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1. Introducio Geral

A utilizagdo de florestas plantadas como alternativa a exploragdo de florestas
nativas tem se consolidado como estratégia vidvel para suprir a crescente demanda por
madeira e produtos florestais, a0 mesmo tempo que contribui para a preservagao
ambiental (Aguayo et al., 2024; Sanquetta et al., 2020). O setor florestal brasileiro
consolida-se como lider global na exporta¢dao de celulose, com um movimento de US$
12,7 bilhdes na balanca comercial (IBA, 2024), sublinhando sua proeminéncia no
comércio exterior e a competitividade da cadeia produtiva florestal do pais. A silvicultura
brasileira possui 10 milhdes de hectares de florestas plantadas (IBA, 2025) e gera cerca
de 2,9 milhdes de empregos direto e indireto (IBA, 2025). O setor preserva 7 milhdes de
hectares de florestas nativas, (IBA, 2025), estocando o equivalente a 4,92 toneladas de
didxido de carbono (tCOzeq) (IBA, 2024), contribuindo com a sustentabilidade e pela

provisdo de servigos ecossistémicos cruciais (Teixeira; Rodrigues, 2021).

A regido amazodnica ¢ conhecida pela sua biodiversidade. Estima-se que a mesma
abrigue cerca de 1.941 espécies de cipds, evidenciando sua expressiva representatividade
nesse bioma (Nascimento et al., 2023). O termo cip6 refere-se, de forma geral, a plantas
de caule ou raizes flexiveis, que crescem apoiadas em outras plantas ou ficam penduradas
na vegetacdo (Gerolamo, 2024). Dentre as plantas daninhas presentes em florestas
plantadas, temos os cip6ds. As plantas daninhas, sdo plantas nativas ou nao, consideradas

indesejaveis presentes em plantios comerciais (Wu et al., 2025).

Para assegurar a produtividade e a sustentabilidade dos sistemas florestais, ¢
imprescindivel o manejo eficiente de fatores biodticos limitantes, como pragas, doencas e
plantas daninhas. Elas competem por agua, luz e nutrientes, impactam negativamente o
crescimento e a qualidade da madeira, e elevarem os custos operacionais (Tiburcio, 2012;
Ferrari et al., 2022). A presenca de cipds aumenta o risco das operacdes de colheita da
madeira, uma vez que as copas das arvores ficam interligadas, impedindo o
direcionamento da queda da arvore cortada (Silva, 2013). Além disso, aumentam a chance
de riscos de incéndio devido a sua biomassa (Corticeiro et al., 2023). Nesse cenario,
destaca-se Adenocalymma impressum, um cip6é de crescimento ascendente que tem

provocado prejuizos econdmicos significativos em plantios comerciais de Eucalyptus

spp.
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Tradicionalmente, o controle de espécies daninhas tem sido realizado por meio da
aplicagdo intensiva de herbicidas quimicos, cuja eficacia pode ser comprometida pela
resisténcia de alguns biotipos, além de representar riscos ambientais € a saide humana
(Kole et al., 2019). Os ingredientes utilizados como herbicidas mais comercializados no
Brasil em 2023 foram: Glifosato e seus sais, 2,4-D, Atrazina, S-metolacloro, Glufosinato,
sal de amonio,e Dibrometo de Diquate (Ibama, 2023). Atualmente 273 espécies de plantas
daninhas apresentam algum tipo de resisténcia, em contrapartida, somente uma molécula
quimica foi langada no mercado nos ultimos anos (Montull et al., 2023). Nos plantios de
eucalipto A. impressum ¢ controlado mecanicamente através da rogada e quimicamente.
Entretanto, esse controle ndo tem obtido éxito devido a mao de obra e tempo que
encarecem o procedimento. A rocada tem propagado a distribui¢do espacial do cip6 e o

controle mecanico ndo esta sendo efetivo.

Nesse contexto, o controle bioldgico desponta como uma abordagem promissora,
oferecendo uma alternativa sustentdvel e de menor impacto ambiental ao uso de
defensivos quimicos. O potencial do controle bioldgico de plantas daninhas por meio do
uso de fungos fitopatogénicos tem sido objeto de diversas investigagdes. Estudos
demonstraram a eficacia do fungo Cercospora aff. canescens Ellis & G. Martin como um
agente de biocontrole em espécies do género Ipomoea (Nechet; Halfeld, 2019).
Adicionalmente, o fungo Nigrospora sphaerica foi identificado como um fitopatégeno
promissor para o manejo do capim-bufalo (Cenchrus ciliaris) (Salvatore et al., 2024).
Pesquisas complementares também exploraram a utilizagao de outros géneros fungicos,
incluindo Bipolaris, Fusarium, Curvularia, Exserohilum e Alternaria, visando o controle
do capim-pé-de-galinha (Eleusine indica) (Fabbris et al., 2025). Tais evidéncias reforgam
a relevancia e a viabilidade do desenvolvimento de bio-herbicidas para o controle de

plantas daninhas.

