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This report givesin overview ovetheresearch outputs(unpublisheddatg manuscripts and

published articlgsthat the ForHoForest project hasitiated. Another part of the Final

Report gives the economiaaverview of the projecinddescribst he pr oj ect 6 s pr o
the last half a year (Jalun 2019) ath over thewhole project time (Jun 2016Dec2019 in

terms of milestones and deliverables reached.

l1.For Hot 6s experi ment al setup: sho
The research site consists of a Sitka spruce forest planted irl28860n a slope, facing
southwest, near the campus of the Agricultural University of Iceland at Reykir in Olfus
(64.008°N, 21.178°W; 16@15 m a.s.l.). The mean annual temperature RC5aBid the mean
annual precipitation is around 1600 mm. Being planted on ground with normal temperature
regime conditions (i.e. newarmed), a part of the forest got exposed to a gradient of
continuous and stable soil warming after the earthquake 29tt2®88; where geothermal
systems moved to the bedrock below a previously unwarmed forest area, increasing its soil
temperature by radiative heating. A thorough description of the research site can be found in
Sigurdsson et al. (2016)

Figure lashows the warming levels within the forest, whédepermanentesearch plots, at

five replicated transects with +0 (unwarmed control) and in plots in with ca. +1, +3, +5, +10
and +20 °C mean annual soil temperatad been established before the ForHatest

project started. It also took placethree 15 m highcaffolding towergsee cover photh

located within the forest stand where the soil temperature is at +0, +3 and s C.
experimental platform (ForHedtorest)for acquiring knowledge and understanding on the
ecosystm response to the soil warmingunique in the world.

East-West (m)

North-South (m)

Figure 1. a) schematic diagram showing the spatial distribution of geothermal soil warming

at the FORHOT forest site. Isolines show differences in soil temperature (°C) at 10 cm depth
between unaffected (0 isoline) and warmed areas. The grey area indicates >98%pRita
mortality 4 years after the initiatiol of th
Photo taken from 15 m scaffolding tower in August 2015 into the edge of the spruce dieback
area. Note the deciduous tree regeneration appearing whnerecaniferous trees can not

survive, but where soil warming is still less than ca. +30 °C.
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2. The original research plan

In the original proposal the research project shoalthdour main Working Packagesd 13

key measured process€gyure 2 shows a schematic overview hole proposed research
was originally and what was the status of
in spring 2016.

FOREST (FN) Drivers: 1) Monitoring of soil T and air T(60 +6 autom.
loggers) + PAR and precipitation + Soil water status
O [campaigns]. Already installed/started.

towers), tree growth and forest production (30
permanent plots). Alreadyinstalled/started. 3) Leaf Area
Index (New — LAI2000).

WP-II C-flux processes: 4) Photosynthesis (Started —
CIRAS-2), 5) tree respiration (New — CIRAS-2), 6) Litter-
fall (started),7) Fine root growth (Started).

WP1 WP2

+Soil

Figure 2. Schematic overview about different WPs of the RAMINI&ed activities (PhD
student NN1, Proposers and Research Assistant) at the forest site during the project time
(2016:2018). Green colour indicates that the activities were already started duringZiiB}

by the ceproposersor various B.ScM.Sc. (summer) students other PhDstudents(see
www.forhot.is/ Publications).

The mainobjective of the doctoral project was study howa stablesoil warmingof +0 °Cto

>+20 °Csince May 200®as affected ecosystem structure and functiomundale-agedSitka
spruce Picea sitchens)s stand planted in 1966967 in southern Icelandwhich has
experienced such warming for seven to ten years during the proje¢Ftonees 1 and 3.

As partly explained before, thehet studytook place in alredy established: a) 30 permanent
research plots, at +0 (unwarmed control) and in plots in five replicated transects with ca. +1,
+3, +5, +10 and +20 °C mean annual seinperature and~{gure laand b) andatthreel5

m high scaffolding towerat +0, +3and +7 °C warming within the sta(gee the cover photp

Some unpublished data existddo for the site from two and six years following warming.

