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Abstract

Among the most economically significant agricultural crops, the species of the Brassicaceae family stand out as one
of the most popular in human food. Cabbage leaf (Brassica oleracea var. acephala) is an essential ingredient in many
regional dishes and is an excellent nutritional source for children, young and old. However, Brazilian production has
been suffering from the incidence of pests and diseases that affect the crop, being the black rot of the cruciferous
(BRC), the main cause of economic losses of its producers. Given this context, the objective is to build a theoretical
framework by reviewing the literature on the agroecological management of BRC in cabbage leaf, based on the
contribution of scientific knowledge to the preservation of agrobiodiversity in rural and traditional family
communities.

Keywords: Phytotechnics; Black rot of crucifers; Biological control; Ecological management.

Resumo

Dentre as culturas agricolas de maior expressividade econbmica, as espécies da familia Brassicaceae destacam-se
como uma das mais populares na alimentacdo humana. A couve-manteiga (Brassica oleracea var. acephala) é um
ingrediente essencial em diversos pratos regionais, sendo uma excelente fonte nutricional para criangas, jovens e
idosos. Entretanto, a producéo brasileira vem sofrendo com a incidéncia de pragas e doengas que acometem a lavoura,
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sendo a podridao negra das cruciferas (PNC), a principal causa de perdas econdmicas de seus produtores. Diante deste
contexto, objetiva-se a construcdo de um arcabougo tedrico mediante revisdo de literatura sobre o manejo fitotécnico e
fitossanitario agroecoldgico de cultivares de couve comum, na premissa de agregar ao conhecimento cientifico
ecolégico na preservacao da agrobiodiversidade em comunidades familiares rurais e tradicionais.

Palavras-chave: Fitotecnia; Podriddo negra das cruciferas; Controle biolégico; Manejo ecoldgico.

Resumen

Entre los cultivos agricolas de mayor importancia econdmica, la especie de la familia Brassicaceae se destaca como
una de las méas populares en la alimentacion humana. La hoja de col (Brassica oleracea var. acephala) es un
ingrediente esencial en muchos platos regionales y es una excelente fuente nutricional para nifios, jévenes y mayores.
Sin embargo, la produccion brasilefia viene sufriendo la incidencia de plagas y enfermedades que afectan al cultivo,
siendo la podredumbre negra de las cruciferas (PNC), la principal causa de pérdidas econdmicas de sus productores.
Ante este contexto, el objetivo es construir un marco teérico mediante la revision de la literatura sobre el manejo
agroecologico de PNC en hoja de col, basado en el aporte del conocimiento cientifico a la preservacion de la
agrobiodiversidad en comunidades familiares rurales y tradicionales.

Palabras clave: Fitotecnia; Podredumbre negra de cruciferas; Control bioldgico, Manejo ecolégico.

1. Introdution

With high economic, sociocultural and political relevance for the country, horticulture drives the development of rural
and traditional communities (Avila, 2017), the generation of jobs and income (Gazolla & Schneider, 2017) and the provision of
quality food for consumption in schools, hospitals, restaurants and homes, contributing to the production chain and the supply
of basic necessities. However, in recent decades, phytosanitary problems have been the object of study in teaching and research
institutions in Brazil and the world, to the detriment of the incidence of pests and diseases that affect the most varied cultures,
whether of agricultural, zootechnical, pharmacological or forestry, responsible for numerous substantial losses in the Brazilian
agricultural sector.

Constituting one of the most important botanical families for rural family units, the Brassicaceae family (Cruciferae),
known for grouping conventional food species such as cabbage (Brassica oleracea var. Capitata), broccoli (B. oleracea var.
Italica), radish (Raphanus sativus), arugula (Eruca sativa), cauliflower (B. oleracea) and common cabbage (B. oleracea var.
Acephala)(Santos, 2000; Carvalho & Clemente, 2004), it is also used in popular medical systems, decorations and landscape
projects and in the production of vegetable oils and fats, used for food and bioenergetic purposes. However, some pathologies
such as spots, wilting, mosaics, rot and rust attract attention and care in their management before and after planting.