O controle bioldgico de plantas daninhas, ao integrar-se as praticas de manejo
florestal sustentavel, fortalece o compromisso do setor com a inovacao tecnoldgica e com
a adocao de solugdes ecologicamente responsaveis (Pessoa; Souza; Loureiro, 2020). Tais
praticas sdo coerentes com os principios da sustentabilidade e atendem as exigéncias de
um modelo produtivo que alia conservacdo ambiental, viabilidade econdmica e

responsabilidade social (Duke, 2024; IBA, 2023).
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O controle bioldgico de plantas daninhas visando o desenvolvimento de um bio-
herbicida para uma determinada espécie-alvo na silvicultura nunca foi abordado no
Brasil. Mediante ao cenario de extensa area ocupada e a ineficiéncia no controle mecanico
e quimico da planta daninha A. impressum, este trabalho tem como objetivo prospectar
fungos fitopatogénicos para o controle biologico desta planta e selecionar os melhores
isolados para testes subsequentes. Logo, essa dissertagdo esta dividida em dois capitulos.
Capitulo 1: Prospeccao de fungos fitopatogénicos para o controle bioldgico do cipd preto
Adenocalymma impressum (rusby) Sandwith e sua diversidade espacial. Capitulo 2: Teste

de agressividade de isolados fingicos no controle de Adenocalymma impressum.
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Capitulo 1

Spatial distribution and phytopathogenic fungal diversity of black liana (Adenocalymma

impressum) with implications for biological control in Eucalyptus plantations
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Spatial distribution and phytopathogenic fungal diversity of black liana
(Adenocalymma impressum) with implications for biological control in Eucalyptus
plantations

Abstract

The black liana (Adenocalymma impressum) poses a significant challenge to commercial
Eucalyptus plantations in the eastern Amazon owing to its rapid growth and resistance to
conventional herbicide-based control. This study aimed to prospect and characterize
phytopathogenic fungi associated with A. impressum for potential use in biological
control. Fungal isolates were collected from symptomatic plants in Maranhao, Brazil,
resulting in 124 isolates, of which 24 were pathogenic. Among these, Lasiodiplodia
theobromae SC-35 exhibited rapid symptom development, extensive tissue colonization,
and host specificity, while remaining nonpathogenic to eucalyptus clones. Environmental
factors, including temperature and native forest remnants, influenced fungal diversity and
aggressiveness. These findings demonstrate the potential of SC-35 as candidate for
development of a sustainable and effective bioherbicide for managing black liana,
highlighting the value of endemic phytopathogens in integrated forest weed management

strategies.

Key-word: Bioherbicide, Endemic fungi, Tropical Forest, Host specificity, Integrated
weed management

1. Introduction
In Brazil, approximately 4,146 liana species have been catalogued, of which 1,941

occur in the Amazon region (Nascimento et al., 2023). These plants exhibit a scandent
growth habit, primarily using trees to reach light, with or without establishing parasitic
relationships with their hosts (Nascimento et al., 2022). Predominantly found in tropical
forests, they comprise a diverse plant group belonging to different botanical families, such
as Bignoniaceae, Smilacaceae, Menispermaceae, Passifloraceae, and Cucurbitaceae

(Flora do Brasil, 2020).

Although lianas perform important ecological functions, such as increasing forest
structural heterogeneity and influencing successional dynamics, these species may
become problematic in forested areas, particularly along forest edges. Several weed
species are commonly found in commercial forest plantations, including Urochloa

plantaginea, Digitaria horizontalis, Panicum maximum, Urochloa decumbens,
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Echinochloa spp., Imperata brasiliensis, Ipomoea spp. and Pteridium aquilinum (Ferreira
et al., 2010). The coexistence of eucalyptus and weeds for a single year may result in a

reduction of up to 70% in the mean tree diameter (Alencar et al., 2021).

Among the liana species occurring in the Amazon biome, the black liana (Adenocalymma
impressum (Rusby) Sandwith) stands out. Although native, it has become one of the major
constraints to commercial eucalyptus production in the state Maranhdo, Brazil and

livestock farming in the state of Mato Grosso (Horn et al., 2017).

Black liana is distributed across South America, with a higher occurrence in Brazil,
particularly in the North and Northeast regions (GBIF, 2023). It is an endemic species
present in the Caatinga, Atlantic Forest and Amazon biomes (Fonseca, s.n.; GBIF, 2023).
It exhibits a lianescent growth habit, enabling it to reach the forest canopy and entwine
tree branches, thereby compromising not only the development of forest species but also
operational safety and harvesting efficiency in eucalyptus plantations. By hindering
mechanization and altering tree-fall predictability, this species increases production costs

and raises the risk of accidents in the forest.

Chemical control has been employed as the sole management strategy to date; however,
it has shown limited effectiveness. Additionally, subsequent mechanical control is
required for the physical removal of black liana from eucalyptus plants, in which the liana
is manually uprooted and removed before harvesting operations. This practice is costly,

impractical on a large scale and poses risks to worker health and the environment.

In this context, biological control has emerged as a promising, sustainable, cost-effective,
and environmentally responsible alternative for black liana management. Two main
approaches exist for the use of phytopathogens as biological control agents of weeds: the
classical (or inoculative) method, which involves introducing a natural pathogen of the
target plant from its center of origin into a new area of plant distribution to reestablish
ecological balance and the inundative method based on using of bioherbicide, which
involver, which involves the use of endemic phytopathogenic fungi already associated
with the target plant, mass-produced, formulated and applied similarly to a chemical

herbicide.

Although well established in agriculture, biological control in forestry is still in its early
stages. The need for research in this area is underscored by the magnitude of the forestry

sector in Brazil, which comprises approximately 8.1 million hectares of eucalyptus
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plantations (IBA, 2025). The state of Maranhdo contains 290,846 hectares of eucalyptus

plantations, has approximately 64,000 hectares infested with black liana.

