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VA 3B (W 2, (H X 2R A0S 2 L ey 9 R ) A 2 AN [o] I S0 R A %) g 7 AR 0 SV R, LA 2 A% B AR A Ay e B
(CK) B T 3R IR S (ST1) e R W1 (ST2) HOREIR 5 WI (RG1) AR 75 /5 1 (RG2) FF AR R ML B, 43331
TEAE GRS TR T HART (2022 4F 6 A 1 B ) FIRCRE AR KIEZE (2022 4E 7 A 28 F)IE T L FALIEFR AR (C) SR (N) FIHE(P)
BRAFBEE (] TSR A= L PP Al TR E AR R . S5 2R3R 0], 5 CK AL, TSR I AR M (ST Al ST2) 7] g 4
il 6 AARFN 7 H Ay 38 C ARATBETE M ( B- 1, 4-HM T B RN LT 24 R WK et ) (N 4R753 85 ( B- 1,4-N-Z B S A4 1 1 B A2
PR JE IR ) A P ARl (BRYERERRG ) 154k, W PR LI C:P HOANEE NP H, KREOMTZSREM, 5 CK M H, A
WIRICGE % T = C R0 N R, Mantel £330 FIBEHLARAR S BT 45 53R 0T, LR | 8 KR M A S B R E R
AN [ PR B B A A= 2 C RN BRI 22 DR R4 R A AR A0 1L R ) v 2 P Y PRI 1 1 AL T
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The effects of spring rest-grazing on soil extracellular enzyme activities and

microbial metabolic limitation in alpine meadows of the Eastern Qilian Mountains

XTAO Hong, JING Yuanyuan, XU Changlin, YU Xiaojun *
College of Pratacultural Science, Gansu Agricultural University/Key Laboratory of Grassland Ecosystem, Ministry of Education, Lanzhou 730070, China

Abstract: The precise determination of rest-grazing periods is of great significance for the sustainable utilization and
scientific management of cold-season pastures in alpine meadow. Soil extracellular enzyme activities and microbial metabolic
limitations serve as critical parameters for assessing soil quality, yet their response patterns to different spring rest-grazing
periods in alpine meadows of the eastern Qilian Mountains remain unclear. This study used the traditional local rest-grazing
period as the control (CK) , spring rest-grazing treatments were initiated at rest-grazing soil surface began to thaw (ST1)
soil thawing depth was >10 em (ST2), plant upper ground re-greening ( coverage reached 30%—40% ) (RG1), re-green
plant coverage reached 80% (RG2). Soil physicochemical properties and the soil carbon (C), nitrogen (N), and
phosphorus (P) acquisition enzymes activities were measured on 1 June ( the local traditional rest-grazing time) and 28 July
(the vigorous grass growing season ) in 2022, we evaluated microbial metabolic limitations using soil enzymatic

stoichiometry. The results showed that rest-grazing during the soil thawing periods (ST1 and ST2) significantly inhibited soil
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C-acquiring enzyme activities ( B- 1, 4-glucosidase and B-D-cellobiosidase ), N-acquiring enzyme activities ( - 1, 4-N-
acetylglucosaminidase and L-leucine aminopeptidase ), and P-acquiring enzyme activity ( acid phosphatase ), as well as
significantly decreased enzyme C:P and N:P ratios in both June and July. Moreover, vector analysis showed that rest-grazing
during the soil thawing periods (ST1 and ST2) alleviated microbial C and N limitations compared to the control. Mantel
tests and random forest analysis demonstrated that soil temperature, soil infiltration rate, and available nitrogen content were
the primary factors influencing microbial C and N limitations. These findings provide data support for determining optimal

resting grazing periods in cold-season pastures of the eastern Qilian Mountains.

