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Abstract: Soil extracellular enzymes play a key role in the degradation and turnover of soil organic matter since they
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depolymerize large organic matter into low molecular compounds assimilated by microbes. Enzymatic reactions are the rate-
limiting steps in soil organic matter decomposition and have profound impacts on biogeochemical cycle in terrestrial
ecosystems. However, we know little about the spatial distribution of soil enzyme activities and the underlying mechanisms.
To explore the spatial distribution and the driving factors of soil extracellular enzymes along the altitude and aspect, we
selected six sites along the altitude gradients on the windward and leeward slopes of the Tanggula Mountains in the Qinghai-
Tibet Plateau, respectively. We measured six types soil extracellular enzymes activities which involved in carbon, nitrogen
and phosphorus cycles of soil, soil moisture (SM), soil carbon content (TC), and soil nitrogen content (TN). We
investigated plant root biomass (RB), obtained normalized difference vegetation index ( NDVI) as aboveground biomass
index, mean annual temperature (MAT) , mean annual precipitation ( MAP ), and ultraviolet radiation (UV) as climate
factors. The results showed that MAT, and C:N decreased, whereas MAP, UV, NDVI, TC, TN increased along the
increasing altitude. MAP, UV, NDVI, TC, and TN were significantly higher, while C;N were lower on the windward slope
than those on the leeward slope. The specific extracellular enzymes differed in their activity responses to altitudes and
aspects. Specifically, the activities of C-acquiring exoenzymes a-glucosidase ( AG), B-glucosidase (BG), B-xylosidase
(BX), and N-acquiring exoenzyme N-acetyl-glucosaminidase ( NAG) all increased along increasing altitude gradient. In
addition, the activities of AG, BG, BX, and NAG were significantly higher on the windward slope than on the leeward
slope. However, neither altitude nor aspect had significant effects on P-acquiring exoenzymes acid phosphatase ( AP) and
N-acquiring exoenzymes leucine aminopeptidase ( LAP ). Our further analysis of model average and relative importance
suggested that the NDVI, RB and TC were the main factors driving the changes in activities of C-acquiring exoenzymes
(AG, BG, BX) along altitude gradient and aspect. However, the changes in activities of N-acquiring exoenzymes ( NAG)
was predominantly only driven by NDVI. Overall, this finding indicate that climate and soil characteristics drive the spatial
distribution of various extracellular enzyme activity in soils at different altitudes and aspects, regulating carbon and nitrogen

cycling. This study provides justification for the prediction of the spatial patterns of soil extracellular enzyme activities.

Key Words: altitude; aspect; soil extracellular enzyme activity; Tanggula Mountain; soil carbon content
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Table 1 Basic topography and climatic characteristics of the study sites

EEHRE R

b 2 53 K Wera) MAT/ K MAP/ SEONA T R IA— AL A e 5L
Site Longitude Latitude Altitude/m Aspect °c - UV/(W/m?) NDVI

