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Across forests, plantations, and urban landscapes worldwide, an increasingly subtle yet
alarming pattern of tree decline is being observed, where trees that once appeared
healthy gradually lose vitality through drying branch tips, thinning foliage, and progressive
crown dieback, often without obvious early warning signs. Unlike abrupt disturbances such
as storms or wildfires, dieback develops slowly and silently, complicating detection and
management, and has emerged as a growing global concern in forest health monitoring under
changing environmental conditions (Allen et al., 2015; Brodribb et al., 2020; McDowell et
al., 2020).

Tree dieback refers to the progressive death of twigs, branches, or shoots, typically
beginning at the outer crown and advancing inward, and represents not a single disease but a
complex condition arising from interactions among environmental stress, impaired tree
physiology, and opportunistic biotic agents. Fungi, insects, and abiotic stressors often act
together, weakening defense mechanisms and reducing recovery capacity, thereby making
diagnosis and management particularly challenging (Desprez-Loustau et al., 2006; Oliva et
al., 2014; Jactel et al., 2019). Increasing reports of decline across diverse ecosystems and
climatic regions have raised concerns regarding biodiversity conservation, carbon
sequestration, and long-term ecosystem stability, suggesting that dieback events are
symptomatic of broader environmental change rather than isolated occurrences (Anderegg et
al., 2015; Hartmann et al., 2018; Senf et al., 2020).

Climate change is widely recognized as a major driver intensifying dieback through
rising temperatures, prolonged droughts, irregular precipitation, and extreme weather events
that disrupt water transport, reduce photosynthetic efficiency, and weaken immune responses,
thereby predisposing trees to pest and pathogen attacks (Allen et al., 2010; McDowell et al.,
2011; Choat et al., 2018). As forests play a critical role in climate regulation, carbon storage,
biodiversity conservation, soil stabilization, and socio-economic wellbeing, increasing
dieback threatens both ecological integrity and human welfare (Trumbore et al., 2015; FAO,
2020; IPCC, 2022). This article examines the links between climate stress and tree dieback by
integrating perspectives from forest pathology and climate science, emphasizing the
importance of early detection, integrated disease management, and climate-resilient forestry
strategies to sustain forest health under accelerating environmental change (Seidl et al., 2017,
Anderegg et al., 2019).

Understanding Tree Dieback

Tree dieback is the gradual decline and death of twigs, branches, or shoots, usually starting at
the outer crown and moving inward toward the main stem. Unlike sudden mortality caused
by storms or fire, dieback develops slowly and indicates underlying physiological stress or
disease pressure. It occurs when trees cannot maintain normal growth and defense due to
environmental stress, pathogen infection, or their combined effects, making it a complex
syndrome rather than a single disease involving host vulnerability, environment, and
biological agents (Desprez-Loustau et al., 2006; Jactel et al., 2019; Brodribb et al., 2020).
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Early detection is critical for management. Key symptoms include twig and branch drying,
often beginning at shoot tips due to impaired water transport or drought-induced embolism
(Choat et al., 2018; McDowell et al., 2020). Crown thinning results from energy diversion
under chronic stress (Hartmann et al., 2018), while leaf discoloration, chlorosis, necrosis, and
premature leaf fall signal disrupted photosynthesis and nutrient imbalance (Anderegg et al.,
2015).

Concept of Tree Stress and Decline Syndrome: Tree dieback is frequently described as
part of a broader “decline syndrome,” where multiple stress factors interact over time.
Predisposing factors such as poor site conditions or climate stress weaken the tree; inciting
factors such as drought or extreme weather trigger physiological damage; and contributing
factors such as pathogens or insects accelerate decline. This multi-stage process highlights
why dieback rarely has a single cause and instead reflects complex ecological interactions.
Understanding this decline model helps forest managers design integrated approaches to
monitoring and mitigation (Desprez-Loustau et al., 2006; Allen et al., 2015).

Twig & Branch Crown Leaf Discoloration
Drying Thinning & Drop
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Fig 1. Different Symptoms of Tree Dieback

Climate Stressors Affecting Forest Health

Rising temperatures and heat stress place trees under significant physiological pressure (Fig
2) by increasing evapotranspiration, water loss, and metabolic demand. When temperatures
exceed optimal thresholds, photosynthesis declines, stomata close to conserve water, and
growth is reduced, weakening defense mechanisms and increasing vulnerability to pests and
pathogens (Allen et al., 2010; Choat et al., 2018; McDowell et al., 2020). Drought further
intensifies stress by limiting soil moisture, disrupting nutrient transport and carbon
assimilation, and causing hydraulic failure through xylem embolism, often leading to canopy
decline and mortality (Hartmann et al., 2018; Anderegg et al., 2015). Irregular rainfall
patterns create alternating drought and waterlogging conditions that impair root function and
increase susceptibility to pathogens (IPCC, 2022; Seidl et al., 2017). Extreme events such as
storms, frost, and floods cause mechanical and physiological damage, compounding chronic
stress (Allen et al., 2015; Senf et al., 2020). Urban heat island effects further exacerbate
thermal and water stress in city environments (Gillner et al., 2017; Pretzsch et al., 2017).