Key Words: spring rest-grazing; alpine meadow; soil extracellular enzyme activity ; microbial metabolic limitation

B o I AN ER AR AL AT DT R AL R Ak, Sy B BRI R R 3R B, S
N L AN T B ST (C) AEIAHISENY B 1, 4-ATME B (B 1, 4-glucosidase, BG) | £F 4 2 WK it
it ( B-D-cellobiosidase, CBH ), 5 & ( N) 1 ¥ M & 19 B- 1, 4-N-& Mt 2 5t % % W% 17 B (B- 1, 4-N-
acetylglucosaminidase , NAG) ,#%2 iR 2 3 K [i# ( L-leucine aminopeptidase , LAP) F15 W (P ) 115 5 AH 5 1) iR P
PR ( Acid phosphatase , AP) S SRR AN T TR IR ¢ NP SRS RE I sR S L SR ,
AL SR R A 20 AT AN RE 4 T IVl L R A R T R AR T Dy B SRR DL i D 2 P AL T R 4
ARE AR R 7Y Moorhead 45738 kA A A Ak 2 T L A I R R O B AR R OK Ak 1
AW RE R (C) FNFRIT (N B P) BN BRI, /S, 3205 812 0 TP A ) A 25 3R 48 - 33 Ak At
BRAPR AL  ABLEAS [R] DI RS R 3R B A — Bk, H 3228 5 0008 2B 8 R G B AR 1 3R 855 H 1 %5 1)
FASE

O B0 BRI BB, TAER , AR W) SR AR AR (A0 A W A Yy R AN T ) o S
FAER TP 3 R B O Bt A 25 R G+ e A B S ARG R, M SN
MO e R B - AR S O SRR R, ST ST AR R AR A DA A SR X RS T
IR B 0] Rl A S ARG TR R B E R S, O R T R A SRR BRI A PR G T B A
M B AR+ HEREE A NITRE I 398 C N AP AT AHE ™ S AR A JBCHOR B A B, Bl A T P 52
W R R C N P JRAFEEE M . Zhao S5 AR FTAT H , K I B TOHC i S B T P Sl B
+HE C AT BG W (0 R E N T N ORI P ARAT B M I AR AE AR T e R e FE R R R R R, 5
Xof BEAR LG, 2 BEOHO 438 € ON P ARAS TS 1 34 T I 2 52 e, T o B8 ORI 3 AR T 3 N P SRAS i
P 3 X SEAE RN — S J K AT RE S AR S AR ST Y OO B2 LA R A0 R A8 R R BRE e 73 0 - 3 T
Btk A R A G

o FE T 2 T e T AR R AR B 2 T 2 o i s i R P M T BR ) 35% , e A O A 7 Y
FESE T TR RIER RO TR SR R AR R 0% X R R R R AR
RO SR T A e 5 e FE B )V TR RO I 2 P IBORR T Y, 2 TR A R S
G5 8 N RE I Y BRI AR S DRI R U R R 0 5 X T e FE A v R0 T R A T AR 2 B R
X HTAWISER, S AR RO B v AR L ey 8 ) A AR 5 i | R A R R AR
VEATE RO ORI i 1L e T ] S AR R T % A R AN ] AT 0 1 i 7 R AN R

BT AT AR T A AR B FIRORE IR T 0, A0 32 L i FE R A ¥ 2R I35 5 2R T B ORI I ) 3
FOREUERN 53, WFFEORYC (B] A2 Xk 58 C N P 3RAT B AN My A BR ) 1) 52 i R, 9 — B IR ST TR IR
ONHHIT -3 W A PR ] ) 4 PR 7, L8 2R i 7 - ST A IR i % 75 2 A [ (AR el S £ i 17 AL
BB PG IEA , SR i 1L i € B4 v TR O R BB O B SR IR 2%
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1 #REFE

