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[
e

8 E: RS HGER A T RGN, A SCUL T OS R ARG R ARR AL . R ER AL . B R LA E R AL 4 AN
[FERAEAREERY 0~ 10, 10 ~ 20 11 20 ~ 40 cm 2 HHERAFFETS , WFFRAR RGBS T IREG- 5 28 R TG PR 2 AR A RRAE o 2550
BEIEALBREE N, HIE S KRR, WIS LIEIREEHETELE 0 ~ 40 cm L2 RPN BEIR LN T Z WA, 2 S e
PAA A ;. BREEEIRIEAL, HAIR AR - HE BRSPS B 1 )2 IR MR 0 ~ 40 em 1 )2 HHIREES 3 A BEIG M BI7E 7. 8
AR 6. 7 Adiein; ARIMES IR I L SR AR P15 2 A S PR TR A S 3 IE AR 9G(P<0.01) s 12 RS M5 e B b e
BEIFAI(P<0.01), 5E/KEARE D EIFAI(P<0.05), SIHARDEETAEI(P<0.05), TERAEL MR 10 5 E 10 + 5622 IR
TEVET R AR AR MG s WX IR S B P A MR ARV E A, Sk BRI A i O 3 R P B R R
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Temporal and Spatial Distribution Characteristics of Soil Urease and Protease Activities in

Different Degraded Gradients of Gahai Wetland
CHANG Wenhua, MA Weiwei”*, LI Guang, XU Guorong, SONG Liangcui
(College of Forestry, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: In order to investigate the effect of alpine wetland degradation on soil enzyme activities, this paper investigated the
spatial and temporal characteristics of soil urease and protease activities in 0-10, 10-20 and 20—40 cm layers in Gahai wetlands
on the eastern edge of the Qinghai-Tibetan Plateau with four different degraded gradients: not degraded, slightly degraded,
moderately degraded and severely degraded. The results showed that soil water content decreased but temperature increased with
the increase of the degradation. Soil urease activity decreased but protease activity increased gradually with the increase of
degradation in the 0—40 cm layer; Except for severely degraded, the two enzyme activities decreased with the increase of soil
depth. The activity was the highest in the 0—40 cm layer in July and August for urease and in June and July for protease,
respectively; Soil urease activity was positively correlated with protease activity and temperature (£<0.01), while soil protease
activity was positively correlated with microbial nitrogen (P<0.01), water content and temperature (P<0.05), and negatively
correlated with nitrate nitrogen (P<0.05). The degradation of marshy meadows significantly increased urease activity but
decreased protease activity in topsoil; temperature promoted soil urease and protease activities, and water content and microbial
nitrogen promoted soil protease activity.

Key words: Gahai wetland; Swampy meadow; Soil urease activity; Soil protease activity; Degeneration
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REMSA M T . IRIOK AR N &R, S IRARIL IR
EMZ 5 LA R, EHIRARMAREINE
FERAEP . PR, AR5 LSRRI A (R PP 23 28
AR TIRIVE SRR HIRRR ARG REET
Bl R E 05 S R - MRk SR B R R Y
S50, HAR MR/ Z L EIREDR L | A
B AT L SRR MR S L e R Sy W] A
FPET SRR R, 17 ELE 5 P8 V5 YR e 3753
JHIR B DA P AR AR A S B SE M IR 43 A=
BRGKAE—ERRE R IR, BTG R X
B IESEIRE I T R A AR A, T S T A X
AR A R TR B Ry iU A e R
X TE A A R G R B R DA v R A . IR
HAEYETR . Ao R X ST R R AT R T A
JERFFE o A Mg A XA 1L FE R A
IFTE A B, SRR P BEIE ABR B T 5 2 &
PR R Lin 2030 2 FE 10 R A0 X A 5
R, BEERZEE . ORISR SR AR
o PR SRR P A AL S ISR A — E R
AN T R FEA S R GTIRAG O X L R YRR, {2
X e FE TR R A e e IR P A b R | AR A
BRI AL OB B P A I 25 A AR i LR
RIEE VR A T RO R %, A R A e FE R
Mo E A AR A3, AR AR A L K IR IR D fE
DX Sl S8 PP AP AR . (IR, 2R
A AEAL LA S AN G B N 5 25200, 3 1A RAS DB
Bl , MR AU IR, SURmE R A+
HEATHLAR B2 5 /N S R SR
ik 1) A A A 2 5 I SRR I R P T A e 2 TR
A, AHXE A AR . SRy,
PAY L O T 14 e 2R A 7 SRS P AR e R B 22
P =TI B =AU TR AR =T
b DT X A A A A Ay SRR Y T v D e T
MEHBTTE OB Z o ST, AWFSE LA A
Il AR AL B2 B TR AL T ) Sy BIF TSRS 5, WESE TR PEAL

