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Activities of soil oxidordeuctase and their response to seasonal freeze-thaw in the

subalpine/alpine forests of western Sichuan
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Abstract : Soil enzyme, the sensitive bio-indictor to environmental change in soil ecosystem, plays an essential role in soil
ecological processes, such as litter decomposition, organic matter accumulation and nutrient cycling. Including others,
climate change with temperature dynamics always have a great effect on soil enzyme activity. Seasonal freeze-thaw cycle in
the subalpine/alpine region is a common climate phenomenon, which could change soil enzyme activity, and then soil
ecological processes. However, little information has been available. In order to understand soil oxidordeuctases activities
and their responses to seasonal freeze-thaw cycle in the subalpine/alpine forests of western Sichuan, three fir ( Abies
faxoniana) forests were selected covering a 600 m vertical transition zone. The primary fir forest at 3852 m of altitude, fir

and birch mixed forest at 3298 m of altitude, and secondary fir forest at 3023 m of altitude are representative forests in the
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subalpine and alpine region of west Sichuan. Based on the simultaneous monitoring of soil temperature, soils were sampled
in different stages as the onset of soil freezing period, soil frozen period, soil thawing period and growing period from
November 2008 to October 2009. The activities of soil peroxidase, dehydrogenase, and catalase were measured. There were
obvious seasonal freeze-thaw processes in sampled forests at different altitudes, and the length of seasonal freeze-thaw and
the number of freeze-thaw cycle increased with the increase of altitude. Seasonal freeze-thaw cycle significantly affected the
activities of soil oxidordeuctases, but the responses of soil oxidordeuctase activities were varied with soil enzyme types. The
activities of soil peroxidase and dehydrogenase decreased in the onset of soil freezing period with the decrease of soil
temperature, but soil catalase activity increased. Soil oxidordeuctases activities displayed few changes in soil frozen period.
However, soil oxidordeuctases activities sharply increased with the increase of soil temperature in soil thawing period. The
activities of all investigated soil oxidordeuctases reached to an obvious peak in soil thawing period. The changes of soil
oxidordeuctases activity at 2583 m were more significant in comparison with those at 3298 m and 3023 m due to longer
freezing length and more freeze-thaw cycles. Meanwhile, the interaction of altitude and soil layer had significant effects on
soil peroxidase activities, but had insignificant effects on soil dehydrogenase and catalase activities. Additionally, soil
dehydrogenase activities were significantly correlated with soil temperature, but the correlations between soil temperature
and the activity of soil peroxidase and catalase differed with altitudes. The results suggest that soil oxidordeuctases in
wintertime still keep relative higher activities in the subalpine and alpine forest of western Sichuan, although the seasonal

freeze-thaw cycle and its changes have significant effects on the activities of soil oxidordeuctases.

Key Words; Wintertime ecology; seasonal freeze-thaw; soil oxidordeuctase; subalpine/alpine forest
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8 e S AR 2 55 D) b i b Y . AR 2—4 °C L s (7 H) 23 °C AR (1 H ) -18 <C L4
BT 24 850 mm, HEEFPEGREE I AAE 11 H A & B4E 4 J )" BIRSE IX S i) RO
VAR 53 S A T I R AR B RRTR SRR T AR R LLE AR B A T o IRVE R A2 1P & A ( Picea
likiangensis var balfouriana ) FIZLHE( Betula albo-sinensis) F2=HF 5% X 5 fi #4175 (1) Z MOk 0k 200 kG i 75 AR 2 10 32
PR AP PR VK B Fi AT ( Fargesia spathacea ) | 55 11 #: B ( Rhododendron delavayi) | = i £l ( Berberis
julianae) LLFBAEMK (Sorbus rufopilosa) V5K ( Hippophae rhamnoides ) F i §] % £ ( Rosa sweginzowii ) 55 ; B AN 3£
BHEW Y ( Cacalia auriculata) | 7 111 % Bk ( Cystopteris montana ) | % Y. J& ( Carex spp. ) FIV5 5 J& ( Cyperus
spp. ) T
1.2 FEHBEE

