
Impact & Insights Note
June 2025

Inherited stress resilience in tree seedlings

A growing body of research shows that trees can pass on adaptive traits to their offspring based on the
environmental stresses they experience. Understanding how parental environments affect seedling resilience
can help promote healthier, more adaptive forests. 

Headlines

Progeny of trees exposed to elevated CO  show different growth phenotypes. 2

Experiments at the Free Air CO₂ Enrichment (FACE) facilities have revealed contrasting
effects of elevated atmospheric CO₂ on the progeny of different tree species. At these
sites, oak (Quercus robur) and hazel (Corylus avellana) trees were exposed to elevated
CO₂ (eCO2) concentrations that are expected by 2050. 

In oaks, acorns collected from eCO₂ conditions were larger, and their seedlings
exhibited both faster growth and improved resistance to powdery mildew. However,
these benefits were only observed when acorn production was abundant (mast years),
suggesting reproductive cycles and resource availability influence the inheritance of
these traits. 

By contrast, hazel trees exposed to the same eCO₂ conditions produced consistently
smaller nuts often resulting in near-complete seedling failure after germination. 

Findings 
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 Background

Trees can pass on adaptive traits to their offspring. Our research exposed
trees to the two environmental stressors; elevated CO  in concentrations
expected by 2050 and drought conditions. These experiments revealed
contrasting effects. 
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Acorns collected from oaks exposed to CO were larger, grew faster and
were more resistant to powdery mildew. However, the nuts from exposed
hazel trees were smaller and near universally failed to grow after
germination. 
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Seedlings derived from drought-stressed parent trees display improved
drought tolerance compared to those from unstressed parents. Trees can
prime their offspring to be better prepared for future drought events.

Research shows that trees can pass on adaptive traits to their offspring based on the environmental stresses they
experience. This important implications for long-term reforestation strategies in a changing climate. 

Our research studied seedling offspring from trees exposed to stressors such as elevated CO  and drought
conditions, likely to become more prevalent with climate change. By understanding how parental environments
shape seedling resilience, land managers can make more informed decisions about seed sourcing and planting to
promote healthier, more adaptive forests.
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Progeny of trees exposed to drought show
higher tolerance to drought

Similar patterns of inherited resilience have been
observed in tree progenies from parents that
experienced repeated drought stress. 

Our research shows that seedlings derived from
drought-stressed parent trees display improved
drought tolerance compared to those from
unstressed parents. 

This inherited drought resilience suggests that
trees can prime their offspring to be better
prepared for future drought events. Such
findings are particularly relevant in the context of
predicted increased frequency and severity of
droughts with climate change.

   Findings

Implications & Recommendations

Divergent responses between species highlight the complexity of transgenerational effects under
elevated CO₂ and caution against assuming uniform outcomes. It underscores the need for species-
specific research and tailored seed sourcing strategies to ensure the success of climate-resilient
reforestation efforts for future environmental conditions.

The evidence from both CO₂ exposure and drought stress studies underscores the importance of
considering parental environmental history when sourcing seeds or seedlings for planting. 

Progenies from stress-exposed parent trees may offer valuable traits for enhancing forest resilience to
future climatic conditions. Integrating knowledge of transgenerational stress responses into
reforestation strategies can help build treescapes that are more resilient to the challenges of a changing
climate.

We propose the following recommendations:

Consider reproductive cycles when sourcing seeds, particularly for species like oak, to maximise
beneficial transgenerational effects from mast years.
Tailor seed sourcing and planting plans to the ecological and physiological characteristics of each
species, taking into account their specific responses to environmental stresses.

This note is based on Sanchez-Lucas, Bergamin et al, in prep. Population-level drought resistance for oak species within the
UK. Research on seed phenotype in process. 
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One of the six arrays at the BIFoR-FACE facility. Oak and hazel trees are exposed to
the levels of CO2 that we will have in the planet in 2050. 