) 1R A R P e SR Pl P T P Y P s
B, B TH AL R fa) AR AT - SRR 5 2 1
PERIRZI ,  LAIH] oA 2 T 360 i R 3 A S AL
il B 4R LSRR R, R o TR AR 42 BR UM R

T 5T S IR AR S R G L I RUE 3R i R AR AR
AR o

1 HREH%®

1.1 HAREEHFR

AR AN, T s SR H A A H R O A
M Bl B BE Y (33°58" ~ 34°32'N, 102°05" ~
102°47'E), 4K 3 430 ~ 4 300 m, X s PN 13 i A
58067 hm®, JLrP i AL A 2 i B ALY 88%.
T DX AR R 7 s S e FE IR Uk L 4F
SR 1.2 °C, 1 7 AR
-9.1 FI 105 C; AFHZELAEH 1150 mm, 4FF4y
WEKEE 782 mm, FEAEPIE 5—7 H, AR
K HE B 80% . AH ¥ 2K M B (Carex
tibetikobresia) . Wik (Potentilla anserina). R4
K(Poa subfastigiata). 1= 11§52 (Oxytropis alpina) .
BRI E 5 (Carex meyerina) . 137 (Artemisia firigida) |
B 35 (Artemisia sacrorum) . JEVAYE(Thalictrum
aquilegifolium) . 28 (Artemisia subulata)5"™, +
BRI E R | SREE R SR 1
1.2 Mg E

AHIFFEAE AT AT T AR R A L, S8 2200 0
THEAC B A X4, LAARIEIA A o0 1 i A i b
) S A 1 AR A A B, AR S AR O S 2
Ho FAEY | MR AR SRR, RS X
JAIRIEND), AR {L(SD). HEER{L(MD) AT E
JEIRL(HD) 4 FRBALIEHY, FAE AR AR B P Bl
HUATE 10 m x 10 m (YRIFGEAEMD, B Y BE L
FElmx 1mpy3NEEHDT, HHRZEDAEE 5m
R, 28 12 SebE Ty, BB AR RS LA Ik A& T
FE AR B 1,

F1 NERMEMERER

Table 1 General information of sampling sites

IRIBRRE BRI R L 95 @ T Hi AP FEAEBL
(m) (%) (cm) (g/em®)
ND 25 R SR 9625+532a  16.71+298a 35500+ 174.64a HEMIAN KL B0k
1785 HERUK

SD 50 BRSSO 86.34+736b  13.02+224b  293.02+143.93b AR, TEUK

MD 80 B 4533+1334c 743+097c 18573 +134.90c ML Tt
K, MR

HD 120 R B, S B RO )™ R E R SO R LT e AR, MR AEEE MR 90% DAL, KUy

W RSB/ T A 7 I e B FE 22 5 52 % (P<0.05). Tl
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1.3 HmAESNE

2019 4 5—9 HEAMAEAL, . LIRARME
TP LA IR g 5 ASREE 0~10.10~20
Al 20 ~40 cm )2 48, IKPEAHFERRICEEEE . AR
TR EFERE N A, BB R RS,
SPRBGHRA AR, A AEASN, RRRE, B—
oA 4 CREBEF SR T RIS A .
TSRS WA E YRR E ; 57— B TEN
HARRT, of 2 mm 65, BT S REG R i
PRI AR BRI (R 3 1K)