FFE XN R IR B 24 300 m EE I = INIEFRCRARIE S VR N AT SRR, T84K 3582 m YT+ AZ LUIRYL S
K220 3 WL 1200 MRT R 20 @ I AL RS | =0T VR R4 4K 3298 m MR AR JZE , LAIRVL Y8 AZ FIZLAE
N RHE LY 80a, AR AR TN HIAT LLBAEM = LIS s iR 3023 m BYFR AR JZ DURVEIS AZ U AE MR T2
A2 700, BRFAEY) FZNEAT =W R RS AR L3N AT £ (Cambisols) 7 FEACHAL,
PERTILR 1,

R1 FRIBHRFAEEN L EELER

Table 1 Soil properties in the sampled forests at different altitudes

Wm kR Lk =R T ZC B 720

Altitude Layer Thickness pH Organic carbon Nitrogen Phosphorus Aspect Slope
/em /(g/kg) /(g/kg) /(g/kg)

3582 I 15£2 6.2+0.3 161.4+20.3 9.5+1.9 1.2+0.2 NE45° 34°
Il 23+3 5.8+0.2 41.9+15.8 2.8+0.2 0.7+0.2

3298 I 1242 6.6+0.2 174.0+55.8 9.5+2.1 1.5+0.1 NE42° 31°
I 24 +4 5.9+0.2 53.7+17.2 3.2+0.2 1.2+0.3

3023 I 1242 6.5+0.3 161.9+31.1 8.1+1.6 0.9+0.1 NE38° 24°
I 2143 5.9+0.3 43.8+10.8 2.0+£0.5 0.8x0.1

LA HUZ; 1.0 Bz

1.3 FERCREE K E

2008 A 11 H 1 H, 7EWFIEREHL N £ 38 5 om b3 15 201 411 X IR B A% S A% ( DS1923-F5#, Maxim/Dallas
semiconductor Inc. , USA) FEZE WS I 3R 1 h 10 5% 1 B . IR Wi e, 3980 % 22 3 d HH BIR T
0 °CIIIHIE X IS TG WS 3R R S 3 d HIE T 0 °C I & Sk HIERbL IR 66, 3F B
Al st BE IR AR T 0 CHFLEE /D 3 h, BE)G M FH8] 0 CHZeE A3 h (85T 0 CHREe %3 h, MG B E
0 CLRATHFEE 2 3 h) i HEE B B BIC E— IR ARG 38 >

T 2008—2009 47245 Mk R Bl ] K2 2009 4F A= 4 Ze 7 HEAT 1 AR R A L TR &5 ) Y
DX ek P 3984 2 HLA W 3 B VR R RS R AL R, H SRS N 11 A TR (R, R TR R T
0 CHEFFZEALT 0 C) , 3 12 H 8 2Ras (ARg5 M, THERERZLILT 0 °C) , BIM4E 3 AT fEki4 HWIFihal
(R, TR BT AR T 0 CRIFRES T 0 °C) o P, BARA:RAFIS A4 45 . LIERIASI (11 A5 H
11 A 15 BRI H25 B) g2 H15 B0 15 B2 A 15 B) Rk A5 B .3 725
H4HS5HFf4 H25 H)FAKZE(S H25 H 8 AHS HA10 H25 H) ., fEAEHBNFEALIER S 1~5 mx5 m
B A4 FRRE 7 SR . H T i A v L sk 2 XA 1 G I s L/ L BRAR 3 T e A B, L5 7 AR SRR 1 -
AHUZ MR T2 Wk, AR R A PUZ (0—15 em, ) 18" 5 +38)2 (15—30 cm,
1) SRAEFESR . KRR A VKRR AL P, 24 b N3z [F] 5250 %, SR 5K SRR S o0 A 3 1 — I FE i by
P YRR FIR R G IR, i 2 mm 0 B ACREELS VT 4 C yKAE L+ FEREE PR e ; — B T, A
V& Ar ik 2 mm 0. 25 mm G B ADREIFAS | 5 TR PR At T 4 B R 400 5 LA o DU ST B 5 g
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LS PRI E S RSO ik i AR (POD) SR L G, — AN ML (EU o, ) BA 1
g TIRFEARTE 30°CAAF T2 h R AR IR T R A2 e s U ( DHA ) SR H @R IE , — 4 B
FANT(EUp, ) BA T g B3ERESAE 30 CC 24T ,24 h NP0 HY RO B3R ik AL & ( CAT) SR KMnO,
T AE E , — RS VE AL (EU ) DL 1 g RIERERNTE 30°C 254F 7,20 min ATFFE 0. 02 mol/L ) KMnO, £
TR . SRR T Y5 pH (LR A 0 0 M7 LR T 0 P
5 , 2R FIRE O LIRE RO , 2R A B BT L Gl e ™
1.4 ZEitorhr

