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Set-up of a dry-treatment sample: sample 
isolated from drierite and in sealed mason jar.

Material from each core at each site before 
oven drying.

• Soil samples were incubated at 20°C for a 2-week period either at 
constant field moisture or with a chemical drying agent (CaSO4). 
We incubated four replicated for each treatment at each site.

• Gas CO2 and N2O samples were collected gas over the course of  
the incubation and quantified on a GC.

• The δ13C values of CO2 were quantified with a Picarro Carbon 
Isotope Analyzer.

• Peat ammonium, nitrate, %C, %N, %OC, δ13C, d15N were quantified 
before and after the incubation

• Changes in peat moisture with drying was monitored throughout 
the incubation. Drying treatment resulted in a x-x change in 
moisture

Sporadic permafrost landscape in Northern Alberta from which samples were collected. 
Channel fens are laterally restricted by peat plateaus (grey-speckled areas). Brown and 

green non-treed areas are mature and young thermokarst bog stages, respectively.

Figure 1. Cumulative Carbon Dioxide grouped by site and treatment. Sites 
displayed along the x-axis in order of average field soil moisture content from 
left to right.  

Figure 2. δ13C of gas samples by site and treatment. Sites are ordered from left to 

right by average soil moisture as follows: YB, FE, FC, OB, PP1, PP2.  

Figure 3. Cumulative Nitrous Oxide emissions grouped by site and 
treatment. Absent sites produced no detectable N2O emissions. 

Figure 4. Relationship between absolute soil moisture content and cumulative CO2 production 
(emissions) by both treatments for each sample. 

Coupled climate change and permafrost thaw are predicted to 
change the hydrology of permafrost peatlands. Such changes could 
have important impacts on carbon dioxide (CO2) and nitrous oxide 
(N2O) fluxes, but the direction and magnitude of these effects are 
not well understood.  For example, some permafrost peat plateaus 
may experience a period of drying as water tables decline with 
thawing. Projected changes in precipitation patterns could also 
cause future drying in some thermokarst peatlands.

This study explores the effect of gradual drying of peat on 
greenhouse gas emissions and whether emission responses to 
drying are a function of landscape biogeochemical heterogeneity. 

To determine 
the response 
to drying 
across a 
permafrost 
landscape we 
collected 
samples from 
six positions 
within a 
sporadic 
permafrost 
landscape in 
northern 
Alberta.
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• Drivers of N2O fluxes from thermokarst fens are not well 

constrained and not clearly related to environmental chemistry (e.g. 

peat nitrate or moisture)

• Drying has different effects based on starting soil moisture and 

location. Overall, higher soil moisture corresponds to higher 

respiration (particularly for the OB and peat plateaus). Can we rule 

out experimental artifact?

• Peat plateaus show the largest response to drying of all sites.

• Drying changes the source CO2 -C respired towards substrates less 

enriched in 13C, suggesting that either a smaller proportion of lignin 

or more decomposed C is contributing to respired CO2 with drying. 

• The Old Bog is referred to as OB, the 
Young Bog as YB, the Fen Center as 
FC, the Fen Edge as FE, the first Peat 
Plateau as PP1, and the second Peat 
Plateau as PP2.

• All gas concentration data reported 
as maximum incubation 
concentration (ppm)

• No consistent trend in CO2

production by treatment across all 
six sites. 

• The three wettest sites – YB, FE, FC –
saw higher average CO2 production 
in the dry treatment samples

• The three drier sites – OB, PP1, PP2 –
saw consistently higher CO2

production in the wet treatment.
• The wetter sites produced more CO2

on average than did the drier ones, 
independent of treatment.

• No clear relationship 
between N2O production 
and %N, %C/%N, %OC/%N, 
nitrate, ammonium, nor 
δ15N of solid material 
identified.

• N2O was only detected in 
fen sites and not in any of 
the other sites.

• Fen N2O emissions were 
extremely heterogenous 
among cores of each site, 
ranging from ~2-~88ppm in 
the Fen Center and ~0.44-
~77ppm in the Fen Edge. 

• For each site, the wet treatment 
samples produced CO2 more 
depleted in δ13C (lighter 
isotopic composition) than did 
the dry treatment samples.

• Very homogenous values 
produced by samples in the FC 
relative to the other sites.

• One relatively heavy outlier 
identified in PP1 in both wet 
and dry treatments of the same 
core.

Short summary of the below listed potential explanations

• Are emissions responses to drying a function of landscape 

biogeochemical heterogeneity?

• Is greater respiration from the YB a function of its more recent 

formation and more fresh C and N inputs?

• Are N2O emissions from fens a function of greater nutrient input? 

Perhaps brought by groundwater?

• Is there an optimum soil moisture content for CO2 respiration in this 

ecosystem?

• Drier sites limited by other factors (more acidic, less N, made up of 

decomposed sphagnum → less labile carbon and nutrients)?

• Is there a consistent shift to enriched δ13C values in drying 

experiments consistent with a shift in respiration substrates?

Decreasing field moisture conditions

Decreasing field moisture conditions


