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Changes of soil enzyme activities in soil organic layer and mineral soil layer in the

Masson pine plantation with critical periods
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Abstract: Soil enzymes act as crucial roles not only in participating in carbon and nutrient cycles, but also in indicating
soil productivity and environment change. As a result, understanding the changes of soil enzyme activity can provide with
key scientific basis for managing soil. Yet, little attention has been given to the differential responses of enzyme activity in
soil organic layer (OL) and mineral soil layer (ML) to the seasonal fluctuations of environmental factors. An in-situ soil
core incubation experiment was therefore conducted in the Masson pine ( Pinus massoniana) plantation in the hilly area at
the upper reaches of the Yangtze River. The activities of soil invertase, urease and acid phosphatase in both OL and ML
were measured at early rainy season ( ERS), mid rainy season ( MRS), late rainy season (LRS), early dry season
(EDS), and late dry season ( LDS) from June, 2014 to April, 2017. The soil enzyme activities in both two layers changed
significantly with the critical periods, and on the whole, the activities of the measured enzymes in the rainy season were
higher than those in the dry season. The activities of invertase and urease in the OL decreased significantly with incubation

year, while soil acid phosphatase activity in mineral soil layer increased with incubation year. The activities of invertase and
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acid phosphatase in the OL were significantly higher than those in the ML. The fluctuation ranges of all soil enzyme activities
in the OL were higher than those in the ML. Partial least squares ( PLS) analysis showed that soil moisture, microbial
biomass, and substrate content had significant effects on soil enzyme activities, and their size of effects were strongly
depended on the soil layer and enzyme type. Briefly, the responses of enzyme activities in the OL to periodically
environmental fluctuation are more sensitive than those in the ML, and the dominant factors driving the dynamics of enzyme
activities in the OL differ from those in the ML, implying that well managed soil organic layer in the plantation is a key to

maintain and improve soil productivity.

Key Words: soil enzyme activity; seasonal dynamics; interannual changes; Masson pine plantation
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290 18°C. Jeies A IR (7 ) 2 36.8°C iR A TR (1 ) 4 7.8°C AR K it 850—1200 mm , FHXH AR F 5—
10 42,

IR GEAE M AT T8 52 BEL T B ) AR DX 174 5 R A N TR, L 2 A A W b Ry 75 4% ( Cinnamomum camphora )
MR HEAR F B BB F ( Rubus pirifolius) MR ( Quercus serrate) JM# ( Cinnamomum longepaniculatum) %5
PR AR R Y 3 AL $E 4 B2 R ( Parathelypteris glanduligera ) | 7= ( Miscanthus sinensis ) | 7= # ( Dicranopteris
dichotoma) %5 , T3 MR FEARREMETEILE 1,

F1 TEENENT RIERTEERSNE

Table 1 Soil properties in soil organic layer and mineral soil layer

e e O 2% SB BUEWRE BUEBIRE W B B ELEH
S IKI HX SOC/ TN/ TP/ MBC/ MBN/ TB/ TF/ 1 GP/ HH GN/
011 layer

! P (eke)  (whke)  (wke)  (mghkg)  (mghkg)  (nmol/g)  (nmolg)  (nmol/g)  (nmol/g)
i%ﬁm,}:i 3.8 84.4 3.5 0.4 419.8 5.9 37.7 1.2 12.2 9.2
Soil organic layer
S 43 38.1 1.8 0.3 211.1 3.3 20.8 0.6 9.0 4.9

Mineral soil layer
SOC ; A HLBE Soil organic carbon; TN 42%( Total nitrogen; TP ; 4§ Total phosphorus; MBC ; 1343 4= #) B Microbial biomass carbon; MBN : + {3 £ ¥ 5 &
Microbial biomass nitrogen;'l‘B;iHﬂ% PLFAs ¥ H Bacteria PLFAs;'l‘F;EEJ]‘ PLFAs & Fungi PLFAs;GP TG PHE TR PLFAs & Garm-positive bacteria PLFAs; GN