To develop more effective management strategies, it is essential to characterize infested
areas and understand the environmental and biological factors that favor the occurrence
of’black liana. Thus, understanding the dynamics of black liana within the forestry context
extends beyond a simple management issue; it represents a challenge involving the
integration of conservation, production, and sustainability. By adopting the inundative
control tactic, it becomes possible to exploit fungi already present in the plant's

ecosystem, optimizing their performance as biological control agents.

In this context, the prospecting of phytopathogenic fungi allowed the identification of a
promising isolate (SC-35), characterized by its rapid response in just 48 hours and the
severity of its foliar symptoms. Because of this, complementary experiments were carried

out to further understand its synergy with the host plant.

This study aimed to collect and identify phytopathogenic fungi from eucalyptus spp.
stands in the state of Maranhdo with potential for use in the biological control of A.

impresum and to characterize their geographic distribution.

2. Material and Methods

2.1 Characterization of the Collection Area
Fungal specimens were collected in the municipalities of Sao Pedro da Agua Branca and
Vila Nova dos Martirios, both located in the state of Maranhdo, Brazil. Sampling was

conducted in Eucalyptus spp. Stands.

The state is characterized by an annual rainfall of approximately 1,500 mm and a mean
temperature ranging from 24 to 29 °C (Azevedo et al., 2021) (Figure 1). Maranhdo lies
within a transitional zone between the Amazonian humid and northeastern semi-arid
climates (Correia Filho et al., 2011). According to the Koppen—Geiger climate
classification (1928), the regional climate is classified as Aw, characterized by rainy

summers and dry winters (Figure 1).
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The western portion of the state, located within the Amazon biome, comprises plateau

areas with elevations close to 200 m and extensive plains with altitudes below this level

(Correia Filho et al., 2011). The soils are predominantly classified as Yellow Oxisols,

Red-Yellow Ultisols, and Alluvial Soils (Correia Filho et al., 2011). (Figure 1).

Caption
Collection points Data source: National Institute of Meteorology, Shuttle Radar
[ Maranhlo Topography Mission (SRTM). Geodetic reference: SIRGAS2000
“""“;’““”““"‘ s e Collection points in the municipalities of Sdo Pedro de Agua
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Figure 1. Climatic variables of the state of Maranhdo. Temperature, precipitation, and

altitude variables are presented. Collection sites are indicated by yellow circles.

2.2 Characterization of black liana occurrence in Eucalyptus spp. stands

Adenocalymma impressum occurs in approximately 64,000 hectares of Eucalyptus spp.
plantations in the state of Maranhdo, Brazil. (Figure 2). Additional information on the
global occurrence of this species was obtained from the Global Biodiversity Information

Facility (GBIF, 2023), which highlights its broad geographic distribution.
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Figure 2. Distribution of black liana (Adenocalymma impressum).

2.3 Prospecting of phytopathogenic fungal isolates
The prospecting of fungal isolates involved the collection of symptomatic Adenocalymma

impressum plants at seven sampling sites within eucalyptus plantations on May 21st, 2024
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(Table 1 and Figure 4). Leaves exhibiting necrotic symptoms (Figure 3) were collected
and transported for processing at the Laboratério de Microbiologia e Fitopatologia
(LAMIF), Universidade Federal de Uberlandia, Monte Carmelo Campus, Minas Gerais,

Brazil.

The collected plant material was dried between newspaper sheets using a botanical press.
Subsequently, direct and indirect isolation procedures were performed according to

Alfenas and Mafia (2016).

Figure 3. Representative leaf spot symptoms observed on black liana (Adenocalymma

impressum).
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Figure 4. Geographic locations of sampling sites in Maranhao State, Brazil.

Table 1. Geographic coordinates of sampling sites in the municipality of Imperatriz,

Maranhao, Brazil.

COLLECTION . . COLLECTI?N
Latitude Longitude 61
POINTS DATE

1 -5.133927 -48.161996 21/05/24362
2 -5.135190 -48.163743 21/05/2463
3 -5.134132 -48.163767 21/0524, .,

4 -5.132892 -48.173680 21/05/24
365

5 -5.132424 -48.178652 21/05/24
6 -5.150965 _48.293476 21/05/24°%°
7 -5.151149 -48.298073 21/05/2867

2.4 Preservation of Isolates
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The fungal isolates were preserved in 2 mL cryogenic tubes containing autoclaved
distilled water and stored at room temperature until use. Additionally, isolates were

preserved in 10% glycerol solution and stored in an ultra-low temperature freezer at —80

°C.
2.5 Black lianas seedlings

The black liana seedlings were ordered from a nursery located in the region where the
black liana infestation is occurring, situated in Imperatriz do Maranhao, Maranhao,

Brazil.

2.6 Pathogenicity test
Inoculation was performed by placing a 6.0 mm mycelial disc on both surfaces of each
leaf of three black liana plants. The plants were then incubated in a moist chamber (above
90% relative humidity) for 48 h. After this period, the first assessment was conducted,
and the inoculated plants were transferred to a greenhouse, where they were monitored

daily for 15 days to observe symptom development.

The control consisted of three plants inoculated with discs containing only PDA medium
without fungal material. Subsequently, re-isolation was performed to complete Koch’s
postulates. The selection of pathogens was based on fungi that caused symptoms in the

black liana.