The fourmainresearch questiorieat were to baddressed in different Work Packageshe
original application were

I. Is the response in tree growth and areal production of the Sitka spruce linear along the
warming gradient?

t


http://www.forhot.is/
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0 Hypothesis: We expect a nonlinear response to warming in both individual tree
growth and forest production, with increased growth and NPP with soil
warming up to a certain level, but decreases thereafter.

What are the underlying processes for the chaimgiese growth and production along
the temperature gradient?

0 Hypothesis: Increased production at medium warming will be a result of
increasedNPP (C-sequestration per unit area), both aboveground and
belowground

How does the forest ecosysterb@lancechange across the warming gradient?

0 Hypothesis: The forest will increase itss€questration in both biomass and soil
at lower warming levels, but higher litter and SOC decomposition rates, leading
to both higher soil C&efflux and DOC leaching, will rearse the ecosystem C
balance at higher warming, even before the tree dieback reducesifitekeé.

Quantify and study the dieback of the coniferous trees along the five established
transects and their replacement by deciduous tree seedlings duringtti® fyrears
since warnng started (2002017) Figure 1b).

3. The time plan of ForHotForest

Table 1.RANNISfunded activities at the ForHot forest site during the project time (2016
2018). This includes time plan for the work of the PhD student and the Research Assistant
(top), shows timing and different measurements conducted in monitoring and four Work
Packages, timing of writing of four main papers of the PhD student aadtbors, timing of
Workshops and reporting to RANNIS.

Activities

Litter fall

Paper |

Paper Il
Paper Il
Paper Il

PhD student hired
ForHot manager in Iceland
Stays at Univ. Antwerp . . - -
Research assistant
Monitoring env. drivers
SailT, Ta, PAR, RH, soil water
WP-I: Tree growth /For. prod.
Dendrometers / Shoot phenol.
Fixed plot measurements
Leaf Area Index*
Root biomass -
WP-II: Plant C-fluxes
Photosynthesis
Tree respiration*

Root tumover and production _ _

WP-III: Ecosyst. Carbon balance
Soil respiration
Litter decomposition
DOC leaching
Changes in SOC

e e cene - _ ‘

WP-IV: Mortality/regeneration

Survey measurments *
Replanting seedlings * . . . .

Synthesis and writing

General ForHot workshops [ X [ X

Status reports - -

Final report

2016 2017 2018
JFMAMIJJASOND JFMAMJJASOND JFMAMJJASOND

I—_

* New WPs initiated by the PhD student
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The original time plan for all WPs and the PhD student is showahte 1 Since there was

a delay in when RANNIS had processed the applications for projects that were to start in
2016, the project did not officially start until June 1, 2016. l.e. there wasnacsith delay.
This meant that the PhD student was not hired imélitumn 2016 and the whole project
wasthereforeshifted

4. The modified research plan for theForHot Forest PhD study

As always happens in a large research pr@edtdoctoral studies, the research questions and
focus evolved as the project wdéatward. When the original research of the doctoral student
was presented to the Graduate Study Board of the Agricultural University of Iceland in
autumn 2016, it was decided that measurements ofl@Gx@s and modelling of GPP and
Ecosystem Respiration winl be outside the PhD project and information on those issues
would depend on inputs from other ForHot participants. It was also decided that WP4 would
be made a separate student project that would be offered to a BSc/MSc summer student.

It was also deded to put the main focus of the PhD study on measurements of warming
induced changes in both aboveground and belowground NPP (ANPP and BNPP), but
especially the latter is little understood.

The main research questionfsthe ForHotForest PhD student @R SigurdssonFigure 3)

are on the response in tree growth and areal production; on the underlying processes for the
tree growth and production; on how the forest ecosystem céaddance changes across the
warming gradient; and on the quantificatiortloé dieback of the coniferous trees and their
replacement by deciduous woody species.