2% [CPAYER PLFAs 55 Garm-negative bacteria PLFAs

1.2 sSEgit
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HA e A HUZ R B R 20 A TEABIRAE Y ISR A1 A0 B A S RIEE A 0.2 mm 1Y
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TR (PLS) PAR R PR T X - A ML R T R R 4 ) AR R AR B L SR gepplot 2 #K
PR HTER,

2 HR55%

2.1 FREEIA - BESCHEm I AAE 3 i A8 LR AR

WEFEIIA], 4R AP X FE R B4 944.36 mm, FER 2 AL T AE 5—10 A, KA A FEKE4 7.6 mm, 5
f4 H B D 282.7 mm  4F BR8] B R R 100 235 25 5 (ELA A 2 (B0 AN 335 2 1] AR AR . =4 B U
M ESFIME N 81.57% , IO W A Z= 45 25 53 (1 1) o WL ARE M ) e 3830 188 5 DR il 2 AR A AR — B, R B4
AT, TR, A HLZ R SR B R T R R (8 1) . REEAK R R TR G, Bt
A PR T R R T = (K 1)

S

)

—

g 75 | 1300
== o g
Be © RAAHASE 200 E
' VT m Pk 1 1 §
Z3 %5
ro 5
KE 25t {100 8

g

< ol .I [ 7 ™ [ .-.-I . l.--_-l 1o

< [ o — < [ o — < [ o — <t
= S . e < 54 n I < < Y S <
= = = bt b bt bt 2 2 2 2 = =
S [=} [=} = L=} (=] (=] (=] (=] [=} (=] =] = ]
(o] (o] (o] (o] (o] (o] (o] (o] (o] (o] [\ [\ [\

Pt — R o HEHNE © FREEE
— TEAHZ

30t S50t
o

@] =

g g w0l

S 20

Q

=4 (%]

£ i 207

= 10

.%,
-2 g 10}
= &
(U R « B U
O S AN Nt\o S AN Nt \o SN enst o S AN Nt \© S AN NSO SN nt
S S eg] Hn 208 min oo 2 S eea il Q00 wnl Qo
<t < <t vnn v OO \O OO O~~~ <t <t < nwnn v OO \O OO O~~~
S IS one mn Yoy 99 5o S I§ONY NG 8L ¥Ynn
[=} [=E =R =lel=] OO oSO O SO OO [=} SO OO O SO OO SO OO
N AN A AN AN AN A N AN AN (o e BN\ Na o] AN A
B H] Time (48-H)

1 DEMAIRANEFBN T EREEMKSBERENTS

Fig.1 Dynamics of temperature and moisture in both air and soil in the observational plots of Masson pine plantation
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Table 2  Repeated measures ANOVA results for the responses of soil enzyme activities to the critical period, year, soil layer and
their interactions
A il W : Al WA e
Acid Acid
Invertase Urease Invertase Urease
phosphatase phosphatase
K , . . KRR > 1 )2 , ,
%% ik . 17.45*" 134.24 " 52.38 """ KA = 16.68 """ 20.65 """ 18.39 """
Critical period, C CxL
N ~x 2 .
F 286.93 """ 231.00 """ 164.37 """ fFbm & 215.44 "% 93.81 """ 114.65 """
Year, Y YxL
= . , . BRI A X AR BRx £ )2 ) _
2 2212.19*** 22.58 """ 1733.12**" KRBT FIx LR 7.347"" 24.25""*" 4417
Layer, L CxYXL
K ER B < AR
kG A 123575 48.02°%° 26247
CxXY
# P<0.05; * % P<0.01; #*% P<0.001
L] tamzE K itz
B4R B4R B4R
demd .
5
Bl .
. 1
L0 a
g
5 20+t b iL ab
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2 be b
£ c b
& c
§ 10 a
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> ;} 7 7 7 bc b c %
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Iifii] Time (4£-H)
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Fig.2 Change of invertase activities in both soil organic layer and mineral soil layer with critical periods
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Fig.3 Change of urease activities in both soil organic layer and mineral soil layer with critical periods
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Fig.4 Change of acid phosphatase activities in both soil organic layer and mineral soil layer with critical periods
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Fig.5 Results of partial least squares ( PLS) analysis testing for the effects of environmental factors on the soil enzyme activity in soil
organic layer and mineral soil layer

