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Abstract: Research on soil enzyme activities is beneficial to identify relationships between plants, microbes, and soil
organic matter. Freeze-thaw cycles will change resource allocations for the production of soil extracellular enzymes, which
affects organic matter decomposition processes in the soil. Based on the pre-recognition of sub-alpine seasonal freeze-thaw
cycles and considering typical coniferous-broadleaf mixed forest, coniferous forest, and broadleaf forest soil in the sub-
alpine region of western Sichuan, we controlled the freeze-thaw environment and analyzed the effects of freeze-thaw cycles
on enzyme activities in the soil, including carbon, nitrogen, and phosphorus. According to the results, the freeze-thaw

cycles had a significant impact on [(B-N-acetylglucosidase and phosphatase activities associated with soil N and P. The
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activity of B-N-acetylglucosidase was elevated at the beginning of freeze-thaw period and then decreased with an increase in
freeze-thaw frequency. The phosphatase activity increased significantly in the later portion of the freeze-thaw cycle.
However, the freeze-thaw cycle had no significant effect on C-related soil enzyme activities. The changes in C-related soil
enzyme activities in this study were more determined by litter decomposition processes and forest types. Among them,
cellulase and B-glucosidase activities were significantly correlated with the decomposition process of organic matter. The
limiting factors of peroxidase and polyphenol oxidase and low temperature and low oxygen were still present in this test, so
the activities of these two enzymes did not change significantly. On the other hand, the effect of forest types on cellulase,
peroxidase and phosphatase activities was significant. The soil cellulase activity of broadleaf forest was significantly lower
than that of coniferous forest. The peroxidase activity of broadleaf forest soil was significantly lower than that of coniferous-
broadleaf mixed forest and coniferous forest. The soil phosphatase activity of coniferous forest soil was significantly higher
than that of coniferous-broadleaf mixed forest and broadleaf forest. Our results indicate that the effects of the freeze-thaw
cycles on extracellular enzyme activities in the soil vary in this area. Freeze-thaw cycles that result from climate change will
further influence the organic matter decomposition processes of the soil ecology system in the sub-alpine forest in western

Sichuan.
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e ORI T R A AR, UK S AR FR A0 B AR AR i L SRR e
BREN BN EES 55 JEFR00 AU bl 2OCHEZ A E" | L3RS M 42
EHOR S R AR YA ZE T MR PR R A R i £ BRI A DX T SRR
VR R P LS - S R AR B | TS T SEREE A A 8 s Rk A A Al T BRI A Je il
RO BUAE | 7 e A X T RSN R 2, A RS /0 RG5O IR A T A 2> | DA TG 5 38 1
VRN VRES VR B FIR RGP U 3 2 SADh RS SIS A R | SRR K 3R 0 A SR R 1
PRI TRI VR PR 23 i 1E 3 A LB B, 5 B0 V5 1 AR 2 R PR R O i 35 4, 5 L - 30 il 1
ARG AT UL VAR B K A (A L ) S L SRR T, e AU I AR S R R S R
R PR AR I T ST 2 L R - Sl 075 P ) 2 o A 55

AT AT T B89 1 P8 I e LR D B ) A 2 5 e, A AT 7 KRR TR K R A ) A P R
8505 T EA AT VE AL 2 B BTSRRIV AR Y 520, R4 11 H ZRAE 4 H L iZIX
AR R U A T R R AR BRI R R R WFE R G R X1 Y e 1 AR bk 1
RS AE B R ME ,A7 B T IR A S X A AL A A PR e AL o EL AT A AE 12 0 DX R R B 0T - S 52 ) A9 9F 5
LB — B R AR SCLA PG 5 L = b AR AR AL CBH RRVR AR B bR | R IR ) 3 5T
XA, R 2 N SR, WSS URBIAE R X1 PG 55 LA TR BR AR T 6 b - SRR I 1R A2 0, AT DA TR A B i
1o FERRMRAZS ZR GRS ZE T VR R P 10 o o 42 (1 2 2%

1 HEST®

L1 AR5 X

IF AR T U148 4 BT a0 IR R A SRR X (320 987 N, 104° 08" E) 4K £ 2600 m, %
DX Sl bt A2 BT 1L b 5 198 vy Ly 2 X 5 9 o R D)1 2 ) ek YR S T PR - R i S A, 5 A
%10 A-MIBZE, 11 H BWAE 4 H T2 AEREKE 801—825 mm, e 5—8 H ., AR 2.5—2.9C, 1
HE R -6.1°C 7 AFBRE 12.7°C, HHEZ 1 vERa K ik 5—6 A |

