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Abstract

Aims Seasonal snow cover is one of the most important factors that control winter soil respiration in the cold
biomes. The warming-induced decreases in snowpack could affect winter soil respiration of subalpine forests. The
aim of this study was to explore the effects of snow removal on winter soil respiration in a Picea asperata forest.
Methods A snow removal experiment was conducted in a P. asperata forest stand in western Sichuan during the
winter of 2015/2016. The snow removal treatment was implemented using wooden roof method. Soil
temperatures, snow depth and soil respiration rate were simultaneously measured in plots of snow removal and
controls during the experimental period.

Important findings Compared to the control, snow removal increased the fluctuations of soil temperatures. The
average daily temperature of the soil surface and that at 5 cm depth were 1.12 °C and 0.34 °C lower, respectively,
and the numbers of freeze-thaw cycles of the soil surface and that at 5 cm depth were increased by 39 and 12,
respectively, in plots of snow removal than in the controls. The average rate of winter soil respiration and CO,
efflux were 0.52 pmol'm s and 88.44 g'm ™, respectively. On average, snow removal reduced soil respiration
rate by 21.02% and CO, efflux by 25.99%, respectively. More importantly, the snow effect mainly occurred in the
early winter. The winter soil respiration rate had a significant exponential relationship with soil temperature.
However, snow removal significantly reduced temperature sensitivity of the winter soil respiration. Our results
suggest that seasonal snow reduction associated with climate change could inhibit winter soil respiration in the
subalpine forests of western Sichuan, with significant implications for the carbon dynamics of the subalpine
forests.
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FH 55 I &8T5 % 73 T (repeated measure ANOVA)
o 5% 25 4t 22 B AT s H 1 B L AZ ELAE A OGS 3N
(Y5, FE ST AR A A 6 A A M 00 B 40 5 4
FBRANT R ZH 2 [R) - A9 P ok e ) 22 S R BT
A B 538 K SPSS 20.09k kAT 4e it o i, WEME
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Fig. 1 Effects of snow removal on soil temperature.
Tl AFRIKHEGAE T TR 25 A KR a3
Tablel Timing of freezing and freeze-thaw cycles under different treatments
R 1t FOF I E(C) S ECC) LR A U RERH
Soil depth (cm)  Treatment Daily mean temperature (‘C) ~ Minimum temperature (‘C)  Duration of frozen soil (d)  Freeze-thaw cycle
0 E I 215 9.1 103 63
Snow removal
XFHE Control -0.71 2.2 122 24
5 EL PN —-0.61 -1.6 83 25
Snow removal
%t Control -0.28 -0.5 99 13

24 ZFLEES

BT LIS emAbIESINAR ) HIRE T, it
BT IR R IR FEFRBOC R, AN AN /N (1 L5
WP A, P SR TNl SRS AR INHC O, i .
St B A2 HIRCO B N88.44 gm >, Tk
i 425 1 HECO M & R [%£25.99% (#15).

3 it
A 75 - IR i FE AR IS R NS AN ] 2R
(1) 5 B AH R o (4R 4%, 2007). B B 748 & AR

MWAES REEAFAIEW R TR TR, H1E
FECOJBES HAMMMILEGERS). AR,
PE I 5 L 25 A2 bk A 2R 7 35 R I I IR #6052
umol-m-s™!, X 5 BT 45 B (RETHZE, 2010)4H
i, m TR ER AR (Wang er al., 2010b; Wang et
al., 2013). HAFER R Mo et al., 2005)H13E[H
V. 7 L AR AR (Hubbard ef al., 2005), {EA%T- 3 E AN
ZISEHH IR (Du et al., 2013)H158 E WIA IR AT RAS
M(Mcdowell et al., 2000). X 1] G A% 475K FHAR T
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Fig. 2 The insulation effects of snow on soil surface and at
5 cm depth.

L3, EWEHB Snow removal ¢ X} & Control

Hi}[E] Date: p < 0.0001
12 E# Snow: p <0.01 l

g
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B3 TP Rons &2 L R IR E AR A R (- S (AR AE R
FE)o “H LRI ]I S5 Bl F B AT R A B A 2 - SRR
SR E (a0 =0.05).

Fig. 3 Effects of snow removal on winter soil respiration rate
(mean + SE). “*” indicates significant difference of winter soil
respiration between the snow removal and control at the same
period (a = 0.05).

1E 45 B (Elberling, 2007). AWK, HEE
FERT30 emif, 54 AeA R RE 5 g8 = <R
FEREAL T, R A g S S A AR R AR AT
FREi(Mikan e al., 2002; Uchida et al., 2005), 4 F]F
K75 A A W (Schimel er al., 2004; Wang et
al., 2013); T HBHEH(< 20 cm)f, TR 3% LR
R, LRURas R, AT L5 CO,
JB(Du et al., 2013), i hn, 3 EEH HRIRAERES @
W/NTF30 em, &ZF PR EAKE-571 C,
K4 eI H AV 0,21 pmol-m s (Wang
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1.5

O FH i Z [ Snow removal
o X} Control

+ PP 53 2R Soil respiration rate (umol'ms™)

-3 -2 -1 0 1 2 3 4
+3EIRF Soil temperature (*C)

B4 HIEIPIRGER S R R R CPIEEARERE) .

Fig. 4 The relationship between soil respiration rate and soil
temperature (mean + SE).

