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Study on soil enzyme activity characteristics at different
altitudes in the alpine region of Western Sichuan
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Abstract: In order to improve the understanding of the energy and nutrient limitation of soil microorgan-
isms in the alpine region of western Sichuan, the soils at different altitudes (2969 m, 3280 m, 3697 m
and 3992 m) in the alpine region of western Sichuan were used as the research object. By measuring soil
physicochemical properties and extracellular enzyme activities, the distribution law of soil enzyme activi-
ty and enzyme stoichiometry along the altitude and its influencing factors were discussed. The results
showed that: (1) The activities of g-1,4-glucosidase (BG), Cellobiohydrolase (CBH), -1,4-N-acetyl-
glucosaminidase (NAG), Leucine aminopeptidase (ILAP) and Acid phosphatases (AP) showed a distri-
bution pattern of first decreasing and then increasing with the increase of altitude. Specifically, the ac-
tivities of carbon and phosphorus acquisition enzymes were the highest at 3992 m, and the lowest at 3280
m. The highest nitrogen-acquisition enzyme activity was at 2969 m, and the lowest was at 3697 m. (2)
Soil microorganisms at 3280 m were relatively limited by N and P, while those at the other three alti-

tudes were relatively limited by C and P. (3) Soil ammonium nitrogen (NH; -N), total nitrogen (TN),
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soil total carbon (TC), and soil nutrient stoichiometry were the key factors driving the changes in soil

enzyme activities and their stoichiometry along the altitude. According to the results, the characteristics

of soil enzyme activities in this study area were related to the availability of environmental resources.

Keywords: Altitude gradient; Soil enzyme activity; Enzyme stoichiometry

1 5 5

TR S A AR R AR s
‘EAEARACA DL 2 i AN 9K 3h A ) R Ak 24 06 3 5
R B HEAE B AR YR R 40 7 R 1Y
febr. b, S 50 AR TR IR RFEE WA
MUK R R T S A8 B ol iz, i pL
AT A 2T 4 WK BB A N-O B R
FEAT P TT I | 0 2 1R 2 O Tl R R A Wl TR .
5% 3K ST G 5 1 T X AR 2 R G iR AR
WHRFE PR HPIR DL T 2 mInAES ARG HA
FE YA SR 55 DI HE S il i fi 28 1Y) B A0 B
GyU FE L AR S R G VTR FEE A A A
ek T A A b g K. X B AR b X R A M
ISR RER e 25 AT e A AR F N
AN [ TR AR R Tk 2 O R i B - il 9% P 1) 722 Ak
B JRIF 75T, EEE R T TR A W RV i
WSS AR AR L D)1 PRI T. b i b X 4k
T 0 AR 5% 1% M DX A B T b A A B
SR E A S IR BT IA R X 22— B X
AR M AEYAY &, BEEC A R
S ESE TN R 2SR T R Y R
FFE5 BRI AR BT 5 A X 2. PR AR AR 5 X6
U VG il XA 28 78 S ) = R A BORE a
- S R M AR AR BT R T SR M SO
i s AR 1) o AR X S S R R U
IR A SR AL IS 2%

2 MR5RFE
2.1 MIREXERTERNE

2020 4 7 H & 8 H e 1Y 1|45 B 304 45 1 B
I 3 4 B T X (32°65" ~32°76" N, 103°60" ~
103°75" E) A7 - HEHCRE , SR BT 4 MR
B 2969 m OV =y LT FETR A2 A L3280 m (WP iy L4t
AR L3697 mCEr L) AT 3992 m (R 1L i Aa)).
IZHL X AR SRR 6. 3 °C L AR R &R 708. 3
mm, 32537 VG R R 1 2 O A0 AR g 2 KU L 7
BN R E 3 DR AT AL 20 m X 30
m, FEF AR R 20 m. AN EE L 25~30 4N 0~

10 em R T IRE WA DMK —h B
KA 12 Iy & A HE
2.2 MEIBFRMEHELE
KR (MO HHE T 2, -3 pH
FL o7 B 5 - HE 4l (TP 13 %50 (SAP) FH4H
BRPC HL TR L A AR (SOC) FH 4% iR 1 75
FEEIAE 3R S A (NH, -ND FBE ) i T (o v
MAE , TR (NO;  -N) F By A B2 H (2,32 0
FE L AR (TO ME R (TN FIGE a8
. HHEFRME R ] TC/ TN, TC/TP #il TN/
TP IR, - BRI 1 FH 22 £ AR 2 ' BE 1 I
AU 5 1) ok A= AR BB A G 19 i AL 55 BG
CBH, i 2 9y 3K BUE N AH OC 1% i 0 46 NAG Fl
LAP, A= Y3k B P 06145 AP, i P s
g pmol « g '« Cmic h™'. A A Y& ik (MBC)
AP Bz A ST A A MBC MK
PRF] MR M. (35. 69 + 5.38) mg + kg ',
(77.21 £ 1.21) mg » kg ', (91.07 £ 0.52) mg *
kg ', (43.87 + 3.33) mg * kg '. Wb I
i In(BG+CBH) /In(NAG+LAP) #77% C/N %
PEH.(ECND) L ] In(BG+CBH) /In(AP) %75 C/P
fit i PE L (ECP) L LK In(ONAG+1LAP) /In(AP)
PR N/P il 1% PE o (ENPYY . 85343 Hr 3 52 7
SPSS 25.0 #1 R 4. 1. 2 5.