1.1 5 A

TR0 M AT 8 e IR AR G AR AR L s JE B ) (37°407 N,102°32" E) , ATH X I8 T Hor 4 alUgk i Rpt ik
BHIGEIMEF S . ZHXEHR 2960 m, G FER W, 25 30 i, KBHGR SR, 4 -0.1 C,1 A&
A (HE-18.3 °C) ,7 A (I 12.7 °C) ,0 C UL HAEBURZ 1380°C s AF 4[5 /K & 416 mm, Z N HIIE RN, 4
T 7—9 HAFEZE K 1592 mm, (VA REMRZ5r, HHRIXIE T s 8RR R0, BT, B 2R,
PR LR M BE ( Kobresia capillifolia ) HERERY S FE Bf) | H IR W & 1L f) £, + 2R 80—120 cm,
+3 pH 7.26—7.38,

1.2 it

2018 AFEAE KA i 1L AR S R G IR i AR T T 1 R AR W AR B T B AN AR B R
i JE 2 b TR R T b A S R R B RCRR TGO, 053 T 5 ASAS R R BOR BRI 1) 2 1) B i S IR
ST1( HIERIZH MR 52) TR VRIG IR, ST2 ( HIEMRIREES 10 em) ,3) BOHLR TR, RGL (M
ER AT A R AR S IR T SRR 30%—40% ) ;4) BORLR T R IHOREL, RG2 C-EFE RIS EE IR 24 2 em iR 5 35
ik 80%) ;5) fE AR, CK(PEHMFE 5 em) ,

TE I & B G X AE 3 0 18 H A RO IAfR 7R 4 H 1 BHAS BIERARIRE R T 10 em,4 A5 HA
AR S A 1 B AEABORIRE SR 2 em £47,5 H 20 H AP E S EER S em 247, DL
LI Fsf [6] Sy LAty B 5 RO (3R 1) o AR e s B R I R 3 M P e SEPRG 0L, B B U K B H B IE A
1Sk BARHEAR +1 HBARIRE A | AU B, B/ N 4 S (FEAR +3E ) A6 5007 AR SR NIX Ry
16 (B +E ) . DARCHB R 20 80% HEA TAEHL TR AT A (3% 1), OB g0 /N X R L 3, 22 5 AT
3 A 1 HIFGHUR R & IR ROE MR IR IR R IR, i AR BR AR AR (L5 e, Bl = R R AR LA 25 57
P 156/ IN X B b 2 I TR R S T3 At 0 DO AR et S P e 175 400 R S i 1 0388 D9 % 3 A 5 o
7, B HUR] SR R 809% T IR

F1 RWIETH R &G
Table 1 Test design and plot condition

e R e
rﬂr‘iﬂi Beginning : Beginning of rest-grazing ﬁﬂz%j@zﬁz ﬁﬂ_z%%% PN FE T AR i
Ireatments of grazing REH 251 H # Grazing time/d  Livestock number Plot area/m
Plot conditions Date
ST1 3AL1H ARG S 3HI18H 18 4 e +4 HHE 1881
ST2 3H1H + 3R S 4H1H 32 4 P +4 HEE 3344
RG1 3A1H HCHR T )3 4H15H 46 4 e +4 HHE 4807
RG2 3H1H WeRR AT 5H1H 62 4 U +4 R 6478
CK 3A1H E RN N 5H20H 81 16 LUELE+16 HEE 33855

ST1: E3EfE IR A Soil surface began to thaw ; ST2 : T 3Ef# S5 H] Soil thawing depth was more than 10 em; RG1: # 5 iR 5 ¥ ] Re-greening
coverage reached 30%—40% ;RGZ;WE‘P—]‘BEF']:E,E)H Re-greening coverage reached 80% ; CK ; %f Hf Control

1.3 HERESLCREE

IR TR A 5 S 4RI T FEAE GRS R AR BT (2022 4E 6 H 1 B ) AR A K 22 (2022 4F
7 H 28 H)BUFEEMIIR , BEREFERT , 22 R B BN X rP B BLAR 3.5 em B L8 BEMLEX 6 %5 0—10 cm 4F IR
BT A IR SR JE L 2 mm TR AR R ALY K S TR G B B A, — R T 4 C VKA (R
TRAORAE g I EK M B TR (S ERAR) & &, 77— 0 T-20 CUKFaMA T LT i A
BILAB B 5 0 SRR M 0 0 T80 4% 1) 48 AR KU I T - 3k 2 1 o
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1.4 LEERAIRERINE