e/ — AR R B AR T A A PRI A 3 X S I A 1 52 0 O 1) RN, R T 1Y R o M SRR LSS R R 3 PRE . B K R
Precipitation; AT : K Mean air temperature ; ST ; 137 Mean soil temperature ; MOI; -3 7% 7K i Soil moisture; SOC: +3EH HLEK Soil
organic carbon; TN ; 2% Total nitrogen; TP : € Total phosphorus; MBC ; 1 B fif A= 4 5 ik Microbial biomass carbon; MBN; -+ 38 fi £ 4 & &
Microbial biomass nitrogen; TB: 4l i§ PLFAs 7% & Bacteria PLFAs; TF: ELT& PLFAs % & Fungi PLFAs; GP . % > [CFHE T PLFAs & & Gram-
positive bacteria PLFAs; GN: %5 % [ 114 18 PLFAs % & Gram—negative bacteria PLFAs

http ; //www.ecologica.cn



2
He

8038 2 SO Eire 2%

3 e

LR MR IR AL 1 BURAE W2 AR bR, S BB A 1 O £ A PR 5 DRI REE DA 1 2 1 22 S
e PRI MR B AR AL 0 RS, A B A S - 2 T A B DG S 1
FAAL, B BRIV FER TR 3 X Fan 50 BT E45 RIEAR —E0 A ATHIBETE K BUBR IR EE LA, #e
PO T WA P il P 21 24 2K T 5 R B R 0 M s T 5 3 O A DA I B A4 8 0 i 2k ) FOAR P AR R
W MEm WIS PRI, R KRR S T BT MR K B P D S T PE S A G EE  Y  A
WFFEHh , 22T PR3 PR 7 ) Pt T M AT S35 5 ) L 8 35 IR IR AR ) A1 W S UK )y I e i OC
I3 A AR A B O R R 28, 3 2 A TR TR Y PR A A R T R W 1 A B 3 B B TR AR 1Y
BORIHE R Y TG S AT SBER R Y A Y RSP 2R R, T R s R L
HERGRTETE R AT B A N T ARAL TR 22 XX, BLAT 5 W1 8 1) TR R S8 B R AR, 5 51k &
B KA M E Y AR e R ZUAR AL, e T S5O TR SR 3] - SRS A (TR 20 A1

55U I, b S B e AR AR P 1 B B SR AT R A 38 A 0 35 e IRk 3, T BB A SR DR A
BRI, L BB G s> T AU DR BUE T KA R R B E Y AT AR T
FAOG R IERREE S — 5T, BRI TE YN T R HLZ K2R, R T K, T
S Al 1 b KR T SR PR A IE ) AR, 55— T, 2% RO G A Vs U BB T M AU 2 ORI,
B - e A TR IR RIS A1 52 P A PR T 2 35 BRI T R, AN TR 9 HUR S5 AL A8 (L e, 97 5 &
2 B ARG PR REAF P i) A2 A R AR AR S . X SRRt T8 IR R S KR A LR S TR i
T LA HUZ B T 30 P 40 00 L Sl e S R I A A AR TR, i 3
JE A ACRE P X BRI AR A i 107 L L A BILJZE SR O el A iR 0 A T 5 B M O A 1 R AL TR
JEU/NT RIAPUZ . AL ABEFE R T, 075 S5 = R MR AR R G Y B TR A IR A 1 S B 3 a5,
H e epte Hfuin B2 R, X0] e OV RRMEREIR I £ 22 5 LR wkn) AR W A v 7, T L el
TER FEZ A A O R R A N e

