and with the 

indiscriminate use ecological problems have arisen, as these cause changes in the 

environment favoring phytopathogens with resistance due to selective pressure, 

emergence of secondary outbreaks, reduction of the population of beneficial 

microorganisms, due to the deposit of resid that accumulates in the soil, water and 

food making them harmful, with deleterious effect to animals and humans (BIZI , 2015). 

In general, the high costs of the practice of chemical control, associated with the 

emergence of resistance to commonly used products, as well as the prohibition of 

methyl bromide, makes it essential to develop alternative control techniques 

(BETTIOL, 2009; LOBO JÚNIOR et al., 2009; LAZAROTTO et al., 2012). For the 

biological, plant resistance induction is a promising alternative, as it uses natural 

extracts with microbial and/or inducing properties (MORAES, 1992; STANGARLIN et 

al., 2008). 

3.5 BIOCONTROL OF PHYTOPATHOGENS 

The attempt to reduce the deleterious actions of a pathogen or inoculum has been a 

constant in agriculture, and the substitution of agrochemicals by natural products with 

suppression or control activity has been one of the viable alternatives, because the 

residue left is more quickly assimilated and decomposed by the environment due to its 

low persistence (SOUZA, 2013; BIZI, 2015). 

Ethur, (2006) and Dianese, (2007); report the importance of research in the area of 

biological control, such as the introduction of antagonistic organisms in environments 

where the pathogen is causing damage. Cancela (2015), states that the dynamics of 

the action of biological control occurs in a natural way and consists in the regulation of 

the number of plants and animals by natural enemies. This strategy is a fundamental 
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part of the balance of nature and how chemical control has advantages and 

disadvantages. Among the advantages is the fact that it is a non-toxic measure, does 

not cause imbalance, has no contraindications, provides an extensive and efficient 

control when there is no chemical control, because it will need more technology due to 

its slow effect, difficult to acquire and can not always be applied at any time of the year. 

Maintaining balance in the Agroecosystem is a practice of biological control so that the 

pathosystem does not cause significant damage in the biocontrolling action of non-

pathogenic organisms of the system. The authors also report that disease is more than 

a pathogen/host interaction relationship, because the influence of the environment and 

also a diversity of non-pathogenic organism rests at the site of infection may limit or 

increase the pathogen's aggressiveness, or host resistance. Thus, pathogen, host and 

antagonist interact with each other in the components of biological control (BIZI, 2015; 

CANCELS 2015). 

A limiting factor for the use of biological products is the availability in the market for this 

control modality. Another problem is that many natural products are not properly 

registered for use on a commercial scale (SILVA et al., 2008). The presence of the 

phytopathogen interferes with plant homeostasis, but it can also act by triggering 

defense mechanisms and/or activating genes that confer resistance of the host plant 

(AGRIOS, 2005). Michereff et al., (1993), state that the pathogen has determining 

activities involving growth, infectivity, aggressiveness, virulence and other attributions 

of the pathogen or processes, which determine infection, development of symptoms 

and reproduction. The interaction between antagonist, host and pathogen does not 

occur in a particular way, but mutually. 

Several authors have already described the ability of biocontrangers to interact and 

interfere in the development of the phytopathogen by mechanisms of action such as 

competition for space and nutrients to antibiosis, mycoparasitism or hyperparasitism, 

predation, induction of resistance, thus increasing competitive advantage in the 

environment. These mechanisms vary from species to species and also from lineage 

to lineage within the same species, according to host-parasite interaction. 

(CARVALHO, 2006; BETTIOL; MORANDI, 2009; BRITO et al., 2010; ZUCCHI, 2010; 
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DIAS, 2011; MACHADO et al., 2012; BIZI, 2015; CANCELA, 2015; FIPKE, et al., 

2015). 