{6 - 38508 B { ( TDR350, Spectrum, USA ) il 75 4 338 75 B ( Soil temperature, ST) ; 4 % 7K & ( Soil
water content, SWC ) SR FHHET-72 5 ; SR FHER T 50045 1+ 3 28 5 ( Soil bulk density, BD) ; £ 375 /K 3 K ( Soil
infiltration rate, IR) ISFH478 1% B % (mm/min ) FR7R , ik FIRB B 191885 S5 (mm ) /38 B E0B B 19 B (8]
(min) .

T 3H HLEK (Soil organic carbon, SOC) >R FHHE 8% R 8 48 Ak — /NI #ATR I X 5 £ 3] ¥4 LB ( Dissolved
organic carbon, DOC) F &4 HLAK 43 T AL % ( MultiN/C2100, Analytik Jena, Germany ) ; 1 3 4 % ( Total
nitrogen , TN) HITCZE #7114 ( Vario MAX CN; Elementar, Hanau, Germany) %€, +3EICHLE (NH-N I NO;-
N) & K H AA3 I 8559 BT 4% ( AutoAnalyser 3; Seal Analytical, Norderstedt, Germany ) ; 1 33 4> i ( Total
phosphorus, TP) Fl#E L% ( Olsen-P) R FHEHEH BT F s e 2,

1.5 - IERGE D E

FZEIEICBE A 5 BG, CBH NAG  LAP Fl AP (UVETETE 1™ BRI 2.75 o FRI £ HERE S, 6 B &2
150 mLEg =AM A, A 91 mL EEERZE i (0.05 mol/L, FHESER Al NaOH 475 pH [7] +33 pH {H) , & T 200 1/
min 5 RIRT 30 min, $F/h 250 pL AFERZOCHRCIRY (K 2) BRI, R 800 pL T3 2 96 FLIK
FLAR T, 25 CHEFRMT I 3G 37 4 b, AR RS I B DB AT B8 (MOROE IR 365 nm, BUR LK 450 nm) . BG,
CBH NAG .LAP FlIl AP H)ZCEERURYE 4-HHEIE [ (4-Methylumbelliferone , MUB ) A5 il £k #8555 MUB 1Y
Vi FE 3 o T AR B S SR TR I, B pmol ' g7

F2 TEMSMEREEAIRCKY

Table 2 Soil extracellular enzymes and their substrates

it 14 24 R ) (19 24 FR )

Enzyme name Substrate Enzyme name Substrate

BG 4-FP A T B - B - D - MEE Tl 6 2 LAP Lo Ak 7-20k- 4-H L O Z 5k
CBH 4-HI AL -B-D-£T 4 % MY AP 4- P BRI T A R i

NAG 4-MEA 5 R - 2- LI 5L 2 4B -D-MH e 7 4 Wl

BG:B- 1, 4-# ¥ 15 i B- 1, 4-glucosidase; CBH ; £F 4 % — Wi /K fi# ili B-D-cellobiosidase; NAG: B- 1, 4-N-Z. Tt % 4k % %5 B8 15 5 B- 1, 4-N-
acetylglucosaminidase ; LAP : 55 Z TR 2 FL K L-leucine aminopeptidase ; AP ; FRIEBSTREE Acid phosphatase

1.6 Bl srHr
i C:N=In( BG+CBH)/In( NAG+LAG)
it C:P=In( BG+CBH)/InAP
fiff N:P=In(NAG+LAG)/InAP
SR AR AR A W B A S P O A QB BR A0 ) B 3 ( Vector length ) /R BUZEW C BRI, Vector length i
K, FRHAEYZ 2] C BRI AR B K, [ 5 A B (Vector angle) FR/nfUZEY N 8¢ P FRHil, 4 Vector angle KT
45°0F , R A 2 2 P BRI, HA B, PRI BE K ; 2 Vector angle /NT 45°HT , R A Y32 ) N
PR, B RN N FRIIFEEEBR K . Vector length Fll Vector angle it DA T A= i1H45
X=In(BG+CBH)/In(BG+CBH+AP)
Y=In( BG+CBH) /In(BG+CBH+NAG+LAP)