2 HIEPGEE S IR TS ST I E R IR %)
Table 2 Statistics of soil respiration rate in relation to soil temperature
(mean + SE)

AbFE Treatment a b O R p

EWFFR Snowremoval 039 0.16  495+0.69 0.54 <0.05

Xt Control 048 024 11.02+0.72 0.65 <0.01
aMbFRMNE B Q103R HITF IR PR L R o

a and b indicate the fitting parameters; Q) indicates the temperature sensi-
tivity of soil respiration.

100
(T.E J—
0 80 -
5
E h— —
o
) 60 +
@)
8
-§ 40 -
=
S 20+
O
P
¥, . .
EL TN RO
Snow removal Control
El5  FHH L ERAU R 7 4 2= L HECO, I8 & (P HAbR

RIE)o
Fig. 5 Winter soil CO, efflux in the snow removal and control
plots (mean + SE).

etal.,2010b). %, &R ARMTE SR N
65 cm, AZFLIWRE W LAYERFL Chity, &
- 43 R 5 140.8 pmol'm 2-s ™ (Mcedowell e al.,
2000), AHFFTH, AN THEELI N7 em,
AR YERRE-0.5 Chity, TIEMFIGEZ N
0.52 pmol-m *+s ™o AN, BIF 5 ITVEA M AT RE i A
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R3  DRERIR T FIES P RMA T LIRCO

Table3 Values of winter CO, efflux from seasonally snow-covered forests in literature

7 # Location 5% Latitude 2% Longitude A ZECO, il = P85 - g S R S Uk References

Winter CO; efflux Mean soil respiration rate

(gmZa™) (umol-m2s™")
Jn%E K Canada 55.37°-56.24° N 97.24°-99.05°W  40-55 0.1-0.8 Winston ez al., 1997
o1 [E BT Heilongjiang, China 50.93° N 121.50°E / 0.7 Du et al., 2013
*F[E ® BT Heilongjiang, China 45.40° N 127.66° E 51.7 0.21 Wang et al., 2013
B F] Austria 47.56°N 11.63°E 62 0.24-0.64 Schindlbacher et al., 2007
[ Z k45N Idaho, America 46.08° N 116.08° W 132 0.8 Mcdowell et al., 2000
*FEA L Hebei, China 42.17°-42.83° N 117.20°-117.50°E  31.64 0.21 Wang et al., 2010b
EERZH LI Colorado, America  39.07° N 105.87° W 71 0.34 Hubbard ez al., 2005
HA Japan 36.13°N 137.42°E 84 0.48 Mo et al., 2005
HEPO)II Sichuan, China 31.68°N 103.88°E / 0.51 Xiong et al., 2010
FREPY)I| Sichuan, China 31.25°N 102.88°E 88.44 0.52 AHWFFT This study

“PRINTCE .

"/" indicates no data.
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MAEZE FIRFER, 010l KMECH9 (Mikan er al,
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T AR KT LI 0o fH(Xu ef al., 2010).
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RHE. AW RRY, SHESERD TSRS
TIRE AR . FNEFIG, T ZBRAI
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(Campbell ez al., 2005). FHLLF 3, ThiHEE
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HEIR AL € (Sun et al., 1999). ARFFTKI, Tikds
PRIFAC 7 A IR R, B9 1 L3585 B R B AN R
FRE IR, 31X 5 UAE A 5 (Bokhorst ef al., 2013;
Tan et al., 2014)354LL.

AHFF A, T B A H A A 2 1 - SR
HARPFK21.02%, HATEA NN E S, XaTaEE
BHRETFLLUR LN A B, WIAR a2 A
SR FERI FAE, KAURE SR NI, T b
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M3 3 IEOP R R BRIk, FH BRI T
K IR B AU, X T B2 IR BT A T
W % % (Aanderud et al., 2013). AF 702 W35 4% 2 i
88 A1 28 2 9B P R P UL ABURR P, T S AR N AR
&2 IR IR R U, HLSE R S
TSN 4 25 T 3R i 2R 18 25 B4 ik (Aanderud e al.,
2013; Kurganova et al., 2017). A#F7EH, 5% A
bb, 425 R R PR T A2 IR R U R
Oio (p < 0.001, k). P, ERIZD H 2 Wl
MAFR KB, HJIREAE-3 CE-0.3 CH, Rk
AR5 I I B 4R $00% &R (Schmidt et al.,
2009). CABFFURIL, BRG] T A2
YRR R 35 PE(Gaul et al., 2008; Aanderud et al.,
2013), MITATRES] K L IERFIRGE S R . A F0 A
R, BRI E R T S L3RR v
HE R T R & /(R R R A, IXH7E— e R 5l ik
AT T AP AR T

AT RN 5 R e £ R R A A
Z iR S (Sommerfeld et al., 1993; Hubbard ef al.,
2005). = FREHFMER RGAE TIEIFIRTER R E
NI ROAE(EYRAE, 2007). AT, I
PH T & 1L bk & 25 I COL M & 88.44 grm 2, &
T hn %= KAk 75 R 4K (40-55 g-m?)(Winston et al.,
1997)F1 B F) 5 11 AR PR (62 g-m *)(Schindlbacher er
al., 2007), kT35 EEHEZHA32 g-m ) (Mcdo-
well et al., 2000)F13 /& 1L ZR#L(232 g-m *)(Sommer-
feld et al., 1996). AWFFERM, HXIMAHL, HHx
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