VPRI SR T i S P PSR AT B F) 2 152 1) - M 2% ORI B R S A P o], 2 2815 BRI IR 1 % - 3
AR P P s e R R ) 3 2 S O I /N A W SR 3R W, R B K T W R R ) B
WEPERA R E R, Forb, S K R SRl A Ay e e 20 ) 2 A LR AN [ 8 S A A e i L
A2 MR R 2R 5 A L2 R ot S8 J2 Ml 1 e 8 )2 e P 3R 88 S5 K o 5 b SRl AR i R 4
39 A UJZE AR o - S PRV R P 15 1 fe T B RS A 3K, e, SR W 44 A AR o
JEXT LSRRGS AT 3 B IE RN, X SRR E YA R A 2 R SR B RS AR SRR 2
FOARTE B e L R SR S G A VR 42 P AT R4 30K 43 BB AR i 4 D R
ERECHLHI AT R 2D AR5, RIS AR AT A AR 2 X0 - SR eI 1 1) S8 3 S, 5 R P (2 5 ) 38
W TR R AP 285 AN — B2 S AT R PRI Sy S A b IXC 398 63 T 1 1 R M I (AR
S, AHTFE R B3 pH S50 b SR R R BRI TG 1R S AN SC X 5 - pH S R R SR A ) A
RGP RA 2 AR R R B RUBE 1 38 pH 7 AR FRAR AL/, O 13 MG HR AL 1 A
R TR FR A5, Xof - ST A 1) R I B 1) 553 5 3 — T3 o PR g 9 p L S - SRS 7 s ) e 1) T 2K B
DRI, RS L SRR 42 1) 5341 (193 W 2588 0 ) 3 25 15

4 it

Th FE N N AR - S A4 I O B PR S R B 1) 728 1 38, /28 A Rd P R 25 S W2 25 M2 B JE2 0CRT il ) o
REIBRME . LA HUZ AR IR E DR B E 1V 2 T LR . A LR 0 I 1 B OC B P 0
F1%9 728 Al M B8 R s 1) 2 AR B 4 g T B )R Sk | SR W R AR R S R AR TR

http ; //www.ecologica.cn



19 1 Wi A SR N TR A HUZR A5 R B R 2 A Al 8039

bR R R RPN T, o SRR A L R W AR O ) A ILZ AT SRR A
Ped B AN DR 2 5 A BILJZE A0 o S8 22 JUR IR 1 e T A 52 iy DR R 4 O S KR R E Yy
SRR 2 73 ) 2 A LR AR o b S8 SR IR Wi R W M i T S R %

2 2% 3k ( References) :

[ L] #Jrih, skid, SIREXS, PV FRAREIEAR AR, R OB EHOR S i, 2006.
WITEh, EIVE. B ER AR SRS, ARl B, 2004, 40(2) ¢ 152-159.

[ 3] Bums R G, DeForest J L., Marxsen J, Sinsabaugh R L, Stromberger M E, Wallenstein M D, Weintraub M N, Zoppini A. Soil enzymes in a
changing environment; current knowledge and future directions. Soil Biology and Biochemistry, 2013, 58. 216-234.

[4] XuZW, YuGR, Zhang X Y, He NP, Wang Q F, Wang S Z, Wang R L, Zhao N, Jia Y L, Wang C Y. Soil enzyme activity and stoichiometry
in forest ecosystems along the North-South Transect in eastern China ( NSTEC). Soil Biology and Biochemistry, 2017, 104, 152-163.

[ 5] Brockett B F T, Prescott C E, Grayston S J. Soil moisture is the major factor influencing microbial community structure and enzyme activities across
seven biogeoclimatic zones in western Canada. Soil Biology and Biochemistry, 2012, 44(1) : 9-20.

EIT, AT, SR B A U A AR B AR A B L AT . 5 TS PR A A, 2006, 12(5) ¢ 734-739.
Lee S H, Jang I, Chae N, Choi T, Kang H. Organic layer serves as a hotspot of microbial activity and abundance in arctic tundra soils. Microbial
Ecology, 2013, 65(2) . 405-414.