RS R R R ke, L1 g -

HETE 37 °C. 24 h ENKAR ™ AR R = R 22 v Rk
7Ny DR PR R R R B e, L 1g +
HefE 30 C. 24 h PRI = A R E R Z T8
FORPY, R SRS K R EAEF A EM 50 %
PEULHE R 5 (Decagon Devices, Inc, NE, USA) Wi, 55
—UCRFER AT, R N B HBR 10 min [ 3l
EE— G . IR ER AT ENE ; TS E
KPR S, HIEESA . MEARH
MgO-fR IR & @z killg ; HEMEY A A S
TR S T F-K,SO, I HEM sz P A e e 4
RIE 2,

F2 TREAKRBAMR

Table 2 Basic physiochemical properties of tested soils

BRI E 2 A (g/kg) AEYAY R A (mgke) SR (mg/ke) AR (mgkg)  HEEAVLIK(g/kg) 25 (g/em’)
ND 349+030a 46.14+6.29 a 6.66+0.85a 459+0.25¢ 52.55+7.85a 0.36+0.01c
SD 2.98 £0.26 ab 36.16 £ 5.15 ab 6.15+0.86a 5.30+£0.37 bc 42.01 £5.60 ab 0.39+0.02¢
MD 2.56 £0.19 bc 36.42 £ 4.39 ab 4.67 £ 0.66 ab 6.41+0.57b 36.45 +1.89 ab 0.61 £0.05a
HD 2.02+0.05¢ 2694 +4.05b 3.67+0.48Db 8.23+0.38a 32.99+5.99b 0.56+£0.03 b

W BHEIE N 5—9 H 0~40 cm +ZHEME + RdERZE0=3),

1.4 HUELIE

iz | Microsoft Excel 365 #HAT8n M 5%
&, SPSS26.0 #ATEHEGEHrHTAbIE . R ER
75 27 #7(One-way ANOVA) J £ 1 H 45 (LSD) /AT A
(IR AR B R R AR 0 25 55 0 25 0 5 SR HAUR R
225301 (Two-way ANOVA) ELEARIBLESE . + 2
TR IE DA S — 35 28 BAE FRT A BB 1 118 2 5 b 312k
FIIH Pearson AHIC Z B/ AT HR I 45 R 2R [] A AH DG G
Ro [Al— 1 2R H R R AR BT . B
Tk ESEERN 5—9 HBME, KIREWEAE N
FIE + PRAEDR2E

2 HEREHSWw
21 ARBRUBERFCE@LTESKENRE
i =20

Z U TR A ) R TR0 B TR, 48 5 K e
i, BHEREASGEE 3). Hi SD. MD 1 HD #
BT ND, BHESKESHIREL 24.35%. 55.97% F
62.98%, TIEE IR 17.18% . 24.39% F
29.69%. fE[fl—+1JZ, ND 5 MD, HD +3E &k
e #2557 (P<0.05), H MD 5 HD [HJCR#
F5, 1 ND Fl SD 7£ 0~ 10 cm 5 10 ~ 20 cm
SRR B FH(P<0.05), 7E 20~40cm EXERARE;
TR AR AR B R TE 3 25 5 . 7R BRI,
ND 1) 448 FoK B 4 J2 e o 2 R AR (P<0.05), 1M

HAth 3 FPHRALEERE £ K A TG, (H2E5R
AN AR AR R ) - R B )2 R R
ik, HEBEER.
22 AEBRUBERFNEGTEHITEZES

THFE

ATV A B 4 HEmG IS Ve o A BRI AR 1 T
Ro 5 ND #ilt, SD. MD #1 HDO0~40cm 2+
SRR BTSSP AN T 5.20% . 8.49% Fl 10.06%,
1M AR B M A BN T 5.50% . 8.39% I
12.05%., B, /£ 0~10 5 10~20cm +)2,
5 ND tH L, AR R [ IR 1 JC W 25 5, &
P VA7 7 .35 22 59(P<0.05)5 20 ~ 40 cm JZAY
ND 5 HD + WK 5 & A B = 5 B E
(P<0.05). 73R [, ND, SD, MD I JiRfi
5 F RS MY BE )2 MG, HD ARk a3l
STt e B, UL E IR AL T X e - R S
BB A L A RRIE . T E Tt R (R
4), B A X 1l T A S MR (P<0.05) 5
+ JZUREE X IR . B RS PR A TR B 1R
Bh RS+ R AR A B AR,
Xof JO B A G S 3 5 A
2.3 AEHR W B IR F N E a1 T A E 3

aLd

- PR A PR R Sh A AR AN 2A Fis. 0 ~
10 ecm 4 JZ AN [RIE Ak A B2 IR P M 4 B U 34
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# 3 TREBUHBELTERKEMEETL
Table 3 Soil water contents and temperatures with different degradation

