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RESUMO

As mudancgas climéticas tém um impacto significativo nos vegetais, representando
uma ameaca a seguranca alimentar global. O aumento das temperaturas, alteracoes
nos padrdes de precipitacdo e eventos climaticos extremos afetam negativamente o
crescimento, desenvolvimento e produtividade das plantas. O estresse hidrico
resultante de periodos prolongados de seca ou chuvas intensas e irregulares pode
prejudicar o suprimento de agua para as plantas, reduzindo assim a producédo de
alimentos. Além disso, as mudancas climaticas também podem favorecer o
surgimento de pragas e doencas mais agressivas, que comprometem a saude e
produtividade das culturas. Esses impactos combinados ameacam a disponibilidade
de alimentos, colocando em risco a seguranca alimentar global e destacando a
necessidade urgente de medidas de adaptacdo e mitigacdo das mudancas climaticas.
Para compreender e analisar como as mudancas climaticas afetam a fenologia das
espécies vegetais, as escalas fenolégicas sdo ferramentas importantes. Essas
escalas permitem observar e registrar as diferentes fases do desenvolvimento das
plantas ao longo do tempo, fornecendo informagdes valiosas sobre o ciclo de vida das
plantas e como ele pode ser influenciado pelas mudancas climaticas. As observacdes
fenolégicas de campo sao realizadas por meio de visitas regulares a areas de estudo,
nas quais sao registradas as datas e descri¢cdes das diferentes fases fenoldgicas das
plantas. Essas observacbes diretas oferecem informacOes detalhadas sobre a
ocorréncia e a duracdo de cada fase fenoldgica, além de identificar possiveis
alteracbes ao longo do tempo. No entanto, elas possuem limitacdes, como a
necessidade de visitas frequentes, o risco de variacdes individuais entre plantas e a
cobertura limitada de areas extensas. Para superar esses desafios, 0 sensoriamento
remoto tem se mostrado uma ferramenta eficiente. As observacdes fenoldgicas
baseadas em sensoriamento remoto utilizam imagens de satélite e sensores
especificos para monitorar as mudancas na vegetacdo ao longo do tempo. Essas
imagens capturam informacdes sobre a cor, textura e biomassa das plantas, que
podem ser usadas para identificar e caracterizar diferentes estagios fenolégicos. O
sensoriamento remoto oferece a vantagem de fornecer uma visdo abrangente e
continua de grandes areas, permitindo uma analise espacial e temporal mais precisa
das mudancas fenoldgicas. Além das observacdes fenologicas de campo e baseadas
em sensoriamento remoto, 0s experimentos manipulativos das respostas fenolégicas
as mudancas climaticas sao realizados em condi¢cfes controladas, onde as variaveis
ambientais sdo manipuladas para simular diferentes cenarios climaticos. Esses
experimentos permitem compreender como as plantas respondem a alteracdes nas
condicdes climaticas, como temperaturas mais elevadas, aumento da concentracao
de CO2 ou mudancas nos regimes de precipitacdo. Dessa forma, € possivel investigar
0S mecanismos subjacentes as respostas fenolégicas e prever como as plantas
podem se adaptar ou sofrer impactos diante das mudancas climaticas. Essas
diferentes abordagens - escalas fenoldgicas, observacfes de campo, observagdes



baseadas em sensoriamento remoto e experimentos manipulativos - sao
complementares e contribuem para uma compreensao mais completa das mudancas
na fenologia das espécies vegetais em resposta as mudancas climaticas. A integracao
dessas abordagens permite que cientistas e pesquisadores fornecam percepcoes e
entendimentos importantes para a tomada de decisbes em agricultura, conservagao
da biodiversidade e gestéo dos recursos naturais. Portanto, esta dissertagao objetivou
realizar um levantamento bibliografico dos efeitos dos fatores ambientais sobre as
propriedades fenologicas de espécies vegetais na perspectiva dos impactos das
mudancas climaticas, a fim de fornecer informacdes cruciais para a tomada de
decisdes em diferentes areas, como agricultura, conservacdo da biodiversidade e
gestao dos recursos naturais.

Palavras-chave: Crescimento; Desenvolvimento; Escala BBCH; Fisiologia; Cambio
Climético.



ABSTRACT

Climate change has a significant impact on vegetables, posing a threat to global food
security. Rising temperatures, changes in precipitation patterns and extreme weather
events negatively affect plant growth, development and productivity. Water stress
resulting from prolonged periods of drought or heavy, erratic rainfall can disrupt the
water supply to plants, thereby reducing food production. In addition, climate change
may also favor the emergence of more aggressive pests and diseases, which
compromise the health and productivity of crops. These impacts combined threaten
food availability, jeopardizing global food security and highlighting the urgent need for
climate change adaptation and mitigation measures. To understand and analyze how
climate change affects the phenology of plant species, phenological scales are
important tools. These scales make it possible to observe and record the different
stages of plant development over time, providing valuable information about the life
cycle of plants and how it can be influenced by climate change. Field phenological
observations are carried out through regular visits to study areas, in which the dates
and descriptions of the different phenological phases of the plants are recorded. These
direct observations provide detailed information about the occurrence and duration of
each phenological phase, in addition to identifying possible changes over time.
However, they have limitations, such as the need for frequent visits, the risk of
individual variations between plants and limited coverage of large areas. To overcome
these challenges, remote sensing has proven to be an efficient tool. Phenological
observations based on remote sensing use satellite images and specific sensors to
monitor changes in vegetation over time. These images capture information about
plant color, texture and biomass, which can be used to identify and characterize
different phenological stages. Remote sensing offers the advantage of providing a
comprehensive and continuous view of large areas, allowing for more accurate spatial
and temporal analysis of phenological changes. In addition to field and remote sensing-
based phenological observations, manipulative experiments of phenological
responses to climate change are performed under controlled conditions, where
environmental variables are manipulated to simulate different climate scenarios. These
experiments allow us to understand how plants respond to changes in climatic
conditions, such as higher temperatures, increased CO2 concentration or changes in
precipitation regimes. In this way, it is possible to investigate the mechanisms
underlying phenological responses and predict how plants can adapt or be impacted



by climate change. These different approaches - phenological scales, field
observations, observations based on remote sensing and manipulative experiments -
are complementary and contribute to a more complete understanding of changes in
the phenology of plant species in response to climate change. The integration of these
approaches allows scientists and researchers to provide important insights and
understandings for decision-making in agriculture, biodiversity conservation and
natural resource management. Therefore, this dissertation aimed to carry out a
bibliographic survey of the effects of environmental factors on the phenological
properties of plant species in the perspective of the impacts of climate change, in order
to provide crucial information for decision-making in different areas, such as
agriculture, biodiversity conservation and management of natural resources.

Keywords: Growth; Development; BBCH scale; Physiology; Climate Change.



	e38dd00bf9c8fc75a6a29cc0abaae302780561a1ed387f9af68f93013fa49743.pdf
	e38dd00bf9c8fc75a6a29cc0abaae302780561a1ed387f9af68f93013fa49743.pdf
	e38dd00bf9c8fc75a6a29cc0abaae302780561a1ed387f9af68f93013fa49743.pdf

