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Permafrost soil

Permafrost is rock or soil that remains at or below freezing
for at least two consecutive years.

-

Ea b |

o il : WSS W9 cryoturbated soil from
Frozen-peatland sol Mineral soil sediment deposit in Si the North Slope of

from the Hudson Bay LR Alaska
LLowlands, Canada ?
' JEOPR\
Korea Polar Research Institute

(Schuur et al. 2008)



NEW SIRERIAN
B gy
Lg:v
i ¢ SEVERNAYA .
Arctic L ;
(RLISSIA] _‘

NORTH
POLE o

Ocean

Kara .
Sea

NOvAYA

. ZEMLYA
_ay .  (RUSSW)
3!'* :

SVALBARD Bareniz L
(NORWAY) Sea -

h!-ll.ll'll'.lal'Bk
- o T woLa
| Norweoien, ;\ibfmwsm

FINLAND
NORWAY = :

r ICELAND

SWEDEN
-  —

Permafrost 0 » =1

[ Isolated (<10% of area) Horth
] Sporadic (10-50% of area)

[ Discontinuous (50-90% of area)

[ Continuous (>90% of area)

Source: International Permafrost Association, 1998,
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Distribution of
permafrost

22.8 x 10 km?

(23.9% of the Northern
hemisphere land mass,

Zhang et al. 1999)

SOC storage in
permafrost

1035 Pg (billion tons)
(Hugelius et al. 2014)
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Global surface temperature

Nov-Apr 2019 L-OTI(°C) Anomaly vs 1951-1980 0.98
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Climate change and its impacts on
permafrost soils

* Temperature increase a2 H“vh T _T I*;'I'v‘."if*"
* Precipitation change g e b .
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permafrost until 2050 7 : ko '__-__-"'-" ol
 Change in a type of T - "”:" -

ecosyste m Time series of annual permafrost temperatures
— Tundra area -> Boreal measured from north to south across Alaska in the
continuous and discontinuous permafrost zones.

shrubs and trees [From V. Romanovsky, www.arctic.noaa.gov/report12]
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http://www.arctic.noaa.gov/reportcard_previous.html

Effects of climate change on SOM

-

Plant productivity
Phenology

(i.e. reproduction strategy)
Leaf/root/litter chemistry

Climate change

Air temperature
Soil temperature
Soil moisture
Nutrient availability

2\

Microbial community
composition/dominance

Processes
Decomposition

Mineralization Microbial activity

' Changes in SOM
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Study site
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Average temperate (°C)

Climate change projections
iIn Cambridge Bay
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Increased temperature and precipitation

Destructive sampling

Monitoring

4 )
Ctrl < W > Ctrl @
NG _/
Composition for one block
» Since 2012

2x2 factorial design

with warming &
precipitation

Ctrl: control
W: warming
P: increased precipitation

« Warming by Open Top Chambers (2 m basal diameter)
* Precipitation: 2 L/plot/week
* OTCs & precipitation operation: July ~ early October



Warming & watering

OoTC OTC Warming Added
Year Watering
Setup Removal period (d) water (L)
2012 1 7/10 10/6 89 7127, 8/3, 8/10, 8/17, 8/31, 9/7, 9/21 14
2013 2 7/3 10/8 08 7120, 7/26, 8/9, 8/15, 9/7, 9/13, 9/27 14
x 8/23-9/9 OTC was destroyed due to strong wind
2014 3 6/21 9/24 96 6/26, 7/3, 7/110, 7/24, 8/7, 8/14, 8/21, 8/28, 9/11 18
2015 4 6/27 9/24 90 713,716, 7/30, 8/6, 8/13, 8/20, 8/27, 9/3, 9/11 18
2016 5 6/20 9/30 103 6/24,7/1,7/7,7/14, 8/4, 8/12, 8/18, 8/25, 9/1, 9/8, 9/15, 9/22 24
2017 6 6/15 9/21 99 6/23, 6/29,7/7,7/14,7/21, 8/4, 8/10, 8/24, 8/31, 9/7 20
2018 7 6/20 9/15 88 6/28, 7/5,7/112,7/19, 7/26, 8/2, 8/9, 8/16, 8/23, 8/30, 9/6 22
2019 8 6/22 9/23 94 6/27,7/4,7/11,7/18, 7/25, 8/1, 8/8, 8/15, 8/22, 8/29, 9/5 22
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Main Vegetation: Carex spp., Dryas

Soil Type: Orthic Eutric Turbic Cryosol
Organic layer depth: 5-20 cm

Active Layer Depth: 1.4 m (Mid August 2018)

Korea Polar Research Institute



Measurements

Air and soil environments monitoring : Air temperature and relative
humidity (25 cm), soil temperature and moisture content (5 cm depth)

Plant parameters: Plant species, vegetation coverage, NDVI (normalized
difference vegetation index)
Soil properties (Organic, mineral layers)

— Physical properties: moisture content, bulk density, texture

— Chemical properties: pH, electrical conductivity, inorganic nitrogen, DOC
(quantity and quality)

Gas fluxes: CO,

Soil microbial community structure (Pyrosequencing) and microbial
biomass (Phospholipid fatty acids (PLFA) analysis)

Microbial activity: extracelluar enzyme activity

JEOPR
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Air temperature & Hufidity =~
~sensor/logger (25 cm height) -

‘ .- data logger of sail
P T o ¥ temp/MC sensors_

soil temperature &
moisture contént sensors
(5°cm depth)
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Environmental data

Soil temperature

Soil moisture
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Relative activity (%)

Short-term responses

Effects of warming (after 1.5 year of manipulation)