2.7 Inoculation of Lasiodiplodia theobromae (SC-35) on stem and root of black
liana (Adenocalymma impressum) (Promising Isolate)

For the stem inoculation test, three black liana seedlings with two to three pairs of leaves
were used in each treatment. Small wounds were made on the stems of the seedlings using
a syringe, followed by inoculation with a mycelial disc of the SC-35 isolate at each
wound. The controls consisted of three plants with wounds inoculated with PDA discs
without fungal material. The mycelial discs were wrapped in cotton moistened with
autoclaved distilled water and covered with plastic wrap for 48 h, creating a humid
environment conducive to fungal penetration. After this period, the seedlings were

monitored for one month.
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For the root inoculation assay, three seedlings were assigned to each of the following

treatments:
1. Wounded roots + fungal inoculation (treatment 1)
2. Non-wounded roots + fungal inoculation (treatment 2)
3. Wounded roots without fungal inoculation (treatment 3 / control 1)
4. Non-wounded roots without fungal inoculation (treatment 4 / control 2)

The root wounds were created by making a cut at the apical portion of the root using a
scalpel. Eight Erlenmeyer flasks containing Potato Dextrose (PD) liquid medium were
sterilized. Five mycelial discs of the SC-35 isolate were added to each flask and incubated
on a shaker at 180 rpm for 7 days. After incubation, the resulting mycelial suspension
was homogenized in a blender for 1 min. The liana roots were immersed in the mycelial
suspension for 10 min and evaluated 30 days post-inoculation. Root assessment involved

performing a 3-cm longitudinal cut to examine the presence of dark root lesions.

2.8 Pathogenicity test of phytopathogenic isolates on black liana in Eucalyptus

sp. clones

The pathogenicity test on Eucalyptus sp. was conducted using four clones from Suzano:
Suzano 1, Suzano 2, Suzano 3, and Suzano 4. Twenty-four isolates previously identified
as pathogenic to black liana were evaluated, including: Phoma spp. (SCNI-12, SCNI-34),
Lasiodiplodia theobromae (SC-35, SCNI-17, SCNI-18, SCNI-67), Fusarium spp. (SC-
17, SC-19, SCNI-24, SCNI-46, SCNI-48, SCNI-73), Rhizoctonia sp. (SC-1), Curvularia
sp. (SCNI-53), Cladosporium spp. (SCNI-26, SCNI-62, SCNI-74), and unidentified fungi
(SCNI-15, SCNI-22, SCNI-38, SCNI-39, SCNI-52, SCNI-54, SCNI-77).

The test was conducted by inoculating mycelial discs following the same protocol
described for the black liana pathogenicity assay (Section 2.6). This procedure is essential
to ensure that the selected isolates can be safely used in biological control strategies

without causing harm to commercial Eucalyptus sp. plantations.
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2.9 Inoculation of L. theobromae (SC-35) on the stems and roots of Eucalyptus
sp.

For the stem and root assays, four Eucalyptus sp. clones (Suzano 1-4) were used in the
study. For the stem experiment, wounds were made on the stem of each plant (replicate)
using a hypodermic syringe. A mycelial disc of the L. theobromae SC-35 isolate was
placed in contact with each wound, then wrapped with cotton moistened with autoclaved
distilled water and covered with plastic wrap for 48 h, creating a humid environment to

facilitate fungal infection.

For the root pathogenicity assay, the apical portion of the roots of three plants was cut.
The controls consisted of three plants without root wounding. The mycelial suspension

was prepared following the procedure described in Section 2.6.2.

2.10 Spatial distribution of pathogenic fungi isolates obtained from black

liana (A. impressum)

The spatial distribution of the genera Curvularia spp., Phoma spp., Lasiodiplodia spp.,
and Fusarium spp. was mapped using data obtained from GBIF. The selection of these

taxa is justified by the fact that they have demonstrated pathogenicity to black liana.

3. Results

A total of 124 fungal isolates were obtained from direct and indirect isolations. The
isolates belong to the following genera: Alternaria spp. (8), Aspergillus sp. (1), Bipolaris
spp. (2), Cercospora spp. (4), Cladosporium spp. (5), Colletotrichum spp. (3),
Corynespora spp. (3), Curvularia spp. (4), Dreschslera sp. (1), Fusarium spp. (34),
Lasiodiplodia theobromae (4), and Periconia sp. (1), Phoma spp. (3), Rhizoctonia spp.
(3), and 49 unidentified fungi (49).

Among these, 24 isolates were considered pathogenic, including Phoma spp. (SCNI-12,
SCNI-34), Lasiodiplodia theobromae (SC-35, SCNI-17, SCNI-18, SCNI-67), Fusarium
spp. (SC-17, SC-19, SCNI-24, SCNI-46, SCNI-48, SCNI-73), Rhizoctonia sp. (SC-1),
Curvularia sp. (SCNI-53), Cladosporium spp. (SCNI-26, SCNI-62, SCNI-74), and
unidentified fungi (SCNI-15, SCNI-22, SCNI-38, SCNI-39, SCNI-52, SCNI-54, SCNI-
77).
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Regarding the time to infection, eight isolates stood out (Figure 5), as necrotic leaf spots
were observed 48 h post-inoculation: SCNI-15 (unidentified), SCNI-17 and SCNI-18
(Lasiodiplodia theobromae), SCNI-46 (Fusarium sp.), SCNI-52 (unidentified), SCNI-53
(Curvularia sp.), SCNI-62 (Cladosporium sp.), and SCNI-77 (unidentified), followed by
SC-35 (Lasiodiplodia theobromae).
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465  Figure 5. Leaf necrosis symptoms caused by different fungal isolates. A. SCNI-77. B.

466  SCNI-62. C. SCNI-53 D. SCNI-52 E. SCNI-18 F. SCNI-46 G. SCNI-17 H. SC-35.



467  The SC-35 isolate (L. theobromae) was distinguished from the others by severe leaf and

468  stem necrosis occurring within 48 h (Figure 7G). The same symptoms were observed in

469  all three replicates, indicating a consistent pattern.
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Figure 6. Spatial distribution of pathogenic fungi isolates obtained from black liana (4.

