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Abstract

Boreal forests constitute about one-third of all the global forest area (Brandt et al. 2013).
Capturing a significant portion of global atmospheric CO2 (Beer et al. 2010, Thurner et al.
2016, Thurner et al. 2013), boreal forests play a key role in the global carbon cycle (Anav
et al. 2015). However, monitoring photosynthetic activity in these forests is difficult with
traditional greenness or vegetation indices, particularly due to the dominance of
evergreen species and thus relatively little seasonal variation in greenness (Magney et
al. 2019). Fortunately, emerging studies suggest that chlorophyll-a fluorescence (ChlIF)
can improve our ability to track photosynthetic processes in evergreen-dominated
ecosystems (Walther et al. 2016, Magney et al. 2019). However, the relationship between
ChIF and photosynthesis (or at a larger scale, between Sun-Induced Fluorescence, SIF,
and gross primary productivity, GPP) is dependent on various factors, both physical and
physiological. Therefore, to fully interpret the information provided by ChlF, it is crucial to
develop a thorough understanding and quantitative framework of the mechanisms linking
ChIF measurements to photosynthesis at various scales.
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In our study performed at SMEAR-II Hyytala forestry field station (61° 31" North 24017’
East, southern Finland) and published in 2023 (Rajewicz et al. 2023), we established
what factors affected spatial variation in spectral ChlF among leaves in a boreal forest
and whether these effects vary over time (spring recovery of photosynthesis).
Simultaneously, we also established what factors affect temporal variation in spectral
ChIF and whether these effects differ between species and across the canopy light
gradient (different canopy positions).

We investigated a range of factors potentially driving variation in leaf spectral ChlIF across
three dominant Boreal evergreen species and different light environments (spatial
variation), as well as during the period of spring recovery of photosynthesis (temporal
variation). Measurements were conducted on two conifers—Scots pine (Pinus sylvestris
L.) and Norway spruce (Picea abies L.—and the broadleaf shrub, lingonberry
(Vaccinium vitis-idaea L.). The focus on evergreen species, combining conifers and
broadleaf species, facilitated a deeper understanding of the relationships between foliar
traits and ChlIF over time, particularly regarding the influence of leaf morphology and light
gradient within the canopy. Data collection occurred biweekly from February to July 2017,
encompassing 10 measurement points. Alongside leaf spectral ChlIF, leaf samples were
analyzed to retrieve a wide range of traits:

1. Photosynthetic traits (e.g., Fv/Fm, maximum quantum yield photochemistry, and
NPQS, sustained non-photochemical quenching);

2. Morphological traits (e.g., Specific Leaf Area, SLA); and

3. Foliar pigment traits (e.g. Cab, total chlorophyll a + b, and Zea/Cab, zeaxanthin to
chlorophyll a + b ratio). Moreover, Digital Hemispherical Photography (DHP) was
used to assess the light environment and its spatio-temporal dynamics.

Our results revealed that the spatial variation in spectral ChlF was influenced by different
factors throughout the spring recovery period of photosynthesis. Notably, leaf morphology
(represented by SLA) and the local light environment (GLI) stood out as continuous and
strong contributors, showing a consistent and significant correlation with ChlF variation
across the entire study period. This baseline, time-independent element in ChlF
magnitude indicates that foliar factors, such as SLA and potentially other factors
influenced by GLI, should be considered when interpreting ChIF variations. Meanwhile,
temporal variation in spectral ChlF was influenced by different factors across leaves
within the forest. For exposed needles and lingonberry, ChlF magnitude followed
seasonal patterns of NPQS, while shaded needles exhibited a compensatory relationship
between NPQS and PQS.

In this study, we highlighted the complex nature of factors influencing spectral ChIF
across space and time, suggesting that no single factor should be considered in isolation.
Consequently, more long-term, comprehensive studies are needed to provide
comparable ChlIF data across species, light environments, and biomes. Although focused
on boreal forests, our findings can encourage similar research in other biomes. By
integrating ground-based physiological observations with ecosystem modeling, our study
offers a framework for understanding species-level responses and their implications for
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forest function and resilience. The inclusion of spectral ChIF in monitoring networks like
eLTER or ICP Forests would enhance our ability to track ecosystem responses to global
change. Moreover, incorporating species-specific physiological diversity into predictive
models of forest carbon cycling will improve accuracy in forecasting forest carbon
sequestration and resilience under climate extremes, informing forest management and
conservation strategies.
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