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Abstract; Soil organic carbon (SOC) is the largest terrestrial pool of carbon, and the amount of carbon in soils represents
about two thirds of total ecosystem. Therefore, any change in the size and turnover rate of SOC pools will potentially alter the
atmospheric CO, concentration and the subsequent global climate. Soil enzymes are involved in a series of catalyzing
reactions and play pivotal roles in litter and soil organic matter decomposition as well as nutrient cycling in terrestrial
ecosystems. Soil enzyme activity can be used as a proxy for plant and microbial substrate availability, the interference
between soil ecosystem and external environment, and microbial community structure and metabolic capabilities. Therefore,
the determination of soil enzyme activities is a powerful tool for understanding soil carbon and nitrogen biogeochemical
processes and their responses to climate change. Soil enzyme activity has been a frontier of forest ecology research and has
been widespread concern. Unfortunately, most of the studies to date have been limited to a single forest biome or a single
forest site, and few studies concern the pattern and controlling factors of soil enzyme activity at a terrestrial transect scale.
North-South Transect of Eastern China ( NSTEC) is the fifteenth standard transect established by International Geosphere-

Biosphere Program (IGBP) in 2005 and is mainly driven by heat, followed by precipitation. It covers almost all forest types
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from boreal forest to tropical rain forest, which provides an ideal tool to investigate the pattern and environmental control of
soil enzyme activities in the boreal, temperate and tropical forest biomes. In the past decade, many studies were conducted
to measure the main factors affecting the pattern of SOC storage and soil-atmosphere exchange of greenhouse gases in the
typical forests along the NSTEC. However, little information is available on the pattern of soil enzyme activities involved in
soil carbon and nitrogen cycles and they relate to soil microbial biomass at a large spatial scale. In this study, the typical
coniferous forests distributed in the cold-temperate, temperate and subtropical climatic zones were selected along the
NSTEC. The activities of polyphenol oxidase, peroxidase, chitinase and B-glucosaccharase, soil dissolved organic carbon
(DOC) , microbial biomass carbon ( MBC) and microbial biomass nitrogen ( MBN) as well as soil pH in the three
coniferous forest soils were measured. The results showed that soil DOC, MBC, and MBN contents tended to decrease from
north to south, and they were higher in the cold-temperate forest soils than in the subtropical forest soils. There was a
significant difference in the soil pH values among the three coniferous forests, following the order cold-temperate >
temperate > subtropical forests. Also, no significant differences were found in the soil polyphenol oxidase and peroxidase
activities among the three typical coniferous forests. In contrast, the soil chitinase activity involved in soil nitrogen cycle was
significantly higher in the temperate forest than in the cold-temperate and subtropical forests, and the soil B-glucosaccharase
activity in the temperate forest was also significantly higher than that of the subtropical forest. Stepwise regression analysis
showed that the soil chitinase activity was closely associated with soil MBN content and soil pH value, and the soil
B-glucosaccharase activity was significantly and positively related to soil pH value. Our results suggest that soil cellulose-
and chitin-degrading enzymes (i.e., chintinase and B-glucosaccharase) sensitively respond to climate zone. Soil MBN

content and pH value are the main factors controlling soil enzyme activities of coniferous forests along the NSTEC.

Key Words: climatic region; soil enzyme activities; cellulose; lignin
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1.1 ARSI HESL

{74 NSTEC b ] B €T F6 LW sl TR AT 2R 2R 1L sl R Rty B 38 LL il R 5 X, 0 AR
FEWHT Al FDE P SARRRIE . I R4 IR S 420 P P BB E A R 52 5 R SR L sl BE BRI
M BIFFEXT G2 5 0 S LL i N R S A A AT X 4 . NI B RS, 3 sl s Y AE 28, AFEIR AT 1) -5.4 C
B HH Y 21.4 °C 3 ZAEFEHFEK M 500 mm #] 1600 mm' ', 0—20 cm (9t ZEFEAL YRR DL K FR bR LA 1
U1,