Many microorganisms have presented high biocontroller potential and the genus 

Trichoderma Pers. has been used in several studies. T. hamatum (Bonord.) Bainier, 

T. viride Pers., T. aureoviride Rifai, T. harzianum Rifai, T. koningii Oudem, T. 

pseudokoningii Rifai and T. longibrachiatum Rifai are the most cited (BETTIOL; GHINI, 

2005). Ezziyyani et al., (2007) report that the frequency of Trichoderma spp., is due to 

its versatility either by competition, hyperparasitism and antibiosis to phytopathogens 

such as Phytophthora, Fusarium and Neoscytalidium. Remuska & Pria (2007) 

evaluating the antagonistic effect of Trichoderma spp., in the control of mycelial growth 

of phytopathogenic fungi observed that this exerted antagonism on some root 

phytopathogens, such as Sclerotium rolfsii, Pythium aphanidermatum and Fusarium 

solani, the latter genus being described as one of the main phytopathogens associated 

with cassava root rot in the state of Pernambuco. 

Hoffmann et al., (2015) reported that they had 80% control of Fusarium sp., using 

Trichoderma spp isolates. Da Silva et al., (2011); Pereira (2013) proved in his works a 

great level of inhibition of mycelial growth of F. solani by Trichoderma spp species. 

Souza et al., (2015) also had promising results with Fusarium sp., and Bipolaris sp., 

using the same biocontroller. Other studies by Bomfim et al., (2010); Dias (2011); 

Lazarotto et al., (2012); Santos et al., (2012); Marques et al., (2014), obtained 

promising results presenting good to excellent performance, with regard to inhibition of 

mycelial growth of phytopathogens tested by them. 

3.6 TRICHODERMA BIOCONTROL STRATEGIES 

The genus Trichoderma, belonging to the Fungi Kingdom, phylum Ascomycota, 

classes Eauscomycetes and Pyrenomycetes, order Hypocreales, family 

Hypocreaceae, genus Hypocrea (teleomorph). This fungus has great antagonistic 

potential and is often associated with suppressive soils. (MELO, 1991). According to 

Harman et al. (2004); Harman (2005), its use can offer other advantages: 
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decomposition of organic matter, competition with a deleterious microflora through the 

colonization of the rhizosphere, production of antibiosis and induction of resistance. 

Trichoderma species have already been documented for the control of various 

pathogens, such as Rhizoctonia solani Kühn, Sclerotium rolfsii Sacc., Sclerotina 

sclerotiorum (Lib.) by Bary, Fusarium spp. e Pythium spp. (MELO; AZEVEDO, 1998). 

Numerous species of Trichoderma, including T. harzianum Hifai, showed a high rate 

of parasitism and antagonistic activity for phytopathogens such as S. rolfsii, S. minor 

and S. sclerotiorum, R. solani and Pyricularia grisea Sacc. (ROLLAN et al., 1999; 

RONDÓN et al., 2007). 

According to Dos Santos (2010), the isolate of T. harzianum presented in vitro 

antagonism over the fungus S. rolfsii; being able to hyperparasitize the hyphae of the 

pathogen and compete for space and nutrient. Silva et al. (2013), working with isolates 

of Trichodema spp., as biological control agent of S. lignicola, observed that initially 

the isolate of Neoscytalidium sp. it was very promising when confronted with 

Trichoderma spp., but when they were found in the Petri dish, Trichoderma spp., 

superimposed the pathogen colony. By observing the region where the antagonist 

overlaps to phytopathogens, it was possible to notice a degradation of the hyphae of 

the pathogen by enzymatic action, since it was accurately distinguished only spores 

and hyphae from the antagonist. 

For Robbs (1992) and Barbosa; Meza (2009) the competition for food and antibiosis, 

are the mechanisms most frequently used by biocontrol agents, since reproduction and 

rapid colonization are attributes of organisms that use the available resources more 

efficiently and quickly, ensuring their survival. According to Ethur (2006), the 

competition is one of the main strategies of trichoderma sp. isolates, for this fact they 

are used as biocontrollers. 

