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Predicting changes in functions of forest soil against to global warming is an important issue to assess forest ecosystem services.
However, there are few examples of the use of non-powered passive open top chambers (OTC) in temperate forests. In this study, we
set up the OTC in the forest of the Hokkaido Experimental Forest, and clarified the effects on soil temperature, freeze-thaw frequency,
and water content mainly from seasonality, slope orientation and warming treatment effect using OTC. The soil temperature inside
the OTC was higher than outside during the year, but the effect varied depending on the situation. There were interactions between
seasonality, slope aspect, and OTC treatment in daily maximum, minimum, mean soil temperature, and daily range. The interaction
was because the difference between the inside and outside of the OTC is larger on the south slope than on the north slope in terms
of daily maximum, average soil temperature, and daily range. In winter, the frequency of soil freezing and thawing increased
significantly in OTC on both the north and south slopes. There was also a decrease in water content within the OTC. From the above,
it was clarified that passive OTC has the effect of sufficiently increasing environmental stress on soil even in cold temperate deciduous
forests, although the stress effects are different depending on the situations.
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Fig. 1. Two types of examined open-top chambers (OTC) in this
study. Quadrangular prism shaped open-top chamber (OTC)
made with clearcolored corrugated poly-carbonate with 90 cm in
height and 80 cm in sidelength (a). Four-sided tent shaped OTC
made with poly-ethylene (b), whose height from ground to open-
top, open-top side lengths, and bottom side lengths are 90, 50,
and 120 cm, respectively.
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Fig. 2. Experimental slopes in Ashoro Research Forest (ARF).
Black and grey circles indicate south- and north-facing slope.
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Fig. 3. Soil temperatures in (grey line) and out (black line)

of quadrangular prism shaped OTC made with clear-colored
corrugated poly-carbonate.
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Fig. 4. Soil temperature inside and outside of tent-shaped

OTC in Shiiba Research Forest. Solid black and broken grey
lines indicate soil temperature outside and inside of OTC,
respectively.
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Fig. 5. Soil temperature inside and outside of tent-shaped
OTC in Ashoro Research Forest. Solid black and broken grey
lines indicate soil temperature outside and inside of OTC,
respectively.
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Table 1. Annual mean %= 1S.D. of soil temperature (daily maximum, minimum, mean and range), frequency of freeze-thaw cycles (FTC),
and volumetric soil water content (VWC).

Soil Temperature (°C) FTC* VWC
maximum minimum mean range (days) (%)
Annual (2019.9.21-2020.9.20)
North OUT 7.0 £8.2 49473 5.9+7.7 2.1+1.8 25+ 8 e
North IN 8.4 £8.4 5.0£7.7 6.548.0 34429 45 +18 E—
South OUT 9.2 £8.6 5.6£7.8 7.1 £8.0 3.6+2.9 49 +15 E—
South IN 12.5+8.5 5.8+8.0 82479 6.8 +4.9 105 £36  —
Autumn (2019.9.21-11.30, 2020.9.1-9.20)
North OUT 9.1+6.3 6.9 £6.0 8.0 6.1 23+1.2 5+1 1949
North IN 10.3 £6.5 7.3+6.3 8.8 +6.4 2.9+1.7 9+3 14+8
South OUT 11.7 £6.5 7.9 +6.4 9.6 6.4 3.842.0 8§+2 17+4
South IN 15.0 +6.1 7.9 £6.6 10.5 £6.1 7.1 4.6 12+5 1543
Winter (2019.12.1-2020.2.29)
North OUT -1.6 £0.9 —2.5+1.2 -2.0+£1.1 0.9 £0.6 0£1 R
North IN -1.6+1.1 -3.4+1.7 -2.5+1.4 1.8+1.1 3+5 E
South OUT —0.8+£0.9 -2.5+14 —1.7£1.1 1.7 £1.1 7£6 R
South IN 1.842.3 -3.0+1.7 -1.2+1.2 48+29 61 £28 E—
Spring (2020.3.1-5.31)
North OUT 29+4.4 0.542.1 1.6 +3.0 25429 19+8 46+2
North IN 6.6 £6.4 1.1+£3.1 3344.1 55444 34 +11 45+1
South OUT 7.0 6.5 1.543.5 3.6+4.5 5.6+4.4 35+8 4242
South IN 13.0£7.8 2.244.1 5.8+4.9 10.9 £5.9 31 +£10 41+£2
Summer (2020.6.1-8.31)
North OUT 16.8 £2.9 14.1 £2.6 154 £2.7 2.7+1.3 0 19+3
North IN 17.5+£2.7 144 £2.4 15.8+2.4 3.1+£1.5 0 12+4
South OUT 18.3£3.0 15.0£2.4 16.4 £2.6 34 +1.6 0 e
South IN 19.6 £3.3 152+2.4 17.0 £2.6 44423 0 6+2