Vector length = VX+Y?
Vector angle (°) =Degrees{ ATAN2 [X, Y]}
PR DR 2R 7 22 43 Mk S AN [ R AR B Acb B8 ) BRORE s (1) B JHC A2 B A O - I A8 b | 6T 1 S Ak 2 i
Lo S MR BR R A . R FH Duncan 228 AT (P<0.05) 4656 A [A) R S 309 Ak 34 0] 1) 22 57, 7 22 00 B 1
{1 FH SPSS 22.0 #47, A T 430 H AR BT 53R AR R 2 (B A SGHR (T R 4.2.2 H A LinkET” 423
57 Mantel K558, #F— 2543 1 4 € B A8 A5 b 1 HERAE W A5 BR i i AH X B 224 A R 4.2.2 i
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“randomForest” fL#E1T T BEHLARM T . ECHEAERI R FH GraphPad 8.0.1 #E47T
2 HBREHW

2.1 N[ROSR Ak 54 R i)

ANRRBCRH AL BEXS ST SWC IR TP ,SOC . DOC \NH;-N I NO;-N FI TP Fy 540 i 2 (£ 3,P<0.05) ,
2 PRAAC IS T A -3 A R I 4 (ST HE 3R BAZ SR (CK) IF, ST F1 IR & ETH&E#H T SWC 2 T R
(£ 4,P<0.05) , SEGRK(CK) ML, FRBRRBAL B FR002 ST1, &8N T SOC & i (H B E T
NH;-N % (P<0.05) . 11 DOC Fl1 NO;-N 7 12 32 BURE B[R] (A 52 i {2 3 (% 3, P<0.05) , AR B (ST
FIST2) B EW /DT 6 Ay £33 DOC Fl NO3-N &4, 1 7 H 4y DOC F1 NO;-N % &#43 7l #F ST1 Fl ST2 AbFEF
FM R, 13 BD TN Ml Olsen-P & 7645 4L BR ] G .2 25 57 (P>0.05) ,

F3 FEERAENTAE R B E & H 32 B E A X L SR s ARa &0
Table 3 Two-way ANOVA showing the effects of different rest-grazing periods, sampling dates and their interaction (R X D) on soil

physiochemical properties

PRI 3 ORI ] RIS 3T < HUAE i ]
FEbi Rest-grazing periods Sampling dates Rest-grazing periodsXSampling dates
Index P P F P F 14
ST 101.26 R 33.25 ok 9.73 R
SWC 2.79 * 3.88 0.06 1.78 0.15
BD 1.52 0.21 32.53 ook 3.46 *
IR 26.38 ok 11.04 # % 0.41 0.79
S0C 46.19 ok 311.99 * 8 R 6.26 ok
DOC 7.64 ok 4.01 # 6.36 ok
TN 2.71 * 0.02 0.89 0.21 0.93
NH}-N 19.93 ® koK 353.09 * ok ok 26.32 * %
NO3-N 2.54 ® 67.11 # 8 R 5.90 ok
TP 3.23 * 0.02 0.90 0.27 0.89
Olsen-P 0.89 0.47 30.90 ® ok 3.41 *

ST +HERFE soil temperature ; SWC ; . A K IR Soil water content ; BD ; . I Soil bulk density ;IR ; . B K # Soil water infiltration rate ;
SOC ; AR HLEK Soil organic carbon; DOC: FI % 45 HLEK Dissolved organic carbon; TN -3 4> % Soil total nitrogen; NH}-N; £ 3 £ 75 &0 Soil

ammonium concentration ; NO;-N: 13 i§Z % Soil nitrate concentration; TP : 134 Soil total phosphorus; * F7x P<0.05; # * FR P<0.01; # %