Among the most common bacterioses in crucifers, black rot crucifers (BRC), disseminated by the phytopathogen
Xanthomonas campestris pv. campestris (Pammel) Dowson (Xcc), stands out for the severity of its injuries, which can cause
leaf necrosis and in more severe cases, the total senescence of the plant (Maringoni, 1997; Bedendo, 2011).

Its main host is the common cabbage, a leafy with a mild climate with distribution throughout the national territory
and great acceptance by the consumer market, integrating the ranking of the 50 most commercialized vegetable species in the
country, according to data published by EMBRAPA in 2010.

Due to the increased use of agrochemicals in the management of crops and the scarcity of sustainable and ecological
interventions to promote plant growth and to control BRC and other plant diseases, biological control (biocontrol) appears in
an alternative way. use of biological agents (fungi, viruses, bacteria and nematodes) in crop phytotechnical and phytosanitary
management, generating less impact on the environment, maintaining the balance of agricultural systems and local
agrobiodiversity.

Therefore, the objective of this work was to develop a literature review on agroecological management by means of
bacterial endophytes to promote growth and resistance to BRC in cabbage leaf plants, as a technical-scientific contribution to
the preservation of Brazilian agrobiodiversity.
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2. Methodology

This article was developed according to the methodological principles of narrative review. The bibliographic survey
was carried out from scientific and informational materials now published on national and international official and periodical
documents on search platforms, as well as through specialized books through the use of keywords related to the object that
helped in the information filtering. complementary in the premise of building a theoretical framework that focuses on the
contextualization of the central research problem.

Marconi and Lakatos (2020) clarify that bibliographic research is a type of research that covers all bibliography made
public in relation to the subject matter of study, from single publications such as books, monographs, dissertations, theses and
articles in periodicals such as audiovisual materials and cartographic. This type of research tends to build a theoretical or
methodological framework that helps in future research as a way of consulting, guiding or confronting future results (Pereira et
al. 2018).

3. The Cabbage Leaf Crop

Cabbage leaf (Brassica oleraceae L. var. acephala) has its center of diversity pointed out by researchers to the
Mediterranean, Asia Minor and Western European Coast region (Balkaya & Yanmaz, 2005), primary ancestor wild kale. Its
introduction in Brazil took place from the entry of propagating material brought by Portuguese navigators during the colonial
period (Madeira et al., 2008).

These vegetable is a typical herbaceous with a mild or cold climate (between 16-22 °C), with an annual or biennial
cycle (Novo et al., 2010) and with an upright size, reaching approximately 40 to 120 cm in height, presenting simple leaves,
light green, long petiole, limbus and well-developed ribs and rosy phyllotaxis around its stem (Filgueira, 2013).

Currently, the species is one of the most popular in human food (Santos, 2000; Carvalho & Clemente, 2004),
consumed in its fresh form or as an ingredient in various dishes, such as juices, soups, salads and stews (Santos et al., 2017),
being a vegetable rich in proteins, carbohydrates, fibers, iron, phosphorus, sulfur, calcium, vitamins A, C and K, thiamine,
riboflavin, ascorbic acid and carotenoids (Filgueira, 2013), which they give it healing and anti-cancer properties (Moreno et al.,
2006), as well as preventive against ophthalmic and intestinal diseases (Lefsrud et al., 2007; Trani et al., 2015).

The culture has been maintained over the years by Brazilian family farming due to its easy of cultivation and
management, and it can be propagated through the "sexed" way, through the use of vigorous seeds or through the "asexual"
way, through the planting of healthy seedlings. In Brazil, the main method used by horticulturists is vegetative propagation,
with the formation of seedlings from the buds that appear in the leaf axils in most commercialized cultivars. Hybrid cabbages
do not produce sprouts, being propagated through seeds (Trani et al., 2015).

According to Trani et al. (2015), the use of 128-cell plastic trays is recommended for vegetative propagation, and
unconventional (alternative) materials such as plastic bags and newspapers (5 to 6 cm in diameter and 10 to 15 cm in height)
can also be used, with commercial substrate of pine, coconut fiber or soil rich in organic matter.

