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	Main purpose of the STSM and relevance to OPTIMISE
1. Main purpose

The objective of this short term scientific mission is to characterize seasonal spectral changes in leaf-level chlorophyll fluorescence signal during the spring recovery of photosynthesis in Scots pine at Hyytiälä Forestry Field Station of the University of Helsinki (Southern Finland). We focus on clarifying the impact of these kinetic variations on the relationship between sun induced fluorescence (SIF, () and Pulse-Amplitude-Modulation (PAM) chlorophyll fluorescence during this remarkable period. Additionally, we also compare the difference between optical signals during the recovery period: SIF ((), PAM ChlF and PRI. We hypothesize that the dynamics in passive fluorescence will follow the changes in active fluorescence and as well photosynthetic capacity during the spring recovery of photosynthesis. 
2. Relevance to OPTIMISE

The topic of this STSM is very close to the topic of OPTIMISE. The resulting data will serve to improve the modelling and interpretation of the SIF signal (WG 3). The dataset will be also uploaded into the Specchio Database (WG1) in due time (i.e. respecting the authors embargo).

	OPTIMISE WG to which the STSM is most relevant

Indicate exact WG number
WG3

	Outcome/result/conclusions of the STSM (main report)

1. The activities of STSM
We sampled healthy needles at top crown from the year of 2014 in five trees growing at SMEAR-II station in southern Finland. Five branches per tree were marked as replicative sampling. The experiment included: 
(1) ChlF spectra measurement of Scots pine needles one or two times per week. We use a FluoWat Clip coupled to a VIS-NIR field Spectroradiometer (FieldSpec, ASD Spectral devices) and a LED light source that provided c. 1000µmol PAR at leaf surface to measure the ChlF spectra of Scots pine needles. We can get the steady state fluorescence signal between 650 nm and 850 nm through cutting off the incoming light spectrum with a short-pass filter, and ChlF yield (φF690 and φF740) at two emission peaks. 
(2) Collecting regular leaf samples two times per week for photometric estimation of leaf pigment contents, water content, C:N, etc. For pigment measurement sampling, we froze the needles using the liquid nitrogen after sampling no more than 10 minutes. 
(3) Needle spectral reflectance properties are measured using a portable Field Spectroradiometer (FieldSpec, ASD Inc., Boulder, CO) coupled to a plant probe (ASD Inc, Boulder, CO) two times per week. On this basis photochemical reflectance index (PRI) will be calculated, and either synchronously obtained with passive fluorescence from FluoWat in (1).
(4) Maximum photochemical efficiency of PSII (Fv/Fm) is achieved using PAM fluorometer (FMS 2, Hansatech Instruments Ltd., Norfolk, UK) at the similar time with passive fluorescence. Before measuring Fv/Fm, we keep the needles in dark acclimated for at leat 1 hour.

(5) PAM fluorescence data is obtained from nearby shoots using a Monitoring-PAM fluorometer (Monitoring PAM, Walz GmbH, Germany).
2. The preliminary result
(1) The seasonal variations of fluorescence yield obtained from ChlF specta and PRI were not observed until the beginning of May in 2015 (Fig. 1 and 3) over this special spring recovery. Simultaneously, the maximum photochemical efficiency Fv/Fm gradually increased during spring recovery (Fig. 2). The smaller changes in ChlF, PRI and Fv/FM greatly resulted from the effect of the few cold days at the end of March, which caused short-term down-regulation in photosynthesis. Additionally, it was a spectially warm winter and therefore the Spring Recovery was less pronounced than usual. 
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Fig. 1 Seasonal change of passive fluorescence. Each point represents the average value of five trees. 
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Fig. 2 Seasonal changes of maximum photochemical efficiency of PSII (Fv/Fm). Each point represents the average value of five trees.
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(2) Fig. 3 Seasonal changes of PRI from FluoWat and Plant Probe. Each point represents the average value of five trees.
(3) φF690 was significantly and linearly correlated with Fv/Fm during this spring recovery (P<0.001, Fig. 4). Fluorescence ratio F690:F740 and total fluorescence from 670 nm to 800 nm also had significant relationships with Fv/Fm (P<0.01). The objective in this study is to compare active and passive fluorescence, however, the Monitoring PAM data was not yet analyzed until the time of writing this report but we expect to find a much better correlation between PAM fluorescence and F690 or F740 compared to Fv/Fm. Because Fv/Fm was a value obtained from the dark acclimated and F690 and F740 were measured at 1000µmol PAR.
In addition, another photo-protective index PRI expressed highly correlation with Fv/Fm (P<0.001, Fig. 4). When comparing the correlation between PRI obtained from different methods and Fv/Fm, plant probe PRI was found to correlate better with the seasonal variation in Fv/Fm. 
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Fig. 4 Seasonal correlation between Fv/Fm and fluorescence and PRI. Each point represents the average value of five trees. *P<0.1, **P<0.01, ***P<0.001.
(4) Two optical signal ChlF and PRI presented strong and significant correlations as well (Fig. 5). In particular, the coefficient of determination between φF690 and PRI retrieved from FluoWat was 0.8551 (P<0.001). However, φF740 and PRI from plant probe showed only marginally significant correlation.
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Fig. 5 Seasonal correlation between passive fluorescence and PRI. Each point represents the average value of five trees. *P<0.1, **P<0.01, ***P<0.001.

	Evaluation of the STSM (bullet-points on to what extent did it contribute to advance science, build experience, build network ….)

The main work focused on illustrating the spectral changes in needle chlorophyll fluorescence over a critical episode of photosynthesis recovery from cold winter to warm summer. These aspects of the fluorescence signal remain unclear and are critical to link active and passive fluorescence data and to facilitate the modelling and interpretation of the SIF signal at the seasonal scale. The STSM has also an important training component where I have learned new techniques and obtained data that will contribute at least with one publication towards my PhD thesis.

	Planned publications and timing

Remember to acknowledge the support from OPTIMISE when you publish your work.
Try to submit to the Journal such as Remote Sensing of Environment or New Phytologist before December.

	Further work

Although the STSM applied for here lasts for 2 months only, the full duration of the campaign will be 4 months. The first measurements have started already in February. The STSM has served to cover the period of more intensive sampling. And measurements will finalize in the middle of June.
1. The following data will be available over the next few months: 

(1) Accomplish the needles sampling and spectra measurement in Hyytiälä, Finland. 
(2) Obtain Moni PAM fluorescence (Monitoring PAM, Walz GmbH, Germany), pigment contents, water content.
(3) Shoot level gas exchange data achieved from a system of cuvettes.
(4) Pigment contents: e.g. Chlorophyll a, Chlorophyll b and Total Carotenoid.
(5) All ancillary data from the SMEAR-II station will be also made available for this campaign (e.g. Meteorological and Eddy covariance data).
2. Data analysis 
After compiling all the data, we will analyze ChlF and PRI variations during this spring recovery, the relationship between active and passive fluorescence, the link between fluorescence and PRI and photosysthetic capacity at seasonal scale, and start to compose the paper.  