1 30.42 91.02 4250 3P 4.24 501.88 244.56 0.25

2 31.38 91.95 4460 bk 0.23 355.88 238.23 0.23

3 32.38 91.70 5120 F B -3.02 470.86 245.40 0.2

4 36.03 97.62 2980 Jes 6.22 290.18 214.67 0.11

5 36.23 97.68 3390 Jesk 6.99 253.68 213.35 0.07

6 34.38 92.60 4830 B3 -3.44 304.78 229.04 0.16

MAT. 43153 Mean annual temperature ; MAP . 43[4 7K Mean annual precipitation ; UV . LML FR SR B Ultraviolet radiation; NDVI; 4
—ALHEBEFEEL Normalized Difference Vegetation Index
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MM A AN E 6 B UL A3 AP RV TN M, P R AR 3 R 20 o A
fiff ( a-D-Glucosidase, AG) . B-% %P4 il ( B-D-Glucosidase, BG) . B-AMEAF il ( B-Xylosidase, BX) ; %4k Hi fiff
H RN, 535 I 52 & R A 3 KB ( Leucine Aminopeptidase, LAP) | N-Z k-2 & ) 25 # 11 B ( N-Acetyl-B-D-
Glucosaminidase , NAG ) ; B4R UG Ay R MEBE IR ( Acid Phosphatse, AP) (#2), TIFEMIAMEE MR H 96 ffL
ARG Ar M i) 8 FH Z I REREFR Y ( SynergyH 1, BioTek, United States) 475 . HAK T . FREX
0.3000g Hrfif +-HERE bl T 2L A 60mL ZyRFRINZE thif (pH=6) , P 40 B TEHLAE A 2 min, il 55 B
TR, FTHE 125 pl AG .BG .BX AP \LAP NAG 6 i Jfd SN X 107 () IS4 | 728 Jk - 4- W Al 2 3R (7-
Amino-4-methylcoumarin, AMC) bR 4-H FEAIE R (4-Methylumbelliferone, MUB) bR 8 46 7K 4351 A
96 FLAEHR ARSI AE R AL 5 8 125w 22 i | 1B R 43 Sl A %o BEUAR RIS ot A %) R AL o 5 25°C 3RS
Bi 9% 4 h J5 ,7F 360 nm JEAAL R 460 nm WA RSO AAE I E PO,
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Table 2 The names, substrates, concentrations and functions of the examined soil extracellular enzymes

it 7] WJE/ (pmol/L) i
Enzyme Substrate Concentration Function
o-HI B AG 4-F T B - -D- R 4 B 500 C R HLfify
B-HIHME B BG 4-HI LI B -B-D- 1 A M 1000

B-AHHH 1 BX 4-F AT - B -D-A H A 1000

TRVEWE IR NG AP 4-F B I I - W TR T 2000 P ARl
SRR ALK LAP L-Sa - 7-Whe 8- 4- W R B R Hhmedh 500 N AR
N-C Bt- A A NAG 4-FRLATE I -N- L ik 56 -B-D - S A 1000

AG . o] % B il a-D-Glucosidase ; BGB—%%*}?%% B-D-Glucosidase; BX: B—/I\/{%ﬁﬁ@ B-Xylosidase; AP W8 1 W R i Acid Phosphatase ;
LAP . 2R R E I /IR Leucine Aminopeptidase; NAG :N-ZMt- 2 S 4548 17 N-acetyl-B-D-Glucosaminidase

1.4 Bt E S5
1.4.1 S5 FAHGEEER I

EIIR (MAT) AEHREK (MAP) (EEAMRER ST (UV) i ok BT v [ X T A< 5 8 3R 40080 4 ( China
Meteorological Forcing Dataset) 2016 4F i B4 , 12 %05 A9 45 18] 43 HER 4 0.01°x0.01°7%% I — fb A8 1 45 %
( NDVI) Fdfi ke 8 F H 43 BER 2154 ( MODIS ) %4 5 MOD13C1 Collection 6 A97%EH NDVI £idis , HZs (1] 43
PEFH 0.25°%0.25°  WAIELE R A ERE ST E R, ORI T B B T IS 22500
1.4.2  +ERANERG TR A

EEA(nmolg™' h™') = NFU - (1)

S
eXVy XTX—
B

A EEA B AMEEIE PR, B0 nmol ¢! b7y NFU N B9 Y AE ; & 0 & B 22 8 ( Emission Coefficient ) , L
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{7 : Fluorescence/nmol ; V,, oA - 38 B i AARF , BT . mL; T O35 FRE (8], 507 o hym oy 3 EE & B gV, WA
Tl A A S R A 22 AR AR B mL

Hrp,
NFU = (F*‘ _ F”"] - F,, (2)
Q
F
Q=Ff:) (3)
FS
8=CS><VS (4)

S NFU S 25 B0 5 F, R AR 80+ SR 0) BB 5 ' R 5 0 B (- S0 3 + 0
W) HYBEAA 3 F o g I B R+ ) FY DR 5 Q VR ARAL F oy hy T B bR i B8 F
PG MR AR EYI DGR & A I REL, B ; Fluorescence/nmol ; C A AREYI W BE | B0 . nmol/mL; V A AR
AR, 0T L,
1.4.3 WAk