Thepapers that are now planned to be a part of the PhD study are:
I.  The effects of elevated soil temperature on above ground growth irsBitkee
forest in southericeland.
II.  Soil temperature effects on fimeot turnover in a mature Sitkspruce forest
[manuscript ready].
lll.  Soil temperature effects on fimeot and aboveground phenology.
IV.  Soil temperature effects on Carbstock balance in a mature Si&pruce forest in
southern Iceland.
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Figure 3 Above: Pall Sigurdsson doing soil sampling. Below: Sampling
Minirhizotron session.

fine roots in situ and
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5. Primary publications and other products from ForHot

Altogether21 publications have appearedimernational journals since the ForHot
Forestprojectstartedn 2016 Of those sevenpapers contribute directly to the study on
theFORHOT-FOREST projecand wheréghree papers will or can become part of Pall
SigurHssonds PhD thesis.

Two paper have begyublished or are in pressiature Climate ChangendNature
Ecosystems and Evolutiohwhich is a great achievement.

Names of FORHOFFOREST participants are shown in bold. Publications from the
ForHotForest project are indicated fue.

20192020
ForHot-Forest paper:

1. JOURNAL PAPER: Christopher Poeplatall Sigurdsson, Bjarni D Sigurdsson
(2020). Strong warming of a subarctic Andosol depleted soil carbon and aggregation
under forest and grassland covgoil (in press)
¢ This was the second papirectly produced because of the RANNIS funding of
ForHotFor est and this wil/ al so be the second p
The source%oil) is an open access international journal listed in the ISI database.
ForHotForest and RANNIS aracknowledged in this paper.

2. JOURNAL PAPER: Kaarin Parts, Leho Tedersoo, Andreas Schindlba&jami D.
Sigurdsson,Niki Leblans,Edda Oddsdottir, Werner Borkenlvika Ostonen (2019)
Acclimation of fine root systems to soil warming: comparison of anrarpetal setup
and a natural soil temperature gradient. Ecosystsems 22(347257
https://doi.org/10.1007/s100211 80280y
C ForHotForest and RANNIS are acknowledged in this paper.

3. JOURNAL PAPER: Nicholas Rosenstock, Magnus Ellstrd&tda Oddsdottir,
Bjarni D Sigurdsson & Hakan Wallander (2019). Carbon sequestration and
community composition of ectomycorrhizal fungi across a geothermal warming
gradient in an Icelandic spruce forest. Fungal Eqppl0: 3242.
https://doi.org/10.1016/j.funeco.2018.05.010
C ForHotForest and RANNIS are acknowledged in this paper.

4. JOURNAL PAPER: Dmitry Kutcherov, Stine Slotsb&jarni D. Sigurdsson, Niki I.
W. Leblans, Matty P. Berg, Jacintha Ellers, Janine Marién, and Martin Holmstrup
(2020). Temperature responses in a subarctic springtail from two geothermally warmed
habitats Pedobiologia- Journal of Soil Ecology in press).
C ForHotForest andRANNIS are acknowledged in this paper.

Other ForHot papers:
5. JOURNAL PAPER: Tom W. N. Walker, lvan A. Janssetarni D. Sigurdsson,
Andreas Richter, Josep Pefiuelas, Niki I. W. Leblans, Michael Bahn, Mireia Bartrons,

Cindy De Jonge, Lucia Fuchslueger, Albert Garg@brigga, Gunnhildur E. G.
Gunnarsdottir, Sara MarafidmeénezEdda S. Oddsdéttir, Ivika Ostonen

10


https://doi.org/10.1007/s10021-018-0280-y
https://doi.org/10.1016/j.funeco.2018.05.010
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Christopher Poeplau, dith Prommer, Dajana Radujkovic, Jordi Sard&#|
Sigurdsson Jenny Soong, Sara Vicca, Hakan Wallander, James T. Weedon & Erik
Verbruggen (2020). A systemic decadahle overreaction to soil warming in a
grassland ecosystemature Ecology and Evolutio (In press).

C It is fantastic to get a paper publishedNiature Ecology and Evolutionfrom the
ForHot project. ForHeForest and RANNIS are acknowledged in this paper and the PhD
student is a cauthor.