The preference for the consumer market is for flat leaf cultivars and old clones. These clones, more traditional in
Goias, Sdo Paulo and Minas Gerais are known, indistinctly, as “butter” type. There are dozens of these clones with wide
genetic variation. Seed producing companies have brought improved cultivars to the market, including some hybrids.
However, these cultivars do not have characteristics required by the consumer market. However, some of these hybrids
produce large, wavy and soft leaves, with good productivity (Filgueira, 2013).

Butter kale is considered to be rustic when compared to other crucifers, including nutritional requirements. Organic
fertilization helps to establish the culture, especially if it is carried out before transplantation, incorporated into the furrow. In
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poor soils it is recommended to apply boron (B), in the form of borax (Na:[B4Os(OH)4] - 8H20). In low or medium fertility
soils, it is recommended to apply macronutrients such as nitrogen (N), phosphorus (P) and potassium (K) in the furrow during
seedling transplantation (Filgueira, 2013).

Leaf kale, in general, does not usually present physiological anomalies, therefore, it can be seen symptoms of
deficiency of the molybdenum micronutrient (Mo) in the form of large holes in the leaf blade, quite similar to the damage
caused by caterpillars. In this case, it is recommended to apply the micronutrient in the form of sodium molybdate (Na;Mo00Q.)
(Filgueira, 2013).

The farmer, as an implanter and manager, must always be attentive in relation to climatic conditions and the specific
water need, since the water deficit causes the flabbiness of the plant cells, visually externalizing the wilting of the plant, being
able, together with the excessive sunstroke, causing drastic burns on leaves and buds, causing the death of cultivated plants and
partial or total loss of production (Trani et al., 2015).

In relation to irrigation, variables such as the rainy and growing season, crop cycle, soil type, slope of the land,
drainage capacity, daily water retention and daily sunshine are crucial for good crop planning. The irrigation systems that can
be adopted in the cultivation of cabbage are: furrows, by sprinkling, dripping and micro-sprinkling (Trani et al., 2015).
According to Filgueira (2013), the leaf kale/cabbage is highly demanding in water, and constant irrigation must be carried out,
with the sprinkler system being the most recommended for the crop, as itimprove leaf quality, as well as control aphids and
caterpillars. The level of useful water in the soil must be kept close to 100% of the field capacity.

In addition, it is recommended to carry out a mulch cover with rice husks, cereal stalks or dry grass. During the long
period of harvest, in order to stimulate the formation of new leaves on the main stem, it is advisable to prune and eliminate old
leaves (Filgueira, 2013). According to Trani et al. (2015), the use of plastic mulching is an excellent technique for weed
control, improving soil water retention and the conservation of native microbiota. However, if the farmer does not have the
possibility to make the investment, weed control is recommended by means of superficial weeding, in order to simply brush
the weeds, being careful not to cause damage to the roots.

Its planting, therefore, must be carried out in moist, but well-drained soil with good availability of organic matter (pH
between 5.5-6.5) (Filgueira, 2013; Trani et al., 2015), to avoid emergence of weeds in the area, in addition to injuries caused
by pests and diseases that can cause the decimation of culture in the field (Mathias & Melo, 2015). Spacing of 80 to 100 cm
between rows by 50 to 70 cm between plants is recommended (the vast majority of Brazilian farmers adopt cultivation in
single lines, however in some regions of Brazil you can find cultivation in double rows, with spacing 80 to 100 cm between
double lines and 40 to 50 cm between single lines), which may differ according to the type of cultivation, soil, topography and
specific characteristics of the cultivar adopted (Trani et al., 2015), where post-management planting is characterized as an
essential factor for the establishment of the stand and the success of the harvest, which ends 80-90 days after planting (Shingo
& Ventura, 2009).

The best method of harvesting is to "pull down" the well-developed leaves, breaking them at the point of insertion
with the stem, without leaving part of the petiole close to the stem. The most demanding consumer markets prefer sheets with a
size of 25 to 30 cm in length, large and lush, light colored, in the case of the Minas Gerais market, or dark colored, for Séo
Paulo consumers. (Filgueira, 2013).

Cultivated throughout Brazil, commercial production is concentrated in the south-central region of the country, where
an estimated area of 6,128 hectares of cultivated kale is estimated (Vilela & Luengo, 2017), with emphasis on the states of Sao
Paulo, Rio de Janeiro and Minas Gerais, largest production hubs of culture, respectively (Wruck et al., 2010).