AR~ 057 25097 (Two-Way ANOVA) e HUBEIFIR |35 141 K M3 LA FRLAPRUAR - 300L
IR | RN 6 B L ANEGE PR, 2 PR P<0.05

ABRFERMIET Step—AIC HIBUEIZ MO, i3t~ SR ME IR £ OB 07 b 0B HOIE (R ) %
(MAT MAP ,UV) /E#J(NDVI.RB) , +HE(TC TN SMC :N) 55 [N 7 3F -+ EMISM G VERI VR AR/, #4518
TERERE D TAR AL IS | il HE BTy 22 I K R A (VIR ) R 3 e U I 7 2 (8] R 5 A 7 Z L2 B MAT
MAP UV TN BATHER (¥ VI, ORI 4 R 7E i R IR 7 A 25 B8 T VIF<10 A93HA NDVI RB |
TC.C: N \SM 6 FWBFEAFREIN T XFix 6 Fhil (e e H T4 it ) SR JEAT i e A, 38 i R 1 MuMin 42
i« dredge” BRECE T AAIC < 10 (9 FF A BRI HEA TR 210

LI EGeit A48 R 3555 (R version 3.5.3) SEBL, 29429 MASS Ime4 ,car MuMIn,,

2 #HR

2.1 A AR A SRR R RN 1] 14 A
ANRIEEARAR BE AR AR TR B W 22 5 (R 3 18 1) . FEVEIRBE Y TH s, MAP UV \NDVI RB
SM . TC TN ¥ 53 45 (P <0.05) ,ifii MAT .C: N FEIHEFF MR (P <0.05) .
RS A S A R BRI L 2R (3R 3 B 1), SEER XN R Y MAP UV TC | TN
Pote 8 2 & ALY (P <0.001) 43 AEdb 3 AY 1.6 .1.1.2.5 4.7 % {HALBE A MAT .C :N & TRIHE,
NDVI 7E F 35 Fifi v 45 5 100 T e, AELZE b3 B v 4 T 3 1T 15 5 RB.FE i 30 B Vi 4 T s 1 v, ZE L 3K
A A SM FERg L A 1 225, S il B
BT *3 % MEAREZEEANFERTFHZMR
2.2 6 Fh M S NG P I IRR A [ (9 Al Table 3 The effects of altitudes and aspects on the environment
FEE PS4 AG . BG . BX, AP LAP \NAG 6 factors

Folt it A1 B 35 P #E 120—3000 nmol g™ h™' Z Ja] (& 2) MAT MAP w
ﬁﬁé%ﬂy% AG BG .BX ?ﬁ"@ﬂ]ﬁ%{ﬂﬂ@ﬁ NAG ?ﬁ”@%“@ T Altitude 6.38¢0 %% 0.0006"** 2450710 %%
BT E TS (P <0.05) : Hofb i SNiG 5 15 4k 36 6 5 Hili Aspect 0.005** 0.002%%  6.74e™8 "
FIITTES (P <0.05) 5% h T R Altiudex Aspect 0.199 0994 0087
FACIAR. #, P<0.05; x5, P<O.0L; w0, P<0.001; FHRUH AR — N % 7 %

FAYE Y 6 B TG 7E 200—3000 nmol g™' h™' 4HrA P 18
Z I8, AL B Y 6 Bl IS PEFE 120—1600 nmol g™ h™' 2

http ; //www.ecologica.cn



7664 GO O 41 %
sl e o7 MR e

™ L1 sk E 3000 Bum: 2o S Bt: NS
£ 0 ™ BER: B Yelb X g M% 15 - Yl X gk *
i T > E
ﬁ% ﬁé 2000 | Eﬂig 10 L
= S g
T2 o1 | Ea i
1 H z 1000 ﬂ S st
= 2 ﬁ

0 ﬂ 0 0 ’—I—‘
8 Hi: 0.8 r ﬁa‘% = 40 - ﬁﬁf *
Yegh: s *:* . s *: .
g5 O % il X W5 NS 0.6} EPGBICNS 8 5 | MRS
3 N BO
%% 4l %ﬁ% 0.4 | B3 20}
%7} 33 Ha
A H
288 88 R 288 &8&R 288 888
§3I5 83 ¢ §3I5 8328 §3I5 23¢9

Wk Altitude/m

B1 A—ERESRENE, THEEE, DR TR RE L BSRINERNS B
Fig.1 Distribution of NDVI, root biomass, soil moisture, soil carbon, soil nitrogen, C: N along altitudes and aspects
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Fig.2 The activities of AG, BG, BX, AP, LAP and NAG in six plots along the altitudes and aspects
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