£t + Z R (em) ND SD MD HD
TS K 0~10 0.97 +£0.36 Aa 0.63+0.17 Ab 0.35+0.04 Ac 0.27 +£0.03 Ac
(m’/m’) 10 ~ 20 0.73 £ 0.18 ABa 0.56+0.13 Ab 0.33 +0.03 Ac 0.27 +0.03 Ac
20 ~ 40 0.50 +0.08 Ba 0.47+0.12 Aa 0.29 + 0.06 Ab 0.27 +0.02 Ab
+ 4R R 0~10 8.92 £4.51 Aa 10.13 +£4.00 Aa 10.80 +£2.91 Aa 11.22 +3.02 Aa
() 10 ~20 8.60 £ 4.80 Aa 10.03 +4.22 Aa 10.71 £ 3.00 Aa 11.14+3.01 Aa
20 ~40 7.88 £4.88 Aa 9.61 £4.71 Aa 10.09 +3.12 Aa 10.58 £2.91 Aa

T RN FRR R RR I — 1 2 A LR B ] 22 7 .35 (P<0.05), K5 F RN R Fom [ — B AN IR) L 2R B 1) 22 55 .3

(P<0.05), FIA.,

[ Inp [sp B MD M HD

15—

22 Aapa Aa o A3Aa A
[ a
~ 1.2 ABa AabAa b ab @
= Ab -
o
of
S, 09 H Bel
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= 06 H
&
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=y
H 03 H
0.0
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Ab be
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1 FERUHETIRRES EAMEENE

Fig. 1

x4 FREBUBEMTIEREZEERAT LIREEESS
=0
Table 4 Variance analysis of soil enzyme activities under
interaction of degradation and soil depth

K% - g R il T AR
df F P df F P
RALEE 3 1.977  0.144 3 7465  0.001
T2 2 10.005 0.001 2 28.269  0.000
BB R 6 1465 0232 6  3.927 0.007

x T JRIRE

ND. SD 7£ 7 HHiBIEE, 7350 1.79 mg/(g-24h)
1 1.74 mg/(g-24h); 1ii MD, HD I&{E7E 8 A, N
1.71 mg/(g-24h) F11.72 mg/(g-24h), 10 ~ 20 cm +
2, Br MD ShE(EXHAE 8 A, H ND. SD 7
9 A KIgF#%.20 ~ 40 cm )2 ND 4({E7E 8 A
Gb, BRI AR 9 A, HEEEHEARER
TEBpE RT3 7 0~20cm +J2E, 5. 7 A
KA ND R FH A 3 FhaB LR, mifE 6.9

AIEIFAE - AE 20 ~40 cm T EMREGE S ND 7F

Soil urease and protease activities with different degradation

9 AREARAL, AR ER B AR

- R S PR 1) B S AR A an 1] 2B iR 0 ~
10 cm 2[RRI AR AL (UGG PR 2 g™ Ay
fi,ND. SD5 MD WHEHMAE 7 A, 551k 833,
6.16 1 5.41 mg/(g-24h); HD WEHTE 6 H, Jy 5.41
mg/(g:24h); 5. 7 A 8 H B E ND>SD>
MD>HD ##.10~20 5 20~40 cm +/Z2#RE“N”
B3 A% ND 9 10~20cm +JZ4M), H 5.7 HI
8 AW LY 0~10cm +JZHMIE, 7ERA 0~
40cm +JZH, ND 7E 5.7 AWEABEHEY ST

HAaRAsEE, HRrisigms o ABT—3.