R 1 NSTEC H 3 ARG EE4FMER 0—20 em T EEEML R

Table 1 The characteristic and soil physicochemical properties of three sites

IFFEIX Study site R ] RAWN S e8]
ARl Stand 180 40 60
MK Altitude/m 810 1050 150
SEEIBTET Mean height/m nd 9.43 6.9
SEH B Mean breast/m nd 13.46 17.5
AEYHE Annual temperature/ °C -54 4.8 20.9
AEHFIK Annual precipitation/mm 500 508.9 1564
AEYZE % B Annual evaporation capacity/mm 800 1077.3 1115
N L% Nitrogen deposition/ (kg N hm™2 a™') 8.50 23.3 45.2
AT Llitter/ (Mg C hm™2 a™") 2.50 2.34 1.8
+ A ML Soil organic matter/ (kg/m?) 14.62 4.78 10.52
J& N Total nitrogen/ ( g/kg) 1.83 nd 0.9
WAL C/N 25.14 nd 17.37
pH 5.31 6.69 4.02

1.2 FRECREE S MR

FERA RN & 3 A 15 mx15 m BREDT  AER T BBRIFIE Y2 )5 , R 4E 0—10 em WRIZT T+
BEREAL . RGZIE FIERENCR A 2011 4F 8 1 15 H, S IILAE S CRAET 2011 4F 9 H 19 H AR R ILHFE Sl R4
F 2011 4£ 9 H 21 H, BAFRMER: 3 DEE/NXIEFTIRE, BN NS 5 s BORER & S — AR i,
ARG 2 mm 0 BRARFIES A S IR T 4 CUKFEN . AT IEPEA HLER (DOC) R R B FoKki4E, 1 0.45
wm JEMESE , A TOC {CEINRE A3 M7 5 S9AE Wik ( MBC) FEAE 40 0 ( MBN ) 2R FH &0 B8 il e ) 3% pH
Fi2 2.5:1 7K b SR 38 F R 5
1.3 s PRI i

Z Wy B AL BE AL E ALY B YA 5 mmol/L Y L-3 ,4-dihydroxy phenyalanine ( DOPA) , R FH O 25 b
PYE eI Y 50 mmol/L Y pH (B4 5.0 AT R 494 2% ik e ) 5 BRI, MY T 1 g T ke
i IA 2.5 mL 2R 2.5 mL () DOPA IR, 7E 20 C TSR 1 h, 53R 85 0 UG , OIS WAE o0 et
T 460 nm AN E SR, bk S AL P 9 BT AR SR BRI N 0.3% 1 H, 0,7

B-HZ M B AL T FiEE AV JE Y N 5 mmol/L AY pNP-B-D-glucopyranoside 5 pNP N-acetyl-B-D-
glucosaminide,%ﬁﬁﬂﬁi&ﬁ@%ﬁl‘ﬁ%%gi‘l‘%mlj%[20’22] o J1'50 mmol/L ) pH 24y 5.0 BT R B4 2 infr i I ) 22
JRE WA S F 1g T HMFER B IA 2.5 mL A 2.5 mL BRIV, 76 25 C R R R 4 h 35354515 ,
JIA 0.2 mL 9 1.0 mol/L i NaOH ¥ W 28 1k [ b I o, HRUE AR S50 20 e G FE T 410 nm &b I 52 WOl
JE(H,

DL S8, 338 O N B B ) R AR O S . TS T AN B g SRR S S R ( pmol ) B Ak R SRR
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(pmol h™' g™ ),
1.4 BdEHr

FIFH PR 25 2200 B EL 3 3 AN A X 22 (8] Y £ 458 DOC \MBC \MBN 1 pH {8 DA K+ S8 il 05 P 1) 22
St 3 B R A 2 [ U9 4307 - SR Ak 1 S5 R B Wl 0% 1 =2 1) B AR 56, Be it 43 #T 2R FH SPSS (16.0) #E47, R
H Sigma Plot 10.0 £,

2 HREHS

2.1 HEERIEERES pH 8T

M1 HRT LUE H, T HLK ( DOC) 5502 Yt (MBC ) 15 2 359 52 BLA th A6 21 g AS Wi/ #
T HFEIR A X A 24225 RS 3 DOC 5 MBC 55 38 5 T WAHE (19 S R AR AR 35 1 (P<0.05) .
Y FFE TR T EUE YA (MBN) S B ANATE BB M 25 5 (H ) 1 38 5 W 4G L X (P<0.05 ) il £33 pH
M B A Tt > FE I >R | 1T HLY A7 3 k25 5% (P<0. 05)
2.2 - ERETE AT

