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Background

* Extensive peatland areas drained for forestry purposes in the Nordic countries (4.7 Mha in Finland)
« Reaching maturity — imminent harvest
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Pre-commercial thinning here

Alternative (CCF)
management

0-5 years

Lower water table variability
Economic savings

Reduced nutrient exports
Lower CO, emissions

Less site disturbance (1Sm, lTs,
IBD, IC&N inputs)

Selection harvest here
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* Paucity of available comprehensive studies
* Incomplete understanding of the complex spatio-temporal heterogeneity
and underlying factors that regulate soil N,O fluxes
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Experimental site & measurements

Harvest treatments (spring 2021)

coF site BB ey R ol N,O fluxes measured during 2020-2022:

(10.0 ha)

* 3 Automated chambers (AC) per site

* Manual chamber (MC) measurements from
May-Nov across various locations at each
site

Additional measurements:

* Ta, Ts, Sm, & WTL
= * P and Sd
* Soil properties (K, P. N, BD, CN ratio, etc)

0 25 50

Site established in 2019
Nutrient-rich boreal peatland forest (ca. 25 ha)
Mature Norway spruce stand (89 * 6 years)
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Temporal variation of soil N,O fluxes

" ersiten Ve " Fluxes at the C site remained relatively stable
o .| and near neutral

£ 'a i" E * Soil N limitation

? o Harvest 201 et Increased frequency and intensity of hot

moments during summer at the CC site
* Easily available N in the soil surface

e == * Accelerated peat decomposition
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® ' {GCF site

I

I

|

|

|

|

I

| J

| J

I

I 1

|

I 1 cC’

|

I o

| J

| 75
- | 50
S0 I 251
Om 50 :J 04
2

\r b il b ‘{Mﬂlfw PN Nt " A : -.kM,' P
0 ‘W'ﬂ s PR gk uﬂmﬂmﬂ 1,« e 251
|

E
1504 E
a
1
‘ g
a

‘b
= < Rise in WTL promoting anaerobic conditions
%

b

.!. g'g |¢\ Post-harvest emission increases may
stabilize or decline as the forest recovers,
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Presenter Notes
Presentation Notes
Greater quantity of decomposing logging residues and reduced N uptake due to lower plant biomass at the CC site may have contributed to the accumulation of easily available nitrogen in the soil surface. 
Higher soil temperature (Ts) resulting from strongly increased solar radiation at the CC site may have accelerated peat decomposition, likely reducing oxygen (O2) availability and increasing nitrogen availability. 
Higher rise in water table level (WTL due to lower plant biomass may have promoted anaerobic conditions that favour N2O production through denitrification.
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Controlling factors of the temporal variation of soil N,O fluxes

a)

Ta and P at the non-harvested site
C
* N,O-producing microbial community at the
uppermost layer
B 2 cc 0.15
g
a WTL and Sm at the harvested sites
CCF 0.08
* Regulation of microbial O, availability
Variable
@ 2 uE) g o imp?%ance
Variable 0.8
b) 0.6 . .
04 Temporal patterns were influenced by preceding

Q C 0.2 . o .
2 0.0 environmental conditions
s
§ & cc Shorter cumulative precipitation periods at the CC site
o are linked to increased fluxes
..; CCF
o . . .
§ e 2 5 8 = ||§\CCF may help stabilize soil moisture and reduce the
4 e sensitivity of emissions to precipitation events

=

Variabl
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Presenter Notes
Presentation Notes
Differed partly between the non-harvested and harvested sites
Soil N2O emissions typically peaked one day after the peak in Sm across all sites = high permeability of the topsoil peat
Soil N2O emissions were predicted to be the highest after a lag of ∼3–4 days following the peak in WTL = slow rise of WTL from deep peat layers following precipitation events
The time lag between Ts and soil N2O emissions was around 4–5 days = microbial populations require a longer lag-phase to acclimate to shifts in temperature than in moisture
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Spatial variation of soil N,O fluxes

First post-harvest year

" Csite oo o [GCISHEM ' ... - [CCF site ... Study sites exhibited varying degrees of spatial
i Ll | variability (-39 to 459 ug N,O m=2h")
l : - : Hotspots were key determinants of the large
: : | spatial variability
T * n = ~20% at CC and CCF sites
: i |¢\ Future field sampling in boreal drained
| peatland forests should carefully consider
0 ﬁ I 0 iﬁ i » : é N B and incorporate spatial heterogeneity
AR iﬁﬁiﬁﬁ% ol W | $* o B Tna #@Eé%%
B _- - —'- So_f-
L L ’5!_]’ :f:cat‘i%n v s S:mph:lg I;\cati:n DO\ Qa' Oé'b Teesae ;;\ T?] Tg"’ ,:.\ v oé\ OQ(L o:';’
* Hot spots
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Presenter Notes
Presentation Notes
- Only the 2 hotspots with the highest N2O emissions at the CCF site exhibited, on average, slightly higher soil fertility conditions compared to the other N2O sampling locations across the study sites
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Controlling factors of the spatial variation of soil N,O fluxes