472 impressum).
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Figure 7. Inoculation of L. theobromae (SC-35) in black liana (Adenocalymma
impressum). The witness refers to the green plant, and the necrotic plant is the one

inoculated by the pathogen.

Lasiodiplodia theobromae (SC-35) was pathogenic to the roots of A. impressum, with
symptom development occurring 30 days post-inoculation. Damage was characterized by

internal root necrosis (Figure 8).
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Figure 8. Inoculation of L. theobromae (SC-35) on the roots of black liana (4.

impressum). A. Adenocalymma impressum root (control on the left and inoculated with
necrosis on the right). B. Root cortex darkened by the action of L. theobromae. C. Control
root of A. impressum (without fungal inoculation). D. Necrotic root of A. impressum

caused by L. theobromae.

Among the 24 isolates inoculated on Eucalyptus sp. clones (Suzano 1, Suzano 2, Suzano
3, and Suzano 4), only Phoma sp. (SCNI-34) induced leaf necrosis, and its pathogenicity
was confirmed through re-isolation (Figure 9). Consequently, this isolate was excluded

from the subsequent tests.
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Figure 9. Inoculation of Phoma sp. (SCNI-34) on Eucalyptus sp. leaves. (A-B) Leaves
of Eucalyptus sp. showing necrosis caused by Phoma sp. (SCNI-34).

The SC-35 isolate of L. theobromae demonstrated the absence of pathogenicity in
Eucalyptus spp. clones (Figure 10). Evaluations were conducted over 30-day period

following inoculation, encompassing both root and stem tissues.

Figure 10. Stem and root inoculation of L. theobromae (SC-35) in Eucalyptus sp. A-C.

Absence of symptoms in Eucalyptus sp. roots. D. Absence of symptoms in Eucalyptus

sp. stems.
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4. Discussion
The increasing incidence of Adenocalymma impressum in Eucalyptus plantations in the
eastern Amazon represents a significant silvicultural challenge, particularly because of its
tolerance to conventional chemical control strategies. The present study provides the first
comprehensive assessment of the spatial distribution of the phytopathogenic fungal
diversity associated with this liana in Maranhao State, highlighting the occurrence of

multiple fungal genera with potential for biological control for this target.

In recent years, interest in commercial bioherbicides in Brazil has increased, with major
multinational companies investing in the search for pathogens targeting some weed
species in agricultural systems, driven largely by the growing concern over herbicide-

resistant biotypes with certain active ingredients (Croplife brasil, 2025).

However, these efforts have not encompassed liana species. The prospection of
microorganisms constitutes the initial and fundamental step toward the development of
sustainable management alternatives for 4. impressum in commercial Eucalyptus spp.

plantations.

Among the 124 fungal isolates, 24 demonstrated pathogenicity toward 4. impressum, with
Lasiodiplodia theobromae SC-35 emerging as the most promising candidate. This isolate
exhibited rapid symptom development within 48 h, showing extensive colonization of
host tissues and high specificity to the target species, while remaining non-pathogenic to
eucalyptus clones (figure 7, 8). The rapid onset of necrosis distinguishes SC-35 from other
isolates, suggesting an efficient mechanism for host infection and potential superiority as

a bioherbicidal agent.

Lasiodiplodia is a cosmopolitan genus, with the highest number of scientific reports
concentrated in tropical regions (Figure 6). It is considered an opportunistic
phytopathogen that requires wounds and/or physiologically stressed plants to penetrate
host tissues and induce disease symptoms (Lima, 2013). This genus comprises aggressive
and economically important pathogens that affect several tropical fruit crops, including

mango, cacao, grapevine, and citrus (Ko et al., 2023; Piattino et al., 2024).

The observed specificity of SC-35 aligns with the characteristics of commercial
bioherbicides such as Di-Bak®, which employs Neoscytalidium novaehollandiae,
Lasiodiplodia pseudotheobromae, and Macrophomina phaseolina to control invasive

species such as Parkinsonia aculeata (Morin, 2020). This species is estimated to be
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invasive over approximately 3.3 million hectares in Australia (Galea, 2021). However,
unlike agricultural weeds, lianas in forest ecosystems present unique challenges,
including vertical growth, complex interactions with host trees, and the presence of
heterogeneous microenvironments. Therefore, the successful application of SC-35 in
forestry systems represents a novel extension of phytopathogen-based weed management,

combining efficacy and ecological safety.

The high diversity of fungal isolates identified in this study underscores the importance
of endemic phytopathogens as regulators of plant population dynamics. Isolates adapted
to local edaphoclimatic conditions, such as SC-35, are more likely to survive and remain
effective under field conditions than are exogenous pathogens. This adaptation is
particularly relevant given the mean annual temperature of 28 °C in the sampled
municipalities, which favors tropical phytopathogens capable of rapid growth and

sporulation at high temperatures (Mshelia et al., 2020).

This thermal sensitivity establishes competitive dynamics among fungal species,
provided that water availability is not limited (Miller, 2008). Therefore, the climatic
profile of the sampled areas not only enables the occurrence of diverse fungal taxa but
also acts as a determinant of the diversity and aggressiveness of the identified isolates,
reinforcing their adaptive potential for management applications in regions with similar

climatic conditions.