In 2006, Brazil produced around 93,551 tonnes (t) of cabbage, with the Northeast being the second largest producer in
the country (19,700 t), behind only the Southeast region, which was responsible for the national production of 56,000 t.
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For the commercialization of vegetables, several physical and sensory attributes are evaluated by the producers and
their respective consumers, aspects that help to ensure the receptivity of the food by the market, such as appearance, size,
shape, brightness and color of the leaf (Novo et al ., 2010). However, some pests and diseases directly interfere with the quality
of the product, generating economic losses for the farmer and the consequent reduction in the quantity offered in markets,
supermarkets and open markets (Silva et al., 2019).

Among the main pests that cause imminent damage to cabbage leaf and other crucifers, the aphids (Brevicoryne
brassicae (Linnaeus, 1758)) and Myzus persicae (Sulzer, 1776) stand out; whitefly Bemisia tabaci (Genn., 1889); curuqueré
(Ascia monuste orseis (Latr., 1819); Crucifer moth (Plutella xylostella (L., 1875)); threaded (Agrotis epsilon) caterpillar
(Hufnagel, 1767); palm-spanner (Trichoplusia ni (Hueb., 1802)I and cabbage borer (Hellula phidilealis (Walker, 1859)) (Gallo
et al., 2002).

The main diseases that affect its cultivation are alternaria (Alternaria brassicae), fusariose (Fusarium oxysporum f.
Sp. Conglutinans); hernia of the crucifers (Plasmodiophora brassicae); downy mildew (Peronospora parasitica); soft rot
(Erwinia carotovora var. carotovoa) and black rot (Xanthomonas campestris pv. campestris) (ABCSEM, 2015; Trani et al.,
2015), this being the most important disease of brassica (Williams, 1980) and the main target phytopathological research on
cabbage culture (Wruck et al., 2010).

4. Etiological Agent of the Black Rot of Crucifers (BRC)

Bacteria of the genus Xanthomonas (from the Greek “xanthus” = yellow, “monas” = unit) (Bradbury, 1984) are
considered the most important group of plant pathogens of agricultural species (Leyns et al., 1984) when dealing with bacteria
(itis estimated that there are more than 100 plant pathogens combined in this genus) (Bedendo, 2011), with each existing plant
on the planet, at least one xanthomone as an etiologic agent of diseases, mainly in the aerial part (Marcuzzo, 2009).

In according to the phylogenetic classification, the genus Xanthomonas belongs to the phylum Proteobacteria, class
Gammaproteobacteria, and Xanthomonadales order, and the Xanthomonadaceae family (Dowson, 1939; Garrity & Holt,
2000), creplaced by 20 species (X. albilineans, X. arboricola, X. axonopodis, X. bromi, X. campestris, X. cassavae, X. codiaei,
X. cucurbitae, X. fragariae, X. hortorum, X. hyacinthi, X. melonis, X. oryzae, X. pisi, X. populi, X. sacchari, X. theicola, X.
translucens, X. vasicola e X. vesicatoria) (Takatsu, 2000).

Among that, the specie campestris, stand out like the most complex and with the higher number of patovares (pv.),
subdivided into approximately 140 (Bradbury, 1984), differing from injured host and tissue (Tessmann, 2002).

Since the beginning of the 20th century, the group has been the target of intense taxonomic and phylogenetic studies,
being described for the first time in 1921, as a pathogen in tomato cultivars (Solanum lycopersicum), and chili (Capsicum
spp.). However, the English phytopathologist Walter John Dowson, in 1939, proposed the reclassification of phytopathogenic
bacteria in four distinct genera: Bacterium (in 1953 the generic name started to be considered invalid, being the species
belonging to the same redistributed among the genera Pectobacterium and Erwinia), Pseudomonas and Xanthomonas
(Dowson, 1949; Garrett, 1981), where, the ability to provoke diseases and consequent damages in different cultures of
agronomic interest, made the study of this class of infectious microorganisms more in-depth and applied to solve problems in
the field (Leite Junior, 1990).