6. JOURNAL PAPER: Christopher Poeplau, Pierre Bark@uric Cecillion, Francois
Baudin,Bjarni D. Sigurdsson (2019). Changes in the Roélval signature of soil
organic carbon upon extreme soil warming and chemical oxidafiacomparison.
Geoderma337 (2019): 181190.

7. JOURNAL PAPER: Sara Marafiidiménez,Josep Pefiuelas, Andreas RichBgarni
D Sigurdsson,Lucia Fuchslueger, Niki N. I. Leblanlwan A Jansseng2019).
Coupled carbon and nitrogen losses in response to seven years of chronic warming in
subarctic soils. Soil Biology and Biochemistry 134 11%A..
(https://doi.org/10.1016/j.s0ilbio.2019.03.028

8. JOURNAL PAPER: De Boeck, Hans J.; Bloor, Juliette; Aerts, Rien; Bahn, Michael;
Beier, Claus; Emmett, Bridget; Estiarte, Marc; Griinzwedgge] Halbritter, Aud;
Holub, Petr; Jentsch, Anke; Klem, Karel; Kreyling, Juergen; Kiaghy, Gyorgy;
Larsen, Klaus Steenberg; Milcu, Alexandru; Roy, JacB&gjrdsson, Bjarni; Smith,
Melinda; Sternberg, Marcelo; Vandvik, Vigdis; Wohlgemuth, Thomas; Nijs, lvan;
Knapp, Alan (2019). Understanding ecosystems of the future will require more than
realistic climate change experimeiita response to Korell et &lobal Change
Biology (In press)

9. JOURNALPAPER: Ci ndy De Jonge, Daj ana Raduj kovil,
James T. Weedon, Ilvan Janssens, Francien Peterse (2020). Lipid biomarker
temperature proxy responds to abrupt shift in the bacterial community composition in
geothermallyheated soils. Organic Geochemistry (In press)
https://doi.org/10.1016/j.orggeochem.2019.07.006

10. JOURNAL PAPER: GargalleGarriga, Albert, Jordi Sardans, Marta Ay&aque,
Bjarni D. Sigurdsson, Niki I. W. Leblans, Michal Oravec, Karel Klem, Otmar Urban,
Ivan Janssens, Josep Penuelas (2020). Effects of warming on the soil metabolome of
Icelandic grasslands. Geoderma (in press)

2018

ForHot-Forest paper:

11. JOURNAL PAPER: Marja Maljanen, Hem Raj Bhattarai, Christina BiasB&rni
D. Sigurdsson(2018). The effet of elevated soil temperatures on the production of
carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), nitric oxide (NO) and
nitrous acid (HONO) from volcanic soils in southern Iceldodlandic Agricultural
Sciences31, 1122, doi: 10.16886/IA2018.02
C ForHotForest and RANNIS are acknowledged in this paper.

11
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Other ForHot papers:

12. JOURNAL PAPER: Tom W. N. Walker, Christina Kaiser, Florian Strasser, Niki I.
W. Leblans, Dagmar Woebkelwan A. JanssensBjarni D. Sigurdsson& Andreas
Richter (2018). No microbial acclimation despite ecosystem acclimation of soil carbon
loss to long term warmindNature Climate Change: 885889.

C It was fantastic to get a paper publishetature Climate Changefrom the ForHot
project. ForHotForest and RANNIS are acknowledged in this paper.

13. JOURNAL PAPER: MarafionJiménez S., Soong J.L., Leblans N.I.\8igurdsson
B.D., Pefiuelas J., Richter, A., Asensio D., Franseddassens 1.A(2018).
Geothermally warmedoils reveal persistent increases in the respiratory costs of soil
microbes contributing to substantial C losdtisgeochemistry138: 245 260.
https://doi.org/10.1007/s10538.804430

14. JOURNAL PAPER: Martin Holmstrup, Bodil K. Ehlers, Stine Slotsbo, Krassimira
llieva-Makulec,Bjarni D. Sigurdsson, Niki Leblans, Jacintha Ellers and Matty Berg
(2018). Resilience in functional diversity of Collembola subjected to-terg
warming.Functional Ecology32(5): 13041316. doi:10.1111/1368435.13058