Environmental factors, such as temperature and native vegetation, play a decisive role in
fungal distribution and aggressiveness. Remnants of native forests in the collection areas
likely provided thermal regulation and consistent relative humidity, creating favorable
microclimates for fungal establishment. Additionally, the physiological status of A.
impressum plants, often stressed or mechanically damaged, facilitates infection by
opportunistic pathogens such as Lasiodiplodia. These insights highlight the importance
of integrating ecological understanding into the timing and methodology of SC-35

application in the field.

The potential application of SC-35 in integrated management strategies could reduce the
reliance on chemical herbicides and costly mechanical removal, thereby lowering
operational costs and environmental impacts. As part of an integrated weed management
program, SC-35 can complement existing cultural practices by targeting both foliar and

root tissues to maximize control efficacy. Furthermore, the rapid symptom development
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and host specificity suggest that SC-35 may provide reliable suppression of 4. impressum

without affecting commercially valuable eucalyptus species.

In conclusion, this study demonstrates the feasibility of utilizing endemic phytopathogens
for the biological control of black liana in commercial Eucalyptus plantations. The SC-
35 isolate of Lasiodiplodia theobromae exhibits strong potential as a targeted, effective,
and environmentally safe agent, representing a promising step toward sustainable forest-
weed management. By leveraging local fungal diversity and ecological conditions, SC-
35 may serve as the foundation for the first bioherbicide specifically developed for
forestry systems. Future research should focus on large-scale field trials, long-term
ecological impacts, optimization of mass production of SC-35 and formulation
optimization to ensure efficacy, safety and practical applicability in diverse forestry

systems.
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Capitulo 2

Teste preliminar de agressividade de isolados fungicos para o controle de

Adenocalymma impressum
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1. Resumo

Este estudo investiga o potencial de fungos fitopatogénicos como agentes de controle
bioldgico da planta daninha Adenocalymma impressum (cipo-preto) em plantios de
Eucalyptus sp. no Maranhdo. A espécie ¢ nativa da Amazonia, mas tornou-se um desafio
silvicultural critico, elevando custos operacionais € comprometendo a seguranga na
colheita mecanizada devido a interferéncia na queda das arvores e a sua resisténcia a
herbicidas quimicos convencionais. A metodologia consistiu na coleta de plantas
sintomadticas no campo, resultando no isolamento de 124 microrganismos. Apos testes
iniciais de patogenicidade no hospedeiro e avaliagdes de especificidade em quatro clones
de eucalipto (visando descartar patdgenos que afetassem a cultura de interesse), 23
isolados foram selecionados. Estes foram submetidos a ensaios de agressividade
preliminar utilizando suspensao micelial aplicada via pincelamento. Os resultados
revelaram oito isolados altamente agressivos, pertencentes aos géneros Lasiodiplodia sp.
(4 isolados), Corynespora sp. (1), Fusarium sp. (1), Bipolaris sp. (1) e Nigrospora sp.
(1). O género Lasiodiplodia, em particular, é sustentado pela literatura e por um produto
comercial existente (Di-Bark®) como um agente de biocontrole promissor. O estudo
concluiu que os isolados selecionados possuem viabilidade técnica para o
desenvolvimento de bioherbicidas, sugerindo etapas futuras de padronizagio de biomassa
fingica e testes de compatibilidade com herbicidas comerciais (Topinan, Outliner e

Scout) para integracao ao manejo florestal sustentavel.

Palavras chaves: Controle biologico. Sustentabilidade. Agressividade. Suspensdo

micelial.

2. Introducao

A espécie Adenocalymma impressum (Bignoniaceae), conhecida como cip6 preto €
uma planta de habito lianescente nativa do bioma Amazonico (Flora do Brasil, 2020).
Como espécie nativa, A. impressum tem se destacado diante do avanco da silvicultura nas
regides Norte e Nordeste do Brasil, ocupando cerca de 600.000 hectares de eucalipto e
representado um desafio de controle silvicultural, uma vez que sua presencga nos talhdes
interfere diretamente no manejo operacional e na eficiéncia das atividades de campo

(Silva, 2013). Sua presenca nos talhdes tem elevado os custos operacionais, além de
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implicar em alerta para a seguranca dos operadores de colheita, uma vez que sua presenca,

impede o direcionamento da queda das arvores colhidas (Silva, 2013).

Tradicionalmente, o controle de espécies daninhas tem sido realizado por meio da
aplicagdo intensiva de herbicidas quimicos, cuja eficacia pode ser comprometida pela
resisténcia de alguns biotipos, além de representar riscos ambientais e a saide humana
(Kole et al., 2019). Atualmente 273 espécies de plantas daninhas apresentam algum tipo
de resisténcia (Montull ef al., 2023). E o controle manual tém facilitado a dispersdo dessa

planta j& que a mesma possui propagacao vegetativa efetiva.

Neste cendrio, o controle bioldgico surge como uma alternativa promissora para o
manejo na silvicultura. Historicamente, os registros dessa pratica no setor florestal
remontam ao inicio do século XX, com a introdu¢do de predadores para o controle de
Eriococcus coriaceus em plantios de eucalipto na Nova Zelandia, além do uso de
parasitoides de ovos contra o besouro Gonipterus scutellatus (Barbosa et al., 2021). No
Brasil, essa estratégia consolidou-se no combate a lepidopteros desfolhadores (Zanuncio
et al., 2006) e, mais recentemente, no manejo do percevejo-bronzeado (Thaumastocoris
peregrinus) por meio da introdugdo do parasitoide Cleruchoides noackae (Hymenoptera:

Mymaridae) (Barbosa et al., 2021).