24 TEBmEUHSTEBACERMXER

AR 25 R (GR 5), IBPRLEfR kit
R b A I ORIt % M S R T P R B S A B 3 OE
FHOG(P<0.01); I ARG S MY EYEA R
I 2 TEAH G (P<0.01), 58 /K Akt &2 1 2% 1EAH
K(P<0.05), HiHAA RS EE fHEP<0.05); +
SR Tl A0 B 1 S 2 - At - A 1 S (R E R R
S| RTE - I
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——ND -+ SD ——MD —=HD

(A) 20 0~10cm 2.0 10~20 cm 2.0 20~40 cm 2.0 0~40 cm
Hdo 15 1.5 1.5 1.5
rog
2910 1.0 1.0 1.0
=2
& ? 0.5 0.5 0.5 0.5
SEO . . .
W0 =% % ¢ "0 5% 7 3 0'0567890'056789
B) 10.0 0~10 cm 10.0 10~20 cm 10.0 20~40 cm  10.0 0~40 cm
H
s 80 8.0 8.0 8.0
o=
=4
o 89 6.0 6.0 6.0
B S 4.0 4.0 4.0 4.0
®E
- 2.0 2.0 2.0 2.0
=% ¢ O 5—% 53 0'0567890'056789
Ay At Ay At
2 TEREBSEQEFEEHREHNTTN
Fig. 2 Monthly changes of soil urease and protease activities
x5 TiEESFRMS TIERAMERAMERNE
Table 5 Correlation between soil enzyme activities and soil physiochemical properties
URE PRO TN NH;-N NO;-N MBN vVwC
PRO 0.399™
TN ~0.201 -0.115
NH; -N 0.095 -0.012 0.705™
NO;-N -0.109 -0.329" -0.274" —0.408"
MBN 0.235 0.490™ 0.040 0.148 -0.530"
VWC 0.126 0.306" 0.497" 0.603™" -0.491" 0.400™
TEMP 0.778" 0.303" —0.346" —0.050 —0.048 0.018 0.095

d: URE: WRMf; PRO: Z[AME; TN: 2% ; NHi-N: EAE;
TEMP: HJE. *. =53 FRm &ML P<0.05 A P<0.01 &K,

3 ihie

A2 RGBT BB K LR U (SR
TR T B A A B A IS B R BT, 5
AR R IBY)  JITE W) BOK RS 1 R e s 2,
17 - 8 S ORI TAE AR 2 20 | L)W o3 A A
P AT B, T ER R A AL R A
FEMEARR Y, Hoep 1 RS S R M R
) 398 vh U A i 3R R LA R AR O I RN A
WFFE R, AT A BRI VR P B AL S 25 T
EAENIRRE G M, S AR A P B A SRR
) s FERRH B B SE A5 RN TR SR T R S R
AR, BB BRI, A&, dRiler
S PRI 1) 43 6 20, 2 ) A DG 52 30 4 67 A G
Wt —2F LLIESE, DHOBREEES PE T o DF5Eid A 3
MR BRI (S S IRE TR AN R, W1 AR
WFFE VB ALREAR T 3 H R YRR th TABT T

NO:-N: fiSA%; MBN: WAV EYREE; VWC: HHEf/KE;

ARAB AR JEE AW ot S S Wy b = T de iy, BB LA
FENNI, MR R, M b AR )
(&), G5 R s[RI K
SRS AR, Wi/ 1 A O RN A T Y 26
Gyl , PROHAE — s R T BRI 1 8 R IR e
JEMIRY HOE A, 3 F R TR

P ELH I b, BRE RSN, T IR
A P RS A 24 i R R T T e R 35 1) B
Hi PR AR 8 — R T R Z R
RFHERZ AR PO BT M) S B B o, )= LA L
e, AR TR AR, HACNE R R E £
SERIEPER R s TR R L KB R
IR T R 3), IR AL R e )52 2
BRI, 53 —Jr R TR X AR R 2
FAAET L3EFRZ PP i R BB MY, A
FE B A DRI GCE Y o i W, R AR R LR
REHE AR Z o o A T U Y2, EERER
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TR B+ 2 2540 2 A= A0 Ak, FLIBRE S5 AL P A ek
A%, it ROV A RS B sh ARk, AT, TR
AR fa) IR AL AR A% 1 25 1 0 3R A R BRARER
TG ) A A AR Ak, R AT ) ) FE T - SR R IR
Al e

