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Impacto potencial da pesquisa

O presente trabalho teve como objetivo investigar os efeitos dos estresses
abidticos sobre os indices fisioldgicos e bioquimicos em plantas de tomate Micro-
Tom, associados ao uso de técnicas de machine learning, fornecendo bases
cientificas relevantes para o entendimento de suas respostas a condi¢des

adversas.

No que se refere ao Objetivo de Desenvolvimento Sustentavel (ODS) 2
(Fome Zero e Agricultura Sustentavel), o estudo contribui para a compreensao
das respostas dos sistemas antioxidantes enzimaticos e ndo enzimaticos das
plantas frente a estresses abiodticos, como deficiéncia hidrica, salinidade e
contaminagao por metais pesados. Esses conhecimentos auxiliam na tomada de

decisdo quanto ao manejo agricola sustentavel.

Em relagdo a ODS 13 (Agao Contra a Mudanga Global do Clima), a
pesquisa evidencia como as plantas de Micro-Tom respondem a cenarios de
mudancas ambientais extremas, destacando o potencial da utilizagdo de
modelos para prever impactos e orientar estratégias de mitigagdo frente aos

efeitos das mudancas climaticas.

Por fim, o trabalho também se alinha a ODS 9 (Industria, Inovagao e
Infraestrutura), ao promover a integragcado entre a agricultura e ferramentas
tecnologicas, como o machine learning, contribuindo para o desenvolvimento de
sistemas inteligentes de monitoramento e apoio a tomada de decisdo em tempo

real.



Potential Impact of the Research

The present study aimed to evaluate the effects of abiotic stresses on
physiological and biochemical indices in Micro-Tom tomato plants, integrating
machine learning approaches to provide robust scientific support for

understanding plant responses under adverse environmental conditions.

With regard to Sustainable Development Goal (SDG) 2 (Zero Hunger and
Sustainable Agriculture), this study advances the understanding of enzymatic and
non-enzymatic antioxidant defense mechanisms in plants subjected to abiotic
stresses, including water deficit, salinity, and heavy metal contamination. These
insights contribute to more informed decision-making in sustainable agricultural

management practices.

In relation to SDG 13 (Climate Action), the findings elucidate the responses
of Micro-Tom plants under extreme environmental scenarios, highlighting the
applicability of predictive modeling to anticipate stress-induced impacts and to

support the development of mitigation strategies addressing climate change.

Furthermore, the study aligns with SDG 9 (Industry, Innovation and
Infrastructure) by fostering the integration of agricultural systems with advanced
technological tools, such as machine learning, thereby contributing to the
development of intelligent monitoring frameworks and real-time decision-support

systems.
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CAP 1 INTRODUGAO GERAL

Esta tese constitui uma contribuicdo cientifica para a compreensdao da
resposta do sistema antioxidante de plantas micro-tom sob condigdes de estresses
abidticos. Considerando o atual cenario de mudancgas climaticas, antes previsto e
agora vivenciado, e a necessidade de compreender como as plantas reagem diante
desses desafios, esta pesquisa busca oferecer insights importantes para o
enfrentamento dessas adversidades. Os capitulos apresentados a seguir ttm como
objetivo facilitar a compreensao das contribuigdes cientificas deste trabalho e séo
resumidos brevemente abaixo.

No Capitulo 2, foi realizada uma revisdo sistematica da literatura com o
proposito de reunir e analisar estudos que abordam o uso de micro-tom em
pesquisas sobre estresses abidticos. Essa analise abrangente contemplou o periodo
de 1992 a 2024. Os artigos identificados nesse intervalo apresentam contribui¢cdes
relevantes ao demonstrar como diferentes tipos de estresse modulam a atividade
antioxidante das plantas, atuando na manutengao do equilibrio redox. Os estudos
selecionados foram rigorosamente avaliados segundo o protocolo PRISMA, com
foco nos componentes metodologicos das pesquisas incluidas. As percepgdes
resultantes dessa revisdo fortalecem o debate acerca da utilizagdo do Micro-Tom
como planta modelo para o estudo das respostas antioxidantes.

No Capitulo 3, propomos uma abordagem diferente para quantificagdo de
estresses abidticos em plantas de Micro-Tom. Para isso, utilizamos a arvore de
decisdo como modelo de classificacdo de estresses com base nos niveis de MDA e
peréxido de hidrogénio. A partir dos resultados das analises laboratoriais das
respostas antioxidantes e a classificagdo quanto as classes enquadradas. A
classificagdo dos niveis do estresse €& a ferramenta inicial para estudos que
busquem quantificar os limites de estresse suportados pelas plantas.