The secretion of organic antibiotic substances (antibiosis), produced by 

microorganisms, which even in low concentration interfere in metabolic activities, 

inhibition or stoppage of growth and sporulation, reduction in spores germination, and 

distortions in hyphae and endolysis, whether specific or broad-aspected, are important 
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devices for the efficiency of antagonist organisms (LOBO JUNIOR; ABREU, 2000; 

BOMFIM, 2007; SOUZA, 2013). According to Claydon et al., (1987), antibiotics are 

products of secondary metabolism of their producers, and may be more important in 

inhibiting other organisms than competition for nutrients. Antibiosis has also been 

reported by several researchers as one of the mechanisms of action of Trichoderma 

species (BETTIOL, 1991; DIAS, 2011; CARVALHO FILHO, 2013). Gliotoxin, viridine 

and trichodermine are some of the substances produced by Trichoderma species 

capable of inhibiting the development of other fungi (Amorim et al., 2011). Ethur (2006) 

reported that gliotoxin was responsible for inhibiting the germination of spomangios 

and mycelial growth of Pythium ultimum. 

According to Bomfim et al., (2010) and Souza (2013), the biocontroller will be 

successful if it is able to degrade the cell wall (composed of carbohydrates, such as 

chitin), as well as proteins and lipids in significant amounts of the phytopathogen or 

interrupt the processes related to its synthesis. Therefore, the production of enzymes 

that hydrolyze the cell wall components of phytopathogens, particularly chitinases and 

glucanases, is a common feature in many biocontrol agents. Some representatives of 

the son-in-law Trichoderma are cited in works as an excellent producer of cellulase 

and chitinases, enzymes that degrade cellulose and chitin (MELO, 1991; HARMAN et 

al., 2004). 

Mycoparasitism, a situation in which the antagonist microorganism lives on or within 

the antagonized fungus, feeding and developing at its expense, is another important 

mechanism of action as an attribute of a good biocontroller. Mycoparasitism involves 

antibiosis and cannibalism caused by the action of hydrolytic enzymes, such as 

chitinases, glucanases, proteases and lipases, which cause the death of one of them 

that thus serves as food for the survivor (LOBO JUNIOR; ABREU, 2000; HARMAN, 

2000; BOMFIM, 2007; BARRA et al., 2008; ZUCCHI, 2010). 

Chitinases and β-1,3-glucanases are directly involved in the interactions of 

mycoparasitism between Trichoderma species and their hosts, due to the majority of 

phytopathogenic fungi possessing in their chitin cell wall, organized in regularly 

ordered layers and β-1,3-glucans arranged as a filling in amorphous manner. Chitinase 
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acts randomly and degrades the biological structures and components of fungal cells, 

releasing oligomers that induce exoquitinases, thus beginning the mycoparasitic 

attack, hydrolyzing the oligosaccharides of the phytopathogen cell wall. (GIESE et al., 

2003; MARCELLO, 2008; BAUERMEISTER et al., 2010). 

Melo (1996) reports that necrotrophic mycoparasitism is efficient in antagonism to 

phytopathogens, especially those with resistance structures considered difficult to be 

attacked by microorganisms, such as spros, sclerotia, chlamydospores and 

microsclerotia. Melo, melo. Azevedo (1998) states that Trichoderma sp. it has 

mycoparasite characteristics, because they can locate and detect phytopathogens, 

possibly by biochemical stimuli, grow towards hyphae of susceptible fungi, and when 

they come into contact, they form structures such as appressoriums, curl up, to their 

full extent, penetrate and digest them. The genus Trichoderma is undoubtedly an 

excellent microbial control agent, because it presents, in addition to the skills described 

above, essential characteristics, being: environmental impact and low or null, easy 

propagation (SPIEGEL; CHET, 1998), ability to survive in unfavorable environments, 

besides containing populations of pathogens living in the soil (VINALE et al., 2008). 

4. FINAL CONSIDERATIONS 

Interspecific ecological relations are events that occur at various levels in nature and 

are mostly made of demmonic forms, in the condition of relationship between 

microorganisms being competition, antibiosis and parasitism the most frequent. Thus 

disease-causing microorganisms in plants not only cause economic losses but evolve 

simultaneously, thus causing damage from the initial stage of crop development. 

Traditional methods of phytopathogen control have been used, the application of 

chemical pesticides and fungicides, has also been a very frequent form that cause 

major problems due to environmental impacts. 

One of the most promising ways to achieve a reduction in the use of these 

agrochemicals, or even a future substitution, biological control through the numerous 

biocontrollers such as fungi of the genus Trichoderma that are efficient and do not 

cause destructive environmental impacts. 
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