DX 3k PN A SRS A 2 BOM RTINS A 1 | AR ARSI & 30 55 L RS A AR X, MK ( Coniferous forest, CF)
FHEM N LR DA (Picea purpurea) , MK T FELHE A & 1L FEZY ( Smilacina henryi) | $6 ¥ ( Rubia cordifolia) \5&%4

http ; //www.ecologica.cn



8 1 WRT5E A5 URBIIEZRNT NV E g L RR AR - SR 1 A 52 3

B TR (Adiantum capillus—veneris ) %5 ; IR 3SR ( Mixed forest, MF) 322 H IR YIS 2 (Abies faxoniana) (55 R=A42
( Picea purpurea) ZIKE ( Betula albosinensis) 15 N2 Bk M ( Sorbaria arborea ) 55 £H 1Y, , MK T #2854 =1 Ll 1 BS
( Rhododendron lapponicum) $RAELHGAT ( Fargesia denudata) | 14457 ( Artemisia lactiflora ) 55 ; [# W #K ( Broadleaf
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Table 1 Soil enzymes and their substrates, and incubation time

+ R 127 Bi gt a]
Soil enzyme Substrate Incubation time/h
L2 ZE W Cellulase( CBH) 2 mmol pNP-cellobioside 4

B-Hi BB B-Glucosidase (BG) 5 mmol pNP-B-glucopyranoside 1

E LY Peroxidase (POD) 50 mmol EDTA 2

Z WA ALEE Polyphenol Oxidase (PPO) 50 mmol pyrogallol 2
B-N-Z. BB M B-N-Acetylglucosidase( NAG) 2 mmol pNP-B-N-acetylglucosaminide 4
Wil i Phosphatase( AP) 5 mmol pNP-phosphate 1

pNP . o it FE Ay ,p-Nitrophenyl ; EDTA ; Z, “REN g, Ethylenediaminetetraacetic Acid

1.4 AR 5505t

Hd R ] SPSS 20.0 (IBM SPSS Statistics, Chicago, 1L, USA) #4745 #r. F M 3 & I & 7 22 /0¥
(RMANOVA ) K656 ZR Rl R 5T | 55 77 B[R] X0 2% AR B - S W05 PR 2w, R TSR PR 22 07 22 23 B (ANOVA ) X [] ¢
SUREAN [R) AR B RIS [] 305 8 P58 [ AR R A ] 5% 77 o [R] ) - SJE i 1% PR A 7 00 B, B B MKl Po= 0.05, fiff
H Origin Pro 2018( OriginLab, Northampton, MA, USA) #4214,

http ; //www.ecologica.cn



4 JAE = 40 %

2 ERES

VREEER SRR ( C) FH O L SR PR 2 T — E HYSE A (B9 A IR B K, BT IR R Ak 3 19
LY FR BTG RE A VRROCBIN G I Se T 5 AR, LT URBIAEEREE 20 YR 1k 2] 5z =7 ; 8- 4 Wi G 1A
VR R AT AR LR BFAR 5 01 00 BH 8 Theg  (E — RS SE T B R AP 3 bR L A 1 35 SR AL P i
Z W AL BEE MEAE VR RGP TR TC ] a5 (1 1) o TEVRBUIBERI] AN [ ARRL Y 938 C AH OGRS T A7
TEREEIESE B bR A SR AT 2 S 1 25 v T ] A T P 34 e S P 0 Tl T 1 2 1 T
BERRTRSSARAAT AR (BT 1,36 2) .

C dRAcHh gtk Rk

1.0 . 0r
01 pre P=055 3071 g P=0.05
FT P<0.05 o FT P=0.768 Aa
—~ 25t
T 08 L FTICXFT P=0402 - = FTCXFT P=0.177
— on
E o Aa Jaa) = 20+ Aa
8= 06 £
& E -2 st
w04l =30
@g '
| gz 107
Y20 <3
A . F =}
3 5 05
=
0
5 10 20 40 30 5 10 20 40 80
B ere P=0.236 LS pre P=022
15 L FT P<0.05 L FT P=0576
FTCXFT P=0.788 2 FTCXFT P=0.134 Aa

_ z
<= 'sn
) o8
=5 £ g
gg g}g 09 t
N =8
B) S
M'g M% 06,
2% g
R 2%
& S 03¢
o,
=
£ o0
5 10 20 40 80 5 10 20 40 80

LB IR IR B Freeze-thaw cycles days/d

B 1 REEIRNT = Fhik B+ emeiE X B iE 1
Fig.1 Soil enzyme activities of three forest types in Freeze-thaw cycles
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Fig.2 B-N-acetylglucosidase activities of three forest types in Freeze-thaw cycles
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Fig.3 Phosphatase activities of three forest types in Freeze-thaw cycles
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Table 2 Results of one-way RMANOVA for soil enzyme activities of three forest types under Freeze-thaw cycles

e FHE PUEE wmwm smwwm SNEE B
IRAZ Mk Mixed Forest 0.345ab 0.980a 6.594a 0.489a 0.408b 1.818b
EFIHK Coniferous Forest 0.509a 0.993a 6.450a 0..491a 0.659%a 3.106a
[# Ak Broadleaf Forest 0.268b 0.918a 3.408b 0.579a 0.393b 1.831b
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