Por fim, o Capitulo 4, sintetiza os principais achados apresentados ao longo
da tese, articulando criticamente os resultados da revisdo sistematica e da
abordagem experimental com aprendizado de maquina. Esse capitulo discute as
contribuicdes cientificas do trabalho, suas implicacbes para o entendimento das
respostas antioxidantes do Micro-Tom frente a estresses abidticos e as limitagdes

metodoldgicas identificadas. Além disso, sdo apontadas perspectivas para pesquisas
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futuras, destacando o potencial da integragao entre fisiologia vegetal e inteligéncia
artificial como ferramenta promissora para o avanc¢o de estudos sobre tolerancia ao
estresse e para o desenvolvimento de estratégias mais eficientes de monitoramento

€ manejo em cenarios de mudangas climaticas.
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CAP 2 Approaches for Abiotic Stress-Mediated Modulation in Micro-Tom
Plants: A Systematic Review

Abstract

Abiotic stresses, directly impact plant physiology and growth. These effects are
modulated by the efficiency of antioxidant systems that regulate the balance between
reactive oxygen species production and scavenging. This systematic review
synthesizes current evidence on how these stresses influence the modulation of
antioxidant defenses in Micro-Tom, a widely adopted model genotype in plant
science. The review followed to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses protocol and utilized the Web of Science and Scopus
databases to identify relevant articles published from 1992 to 2024. Of the 108
initially identified studies, 25 met the inclusion criteria and were comprehensively
analyzed regarding their physiological and biochemical findings. This review provides
critical insights into the mechanisms underlying Micro-Tom's responses to abiotic
stresses, offering a foundation for strategies aimed at enhancing plant resilience
under adverse environmental conditions and optimizing production in sustainable

agricultural systems.

Keywords: Solanum lycopersicum L.; antioxidant metabolism; oxidative stress and

stress tolerance.
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Ti5108: Strigolactone Biosynthesis Inhibitor
Zn: Zinc

1 Introduction

Plants are dynamic organisms continuously exposed to environmental
adversities that compromise their growth, development, and yield (1). Abiotic stress
factors—such as fluctuations in light availability, nutrient deficiencies, toxic metal
accumulation, high salinity, and water scarcity, pose significant challenges to plant
homeostasis (2). These stressors often lead to excessive reactive oxygen species
(ROS) accumulation, causing damage to lipids, proteins, and nucleic acids, ultimately

resulting in metabolic dysfunction and, in severe cases, cell death (3).

To alleviate these deleterious effects, plants have evolved sophisticated
physiological and biochemical defense mechanisms, with the antioxidant system
playing a pivotal role in neutralizing ROS and maintaining cellular homeostasis (4).
This system comprises enzymatic antioxidants, such as superoxide dismutase (SOD,
EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), and peroxidases (POD, EC 1.11.1.7) (5),
as well as non-enzymatic antioxidants like ascorbate (AsA) and glutathione (GSH),
which synergistically confer protection against oxidative stress (6). Effective
regulation of these antioxidant responses is essential for plant acclimation to adverse

conditions and for maintaining cellular integrity.

Among the model species employed in stress physiology studies, tomato
(Solanum lycopersicum L.) is notable due to its agronomic importance and extensive
characterization in plant Science (7). Within this species, the Micro-Tom cultivar has
emerged as an ideal experimental model owing to its diminutive size, short life cycle,
fleshy fruits, and amenability to controlled environmental conditions, thus facilitating
detailed investigations of oxidative metabolism (8) and offerin distinctg advantages

over models such as Arabidopsis.

In this context, the present study systematically reviews the influence of abiotic
stresses on the modulation of the antioxidant system in Micro-Tom plants. By

applying the PRISMA protocol, this review ensures methodological rigor in the
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selection and analysis of studies, contributing to a deeper understanding of plant
tolerance mechanisms and supporting the development of strategies to improve crop

resilience in the face of climate change and increasing environmental stressors.



55

5. Conclusion

The decision tree model demonstrated robust performance in accurately
classifying the extreme classes (Low and High); however, it encountered limitations
in distinguishing between classes with closely proximate values (Low-Average and
High-Average). Increasing the sample size in future studies may further improve
model stability and enhance the discrimination of these transitional stress levels.

To strengthen the classification performance, integrating additional data, such
as root biochemical responses or measurements taken during flowering and fruiting
stages, may provide more comprehensive physiological signatures, as supported by
findings from comparative studies. Moreover, the use of ensemble learning
techniques, such as Random Forest or Gradient Boosting, could mitigate
classification errors by better capturing nonlinear patterns, particularly in cases where
class boundaries exhibit substantial overlap.

Expanding the applicability of this model to incorporate additional biomarkers or
other types of abiotic stress could open new research avenues and further strengthen
its predictive capacity. Such advancements would also enhance their practical
relevance, enabling the development of precision agriculture tools capable of
monitoring stress severity more accurately and guiding timely interventions to

mitigate plant stress under field conditions.
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