— Increased inorganic N content

— Enzyme activity: increased phenol oxidase activity
— Vegetation: drought stress
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Short-term responses

Bacterial community

e PERMANOVA results

Block, treatment, depth showed significant

: differences
A
. N . e post hoc pairwise t-test
By Significant difference between control and
s v
. ‘, LAb , precipitation plots
v A
- P Unique P (Monte
v A Uﬁﬁ;ﬂfgggm Groups t
w Lower (5~10cm) (perm) perms Carlo)
2D Stress: 0.18
M Cvs.P 1.197 0.003 7175 0.1417
L 2
¢ Cvs. W 1.085  0.048 7093 0.3107
v _4 .
, Teusle Cvs.W+P 1104  0.007 7106 0.2674
v v voy .
v A &
M Pvs. W 1.140 0.015 7150 0.2152
Treatment
A Control
. s P vs. W+P 1.163 0.012 7183 0.183

& Warming+Precipitation m_p“\

Korea Polar Research Institute







NDVI
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Plant responses
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NH4-N (mg N/g OM)

Soil responses
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DOC (mg C/g OM)

Soil responses
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DOM analysis procedure using 15 Tesla Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometry

| ' Solid Phase
Soil samplln'g & Extraction with Extraction
hand-shacking ultra pure water

15T FT-ICR MS analysis
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Chemical composition of DOM (Frequency-based)

Date Irt Tot. Peak CHO CHON CHOS CHONS
6-28 C 1977 69.3 29.4 0.3 0.9
W 2014 @ 71.3 27.5 0.2 0.8
7-14 C 1926 69.5 29.7 0.1 0.6
W 1975 @ 72.8 26.3 0.0 0.6
7-31 C 1918 @ 66.3 32.8 0.0 0.8
W 2161 63.6 35.5 0.2 0.8
8-17 C 1547 74.9 23.0 0.8 1.1
W 1708 @ 76.9 21.3 0.5 1.0
9-2 C 1821 @ 73.5 24.6 0.4 1.2
W 1890 70.7 26.9 0.8 1.4
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Chemical composition of DOM

(Intensity-based)
Date Trt CHO CHON CHOS CHONS CHNS
6-28 C 80.4 18.4 @ 0.2 1.0 0.0
W 76.3 15.7 7.2 0.7 0.1
7-14 C 79.6 19.6 @ 0.1 0.6 0.1
W 82.5 16.9 0.0 0.5 0.1
7-31 C 78.7 20.5 0.0 0.8 0.0
W 76.9 22.1 0.1 0.9 0.0
8-17 C 82.9 15.3 @ 0.7 1.0 0.1
W 87.1 11.5 0.4 0.8 0.1
9-2 C 84.2 14.1 0.2 1.3 0.1
W 84.7 13.0 1.1 1.2 0.1
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Molecular class distributions of the
assigned formulas

Date Trt Lignin Cond. Tannin Carbo-hyd Unsat. Lipids Protein
aromatics rate hydroC

6-28 C 84.3 4.5 2.6 0.2 0.5 7.6 0.4
W 79.2 4.4 4.2 0.1 0.1 11.7 0.3

7-14 C 82.6 5.9 4.1 0.0 0.1 6.1 1.2
W 81.8 5.7 3.6 0.0 0.0 8.0 0.8

7-31 C 83.2 3.4 2.3 0.0 0.1 9.6 1.3
W 86.1 2.4 2.7 0.4 0.1 6.5 1.8

817 C 84.1 3.9 2.0 0.3 0.1 6.7 2.9
W 81.4 3.0 2.0 0.2 0.0 12.7 0.6

9-2 C 84.6 4.0 2.0 0.3 0.1 8.0 1.0
W 89.3 2.3 1.4 0.4 0.1 5.9 0.4
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Summary

In a short term, warming combined with
precipitation increased the activity of phenol
oxidase

Warming induced drought stress in vegetation

After 7-8 years, warming slightly increased the
activity of vegetation

Warming significantly increased DOC contents at
the end of growing season

Chemical compositions of DOM did not
significantly vary with either plant phenology or
warming treatment
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OTC period
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Wetting = soil temp rise in Jul and Aug

Soil temperature (°C)

_10_

_15_

Whole year (from Jan to Dec)

No sign of consistent warmer soil temp

at P or WP treatments

although there was one during the OTC peFio

| [ [ [ I
2012 2013 2014 2015 2016

Year

|
2017

Treatment
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Wetting = soil temp rise in Jul and Aug

No difference in air temp induced by wetting
Difference in soil temp induced by wetting, avr 0.3 degC in Jul & Aug
Sensor accuracy: 0.21 — 0.25 degC, resolution: 0.02 — 0.03 degC

OTC, avr C P W WP

Airtemp| 6.96 6.97 7.48 7.43

RH| 86.871 86.65 85.61 85.91

Soil temp 6.1 6.28 6.78  6.97

Moil 32.83] 34.48 35.22 33.65

July, avr] C P WY WP Aug, avr] C P W WP

Air temp| 10.14] 1016/ 10.81] 10.78 Air temp 8.71 8.73 9.20 9.18

RH| 8216 81.98 80.66 80.88 RH| 86.00 85.71 84.64] 84.90

Soil temp| 8.68  9.05 9.52] 9.88 Soil temp 7.47 7.80 8.44
Moil 35.22 35.60 35.64] 34.58 Moi 35.30 35.25
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Wetting =2 soil temp, random sampling

Soll temp (degC)

Precipitation, random

Precipitation + warming, random
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Study site

69°07'N, 105°0:

Southeast coast of Victoria Island, Nunavut
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