[ 8] Lépez R, Burgos P, Hermoso J] M, Hormaza J I, Gonzdlez-Fernandez J J. Long term changes in soil properties and enzyme activities after almond
shell mulching in avocado organic production. Soil and Tillage Research, 2014, 143. 155-163.

[ 9] Wallenius K, Rita H, Mikkonen A, Lappi K, Lindstrom K, Hartikainen H, Raateland A, Niemi R M. Effects of land use on the level, variation
and spatial structure of soil enzyme activities and bacterial communities. Soil Biology and Biochemistry, 2011, 43(7) . 1464-1473.

[10] JRifgsm, ZEHasr, 2R, SE MW R R A8 SRR M 21 AR e, ARSI, 2017, 28(4) ¢ 1145-1154.

[11] 3kmE, RAE&, MRREE, W, X, HEE, T8, )78 )7 AR [ 00 b e A B R DR BT A o R 0L S A AR R (i . 2
AR, 2017, 37(16) ; 5352-5360.

[12] Wan X H, Li X, Sang C P, Xu Z H, Huang Z Q. Effect of organic matter manipulation on the seasonal variations in microbial composition and
enzyme activities in a subtropical forest of China. Journal of Soils and Sediments, 2019, 19(5) . 2231-2239.

[13] Midgley M G, Phillips R P. Spatio-temporal heterogeneity in extracellular enzyme activities tracks variation in saprotrophic fungal biomass in a
temperate hardwood forest. Soil Biology and Biochemistry, 2019, 138. 107600.

[14] Akinyemi D S, Zhu Y K, Zhao M Y, Zhang P J, Shen H H, Fang J Y. Response of soil extracellular enzyme activity to experimental precipitation
in a shrub-encroached grassland in Inner Mongolia. Global Ecology and Conservation, 2020, 23. e01175.

[15] Machmuller M B, Mohan J E, Minucci J M, Phillips C A, Wurzburger N. Season, but not experimental warming, affects the activity and
temperature sensitivity of extracellular enzymes. Biogeochemistry, 2016, 131(3) : 255-265.

[16] Puissant J, Jassey V E J, Mills R T E, Robroek B J] M, Gavazov K, De Danieli S, Spiegelberger T, Griffiths R 1, Buttler A, Brun J J, Cécillon L.
Seasonality alters drivers of soil enzyme activity in subalpine grassland soil undergoing climate change. Soil Biology and Biochemistry, 2018, 124.
266-274.

[17] Kang H, Kang S, Lee D. Variations of soil enzyme activities in a temperate forest soil. Ecological Research, 2009, 24(5); 1137-1143.

[18] Banerjee S, Bora S, Thrall P H, Richardson A E. Soil C and N as causal factors of spatial variation in extracellular enzyme activity across
grassland-woodland ecotones. Applied Soil Ecology, 2016, 105; 1-8.

[19] Loeppmann S, Blagodatskaya E, Pausch J, Kuzyakov Y. Substrate quality affects kinetics and catalytic efficiency of exo-enzymes in rhizosphere and
detritusphere. Soil Biology and Biochemistry, 2016, 92 111-118.

[20] Truong C, Gabbarini L A, Corrales A, Mujic A B, Escobar J M, Moretto A, Smith M E. Ectomycorrhizal fungi and soil enzymes exhibit contrasting
patterns along elevation gradients in southern Patagonia. New Phytologist, 2019, 222(4) . 1936-1950.

[21] XuZ W, Zhang T Y, Wang S Z, Wang Z C. Soil pH and C/N ratio determines spatial variations in soil microbial communities and enzymatic
activities of the agricultural ecosystems in Northeast China: Jilin Province case. Applied Soil Ecology, 2020, 155: 103629.