/R P<0.001
R4 RERSET AT L R RN
Table 4 Effects of rest-grazing on soil physiochemical properties at different start times

it 6 A June

Index ST1 ST2 RG1 RG2 CK
ST/°C 20.89+0.02¢ 20.26+0.02d 20.89+0.03¢ 22.32+0.04b 22.81+0.03a
SWC/ % 25.30+0.38ab 26.50+1.20a 23.39+0.71bc 23.66+0.72b 21.07+0.84¢
BD/ (g/cm?) 0.64+0.03a 0.67+0.02a 0.69+0.03a 0.67+0.01a 0.64+0.02a
IR/ (mm/min) 0.44+0.01b 0.45+0.01b 0.51+0.04b 0.62+0.03a 0.63+0.05a
SOC/ (g/kg) 96.84+0.84a 87.57+0.73b 88.84+1.47b 86.54+0.50b 86.10+0.32b
DOC/ (g/kg) 0.45+0.04b 0.43+0.05b 0.56+0.06ab 0.51+0.03ab 0.64+0.04a
TN/ (g/kg) 6.55+0.24a 6.87+0.07a 6.63+0.11a 6.33+0.45a 6.24+0.27a
NH;-N/(mg/kg) 22.04+1.32b 36.29+2.02a 24.15+1.38b 34.63+0.28a 34.48+0.56a
NO3-N/(mg/kg) 5.16+0.37¢ 6.23+0.24b 5.14£0.20c 5.60+0.13bc 6.92+0.06a
TP/ (g/kg) 0.85+0.03a 0.82+0.02ab 0.80+0.01ab 0.79+0.02bc 0.73+0.02¢
Olsen-P/ (mg/kg) 25.18+2.10a 22.76+1.77a 24.91+1.10a 24.61+2.12a 24.91+1.06a
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Feh 71 July

Index ST1 ST2 RGI1 RG2 CK
ST/C 21.31+0.08¢ 21.50+0.23bc 21.40+0.29hc 22.08+0.25b 22.97+0.02a
SWC/% 23.76+0.33a 23.19+0.31ab 22.99+0.21ab 22.87+0.29b 22.60+0.17h
BD/ (g/cm®) 0.76+0.02a 0.75+0.01a 0.67+0.00b 0.76+0.02a 0.74+0.02a
IR/ ( mm/min) 0.51+0.01b 0.46+0.00b 0.56+0.04b 0.68+0.04a 0.73+0.04a
SOC/ (g/kg) 85.70+0.74a 78.18+0.65¢ 80.03+1.33bc 78.67+0.46¢ 82.00+0.31b
DOC/ (g/kg) 0.56+0.02a 0.39+0.01b 0.42+0.02b 0.55+0.02b 0.53+0.02a
TN/ (g/kg) 6.98+0.24a 6.50+0.21ab 6.50+0.14ab 6.26+0.09b 6.39+0.27ab
NH;-N/(mg/kg) 15.63+0.21b 15.86+0.33b 21.09+0.30a 16.12+0.69h 20.90+0.13a
NO3-N/(mg/kg) 8.02+0.72b 10.31+0.55a 8.59+0.65ab 8.23+0.74ab 6.91+0.71b
TP/ (g/kg) 0.86+0.03a 0.83+0.01ab 0.83+0.02ab 0.78+0.02bc 0.72+0.02¢
Olsen-P/ ( mg/kg) 28.04+1.98a 30.33+2.21a 26.95+0.43a 29.42+1.67a 25.62+0.25a

TP NG FBER IR [F]— U B ) 45 40 #1R) 22 57 183 ( P<0.05)