*ETC: Higm i X Hicfiiii <0 & 25 HEL $4abb—HDOI BIZT T AL~ A F ADOMEZ W B L7z HE

%2 OTC, ZMRUVHREA AU/ #E (BRS, &K T, BE), RERFEE, SKRCRETHZECHTE
Table 2. Results of mixed linear regression models in effects of OTC treatment (T), season (S) and slope direction (D) on soil
temperature (daily maximum, minimum, mean and range), frequency of freeze-thaw cycles (FTC), and volumetric soil water content

SIRE AR TORR.

(WC).
Soil Temp. T S D TxS SxD DxT TxSxD
Maximum skeskoskosk skeskoskosk sk sfeskoskosk skeskoskosk skeskoskosk skskoskosk
Minimum k3k skskoskk n.s. skookoskok skokoskok skookoskok skokoskook
Mean skskoskosk skskoskosk skokoskosk skokoskok skokoskosk skokoskok
Range skskoskosk skskoskosk k3k skokoskosk skoskoskosk skokoskosk skokoskosk

*EEE: P <0.0001, **¥*: P<0.001, **: P<0.01, *: P <0.05, f: P<0.10
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vy (Hishi e al. 2014) 9 Z2, HEFEOECIZEFIZH SO
AN AR NKIRIN KR E L R B LHNER 72720,
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FTVOREEEZ LN BB LORIEI R D KE LS
N3 EEZ 5N 5 HRSHIEOFEM L, HEEO OTC
NES TR D < 119 = 85 C, OTCH D84 =83 C &
DX 35CTHo7 (F 1), F72, dLFhmo oTC HNEET
1275 £82 T, #iETlL63 +78C T, #D#I1x1.2T
T o720 ERMEITER % FIET 5 & T hophmEm i
TH OTC WD #1L 0.1-02CHEEDEVIZE & 5720,
MR OFEH L, BRI O OTC WET 7.3 + 7.6C,
ERTIE 62 £ 73 CTTOTC N O ZEIF 11T, deftm o
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D#1304C &, e LB L T OTC O%hFId/ &S <
ol I L REHBIESZER OTC 12 X A5 F I
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DEBOEE). ZFeHE, BCERMEOEEZTRT. 2KIEI0TC
HE8, IREDIFIZOTCASDHE.

Fig. 6. Daily maximum, minimum, mean of soil temperature,

and daily soil temperature range (DSTR) outside and inside of
OTC on different slope directions in Ashoro Research Forest.
Figures on left and right sides indicate north- and south-facing
slopes. Black and grey lines indicate outside and inside of OTC,
respectively.