Lately, the genus has been responsible for countless losses in agricultural production worldwide (Quezado-Duval &
Lopes, 2010), due to diseases such as leaf spots (Marcolin et al., 2015), necrotic stem lesions , leaves and fruits (Aiello et al.,
2013), withered (Almeida et al., 2014), cancers (Moraes et al., 2011), among other symptoms, infecting a range of
approximately 400 plant species, such as rice (Oryza sativa), bean (Phaseolus vulgaris), grape (Vitis vinifera), mango

(Mangifera indica), passionfruit (Passiflora edulis), cassava (Manihot esculenta), cotton (Gossypium hirsutum), tomato
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(Solanum lycopersicum), potato (Solanum tuberosum), wheat (Triticum aestivum), neem (Azadirachta indica), citrus and
crucifers (Leyns et al., 1984).

The black rot of the crucifers (PNC), first described in 1889 (Maji & Nath, 2015), is a disease that affects species of
the Brassicaceae family, among them, the cabbage leaf (Maringoni, 1997). Caused by the bacterial phytopathogen
Xanthomonas campestris pv. campestris (Pammel) Dowson (Xcc), the BRC has generated considerable losses in the
productivity and health of the food consumed, where, it is estimated a 60% decrease in production due to the disease
(Dzhalilov & Tiwari, 1995).

In Brazil, bacteriosis has caused a reduction in the commercial value of the crop, with cases of incidence of the
disease throughout the national territory, mainly in the states of Amazonas, Amapa, Bahia, Goias, Pernambuco, Parana, Rio
Grande do Sul, Sergipe and the Federal District (Malavolta Junior et al., 2008).

Its etiologic agent is characterized as a yellowish, mobile and uniflagellate gram-negative (Elrod & Braun, 1947),
arranged in the form of bacilli (rod-like cell appearance), with aerobic respiratory metabolism and the formation of non-
sporogenic colonies of medium size (0.4-0.7 x 0.7-1.6 um), with a smooth, circular and shiny surface, with an optimal growth
temperature (incubation) between 28-30 °C (Andrade et al., 2005) and complex circular structure (Bradbury, 1984).

The main generic characteristic that differentiates this group of pathogens from the others is the synthesis of an
extracellular polysaccharide (EPS) (Sutherland, 1993) with a gummy (viscous) consistency (Pan et al., 2000), obtained during
the growth process bacterial in culture medium, called xanthomonadine (aryl-polyene-brominated) (Bradbury, 1986), popularly
known as xanthan gum, used by the food, agricultural, pharmaceutical, chemical and oil industries (Rosalam & England,
2006).

Xcc survives in soil and plant debris (in association or not), weeds, remaining diseased plants and propagation
materials, lodging inside or on its surface, acquiring an epiphytic characteristic.

Its dissemination can occur over short and long distances, through environmental interference, such as splashing
rainwater and irrigation by the incidence of strong winds or by interference from human action, through the transport of sick
seeds and seedlings or by using of infected tools during crop management, favoring the inoculation of bacteria in cabbage
plants (Maringoni, 1997).

After the penetration of the pathogen by hydatodes (leaf structures responsible for the secretion of excess water
through the gutation process, being the main portal of entry of the causal agent in crucifers) (Reis & Olivares, 2006), the
bacteria in suspension colonize the xylem vessels, causing the darkening of their tissues (vascular discoloration) (Hugouvieux
et al., 1998), inducing the development of cuneiform lesions on the leaf edges, as yellowish “V” shaped damage (main
characteristic symptom of species). In addition to this injury, other structural symptoms are expressed as underdevelopment,
wilt, necrosis, burning and premature leaf fall and rotting of infected plants (Maringoni, 1997; Bedendo, 2011).