15. JOURNAL PAPER: Daj ana Raduj k ov iBjarni DESigurdssonyer br uggen,
Niki I. W. Leblans,lvan JanssensSteven Dauwe, Sara Vicca, James T. Weedon
(2018). Prolonged exposure does not increase soil miciadnainunity response to
warming along geothermal gradierf €MS Microbiology Ecology94(2): fix174.
https://doi.org/10.1093/femsec/fix174

2017
ForHot-Forest paper:

16. JOURNAL PAPER: Marja Maljanen, Heli YkMoijala, Christina Biasi, Niki I. W.
Leblans, Hans J. De Boed&rynhildur Bjarnadéttir, Bjarni D. Sigurdsson . (2017).
The emissions of nitrous oxide and methane from natural soil temperature gradients in
a volcanic area in souttest IcelandSoil Biology and Biochemistryt09: 7G80.
http://www.sciencedirect.com/science/article/pii/S003807171730130X
C ForHotForest and RANNIS are acknowledged in fhaper.

Other ForHot papers:

17. JOURNAL PAPER: Marafi6nliménez S., Soong J.L., Leblans Sigurdsson B.D,
Pefiuelas J., Asensio D., FransenJ&nssens |. A(2017). Geothermally warmed
soils reveal persistent increases in the respiratory costs of soil microbes contributing to
substantial C losseBiogeochemistryl38: 245 260. https://doi.org/10.100719533
01804430

18. JOURNAL PAPER: GargalleGarriga, Albert, Marta AyakRoque, Jordi Sardans,
Mireia Bartrons, Victor Grand&jarni D. Sigurdsson, Niki I. W. Leblans, Michal
Oravec, Otmar Urbartlyan A. Janssensk Josep Pefiuelas (2017). Impact of soil
warming on the plant metabolome of Icelandic grasslaiWsgabolites?(3), 44;
doi:10.3390/metabo7030044

12
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https://doi.org/10.1093/femsec/fix174
http://www.sciencedirect.com/science/article/pii/S003807171730130X
https://doi.org/10.1007/s10533-018-0443-0
https://doi.org/10.1007/s10533-018-0443-0
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19. JOURNAL PAPER: Leblans, Niki,Bjarni D Sigurdsson, Sara Vicca, Yongshuo Fu,
Josep Penuelaljan Jansseng2017). Phenological responses of Icelandic suilza
grasslands to shererm and longerm natural soil warmingslobal Change Biology
23(11):49324945. doi: 10.1111/gcb.13749.

20. JOURNAL PAPER: Poeplau, Christopher, Katterer, Thomas, Leblans, Niki l. W., &
Sigurdsson, Bjarni D.(2017). Sensitivity of @il carbon fractions and their specific
stabilisation mechanisms to extreme soil warming in a subarctic grasSlabdl
Change Biology23: 13161327, doi: 10.1111/gch.13491

2016
ForHot-Forest paper:

21. JOURNAL PAPER: Sigurdsson, B.D.,N.l.W. Leblans, S. Dauwe, E.
Gudmundsdéttir, P. Gundersén.E. Gunnarsdottir, M. Holmstrup, K. llieva
Makulec, T. Katterer, B. Marteinsdéttir, M. Maljanéh S. Oddsdéttir, I. Ostonen J.
Pefiuelas, C. Poeplau, A. Richter,SigurdssonP.M. Van BodegonH. Wallander, J.
Weedon and. Jansseng2016).Geothermal ecosystems as natural climate change
experiments: the ForHot research site in Iceland as a caselstldgpdic Agricultural
Sciences29: 5371, doi: 10.16886/I1AS.2016.04

C This was the first pagy directly produced because of the RANNIS funding of Foifftoest
and this wil./ al so be the first paper in
access international journal listed in the ISI database.

ForHotForest and RANNI&re acknowledged in this paper
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