K H =N E T 225087 (three-way ANOVA) Filfie/Ni 3 22 515 (LSD) Ke 364k | )2 Rl K 45 32
HAE XS 3 A AL YT S A AL U NG B S, ST RE AR K I (Independent t-tests ) A [R]MEAR S
em HIEREEZE R . RH Pearson AHICRBOFHT 5 em - HEIRLEE 15 -+ 58 0T S G TG T 1A A DG G 3R (M TR
FHRE SRR 5d RS 5d BFME) o A et iR SPSS13. 0 SE AL, BEPEKFBE N P=0.05,
2 #R
2.1 HHEFT TR AR

W 1 F7R 3582 m 3298 m 13023 m LR F 1 PEVRAS SRR ]2 50) 0 157,127 d #1120 d, 5T
I A ) A2 82 T SR T S0P R AL P ERF I 1 3208 m S5 07,3582 m S5 M40 0 5
TEFRUCEL LA 3208 m I3 5, 3582 m S fIK, fEL Rl Ao 00 A oA 5 1y 8 o 8, o 45 20 80 2k 300 D A S 7 7 2R
(%£2).

3582m

+33838 i Soil temperature/°C

3023m

— — I — — o )
S o o = o A S
(] [sa) vy o~ 0
= — S S ) S e
® © =N =N =N =N =
=3 =3 = = = = T
S S S S S S &
Q Q Q Q Q Q S

H #j] Date

1 AEBERHFENLESom BENS
Fig. 1 Dynamics of soil temperature (at the soil depth of 5cm) in the forests at different altitudes from November 1, 2008 to October

31, 2009
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F2 FREIBHFRNTERRBEERFE

Table 2 Characteristics of freeze-thaw cycle in the forests at different altitudes during seasonal freeze-thaw period

IRREIEER/n TP IR/ C
-~ Number of freeze-thaw cycles Soil average temperature
BRI/ m — — — — — —
e L AL S B A RN
Onset of soil Soil frozen Soil thawing Onset of soil Soil frozen Soil thawing
freezing period period period freezing period period period
3582 4 0 16 0.105 -0.422 0.442
3298 10 0 8 0.211 -0.562 2.601
3023 5 0 6 1. 150 -0.900 1.193

2.2 ISR

3 AR ST HUZ AT 5 32 A i S A W e 1 2 2 3 B e 300 0 L 2 e AR T 2 35 R AR, 7R
SR AN ., 7 SRR A e B (1 2) o 3582 m i ALY BHE PEFERRIL I (3 H 5 H ) 184
F e (B A, 0 3298 m A1 3023 m LA HILZ i A0 Tl 05 P i 9 Rl A o R 45 808 i, e B AR
Wi(4 A 25 B) XA T (e, BB R 0 1 SO B R il - gl A R 2 B Se R i m B i a3
P 2 E AR M DL 10 H B ik, AHXTF 3298 m 1 3023 m, ¥R 45 FE 4R B E] AR Al 2R B0 5 1
3582 m (1Y) M AL W R A S

8 r O 3582m O 3298m & 3023m
THAENE
a
6 F d
% { ab aba ad 2
d d b Tad
ab ab b b
ab &
ab de
=)
o e
(5]
2
o
%
2
5]
~
&
]
=
N ad ad
) ac,
a
dab db
a c
bde be c a
C b Ibc be
be d
(9
0 (-
8 a Q 3 a 3 8 Y 8 Y Y 8 &
- - ) & P I oh oh g 3 1 o =)
= = = ~ o o o o =] o =
Fif il Date

B2 FEBERFRLEIEEDEEFTEITEL
Fig. 2 Dynamics of peroxidase activity in the forests at different altitudes from Novmber 5, 2008 to October 25, 2009
ARNE TR IR 22515 0. 05 K