K1o-20/ 0.57 (27) Higher emissions were observed with increasing
Curo_zol 0.41% (27) concentrations of diverse nutrients in peat
Pio-zo| —— ) 39** 27) (K, Cu, P and N)
BDig_op co— 0 33* (38)
To) —0sr 9 BD, Ts, and CN ratio also played an additional role
Nyg_so{ =m0 30* (38)
o CNqp_gof C————==m1-0.29* (38)
%M“w—zo‘ p— 27 @7 |[}\Topsoil fluxes may be more influenced by
~ | Nino-zo) =026 27) spatial controlling factors in subsurface layers
Cdo-101 =025 27) than by those in the surface soll
Alg_1g1 C———0.25 (27)
Co_101 E=——m-0.23 (38)
Alig_zoff T——=0.23 (27)
Cug_1pf C/——m0.23 (27)
Feg_19{ —/—m0.22 (27)
0.0 0.1 0.2 0.3
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Presenter Notes
Presentation Notes
K = influence in the process of soil N transformation
Cu = nitrification rates may be eventually enhanced under low Cu concentrations
P = N-rich ecosystems such as peatlands, P may become the limiting element. As a result, an increase in P availability, rather than N, may increase soil N2O emissions by promoting the proliferation and activity of denitrifying microbes
The uppermost peat layer is more susceptible to fluctuations in nutrients and environmental conditions like temperature and moisture, leading to greater variability in microbial communities and their activity.
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Pre- and post-harvest soil N,O fluxes

Pre-harvest year First post-harvest year . o . .
) .0l 2020 n=0343 | Dol 2022 1 eoss Increase in emissions during the first post-
9 harvest year
2104 210+
180+ 180+ o . .
. Harvesting had no notable effect on their
150 A 150+ . . oy
= J. spatial variability
s 1204 120+ . .
g . . * IQR remained largely consistent between
o %01 pre- and post-harvest conditions
z @ Oe
60+ 60+ o
3 o ' ¢- I . Ik Short-term harvesting-induced changes
0- * 0 * ° © may not be sufficient to immediately
201 @ 0 ®) . I\ L > override the anger—term, more stable
& cc cEF ¢ cc CEF controls on soil N transformation
e Ste processes

MC sampling location @ Measured @ Estimated

Note (1): MC-based measurements June-August
Q Note (2): Some points were estimated in 2020
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Annual cumulative sums of soil N,O fluxes

Harvest year First post-harvest year First post-harvest year

. 500+ AGI2021 p <0.05 sbgo--zozz p =0.061 ?goo--&-zozz p < 0.001 Annua_l emissions increased with harveSting

450 1 450+ 14401 i IntenSIty
 400] - 1280 ! * Csite: 0 [25] mg N,O m=2y-!
s 550, g 9501 - CCF site: 163 [533] mg N,O m2y-'
2 w0 300, o501 » CCsite: 185 [194] mg N,O m=2y-"
g“ 250+ 250+ 800+ '
= o0 200 640- ! b Limitations constrained the ability to detect
% . - _:'_ 1501 more pronounced differences
% 1004 b | 1001 lo 320- b * * CCF site: modest rise in WTL
g s0{ = 50- 1601 . * CC site: spatial heterogeneity insufficiently
N 0] e - . captured (relative to eddy-covariance

&l @ (3) 0l @ 3) (3) P (10) (16) estimates)

C it CCF C é’.:::e CCF C él‘lf)e CCF

|¢\Transitioning from CC to CCF may offer a
more effective management strategy to
mitigate post-harvest emissions
Luke

Advancing spatial coverage
and representativeness
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Thank you for your attention

This study was funded by:

¢ European Union’s Horizon 2020 (HoliSoils, ALFAwetlands, WET HORIZONS, and GreenFeedBack)
* European Union’s LIFE program (L/FE-IP CANEMURE-FINLAND)

* Research Council of Finland (BiBiFe, PATCHEC, RESPEAT, FORCLIMATE, and PREFER)

* Ministry of Agriculture and Forestry of Finland (TURNEE)

This study was conducted within the framework of the UNITE & ACCC Flagships, funded by the Research Council of Finland.

Authors thank the field and other staff at the Natural Resources Institute Finland (Petri Salovaara) and the Finnish Meteorological Institute
(Juuso Rainne, Timo Malkeld, Mika Korkiakoski) for their assistance in the maintenance and operation of equipment and experiments, as well
as the collection of field data at the Ranskalankorpi experimental site.
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