[22] EiE, RAE&, B, 2R, S, Wk P01 &I R ok MR 2 TR 5 MR R JCRIE. K R ORFR2AAR, 2015, 29(6) :

45-52.

[23] Wi, RAEL, BT, K, IRIREE, XV, VAR IR AR S RAR TR S RS I A . AR A A, 2013, 24(4)
1118-1124.

[24] FBE, RWEL, B8, K, 2, Wi 0BT S R Tbk 1 R R SOb i R AR, FREER A, 2016, 36(4) :
1375-1382.

[25] E3CH, #78h, ik, X3Ee, SR, DU AT P 5 S i MO [R5 8 35 0 o i 5 1 Sh VK i I E R A 2R,
2013, 33(18) : 5737-5750.

[26] CHADT. T4l BILAF5E . dent, Rk st , 1986.

[27] W%, RAE, BOTE), RIRE, Rk, TR, 250, RN PO S e X SR P A P i RS MR s . R AR S R
2016, 27(4) ; 1257-1264.

[28] HIRNE, RAGE, W78, Wk, 2205, HW, /K, AITWE. 178 & LR AR [R) 0 M BE RO S 0 R VR AR fL R AE . N S5 3R 5 4R
Y248, 2014, 20(6) : 978-985.

http ; //www.ecologica.cn



8040 A E = 2%

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

1 B IR (BB =) - dbat: R ERA A, 2000.
Dasila K, Pandey A, Samant S S, Pande V. Endophytes associated with Himalayan silver birch ( Betula utilis D. Don) roots in relation to season
and soil parameters. Applied Soil Ecology, 2020, 149 103513.

e, ek, WikEE, FES, BE M, FLEE. KATIWEERE 5 SRR TAR R SR R . K RIS, 2018, 25(2) ;
170-175, 182-182.
FanZ7Z, LuSY, Liu S, Li Z R, Hong J X, Zhou J X, Peng X W. The effects of vegetation restoration strategies and seasons on soil enzyme
activities in the Karst landscapes of Yunnan, southwest China. Journal of Forestry Research, 2020, 31(5): 1949-1957.
KRE, HLK, T8, skHEA, BINLR, FK T VY R BRRTES AL 3T i 5 5 A 25 R G RiGE e (52 R AR A A, 2018, 42
(3): 349-360.
Deutsch E S, Bork E W, Willms W D. Soil moisture and plant growth responses to litter and defoliation impacts in Parkland grasslands.
Agriculture, Ecosystems & Environment, 2010, 135(1/2) . 1-9
Ma K, Zhang Y, Tang S X, Liu J G. Spatial distribution of soil organic carbon in the Zoige alpine wetland, northeastern Qinghai — Tibet Plateau.
CATENA, 2016, 144. 102-108.
Xiao D R, Zhang Y, Zhan P F, Liu Z Y, Tian K, Yuan X Z, Wang H. Rooting by Tibetan pigs diminishes carbon stocks in alpine meadows by
decreasing soil moisture. Plant and Soil, 2021, 459(1/2) . 37-48.
Xu X F, Schimel J P, Thornton P E, Song X, Yuan F M, Goswami S. Substrate and environmental controls on microbial assimilation of soil organic
carbon; a framework for Earth system models. Ecology Letters, 2014, 17(5) ; 547-555.
W, R0, KR, PRIERS, SCIEME, FRAGTE. BT Fr e DX/ B AR Il PR 58 Xof - SRR 1 o S i G MR R R AR 2SR, 2015, 35
(17) : 5666- 5674
R, X, B, SERE, TRRT, 2, R, DA Ve BT i DO S R AN A W A e R P N SR A