2.3 LA

A HL)Z RN 5T )73 1 T SR M 32 00 R I R I B e SRR, HLZERARIIR (11 H 25 H) %
BATEIERARE (B 3) o TS 12 04 0 0B I P E VRS I A8 AL AN B I (L Rl R R 45 4 8 it ) B K 7 3582
m [ B0 U A5 2 A R TR KO o 3 AT AR - A AL R I - 98 23 1 8 St 1% 2 Bl 10 - S 3 8 344 o
WERN, HAE3 S H 3582 m 4 HS H 3298 m 14 H 25 H 3023 m HE—AS0 & 1916w, [,
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3582 m 13023 m A YA TR 32 R SEFEPES LA 8 H ey, 123298 m LA 5 H e,

L6 r ML
O 3582m
ae 1 3298m
12 3023m

& Dehydrogenase/EU

08 1 gtz .
af
af
bd
abd a abd [ @ abd
be cd be C'
a
i bed d
a f
w w wy v w v v v v el el w) wy
= = = a 3 g S g g I 8 8 2
HH§ Date

3 FREEBRFRTERSEEENSE
Fig. 3 Dynamics of dehydrogenase activity in the forests at different altitudes from November 5, 2008 to October 25, 2009
ANF/ING FRERIR2E 535 0. 05 JKF-

2.4 EALE B

I HUZ R 5T 4582 0 3 A S P B A VR B R B A A (1 4) AR - SR A Y
WEHEARORBE . 7E RIERAb I, 2% )2 it S AL SR T PR R AL (3 0 5 B & T — A 2RI mR 5
PR B, 3298 m F13023 m H3EA PR AT+ 5820 S SRS EILL S A fiem {13582 m L) 8
A&, AXF T 3298 m Fl13023 m, ZRAIE I R] S A 3582 m 3885 4801k SIS 14 A8 A0 S A 42
2.5 TSRS E X R

TR 124 B 25 T LIRS P (R 3) o kA LB S EAE T R E W T g A
Wit e (R R U AT AT AU T AN S AR VR 2 R A A ) 58 BV R S T it A Ak
UG (H TS B i S Al R U R [ I SRR I S T P R DA G (H S i A e
Fit e A S T P A DG PR IR AR TR R (6 4)

®3 BRI EMFREAN T EBEESWN=EERHTEIN

Table 3 Three-way ANOVA for soil enzyme activities to altitude, soil layer, and freeze-thaw stage

[HF Factor ALY EE Peroxidase L& Dehydrogenase HEAL AR Catalase
A <0.001 <0.001 <0.001
L <0.001 <0.001 <0.001
FS <0.001 <0.001 <0.001
AXL 0.002 0.785 0.363
AXFS 0.001 <0.001 <0.001
LXFS <0.001 <0.001 <0.001
AXLXFS 0.136 0.401 <0.001

A Altitude; L; )2 Soil layer; FS. ZREET Y Freeze-thaw stage
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Fig. 4 Dynamics of catalase activity in the forests at different altitudes from Novmber 5, 2008 to October 25, 2009
ANF/NGFEEFRIR 25 535 0. 05 K-

x4 TEBEESTEREMNEXRY

Table 4 Correlation coefficients between soil enzyme activities and soil temperature

THk/m HEt ¥ it ALY Jit S it AL A

Altitude Environmental factor Peroxidase Dehydrogenase Catalase
3582 +HERE Soil temperature 0.206 " 0.346 " 0.121 ns
3298 FIEIRE Soil temperature 0.455** 0.309 ** 0.348 **
3023 +IEIRE Soil temperature 0.167ns 0.553** 0.025ns

ns: P>0.05; * P<0.05; * *P<0.01

3 iFig

KA IR IS AR5 ) 3 S A SRS T T REXT A S B A BRSSP AR P, LR
T3 g RIS 7 7 1) A AT AR T M IS A B VR il RN W8 Ak, 7E T 3 R A0 30 s B — A Tl A T
Fe G [T A S A A IS D i T 20 A I S VA - S VR R R R AR - S VR R il 2 A O ) R R 25 R T W
FMCIRIA B AR ) I E LS R BRG HEXT & F H A S RS A A EEE X,

F TR AR K R e S5 PR DR 19 22 57, AS [l B A A R R R TR) 1) R AR AR 25200 RIS v
R R SRR RS A S AR R R A I B 25 5 i T AR BRI I BOR A L R A TR
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