3 &5 R

3.1 AEEKRN L ERE N T = ST

WEHEAR RS BE 14 BGL.CBH NAG,LAP il AP
Tt T A B VA 1) 38 T S SRl /N i 38 R e
MR 3280 m 1)+ 48 C.P R U TG 1 fe /D, 4K
3992 m i 18 C.P FRIUEHE e K. 1k 2969 m
14 - 458 N ORIt % P f oK TR 3697 m (1) N 3R
Mg TG Pk f /. 35 ECN B 25 V4 00 38 T 52 50808
/NEHE RIS, 158 ECP 7RI W] /Y 22 7 A
KR (2969 m F1 3280 m) (1Y 11 ENP &
TS B R (3697 m H1 3992 m). ¥k 3280 m (1
44 ECN f1 ECP #/NF 1, UL 3280 m [
T IERE Y 43I0 N PRI 2 F C R, 74
W52 NP BRI BRIEEIR 3280 m DIAh, Hip =4

R

036003-2



% 3 B gk, F.ONBRZERE AR E

KB IR E AR AR % 60 %

MR 58 ECN ¥R T 1. RUIHEY b C
FREUEZ2 T N IRBUHE , IR X = 14k 9+ e 6l
W% C BRI HE4K 2969.3697 Fil 3992 m Ay 1 48
ECP #3305 F 1, UL IX = ANER 10 3 W e
A3 C R AN P AR I I 1% A7 B S A B A Sk

JOL. PUANER Y 13 ENP 29/8F 1, R A DA
1)+ A W o W i P AR B 22 T N 3R HREG
WA IE 1 R RUE Yy ¥ 32 PR H A it 1% 1k
LBt it U PR £ B SR 1.

F1 TEMmEUEFEBLEITSNT
Tab. 1 Soil enzyme activities and its stoichiometric ratios
Wk BG CBH NAG LAP AP ECN ECP ENP
2969 m  1747.58 = 438. 11" 675.72 & 389.10" 972,61 + 318.86  731.64 == 222.12° 2424,84 + 714.96" 1.0540.01°  1.0040.07 0.96-0. 06°
3280 m 368. 45 £ 23, 29" 98.52 &+ 71.12°  385.35 &£ 206,17  215.94 &+ 147.25% 805.15 == 288.86° 0.960.01° 0.93+0.06 0.9640. 06"
3697 m 993.22 == 263. 92"  300.48 == 127.96"  240.20 + 85.11 29.80 £ 3.45"  1139.93 4= 175.43° 1.2874-0.03"  1.0240.05 0.79-0.06"
3992 m 2668, 14 = 142.29° 1808.29 = 649.61° 315,49 &= 15.75 192,30 == 18.83" 3666.73 & 473.51" 1.3574-0.02°  1.02240.03 0.76-+0.01"

PG EARUEZE (n=3). WHE LA pmol + g7« Cmic h™'. RISIARF/NG R oR 225 8.3 (P<<0. 05)

Values are shown using mean £ standard error (n=3). All enzymatic activities are in pmol + g 'Cmic + h™!. Different

lowercase letters in the same column indicate significant differen
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Tab. 2 Correlation coefficients of soil enzyme activities and enzyme stoichiometric ratios with soil physicochemical properties

BG CBH NAG LAP AP ECN ECP ENP

pH —0. 392 —0. 343 0.126 —0. 371 —0. 455 —0. 161 0. 007 0. 063
MC —0. 203 —0.119 —0.517 —0.273 —0.133 0. 028 —0.175 —0.028
SOC 0. 070 0. 224 —0. 497 —0. 336 0.112 0.413 0. 049 —0. 266

NH; -N —0.720%* —0. 608* —0. 455 —0.678* —0.748* * —0.238 —0.161 0. 056

NO; ™ -N 0.252 0. 308 —0.077 0. 196 0. 238 0.168 0.126 0. 042
SAP 0. 392 0. 455 —0. 462 —0. 245 0. 378 0.636* 0. 203 —0.524
TC —0. 126 0. 098 —0.664~% —0.720* % —0.168 0.524 0. 231 —0. 441
TN 0. 329 0.434 —0.734%* —0.490 0. 308 0.762% 0. 336 —0.706*
TP 0.224 0. 322 —0. 608* —0. 343 0. 315 0.559 0. 007 —0.503

TC/TN —0. 846 * —0.853* ** —0.294 —0. 448 —0. 853 ** —0. 587~ —0. 448 0. 364
TC/TP —0. 566 —0. 483 —0.601* —0. 846 * —0.664* 0. 000 0. 007 —0.168
TN/TP —0. 182 —0. 084 —0. 748 * —0. 755"~ —0. 259 0. 406 0. 252 —0.476

FHBF S Spearman I R WBEKFE R P<0.05, ** P<0.01, *** P<0.001

The numbers in the table are Spearman correlation coefficie
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Fig. 1 Redundancy analysis (RDA) of soil enzyme activ-
ities and their stoichiometric ratios
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