ML 2 Hn] DU 3 AN AN RS DX A bk = 9 e 23 R B 2R 11 22 B S AL TG AN 2o S Ak 0 i M AN A7
TEL ST, AR L L D 3 R bR LT R G A B 280 0 G e B 5 PP L T 0 1
1o T FE IR AT 2L PE AN RN AT T R A AR S 15 T B - 46 AR AR T R AN 1 B T A AR
MR MR TG % (P<0.05)
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Fig.1 Soil pH and dissolved carbon and nitrogen of different B2 FEEHH#ERE TERERBETERR
coniferous forests Fig.2 Enzyme activities of different coniferous forest surface soils
ARG F R RTE 0.05 K L7783 M2 5%, DOC. along NSTEC

Dissolved organic matter; MBC: Microbial biomass carbon; MBN: P AN 1 /NE FRERERAE 0.05 7KF LA AE 3 M 2 5+

Microbial biomass nitrogen

2.3 HHEREEIE RS EAL MR A M B

FIFHLRPE A4 HT T 4 RIS 1 F0 43 DOC MBC \MBN LA K pH {HZ A f9AHCHE, 45L& 2, £/
ARG ALY 1 S A A S pH (B Z AN AAAE i ARG . JLT Bl pH (AR 7E 0 3 AR DG 1
(R*=0.81,P<0.01) , 5 MBN fF7E 59 FUAI &1 (R* = 0.35,P=0.09) ; B-# A4 11 Bt 5 3% MBN L& pH {H
FETE S 3 ARG  AHOC R 551312 0.46(P<0.05) F10.57(P<0.05) .

AL A ZE R, JUT Bl £ 252 MBN 5 pH {ERYSZA , B35 7] DU R JL T B8 519 97.6% ;
T -/ 2 AR il = 2252 - 48 pH {EWRZ IR (R* =0.55,P=0.018) ,
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2 TEMEESEAEREEKEDIES R

Table 2 Regression analysis between soil enzyme activities and soil physical and chemical characteristics

+ B AP B (G717 HEWA
Soil enzymes Dissloved organic carbon Microbial biomass carbon Microbial biomass nitrogen pH
Z By E AL Polyphenol oxidase 0.01 0.03 0.03 0.07
i+ AL Peroxidase 0.13 0.13 0.30 0.05
JLT J5if#§ Chitinase 0.09 0.05 0.35 0.81""
B-THi %I WETT B B-glucosidase 0.32 0.22 0.46* 0.57"
BALRYERIA T Stepwise regression equation HHFFEL Correlation coefficient P
y, ==0.20 MBN+14.13 pH-33.00 0.976 <0.001
y,=6.03 pH-4.92 0.55 0.018

# P<0.05; % * P<0.01;y, . JLT il ; y, . 8- 1 2 W1 5

3 e

IR 32 - A BB T AR IR A M R (B AR AR AL ) IR TR BE DL pH Y
M 22 R AL REERE R O, VE R 2 0 L 132 440, A A JEE 3 I3 v e AR PR 0 55 B e Ak B W i Ae v e 432 5
B A5, i R P R AY 1 PR S RN 2 A U R A SR B 4 i AR T LA B TR
YT SRR S A I YV FH T A 33 R R HL O, A HAL A LI AR b 00 48, Ak A LR, R 78 R
FITE LA EEAE ], BARARIEST 3 ANEF AR BT AR 1 S A EAS T it HL - A L 4 R DA BBk L L 3
FAAE—E 2550 (R 1) AU RA T R 1 22 1y A A5 ok S0 4 0 7 48T TR DA K FEIRAT 22 RIS (ETE
WS PICTRATHERT , N -G 1 A R, TR AR g TR B AR - i R 25 5%, T R 2 22
SEEHAE LT SORT -4 A W T %) TG P 25 S ) o M SR e A R B, 2 B SR S 0 A P T M S
+ 4 DOC \MBC .MBN L4} pH WIATEAER Sinsabaugh and Moorhead"®’ WA, TIEAIR G RS2
AR LA S 3 B A RS A A A D, LA A 9 B B, 22 B S AL T AN Ao S Ak A il 0 2 5 = A T 1
SR 2L

