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Abstract: Not only do soil enzymes take part in carbon and nutrient cycles in soil ecosystems, but act as the sensitive

bioindicators in indicating environmental changes. Consequently, climate change characterized by climate warming and
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seasonal snow cover decline might give to a certain extent effects on soil enzyme activity in high-altitude and high-latitude
regions, and thereafter change the cycles of carbon and nutrients in soil ecosystems in cold biomes. However, the response
of soil enzyme activity to climate warming at different critical periods remains unknown. In order to understand the effects of
climate warming on soil ecological process in the alpine forest in western Sichuan, soil columns sampled from a primary
Minjiang fir (Abies faxoniana) forest at 3582 m elevation was therefore in—situ incubated in the primary coniferous forest,
transplanted and incubated in 3298 m and 3023 m sites in May 2010, respectively. Theoretically, the temperatures of ;soil
and atmosphere would increase by 1.78 C and 3.52 °C, respectively. Based on the previous studies and simultaneous
temperature monitoring, soil columns at three elevations were respectively retrieved at the early growing period ((EGS) ,
later growing period (LGS) , onset of soil freezing period (OF) , deeply frozen period ( DF) and thawing period (TP) from
August 2010 to April 2011, and the activities of invertase related to carbon cycle and urease related to nitrogen ¢ycle in both
soil organic layer (OL) and mineral soil layer ( MS) were instantly measured in the lab. Differént from the theoretical
prediction values, annual mean air temperatures at 3298 m and 3023 m elevations were actually higher 1:39°C and 2.64°C
than that at 3582 m elevation, respectively. As affected by seasonal snow cover, lowering 559.m elevation made the annual
mean temperatures of OL and MS in soil columns increase 0.84°C and 0.82°C , respectively, butlowering 284 m elevation
made the temperatures of OL and MS in columns actually decrease 0.55%C. and 0.56°C , respectively. Regardless of soil
column transplanting and sampling periods, the activities of both invertase and urease.in-OL were significantly higher than
those in MS. Moreover, those activities in OL varied more sharply with critical periods and elevation lowering than those in
MS. The activities of invertase and urease in soils fluctuated to some extent with eritical periods, but the highest and lowest
activities of soil enzymes varied with soil layers, enzyme types and the elevations. On the whole, the activities of invertase
in both OL and MS decreased from EGS to LGS, and then increased during DF and TP. The activities of urease in both OL
and MS increased from EGS to DF, and then decreased in TP. Soil column incubation with lowering 284 m elevation
significantly improved the activities of invertase in both OL and MS at EGS, OF and DF, but the incubation with lowering
559 m elevation significantly improved the activities of urease in both OL and MS at DF. The elevation, soil layer, sampling
period and their interactions gave strong effects on the activities of invertase and urease in the alpine forest soil, and the
responses of soil invertase and urease activities in the alpine forest to simulated climate warming varied greatly with different

critical periods as affected by seasonal snow cover.

Key Words: alpine forest; -soil invertase; soil urease; soil column transplanting; simulated climate warming; seasonal

Snow cover
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Fig.1 Temperature dynamic of air and soil in three elevations from May 24, 2010 to April 19, 2011. A is daily dynamic of atmosphere

temperature, and B is the temperature difference at different critical periods
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Fig.2 Effects of soil column transplanting on soil invertase activity in soil organic layer (OL) and mineral soil layer ( MS) in the alpine
forest from May 24, 2010 to April 19, 2011
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Table-1 Correlations of the soil invertase and urease activities with mositure, pH, Du-AT, and E-TD

B OL MS
Factor AL Invertase Wk Urease FEALEE Invertase Nk Urease
JK%43 Mositure 0.000 -0.003 0.294 0.369
pH -0.138 0.219 0.200 -0.255
SRAERS 451 Du-AT -0.706"* -0.608 * -0.470 -0.639"
TR )R 22 ([R]—RAERT ) (E-TD) -0.165 -0.154 -0.070 -0.242

OL. +HEEHUZ; MS: #Fi 582, Du-AT: Duration average temperature; E-TD; Elevation temperature difference; * P < 0.05; # * P < 0.01
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Table 2 Results of repeated measures ANOVA for the effects of elevation, soil layer, and sampling period on soil invertase and urease activities

AL Invertase R Urease

¥ HEARME REAME F p A7 HEARME REAME P P
Factors df(n) df (error) Factors df(n) df exror)

E 2 12 39.012 <0.001 E 2 12 108.377 <0.001
L 1 12 0.0089 <0.001 L 1 12 0.0058 <0.001
SP 4 48 705.781 <0.001 SP 4 48 574.376 <0.001
EXL 2 12 19.271 <0.001 EXL 2 12 18.236 <0.001
EXSP 8 48 17.036 <0.001 EXSP 8 48 20.679 <0.001
LxSP 4 48 318.542 <0.001 LxSP 4 48 57.155 <0.001
EXLXSP 8 48 13.053 <0.001 EXLxSP 8 48 35.321 <0.001

E: ¥4k elevation;L; 12 soil layer; SP: SR RET Y sampling period

[ I3s82m [_]3298m [2]3023m

4 —
AR Aa
Ab j—
3 el Ba
Ca Ca _I_
Bab Bb Bb Bab Bb
2 - C
cb Db Dec
~~ 1 I~
-]
B
o
§ 1.5 Aa
B
= ) P A b [
77 T
1.0
Ca Bb Ba
Cb cp ﬂr
.JI: I Cc Db Db
05 Ea Da Ea
g
1L
HRFERIH HRFEAR M eI VR L]

B3 THEBRUBMNELEFTEGNENY R EEREEEHSHZM
Fig.3. Effects of soil column transplanting on urease activity in both soil organic layer (OL) and mineral soil layer ( MS) in the alpine
forest from May 24, 2010 to April 19, 2011
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