Rlson%_| emperatures | Extreme Climatic Events |
eat Stress

Cllmate Stressors
Affecting Forest Health

‘ Drought & Water Scarcity ' ‘ Irregular Rainfall Patterns | l Urban Fleat Island Effects '
U s o

Flg 2 Factors Affecting of Forest Health

FAgri Frticles ISSN: 2582-9882 Page 1090

Ear de e de e e Ao de o O e Lo e O Ao Lo de O e Lo 0o e e Ae de G de e de G e e de dv Oe Ao 1o 1o de O e e Ao to de D dr de 1o 1o de dv O O



parde de de de de Ao de Ao he Ao e Ae Ao Ao Ao e e A A e e A e A U U O O Or Up Ov dv dv dv g de de de Ao 1o e e dr Ov O de de de Ae Ae e e Or

Kousar and Bathula (2026) Agri Articles, 06(01): 1089-1094 (JAN-FEB, 2026)

Pathogens and Secondary Invaders

Interaction Between Climate Stress and Pathogens: Tree dieback usually results from
interactions between environmental stress and biological agents rather than a single cause.
Drought, high temperatures, and irregular rainfall weaken physiological functions and reduce
defensive capacity, enabling normally harmless fungi and insects to become aggressive
colonizers. Reduced production of defensive compounds and limited compartmentalization
allow pathogens to spread through vascular tissues, driving widespread decline (Desprez-
Loustau et al., 2006; Allen et al., 2015; Jactel et al., 2019).

Common Dieback-Associated Pathogens: Fungal genera such as Cytospora, Phomopsis,
Botryosphaeria, Fusarium, and Diplodia are commonly linked to dieback. These stress-
related pathogens cause cankers, vascular discoloration, and shoot death, acting as primary or
secondary invaders depending on host condition (Jactel et al., 2019; Brodribb et al., 2020).
Disease Triangle Explained: The disease triangle includes a susceptible host, virulent
pathogen, and favorable environment. Climate stress alters environmental conditions,
weakening hosts and promoting pathogen activity (Desprez-Loustau et al., 2006).
Stress-Induced Susceptibility: Environmental stress reduces carbohydrate reserves, disrupts
water transport, and weakens defenses, predisposing trees to opportunistic infections
(McDowell et al., 2011; Choat et al., 2018; Allen et al., 2015).

Ecological, Economic, and Social Impacts

Forest decline has significant ecological, economic, and (Fig.3) social impacts. Biodiversity
loss occurs through habitat disruption and weakened ecological interactions, reducing overall
ecosystem resilience (Seidl et al., 2017; Senf et al., 2020). Ecosystem services such as air,
water, and soil regulation decline, negatively affecting environmental stability and human
well-being (FAO, 2020; IPCC, 2022). Reduced carbon sequestration weakens climate
regulation functions and accelerates climate change feedback mechanisms (Allen et al., 2010;
Trumbore et al., 2015; McDowell et al., 2020). Economically, timber quality and
productivity decrease, increasing management costs and financial losses in the forestry sector
(Anderegg et al., 2015; Seidl et al., 2017). In urban areas, declining green spaces reduce
shade and cooling benefits, leading to higher heat exposure and public health risks (Gillner et
al., 2017; Pretzsch et al., 2017; IPCC, 2022).
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Monitoring, Early Detection, and Management

Regular monitoring and systematic surveys are essential for early detection and effective
management of tree dieback. Continuous observation helps identify early stress signals such
as canopy thinning, leaf discoloration, and twig drying, allowing timely interventions before
severe damage occurs. Early symptom identification, including reduced leaf size, premature
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leaf drop, crown thinning, cankers, or bark abnormalities, supports proactive disease
management and prevents large-scale decline (Seidl et al., 2017; Allen et al., 2015; Desprez-
Loustau et al., 2006; Hartmann et al., 2018). Integrated disease management combines
preventive and sustainable practices (Fig 4) rather than relying on a single control method.
Cultural practices such as proper spacing, suitable site selection, and matching species with
local climatic conditions improve tree resilience (Jactel et al., 2019). Sanitation pruning
reduces pathogen sources and disease spread (Oliva et al., 2014). Soil and water management
enhance root health and stress tolerance (Choat et al., 2018). Selecting climate-resilient
species and promoting biodiversity, along with biological control approaches, supports long-
term forest health and sustainable dieback management (Seidl et al., 2017; Jactel et al.,

2019).
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Fig. 4 Integrated Disease Management Practices

Role of Research and Technology

Advances in research and technology are transforming forest disease monitoring and
management. Remote sensing, drone-based surveys, and satellite imagery allow large-scale
assessment of canopy health and early detection (Fig 5) of stress signals. Molecular
diagnostic tools help identify pathogens accurately, enabling targeted interventions. Climate
modeling and data analytics also support predictive management by identifying high-risk
areas and forecasting disease outbreaks. Continued research is essential to understand the
complex interactions between climate stress, tree physiology, and pathogen dynamics,
helping to develop climate-smart forestry strategies for the future (Anderegg et al., 2019;
Brodribb et al., 2020).
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Fig.5
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Conclusion

Climate stress—induced tree dieback is an emerging global concern resulting from the
combined effects of rising temperatures, prolonged drought, irregular rainfall, extreme
climatic events, and opportunistic pathogens. As a complex decline syndrome, it reflects
interactions between environmental stress and weakened tree defense systems, leading to
biodiversity loss, reduced carbon sequestration, economic impacts on forestry, and increased
risks to human well-being. Strengthening early detection, regular monitoring, and integrated
disease management is essential to minimize damage. Promoting climate-resilient species,
sustainable forestry practices, and advanced monitoring technologies will be critical to
maintaining forest health under accelerating climate change.
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