Due to the vulnerability of vegetables to attack by the harmful agent, new management alternatives have been adopted
to facilitate the diagnosis and control of the BRC (Nufez, 2015). Producers are recommended to use propagating materials of
good origin and to disinfect machinery, equipment and utensils that can become vectors of the pathogen, infecting healthy
plants and spreading the disease. In addition to these practices, the use of resistant cultivars and hybrids (genetic control),
plowing in the planting area, the elimination of crop residues and crop rotation (cultural control), the heat treatment of seeds at
high temperatures (control physical) and the use of antagonistic microorganisms (biological control) (Maringoni, 1997), can

also help in reducing the severity of Xcc and in strengthening agroecological practices in family production.
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5. Agroecological Pratices from Crop Prodution

In the mid of 1970 years, a new model of agriculture was imposed in Brazil, aimed at increasing food production
through the implementation of new technologies in the national field, such as the use of pesticides, chemical fertilizers, hybrid
seeds, agricultural mechanization, among others (Barros, 2010), a process of rural modernization known worldwide as “Green
Revolution” (Tybusch & Martins, 2016).

However, despite the drastic increase in productivity in the short term, the Green Revolution caused numerous
political, social and environmental upheavals in the country, such as increased concentration of income and dependence on
production technologies, indebtedness of farmers and consequently the rural exodus , pollution and degradation of natural
resources and ecosystems, reduction of genetic diversity, in addition to inducing resistance to agrochemicals in different pests
and diseases (Serra et al., 2016).

Faced with this political-social scenario, a model of agricultural production contrary to that established by the
technological package emerges, through the adoption of sustainable agricultural and social practices, called Agroecology
(Mercadante & Almeida, 2019). “Alternative agriculture”, as it is also known, establishes human relations as one of the main
foundations of construction, in addition to respect for the work performed, the rational use of resources and the preservation of
genetic biodiversity and the local socio-cultural identity (Lima et al ., 2018), rescuing the social function of the land and the
values of community agriculture.

Green manure, crop rotation, the use of adapted propagules and Creole seeds, the sustainable management of water
and soil, the biomineralization of compounds, the application of biofertilizers and alternative pest and disease control are some
of the practices of agroecological management most widespread around the world (Zanuncio Junior et al., 2018), techniques,
which are appropriate as tools to raise awareness of the irrational use of synthetic resources that compromise the balance and
maintenance of agro-ecosystems and regional agrobiodiversity.

For exactly 10 years, Brazil has occupied the first position in the world ranking of consumption of artificial chemical
substances, such as herbicides, insecticides, bactericides, fungicides, nematicides, acaricides (Porto, 2018), being cabbage leaf,
one of the most common species contaminated by the excessive use of these molecules in the crop, together with chili
(Capsicum annuum), strawberries (Fragaria spp.), cucumbers (Cucumis sativus), lettuce (Lactuca sativa), carrots (Daucus
carota), pineapples (Ananas comosus), beet (Beta vulgaris), papaya (Carica papaya) and tomatoes (Solanum lycopersicum),
according to a list released by ANVISA in 2018.

In this context, the biocontrol of plant diseases is based on the introduction and management of agents called
antagonists, which play the role of controlling infectious organisms, aiming at reducing the activity of the causative agent in
the host, providing ecological and population balance in the host. agricultural system (Mathre, Cook & Callan, 1999).

The main antagonistic interactions between two species are antibiosis (ability to synthesize antibiotics), competition
(ability to occupy infection sites of the etiologic agent) and parasitism (ability to nourish themselves from other
microorganisms) (Bedendo, Massola Junior & Amorim, 2011).

The application of bacterial endophytes as biological control agents (BCA) is shown to be a promising tool in the
alternative control of phytodeseases, since in addition to cellular protection, these bacteria also help in the fixation of
atmospheric nitrogen (N2) (Boddey & Dobereiner, 1995), in the solubilization of inorganic phosphates (Silva et al., 2018) and
in the supply of nutrients, phytohormones and growth regulators (Silva et al., 2018), offering plant protection against
desiccation and attack by pests (biological control of insects) (Garcia et al., 2015) and diseases (antagonism to

phytopathogens), also acting as growth promoters (Azevedo, 1998; Montaldo, 2016).


http://dx.doi.org/10.33448/rsd-v10i2.12653

Research, Society and Development, v. 10, n. 2, e33810212653, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i2.12653

From the numerous symbiotic activities associated with endophytic bacteria, the mechanism of antagonism to plant
pathogens emerges to reduce the impacts caused by human interference in the environment (Bedendo et al., 2011), contrasting
the then model of land exploitation by Brazilian agribusiness.