i 5

WL CEEREW S ITBEOMEE —FLTWwb (Xu et
al. 2010)
REMILETVORRE2 S, ZFE, #HEifz, OTC #kiE
EOVTNOMTH Hipmihii, HRfCiR, HFSH
W, HBEZRLZ-TBY, IR50LETIZBWTEREE
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F D OTC 12 & AHR~D B, FH & FHAAMIZ L -
THEZ o> Tz, TIHMEFIOIT ) A 0m & #hm &
NRTCHHEEIKRET WD, ZH OTC D25 T 4 ) F—
BEMEFHTRE <, ERRTTNTOFEO HREH
IEFEmMESImME LY b REDo72, F/2, FHIZLD
OTC DHLEA~DEH DL, ERKIZIZZFNITEEDT
FIZIE OTC TE L & AR 7S, Ak mshm 5
IZBWT OTC NEFCHIER L VIR T LAz ThH (E o
REHEOMETIZ LD, LT OTC 12 & AiE o I
AN EWILAXFTEICB VT, L0 PEHEIME T3 5
729, MO OTC 12 & 2 ik EA#hHEA e & Trgm &
B & S 51K < % %o ALRHE O REHIEAS OTC 12 & -
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Do
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ML LRENZ EDHSN TS (Hishi ef al. 2014) s A
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Fig. 6. OTC on the north-facing slope in winter season. Snow
depth in OTC was thinner than that around OTC, and was
biased to lower-side.
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Fig. 8. Frequency of freeze-thaw cycles (FTC) on each slope

direction at inside and outside of OTC.
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Fig. 9. Volumetric water content on each slope direction at

inside and outside of OTC. White and grey boxplot indicate

north- and south-facing slope, respectively. Plain and dotted

pattern indicate outside and inside of OTC, respectively.

Autumn

Wim o HAEE L, WINOFEHIZBWTH OTCH
[, AR BV TUEE R O 25e#H & 0 b sffG
MRS X o 720 T OFGERME O X, HMe, b
77 &1 3B bk o BURS AR B EE (0-19 [ / 4, Bokhorst et al.
2012, 2013, 2018, Konestabo et al. 2007) & 1) 3 iEH 120
Too BEIZTEIZHADL &, FkEA DI T OTC O H A5
RHEDPNOZN LN b EL AR Y, FIZLD OTC NTIX
LD 10 REDBHEE L 7 o 720 AHIORE OWA L, SRR
fRARE LR CBIFR L, DRERHEIIRH T EELR AL
AENE LT, ZOOFHHEIZL L HERGFDE
B LI OB S E R B %4 > THB Y (Shibata
2016, Urakawa ef al. 2014, Hishi ez al. 2014), SfGALE% £

L 7= LI Re 2 b icxl 3 2 /P EERRRE S LCd OTC i
BN R EFHTIZE VR b,

OTC (FHiR D FH7210 T, TEOETRLY L2632
LS TwAh (Makkonen ef al. 2011) . TIEDEZIEIL,
BIIERTRL 258\ & &0 & D BERERT o528 & B LI
L BFEIEDOFENE 2 5D (Marion et al. 1997) o AN
T, WINOFI AT, EIZDOA OTC N 13
RFEEREDIET LD T T A5 ERB0 BNz (1,
X9, #£2),

4. fEE

ZEF O OTC 1%, MAEAFEL, LR LEKE,
FARTIEA B 2o v ARBFIETIE, iR %285 2
HIZBWT Y, OTC IZER MR F NS ¥, HiEkG%
BT SR80 H D L DR SNz 7277 LikERE
BRI L o TlE, OTC 2 & o THIR EF ORI EAEIZ L
WA RHIRK TS 2560d ), EErEST L, —F
T, “BLTVINOFEH T OTC 12 & 5o H g%
WEEINT A2 LML SN, T2, TREHEML 24
A XY b ELT, OTCIZ X 2 Hifs Bl AR E OBIMAT R &5 h
7oo ARFHAEME, WRUERLIL M L Y b E WV T AT
FAERR L TB Y, OTC T & S\ Coliam & 58
EEEDLEDNTRTDH o720 HIRERE, Wl SRS E
oI, WEh L FEEEYICHT LA ML AERE LT
FRENTBY, ZEFE OTC 145 B LEAY~DRIEL
W A0l ERREEEZ 5N,

B

AFZ213 ISPS BHIFE TP19K06126 DB % 1T 72 DT
o OTC DFFHERE CTHIFRIZ I > T 7272 - R EAE
i ORIt OTC 1B, il HEHr & BRBEshil
BT\ 72 720 - AR i AR R R O A IE L, B
MIFEDSRIATE LA IR B, BRILEEEAT IS, #rEEd-
IDFHRRPUEREG, HoCHES, SRR, ILHBERK, =
IR MR BE O T R R S P B, AT IS Ak
I HERT B AT B R L F 3,