JUT RS H39ea DR AR AL S R YT, GEK LT AL R B 60, J2 - 306 R ) Bk IR,
ARWFTE 3 AT AR LT B R AR A B T IR 5 A X - A L A b
FITIRE , BEZL A — SR AN 2 SO S - A 1 i Y - AW M S 7R A LR S S W ok R b k4
FEVEF, HOK M= (B2 ) J& - HERUE Wi B RE ORI ARHIF ST oy, AT BT AR I B A W S
e TR ET AR, R XL T S B - A B P e i R AR T (1) TR R R 1 b DXl A A
PRTE PR AR AR R AR /N (2 40a) | T LR B0 m , PRL G R 38 HLE & BERRAR (36 1) 5 BEiR B A Tk A
RS . P25 S A HILJS A it 1 67 S S5 88, PRI LT Jo il R 3 -/ 4 A e A 3 v T At <
fBEIX TR L2205 1l X ) 2422 Y A+ HEA HLR 32 &, DOC MBC LK MBN #5455 (K 1), 0 AL Y
ity A B SCBR AN, Vel FH T AN A B0 R, o 55 0 T R R F TR A K, N R A 5% o e i >
PEEEEPE R AR, (2) T R85k iR/ 28 K ) R R I A BN AP s 3 AN X
R K 2 AL B R 4351 2 500,508.9 F1 1564 mm , SR 2% & 1 4 800, 1077.3 5 1115 mm, T 2550551 K
0.63,0.47 5 1.40, 5 LT Ul LA S 3-8 26 BT B 6 P A% AR RO, AR B A I, K (%) 5L
TGS B AT R Ve R BSOS R AR T 2R K R S SRR e AR i S R AR AR
S5 i B EEAR SR

J&F 13 DOC MBC Fl MBN & i AKX pH (-5 1 SRS Pk (B 78 4518 R — B0, AEEAH O 5
PP EE R 3 5 e P2 R 24 A W A AR AR IR I R A 6 g 3 A 25 R wow |, L
TGS ME B2 MBN 5 pH Fifil i G- A A BRI M 222 pH il (£ 2) . ATRERYIR IR AE T (1) 1
pH Al - HE b My ie & AU p 2 RErE i HL B B 3R B S 5 A A R B, AR ST T 3 AR
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6 X 22 6] 14 138 pH (EAF7E 5 22 5 (I8 1), A Rk L% pH (EART 4, 3R XS MR BIRE . Rk, £
HE pH AT Z AR N R 2 — ; (2) U757 TRl AT ARk 1 2252 N BRI, AR 1B B I A
JEFA MR TR AR G B B, 4T LA 0 BREYT EL MBN 25 i 8 250K Tl 0 S TR B A R
PRI 3 AN bk S ] M T U AN R, A BR A - S il P ) 2K 2 — T MBN R (0 o
BN  EAE A SRR e o R M) S P A — N E AR, e n] DU 7R EAG R AU AR B
HAkrf, pH 5 MBN A SEIE B2 WA W35 3l , DTS20 - eI R A = 2R

4 ZitE5RZE

I FIE R B, 3k AR B 2R S I 1) 22 Wy SR A Tl R i S A P i TR R TR 3 A AU IX T 3 P 2 S 5 T R
2R R L Hb DR A AR S8 LT ST AN B -7 A A TG MR = AT B R A IR IR R AR AR, DL HE T, A
TSRS TER A KT R AR AR E AU REA B bR LR R 22 5, W] RE e th 20 LT SR -7 4 B T
Tl P RS 1 22 S IR o ARPR 0% MBN 5 pH (4] R JL T BT S 1 1 0 B AT e M
FZ pH Y]

N2 BB FE A SR A 0 A BRI a0 Biolog FE AT TR [ A B AL AR MR T IR S
[l IR A FH B9 RE 7, R PLEA FR ST AT b A WV 4 i 1) 22 7 S 5 IR PR 9 43
BT, R T itk e B AR S e L AR A B A 5T B BB
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