6. Endophytic Bacteria: Biocontrolers Agents

During the evolutionary process, the plants developed mechanisms of adaptation to their habitat and evolved for their
survival (Peixoto Neto et al., 2004), in parallel, the microorganisms associated with these plants also suffered adaptations that
gave them tolerance to environments with low water availability and the ability to protect plants against certain environmental
adversities (Kavamura et al., 2013).

These microorganisms are classified as endophytic, as they inhabit the interior of plants, usually their aerial parts,
without causing damage to the host (Hallmann et al., 1997; Moreira & Siqueira, 2006), a characteristic that differs from micro-
phytopathogenic organisms (Azevedo, 1998), which cause damage to plants, being reflected in their organs or metabolism.

The first mention of the existence of endophytic bacteria and fungi occurred in 1866, with the studies of the German
scientist Heinrich Anton de Bary, who distinguished this class of microorganisms from plant pathogens. However, it was only
at the end of the 1970 years, when its pharmacological, biotechnological and plant growth promotion properties attracted the
attention of researchers worldwide, that studies and subsequent discoveries gained emphasis and notoriety in the scientific
community (Azevedo, 1998; Santos & Varavallo, 2011).

It is believed that all the plants on the planet have associated microorganisms (it is estimated that there are more than
1,000,000 different species), and a given plant may host more microbial species than others, indicating the great biodiversity of
fungi and endophytic bacteria on all continents (Petrini, 1991; Strobel & Daisy, 2003; Amatuzzi, 2014). This group is
classified according to its occurrence in a given host, where, the most frequently encountered species are classified as
dominant, in contrast, the most scarce (rare) species are called secondary (Azevedo, 1998).

The main ways of penetration of endophytic bacteria occur through the presence of natural openings (stomata,
nectaries, lenticels, hydatodes and floral openings) or wounds (injuries, broken trichomes, emergence of lateral roots and
wounds) (Reis & Olivares, 2006) because, unlike fungi, they do not have structures that allow direct penetration into their host,
such as appressors and enzymatic mechanisms, therefore requiring some “involuntary” opening to start the process of
colonizing plant tissues (Goodman, 1982).

The main genera of bacterial endophytes already described in the literature are Acetobacter, Acinetobacter,
Actinomyces, Agrobacterium, Azospirillum, Bacillus, Burkholderia, Curtobacterium, Pantoea, Pseudomonas, and
Xanthomonas (Hallmann et al., 1997; Peixoto Neto et al., 2002), found mainly in cotton (Gossypium hirsutum), potato
(Solanum tuberosum), beet (Beta vulgaris), common and sweet corn (Zea mays) and in several types of citrus (Azevedo, 1998).
This set of hosts forms the group of plant species with the highest number of associated bacteria reported to date.

Several authors report the success of using this class of endophytes in the control of phytopathogens, such as some
bacteria of the genus Erwinia (soy symbionts), commonly used for the control of Pseudomonas syringae pv. glycinea, the
etiological agent of the “bacterial burning of soy” (Volksch et al., 1992); the endophyte Bacillus pumilus, which in a study by
Nicole Benhamou in 1996, promoted the induction of resistance in microbiolized pea plants (Pisum sativum) to Fusarium
oxysporum f. sp. pisi, stimulating physiological defense mechanisms against the spread of the pathogen in the host's plant cells;
in rice culture (Oryza sativa), numerous associated strains showed antifungal properties against Guamannomyces graminis,
Heterobasidium annosum, Pythium myriotylum and Rhizoctonia solani, infectious microorganisms of agricultural and forest
species (Mukhopadhyay et al., 1996), with more examples in literature that reinforce the efficiency of biological control of

plant diseases by endophytic bacteria.
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All these mechanisms of action (direct and indirect) help in the success of production, providing the establishment,
protection and development of the most different agricultural cultures in the world (Peixoto Neto et al., 2002; Luz et al., 2006).