Outro exemplo de sucesso € o uso de Selitrichodes neseri (Hymenoptera: Eulophidae)
para o controle da vespa-da-gala, Leptocybe invasa (Barbosa et al., 2021). Contudo,
apesar do avango no controle de insetos-praga, observa-se uma escassez de estudos
voltados especificamente ao controle bioldgico de plantas daninhas em areas florestais,
evidenciando a necessidade de pesquisas que explorem o potencial de agentes

patogénicos.

Diante do exposto, o objetivo deste trabalho foi avaliar a agressividade de 23 isolados
de fungos fitopatogénicos obtidos de A. impressum. Os testes seguiram o principio do
controle bioldgico inundativo, visando determinar o potencial desses agentes no controle

da referida planta daninha.
3. Material e métodos

3.1 Caracterizacao da area de estudo
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A coleta de individuos de cip6 preto com sintomas de doengas ocorreu no estado do
Maranhdo. No Laboratério de Microbiologia e Fitopatologia da Universidade Federal de
Uberlandia (UFU/Campus Monte Carmelo), procedeu-se ao isolamento direto e indireto
dos microrganismos, seguindo a metodologia de Alfenas e Mafia (2016). Foram obtidos
124 isolados, (item 2.2) os quais foram submetidos a testes de patogenicidade no cip6
hospedeiro utilizando o método de disco de micélio (Fabbris et al., 2025).

Os isolados patogénicos ao cip6d foram, em seguida, testados em quatro clones de
Eucalyptus sp. (clones A, B, C e D) para verificar a especificidade. Aqueles que
apresentaram patogenicidade ao eucalipto foram descartados. Ao final desta etapa,
selecionou-se 23 isolados para a avaliagdo de agressividade ao cipd, conforme detalhado

na metodologia do item 2.3.

3.2 Isolados utilizados

Os isolados coletados foram prospectados como potenciais agentes de controle
bioldgico da planta daninha Adenocalymma impressum. Ao todo, foram identificados 124
isolados distribuidos entre diferentes géneros flngicos: Alternaria spp. (8), Aspergillus
sp. (1), Bipolaris spp. (2), Cercospora spp. (4), Cladosporium spp. (5), Coelomycete sp.
(1), Colletotrichum spp. (3), Corynespora spp. (3), Curvularia spp. (4), Dreschslera sp.
(1), Fusarium spp. (34), Lasiodiplodia spp. (3), Phoma spp. (3), Rhizoctonia spp. (3),
Periconia sp. (1), Phaeodidymum sp. (1), Phaeophragmum sp. (1) e 45 isolados ndo
identificados. Nigrospora sp. (1)

3.3 Teste de agressividade preliminar

O teste de agressividade consistiu na selecao visual dos isolados que promoveram
sintomas mais severos em plantas de cipd-preto em menor intervalo de tempo. Os isolados
previamente selecionados foram submetidos ao ensaio de agressividade utilizando
suspensdo micelial para as inoculagdes. Para tal, cada isolado foi cultivado em meio
liquido Batata-Dextrose (BD) e incubado em agitador orbital (shaker) a 180 rpm, por um
periodo de sete dias. Posteriormente, a suspensdo obtida foi homogeneizada com auxilio
de mixer, sendo adicionados 100 pL. de Tween para cada 100 mL de suspensao, a fim de
reduzir a tensdo superficial da suspensdo. A aplicagdo das suspensdes nas plantas foi
realizada com auxilio de pincel. As plantas foram avaliadas visualmente durante sete dias

consecutivos e registradas fotograficamente (Figura 1).
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Figura 1: Ilustracdo esquematica do teste preliminar de agressividade. Fonte: Autores

(2026).

4. Resultados
Dos 23 isolados testados, oito foram agressivos para o cip6 (Figura 2). Os isolados
foram Lasiodiplodia sp. (SCNI67, SC-35, SCNI-17, SCNI-18), Corynespora sp. (SCNI-
52), Fusarium sp. (SCNI-48), Bipolaris sp. (SCNI-74), Nigrospora sp. (SCNI-77).
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Figura 2. A) Lasiodiplodia sp. (SCNI67). B) Lasiodiplodia sp., (SC-35). C) Lasiodiplodia
sp. (SCNI-17). D) Lasiodiplodia sp., (SCNI-18). E) Corynespora sp. (SCNI-52), F)
Fusarium sp. (SCNI-48), G) Bipolaris sp. (SCNI-74), H) Nigrospora sp. (SCNI-77).
Fonte: Autora: 2026.



945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978

Com base nesses resultados, procederemos ao novo teste de agressividade, que
envolvera a padronizacdo da concentragdo da suspensdo micelial dos oito isolados. A
etapa subsequente consistira na remoc¢do do sobrenadante e na calibracdo da biomassa
fungica. Adicionalmente, sera realizado um ensaio de compatibilidade entre os isolados
e os herbicidas utilizados pela empresa Suzano (Topinan, Outliner e Scout), visando

avaliar a viabilidade da aplicagdo conjunta desses agentes no manejo do cipd-preto.

5. Discussio

Diante do crescimento demografico global, estima-se que a popula¢ao mundial atinja
9,7 bilhdes de pessoas em 2050 (United Nations, 2019). Esse cendrio impde o desafio de
atender as crescentes demandas por alimentos e produtos madeireiros, tornando
imperativa a busca por herbicidas sustentdveis que minimizem danos ambientais (Deng,
2022). No setor de silvicultura, hd uma lacuna critica de pesquisas voltadas ao controle
de plantas daninhas, especialmente para a espécie Adenocalymma impressum, para a qual
ndo existem produtos registrados no mercado. Nesse contexto, esta pesquisa oferece uma
contribuicdo inédita e por meio de testes de agressividade, foi possivel realizar uma
selecdo criteriosa de 23 isolados fungicos, afunilando-os para os oito mais promissores
que dardo continuidade a futuros experimentos.

