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Main fractions of HS

Although the maritime Antarctic has undergone rapid warming, the effects on indigenous soil-inhabiting microorganisms are not well known.

Artificial warming experiments using open-top chamber (OTC) have been performed on the Fildes Peninsula in the maritime Antarctic since 2008.

When the soil temperature was measured at a depth of 2–5 cm during the 2013–2015 summer seasons, the mean temperature inside OTC (OTC-In)

increased by approximately 0.8ºC compared with outside OTC (OTC-Out), while soil chemical and physical characteristics were not changed. Soils

from OTC-In and OTC-Out were subjected to analysis for change in microbial community and degradation rate of humic substances (HS, the largest

pool of recalcitrant organic carbon). Archaeal and bacterial communities in OTC-In were minimally affected by warming compared with those in

OTC-Out, with archaeal methanogenic Thermoplasmata slightly increased in abundance. The abundance of heterotrophic fungi Ascomycota was

significantly altered in OTC-In. Total bacterial and fungal biomass in OTC-In increased by 20% compared to OTC-Out, indicating that this may be

due to increased microbial degradation activity for soil organic matter (SOM) including HS, which would result in the release of more low-

molecular-weight growth substrates from SOM. Despite the effects of warming on the microbial community over the 8-years-experiments warming

did not induce any detectable change in content or structure of polymeric HS. This work was supported by grant to KOPRI (PE18090)
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Fig. 2. 1H-NMR spectral analysis of humic acid (HA) and fulvic acid (FA) in OTC warming 
experimental soils. (a) HA in OTC-Out; (b) HA in OTC-In; (c) FA in OTC-Out; (d) FA in OTC-In.

Nonspecific oxidizing enzymes for initial HS 
degradation (proposed)

- Sampling site and open top 
chamber (OTC) installation

- HA and FA extraction and content measuring

- NMR-based structural analysis of HA and FA

- Microbial community analysis (16S rRNA gene     
pyrosequencing & PLFA )

HS fraction In acids In alkalis Component proportion ratio (%)

Humic acid (HA) Insoluble Soluble 50 ~ 65% C

Fulvic acid (FA) Soluble Soluble 40 ~ 50% C

Humin Insoluble Insoluble -

FA HA

METHODS

Lignin peroxidase Manganese peroxidase Laccase
Extraction of alkali-soluble fraction

NaOH solution

Humic acid (5~100 kDa)

Fulvic acid (<10 kDa)

E-mail of Dr. Dockyu Kim : envimic@kopri.re.kr 

Fig. 1. Changes in abundance and taxonomic composition of soil microbes induced by the OTC 
warming experiment. Relative abundances of (a) bacterial phyla, (b) archaeal phyla, (c) fungal 
phyla, and (d) different genera within the fungal phylum Ascomycota are shown. ETC denotes 
the sum of minor taxa (< 1.0% in relative abundance). Relative abundances are the mean values 
of three independent analyses for each OTC-Out and OTC-In soil.

Table 1. Soil chemical and physical characteristics inside the OTCs (OTC-In) and in control 
plots (OTC-Out)

Sample

Chemical and physical characteristics of soil

EC (µs/m) pH % N % C C/N % sand % lime % clay

OTC-Out
59.6

(±16.8)

6.5

(±0.2)

0.094

(±0.021)

0.968

(±0.218)

10.3

(±0.4)

71.7

(±2.6)

23.7

(±2.1)

4.5

(±0.5)

OTC-In
64.4

(±23.7)

6.6

(±0.3)

0.092

(±0.018)

0.994

(±0.171)

10.8

(±0.7)

69.6

(±3.1)

25.2

(±2.6)

5.2

(±0.5)

A B

C D

Table 2. Summary of pyrosequencing results and statistical analyses of microbial communities 
in soil samples from open-top chamber (OTC) passive warming experimental sites

Target 
microorganism

Number of 
reads

OTU richness
OTU diversity

(Shannon)Observed Chao1 ACE

Bacteria
OTC-Out 8064±1030 1783±276 3016±422 4007±494 6.49±0.08

OTC-In 6888±364 1917±399 3301±1022 4425±1632 6.74±0.24

Archaea
OTC-Out 5919±3883 34±10 39±11 44±14 1.48±0.48

OTC-In 6167±4824 28±13 31±13 31±13 1.42±0.68

Fungi
OTC-Out 8826±2049 463±74 576±69 581±69 4.39±0.70

OTC-In 9987±1006 401±25 524±49 505±40 3.98±0.05

Amount of phospholipid fatty acids (mg/kg soil)

OTC-Out OTC-In
Fungi 6.8 8.0
Bacteria 5.8 7.5

Gram+ 3.2 4.4
Gram- 1.8 2.0
Actinomycete 0.8 1.1

Total 12.6 15.5

Ratio of fungal/bacterial biomass 1.17 1.07

Table 3. Quantity of fungal and bacterial phospholipid-derived fatty acids (PLFAs) in soil 
samples from open-top chamber (OTC) passive warming experimental sites

The statistical data are the mean values of three independent analyses for each OTC-Out and 
OTC-In soil.

The statistical data are the mean values of three independent analyses for each OTC-Out and 
OTC-In soil.

4.9(±0.5) mg 6.8(±1.8) mg

651.0(±18.0) mg 665.0(±3.6) mg

/g of dried soil

/g of dried soil/g of dried soil

/g of dried soil
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