FRISE . ig%@%& 2017, 48(5): 1119-1125.
HEH, 8o, L, skifd, TR T AT ESEReE Y s RS P N4, 2018, 29(8) : 2695-2704.
Steinweg ] M, Dukes J S, Wallenstein M D. Modeling the effects of temperature and moisture on soil enzyme activity; linking laboratory assays to
continuous field data. Soil Biology and Biochemistry, 2012, 55 85-92.
Steinweg ] M, Dukes J S, Paul E A, Wallenstein M D. Microbial responses to multi-factor climate change: effects on soil enzymes. Frontiers in
Microbiology, 2013, 4. 146.
FEM, Tl RTNS, ERAE, T, AR VR YRR R 2L BRI D b A YRR 2 ORI T BE SR AR A
2017, 28(4) . 1184-1196.
B, X/NTE, BREDY, 285k, 20, SRMERE. JR TR P A SO R R TR R AR VR A bR SRS M RS2 . R AE SR, 2018,
42(6) : 692-702.
Wi, BAEE, SO B, 2P, ERER, RIRE, IMNGERR, IR, TRV M FIARTT R XA ACPR 1 S8 /K Arf BT 1 RS e L . AR 25
24, 2016, 36(24) ; 8102-8110.
Brzostek E R, Finzi A C. Seasonal variation in the temperature sensitivity of proteolytic enzyme activity in temperate forest soils. Journal of
Geophysical Research, 2012, 117, G01018.
5ok, sk, BocH, M H ST IR bR X AR AR RS PR AR ML, A PRI AEHR, 2010, 19(10) ; 2349-2354.
BOERE, IUHT, 1R, RN, Pk, BROE, SRR, R B AR AR N AR TR KA YR R SRR,
2019, 40(6) . 1213-1222.
Aradjo A S F, Cesarz S, Leite L F C, Borges C D, Tsai S M, Eisenhauer N. Soil microbial properties and temporal stability in degraded and
restored lands of Northeast Brazil. Soil Biology and Biochemistry, 2013, 66 175-181.
Zhang L H, Song L P, Xu G, Chen P, Sun J N, Shao H B. Seasonal dynamics of rhizosphere soil microbial abundances and enzyme activities
under different vegetation types in the Coastal Zone, Shandong, China. CLEAN-Soil, Air, Water, 2014, 42(8) . 1115-1120.
Siles J A, Cajthaml T, Minerbi S, Margesin R. Effect of altitude and season on microbial activity, abundance and community structure in Alpine
forest soils. FEMS Microbiology Ecology, 2016, 92(3) . fiw008.
QiRM, LiJ, LinZA, LiZ]J, LiYT, Yang X D, Zhang J J, Zhao B Q. Temperature effects on soil organic carbon, soil labile organic carbon
fractions, and soil enzyme activities under long-term fertilization regimes. Applied Soil Ecology, 2016, 102 36-45.
Sardans J, Pefiuelas J, Estiarte M. Changes in soil enzymes related to C and N cycle and in soil C and N content under prolonged warming and
drought in a Mediterranean shrubland. Applied Soil Ecology, 2008, 39(2) . 223-235.
German D P, Marcelo K R B, Stone M M, Allison S D. The Michaelis - Menten kinetics of soil extracellular enzymes in response to temperature :
a cross-latitudinal %tudy Global Change Biology, 2012, 18(4) : 1468-1479.
XIBES, BROEK, SEI0%, MEN, 20, DY, B E Rk Pbk BT PREE AL Al i ma B A STk . A=A, 2017, 37(1)
110-117.
Sinsabaugh R L, Lauber C L, Weintraub M N, Ahmed B, Allison S D, Crenshaw C L, Contosta A R, Cusack D, Frey S, Gallo M E, Gartner T
B, Hobbie S E, Holland K, Keeler B L, Powers J S, Stursova M, Takacs-Vesbach C, Waldrop M P, Wallenstein M D, Zak D R, Zeglin L. H.
Stoichiometry of soil enzyme activity at global scale. Ecology Letters, 2008, 11(11): 1252-1264.
Dick W A, Cheng L, Wang P. Soil acid and alkaline phosphatase activity as pH adjustment indicators. Soil Biology and Biochemistry, 2000, 32
(13): 1915-1919.

http ; //www.ecologica.cn