O género Lasiodiplodia (familia Botryosphaeriaceae) destaca-se como um importante
patdgeno agricola (Ko et al., 2026), com viruléncia comprovada em diversas culturas,
como a videira (Correia et al., 2016) e variedades de citros, incluindo as tangerinas
Satsuma, Ponkan e Nanfeng, além da laranja-agticar (Chen et al., 2021). A viabilidade
desse género como bioherbicida ja é corroborada pelo produto comercial Di-Bark®, cuja
formulagdo contém as espécies Lasiodiplodia pseudotheobromae, Neoscytalidium
novaehollandiae e Macrophomina phaseolina (Morin, 2020; Fabbris, 2025). Registrado
na Australia desde 2018 para o controle da invasora Parkinsonia aculeata, o Di-Bark®
valida o uso de Lasiodiplodia sp. como agente de biocontrole (Morin, 2020). Assim, 0s
resultados aqui obtidos ndo apenas demonstram a eficacia do isolado sobre o cipo-preto,
mas também refor¢am a viabilidade técnica e comercial de futuros produtos biologicos
para areas de cultivo de Eucalyptus sp.

Outro microrganismo de interesse ¢ Corynespora sp., um fungo endofitico (Kubayi
et al., 2025) da familia Ascomycota. Embora relatado como causador de desfolha em
seringueiras (Yang et al., 2022) e mancha-alvo em pepinos, sua biologia apresenta

particularidades relevantes, como a mutagdo G143 A na proteina citocromo b (Cyt b), que
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confere resisténcia a fungicidas Qol (Li et al., 2021). Além do potencial patogénico, este
fungo possui propriedades antimicrobianas e enzimas capazes de degradar componentes
estruturais de materiais lignoceluldsicos, apresentando aplicacdes na biossintese de
compostos e remogao de corantes industriais (Kubayi et al., 2025).

O género Fusarium, por sua vez, ¢ reconhecido como o maior produtor de
micotoxinas, como zearalenona, fumonisinas e beauvericina (Podgorska-Kryszczuk;
Solarska; Kordowska-Wiater, 2022). Apesar de ser um competidor agressivo em diversas
culturas, possui alto potencial para o biocontrole devido a sua especificidade e
sobrevivéncia saprofitica no solo (Sharma; Marques, 2018). Estudos demonstram, por
exemplo, a eficacia de F. incarnatum no controle da cochonilha Dactylopius opuntiae
quando associado a extratos de Ricinus communis e Poincianella pyramidalis (Santos et
al., 2016).

Complementarmente, o género Bipolaris engloba mais de 100 espécies conhecidas
por causar doencas em gramineas, como manchas foliares e podriddes radiculares
(Bengyella et al., 2018). Recentemente, observou-se que metabolitos extraidos de
Bipolaris cookei inibiram a germinag¢do de Amaranthus retroflexus (Li et al., 2024),
evidenciando seu potencial herbicida. Por fim, o género endofitico Nigrospora também
demonstra relevancia biotecnologica. O cultivo consorciado de Nigrospora oryzae com
Beauveria bassiana resultou na descoberta de azaphilonas, substincias com atividade
antiflingica seletiva e potencial inibidor de 6xido nitrico (Zhang et al., 2018). A anélise
conjunta desses géneros Lasiodiplodia sp., Fusarium sp., Nigrospora sp. € Bipolaris sp.,

fundamenta a estratégia de selecao de agentes bioldgicos para o controle de 4. impressum.
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Conclusées gerais

O isolado SC-35 (Lasiodiplodia theobromae) consolidou-se como o candidato ideal para
o desenvolvimento de um bioherbicida, apresentando necrose severa em apenas 48 horas
apos a inoculagdo.

Além da agressividade foliar, este fungo demonstrou patogenicidade radicular, causando
necrose interna nos tecidos das raizes da liana ap6s 30 dias.

A pesquisa confirmou a especificidade de hospedeiro dos isolados mais promissores. O
SC-35, embora letal para a cipd, demonstrou total auséncia de sintomas em quatro clones
diferentes de Eucalyptus sp., garantindo seguranga para as plantagdes comerciais.

O isolado SCNI-34 (Phoma sp.) foi descartado como agente de controle por ter induzido
necrose nas folhas de eucalipto durante os testes.

A partir de uma biblioteca inicial de 124 isolados, o estudo afunilou a sele¢ao para os 8
agentes mais agressivos, pertencentes aos géneros Lasiodiplodia sp., Corynespora sp.,
Fusarium sp., Bipolaris sp. e Nigrospora sp.

O uso de suspensdo micelial aplicada via pincelamento provou ser um método eficaz para
avaliar a agressividade preliminar desses patogenos.

Os resultados reforcam que o uso de fitopatdgenos endémicos adaptados as condi¢des
climaticas locais (como as altas temperaturas do Maranhdo) aumenta as chances de
sucesso do biocontrole em condi¢des de campo.

A integracdo desses agentes bioldgicos pode reduzir a dependéncia de herbicidas
quimicos (aos quais a liana ja apresenta resisténcia) e diminuir os altos custos e riscos da

remog¢ao mecanica manual.