+ SRR A B ) Sh S AR L EEZ AN RS
PR AR TR Rl e, AR AR R R B | K
oS AR, TR AR TR A 00 A RS SR AT
FFHIME, 2 R 0 - S R g /NP AR g
FIERREHEVELE 0 ~ 40 cm +J2HIE(EHTINTE 7. 8
A, XEHT 7. 8 ARERS, AR TR
R AP, MR R & AR S 20, fe
A S S A B, SR M R F AR K
o A 9 HJGIREEIEMEREAR, PTRE- SR LA
XK, ARIRERHAED AR . BRI A5 I 52 23
Hi03, PECIR PR AL, i R AR AR B M R
HARZMMEDRY, #n7T 8h G &=,
el 75 ro R IR TR 1 JOR P P R X O e o AR SR AL %
P+ B EAE 0~ 40 cm L2 6. 7 HEE,
DOEH T AR 5 AT RRE, HiTRIE
A, SRR A P A2 AR, PR T
fi%; 6 FAAHPH 1B B KAXT RS, EEAERY
A U, e B AR, TAE A
it TE T s 8 ARG A Kt AJS 0T, 2R S PR
fi%; 9 H BRI T2 PO R A K5 R A 75 51
AR ARIE AR 3 R R LT N, R
T B YAR B A, 145 - 88 (S AL T
FHES, X5 APFE 2 WANRF2E
Xof - St T4 1) ) 25 TR A9 4598 M TERE I
TPV 7% A BT bR il i ST R V8 M P 5% B -
JUR BTG B A AR 4 1, BB S P BUEAE 9
H s 7 BAMERR K AR ST 45 DR G P 060 1 B0
FERKZ 5 A D A BIF 5T 2% I 555 B 2 W 0t 2 1
A RRAR, R AR S KEHEE R
Bk R HERTEE R R, B R4 A
RLEEARFECY, (H A S5 X IR IR BT 55 1 . -4
FRNE FIAE P ol 28 ) A TR I 7= A 22 5

IR P SR N RO R B, A R AT L
3 AR - AR ) A T Sl kAT 45 R AT [R] 2
S - SR A TG, PR T — R B IR T
PR RO, B RSB YRGS . KE
TF 5% ¢ BH - 493 32 2 52 i) = MRl U 1 1) B BRI
R, IR LAl B R L A s, TR

M 73005 - S8 N 14 0 e A AR A o AN 9 e B - MR
5 JUR RS F G R 277 A 2 IEAH S SC &R , Sharma
i Kumart 58 % 30 i € A= 25 8 5t - e R M Y
i S E N, 48RRI A B, R
ARAEBEN AURR, SR R T A A A S I Y
REJ, (E I e A0 R i R A5 A, TS 2
WA, L UEW] 1 b Sl B T v P AR o SR A
PR A v BE AR 1 1 I SRR e o H 3K 70 2 1 0
Bl MRS AL LIRS R R Y, AR SR LY
KA R ISR B EAROCOC R, TR
PEA A 1R A AR v i 26 SRR R AR B K, BOK AR
IKBETIREAR, SBCEETE, RZMmb] T L H g
WM, SRR EPIPIR AR 8L SRR
SR P RE A5 8] 42 5 ) S Y IR 2 KP4k
TEIRARSEY S ABgE b, L HEREG T S B A A
WCEY R RIEAE, S 2R . SRR,
b SR W S T W A e R R TEAR G, T
SR, SR WEARTAAMK, FPREW RS
P R HER o SRR A U, AT D EIAERT,
FEE—E R A R, ZR R ILRIEH T 1%
RARMEAFA R 28 b, B AR R -
PR T S  ERE E , E T R 0 e FE R VA P R

i) B R G IR ETEI .
4 #ie

Z V0 T PR A i B 3R A A R, 18k
w5 ABE R, R S IR . b
HJZINR, KR R | S RS (R
R AL RS AN IR . 0 ~ 40 em )2 H IR EETE 7%
WEAEH A 7, 8 H, EHMIEELBIEG6. 7 A,
- SR FUR P 1 A P R R IR G
- PR S A A e A IR A O
&K MRS B EAE, SMEASTEEER
A o 27T LV R Ak A 1R AL S S A T T R
V2 R 5 A T ARG T B Y T R R il S R
HEEE PR UEE R, Sk S s A Ym0

R R R
S 3k
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