2.2 R[RIPRHAC A I X - 498 i A1 il 3 2 1) 5 i)

AN TRV OR A 9] R sl [i) B A8 B A FH b 3 52 i) - S it AR M (3R 5, P<0.05) . SR GARBUN (CK) AH
Ft,ST1 Al ST2 AbPR 40 T C 458 BG Fl CBH A9 HE (1K 1,P<0.05) ,6 HF17 H RG1 ABEF C 345
BG MG AT CK, 1 RG2 AbFE R C K150 CBH A% B &K T CK(P<0.05) . Bl PRHCHH R
6 H 3 N K130 NAG BTG PR g s a4 i 7 0 52 53 9 5 0855 1 B 35 fF RG2 A3 R R I e K
B,6 A F17 A4 N RIS LAP A9 35 P Rl 5 ORI A9 43R 35 522 I & ot 3 7F CK B3R T R fe K
{5 ( P<0.05) , SAEGARIIN (CK) AHEL, ST1 F1 ST2 AbFE 524044 T P3R5 AP (9351 (P<0.05) .

*5 BMEARFESHARRKEE EERERELEEAXN T EEREEREAZITE 0 MEDRERE MM
Table 5 Two-way ANOVA showing the effects of different rest-grazing periods, sampling dates and their interaction on soil enzyme activities

and stoichiometry, soil microbial metabolic limitation

PRI 2 HURE A ] PRI 30 < BURE s 1]
EELz Rest-grazing periods Sampling dates Rest-grazing periodsxSampling dates
fndex F P F P F P
BG 38.89 e s o 15.86 e s ok 4.02 e s
CBH 44.77 # ok ok 52.71 * ok ok 3.96 # %
NAG 53.68 ® koK 39.47 * ok 15.90 # ok ox
LAP 52.29 # ok ok 7.15 * 5.73 ok ok
AP 10.20 ® koK 64.02 * ok 2.54 *
i C:N 4.56 ok 7.73 o 7.35 oo o
fit C:P 37.18 e s o 2.93 0.09 3.84 e s
fif N:P 38.72 ok ok 3.14 0.08 11.10 # %
[ Vector length 18.90 e s o 7.68 ke 4.94 ok
A Vector angle 26.85 ook 4.19 ¢ 12.05 ok

2.3 N[ RAARIT  SE B 2 - AN R P gt R i 52 g

3R C:N Fb A2 BURE I A] A4 LB S0 (22 5, P<0.01) , SIEGRIN (CK) A6 A RG2 b3 i E 41
+ 3 C:N Fb (K 2,P<0.05) 1 7 H 3 AR HBAL B (ST1 ,ST2 \RG1 Al RG2) + 3 C:N 5 CK ¥ B #
ZE5(P>0.05) , T 3ERG C:P ARG N:P LEAAZ BUREB ] 1) o 252 (£ 5, P>0.05) , 5 CK AHLL, ST1,ST2 i
RG1 Ab P B A T H 805 C:P LRI N:P 1L (Kl 2,P<0.05)

SRR B A WS [RAR B TR TR A (7 13858049 C AR5 (N/P) BRAIEEST T 1EAL (&1 3) , il LIS
] i A BE XS /NT 450 URIZAE S R UE 2 2] N BRI, Sk 9 N BIR ) 0 AR R B v e A B A DR/ 0N T 18 5
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30 6

B AP

/(umol h™! g1
pS-D-cellobiosidase
activity(umolh-1g-1)

B-1A- G T
f-1,4-glucosidase activity
TR

£

150

100

L-leucine aminopeptidase

activity/(umol h™! g™!)
activity/(umol h™! g™)

5t

p-1, 4-N-acetylglucosaminidase

f-1, 4-N- B &I AR B

ST1 ST2 RGI RG2 CK
RN Rest-grazing periods

/(umol h™! g™1)

Acidphosphatase activity

ST1 ST2 RG1 RG2 CK
PRI Rest-grazing periods

B 1 RE RS EA X+ R M B i O B M
Fig.1 Effects of rest-grazing on the activities of soil extracellular enzyme at different start times
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