8 %

5[ A3k

Bokhorst S, Metcalfe DB, Wardle DA (2013) Reduction in
snow depth negatively affects decomposers but impact
on decomposition rates is substrate dependent. Soil Biol
Biochem 62:157-164

Bokhorst S, Phoenix GK, Bjerke JW, Callaghan TV, Huyer F,
Berg MP (2012) Extreme winter warming events more
negatively impact small rather than large soil fauna: shift in
community composition explained by traits not taxa. Global
Change Biology 18: 1152-1162

Bokhorst S, Veen GF, Sundqvist M, De Long JR, Kardol P,
Wardle DA (2018) Contrasting responses of springtails and
mites to elevation and vegetation type in the sub-Arctic.
Pedobiologia 67:57-64

BAIEW, HATERIE (2020) JUIHRAEAL MR AR o 5 7%
B FE A BT B 5dm, E R, HimoERZAL.
JUKIEH 101 © 7-11

Hishi T, Urakawa R, Tashiro N, Maeda Y, Shibata H (2014)
Seasonality of factors controlling N mineralization rates
among slope positions and aspects in cool-temperate
deciduous natural forests and larch plantations. Biol Fertil
Soils 50: 343-356

SIFEETR, IEARKHE (2011) I — R LA S SRS B
VB iR b BRI E OB FE. FUMRERS . 31 ¢
43-50

Makkonen M, Berg MP, van Hal JR, Callanghan TV, Press MC,
Aerts R (2011) Traits explain the responses of a sub-arctic
Collembola community to climate manipulation. Soil Biol
Biochem 43: 377-384.

Marion GM, Henry GHR, Freckman DW, Johnstone J, Jones
G, Jones MH, Levesque E, Molau U, Molgaard P, Parsons
AN, Svoboda J, Virginia RA(1997)Open-top designs for
manipulating field temperature in high-latitude ecosystems.
Glob Chang Biol 3: 20-32.

Pelini, SL, Bowles F, Ellison AM, Gotelli NJ, Sanders NJ, Dunn
RR (2011) Heating up the forest: open-top chamber warming
manipulation of arthropod communities at Harvard and
Duke Forests. Methods in Ecology and Evolution 2: 534-540

MR, PRE, fikst, SEEMG, EHS R,
BEH 7S (2013) HEKIRBEAL AT LG I8 & M oo AR RE R 12
52 %58 — NTIRBELERIZ X o> TT2 b o T
7oA ? HIFHERE 1220 628-637

Sharkhuu A, Plante AF, Enkhmandal O, Casper BB, Helliker BR,
Boldgiv B, Petraitis PS (2013) Effects of open-top passive
warming chambers on soil respiration in the semi-arid
steppe to taiga forest transition zone in Northern Mongolia.
Biogeochem 115: 333-348

Shibata H. 2016. Impact of winter climate change on nitrogen
biogeochemistry in forest ecosystems: A synthesis from

i 5

Japanese case studies. Ecol Indic 65: 4-9

Sun S-Q, Peng L., Wang G-X, Wu Y-H, Zhou J, Bing H-J, Yu
D, Luo J (2014) An improved open-top chamber warming
system for global change research. Silva Fennica 47: 960

Urakawa R, Shibata H, Kuroiwa M, Inagaki Y, Tateno R, Hishi
T, Fukuzawa K, Hirai K, Toda H, Oyanagi N, Nakata M,
Nakanishi A, Fukushima K, Enoki T, Suwa Y (2014) Effects
of freeze—thaw cycles resulting from winter climate change
on soil nitrogen cycling in ten temperate forest ecosystems
throughout the Japanese archipelago. Soil Biol Biochem 74:
82-94

Xu Z, Wan C, Xiong P, Tang Z, Hu R, Cao G, Liu Q (2010) Initial
responses of soil CO2 efflux and C, N pools to experimental
warming in two contrasting forest ecosystems, Eastern
Tibetan Plateau, China. Plant Soil 336: 183-195