7. Endophytic Bacteria: Plant Growth Promoters

Endophytic microorganisms have the potential to promote growth for several cultivable species (Aradjo et al., 2019).
Melo et al. (2015) found in arugula plants that isolates of actinomycetes promoted an increase in agronomic variables such as
height, number of leaves, diameter of the stem, phytomass and dry matter, in addition to promoting resistance to attack by
pathogenic microorganisms throughout the plant structure. This growth promotion can happen through numerous ways, one of
which is the antagonistic power to phytopathogens or the production of phytohormones. Several authors have reported the
efficiency of actinomycetes in the control of pathogenic microorganisms. Castillo-Fabela et al. (2001) found the efficiency of
actinomycetes antagonistic to Rhizoctonia solani.

The examples of endophytic bacteria that have the capacity to promote growth are diverse in the literature, including
common food species such as tomatoes (Bashan et al., 1989), lettuce (Freitas et al., 2003), arugula (Melo et al. , 2015),
sugarcane (Montaldo, 2016), passion fruit (Silva et al., 2018; Silva et al., 2019), among others.

This growth promotion in the receiving plant may be the result of several ecological, biological and physiological
mechanisms, such as: biocontrol by competition for nutrients with causal agents (Silva et al., 2015); phytohormone production,
such as auxin (Bianco et al., 2006), ethylene (Glick et al., 1995), cytokinins and growth regulators (Silva et al., 2018); also by
increasing the availability of nutrients by fixing atmospheric nitrogen (Antoun et al., 1998), or even by solubilizing inorganic
phosphates (Silva et al., 2018).

According to Venieraki et al. (2010), these microorganisms mobilize insoluble inorganic phosphates, from a mineral
matrix of the soil, so that they can be absorbed by the plant's root system, nourishing it. This activity, therefore, reduces the pH
of the soil. Manjula and Podile (2005), when studying the growth promotion caused by Bacillus subtilis, found that the main
benefits of inoculation would be the increase in nitrogen fixation, the solubilization of nutrients, the synthesis of
phytohormones and subsequent physical-chemical improvements in the soil. In addition, there was an increase in resistance to
stresses and environmental interventions and against the activity of injury-promoting organisms.

Drought tolerance, one of the most studied mechanisms for promoting plant growth by teaching and research
institutions, occurs through various mechanisms of cell protection, such as the production of exopolysaccharides (EPS)
(Nocker et al., 2012) and the formation biofilm (Silva et al., 2019).

Exopolysaccharides (EPS) are defined as extracellular polysaccharides that are found attached to the surface of cells
or excreted into the medium (Seesuriyachan et al., 2012). The production of EPS by microorganisms in direct interaction with
plants, helps the survival of the plant under conditions of extreme stress, such as in situations of water scarcity or restriction,
high salinity and by considerable temperature variations According to Barreto et al. (2011), EPS provide free life to the
bacteria, allowing adherence and microbial colonization on solid surfaces, the involvement of cell membranes against
desiccation and the fixation of nutrients close to the bacteria.

In contrast, biofilm is defined as a biological matrix with bacterial populations adhering to each other, which is
composed of extracellular carbohydrates, proteins and even DNAs (Montaldo, 2016). According to Boari et al. (2009), biofilm
is another mechanism of tolerance to water stress, consisting of bacterial communities surrounded by substances exuded by the
bacteria themselves, being free when released from the bacterial community, with the advantage of protecting against external
aggressions, such as the lack of nutrients and to desiccation.

The endophyte-plant relationship can help in the success of production in the field, both for its mechanism of growth

promotion, as well as for the protection offered against pests and phytopathogens and the abiotic effects that can cause certain
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stresses to the plant. Therefore, the use of these microorganisms in agriculture, can be considered an ecological and sustainable
tool for the farmer to replace or decrease the use of chemical products in the crops and thus guarantee a clean, renewable and
sustainable production, without compromising the health of the food produced and consumed, finally, bringing more health
and quality of life to the table of the worker and his family.

8. Conclusion

Still inexpressive, research and scientific contributions are initial and introductory in relation to other hardwoods
(lettuce, cabbage and arugula) and other agricultural crops of greater economic significance (sugar cane, corn and soy), with
data restriction. updated production and information on species-specific sustainable management, a major obstacle to mapping
and taking strategies to establish agroecological cultivation of leaf kale as an effective source of income for family farming,

rescuing the function of the land in preserving agrobiodiversity and native and adapted genetic resources.
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