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Introduction

Annually resolved chronologies of tree-rings parameters can be measured to evaluate the impact of climatic and non-climatic factors on tree performances and to

infer physiological mechanisms. However, so far hydrogen isotopes in tree-ring cellulose (δ2Hc) have been much less investigated compared to carbon (δ13Cc), and

oxygen isotopes (δ18Oc). Analysing a two-genera European-wide, 100-year-long dataset, we show that δ2Hc reflects a mixture of physiological, hydrological and

climatic signals, as the hydrological signal from the source water is modified by physiological processes which vary annually (Fig.1, Vitali et al. 2021). A conceptual

framework was proposed to disentangle the driving factors of δ2Hc variation (Fig. 2, Lehmann et al., 2021 ).

Conclusions

The information recorded by δ2Hc is significantly different from that of δ18Oc, with a stronger physiological component independent from 

climate. Understanding δ2Hc  will allow to achieve new insights into trees’ carbon allocation mechanisms, the use of carbohydrate reserves 

for growth, and trees’ responses stress conditions. 
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Application of δ2H analysis in tree rings

Fig.2 Under constant post-photosynthetic 2H-fractionation, the

hydrological components (blue arrow) would be transferred 1:1 to tree-

ring cellulose (black dashed arrow) and along climatic gradients.

However, in natural conditions, post-photosynthetic 2H-fractionations

cause variations in δ2H of tree-ring cellulose (grey arrows), which are

connected to the proportional use of storage vs. fresh assimilates for

growth (Lehmann et al. 2021).

Fig.3 Mapping of 

Pearson’s correlation 

coefficients of first 

differences δ2Hc

(δ2Hc-signal) with 

summer VPD.

Fig.4 a, b Relative 

strength of the 

summer-VPD 

correlations with 

δ13Cc (C), δ18Oc (O), 

δ2Hc (H), and tree-

ring width (TRW), for 

the two genera.

Results

•Summer vapour pressure deficit (VPD)

showed the strongest impact on δ13Cc and

δ18Oc, while the climate signals were

significantly weaker in δ2Hc and tree-ring

width (Fig.3).

•The recorded climatic signal in δ2Hc showed

stronger and more consistent correlations for

Pinus than for Quercus (Fig.4).

•Extreme years with extremely dry summer

conditions caused a significant 2H-enrichment

for both genera.
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Fig.1 δ2Hc and δ18Oc in tree-rings typically follow the slope of Global Meteoric

Water Line (GMWL), varying along the longitudinal gradient. However, the

hydrological information is only partially transferred to the isotopes in cellulose

modifying the OH-relationship spatially and annually (b.).
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