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Abstract: [Objective] Yak dung is an important factor affecting the nutrient cycling of soil in alpine grassland
ecosystems, and changes in soil enzyme activity can effectively measure the soil nutrient cycling processes. This
study aims to explore the temporal and spatial variations in soil enzyme activity under the addition of yak dung in
alpine meadows. [ Method ] A fluorescence analysis method using 96-well microplate enzyme assays was employed.
This study focused on key enzymes involved in soil carbon and nitrogen transformation processes ( B -glucosidase
(BG), peroxidase (PER), phenol oxidase (PPO), B -N-acetylglucosaminidase (NAG), and leucine aminopeptidase
(LAP)) in alpine meadow soils of the eastern margin of the Tibetan Plateau, aiming to investigate the potential effects
of yak dung decomposition across different temporal scales (varying decomposition periods during warm and cold
seasons) and spatial gradients (under the dung (D0), 10 cm away (D10), and 20 cm away (D20)) on soil enzyme
activities. [Result] The results indicate that (1) The decomposition of yak dung in both warm and cold seasons
significantly increased the activities of BG, PER, PPO, NAG, and LAP, with the highest enzyme activity observed
under DO0. As the decomposition time progressed from warm to cold seasons and the distance from the dung increased,
soil enzyme activity gradually decreased; (2) The decomposition of yak dung in both seasons significantly enhanced
the total soil nutrients (total carbon, total nitrogen, total phosphorus) and available nutrients (ammonium nitrogen,
nitrate nitrogen, available phosphorus), soil moisture, and pH, although the impacts of decomposition time on these
soil environmental factors varied between seasons. The correlation between soil physicochemical properties and
enzyme activity in the cold season was significantly stronger than in the warm season, with the C/N ratio in the cold
season having the most pronounced effect on enzyme activity. [ Conclusion] The addition of exogenous nutrients
led to the redistribution of nutrients and organic matter, with changes in enzyme activity exhibiting spatial and
temporal gradient distribution characteristics, which were significantly correlated with the distance from the dung
(radiating outward) and soil depth (extending downward).
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T AR KE FEHCE R — AR SR T Z R RE 2R (P<0.05) , RFENGFEHACHRE 20 A [F 4 REE B 1A 1
BEZER (P<0.05) . RHHIEFEERHEZ (1=3) . BG: P-HILME:; LAP: SEMEILIKEE: NAG: B-N-ZEtHi%
WEEEG: PER: A IEE; PPO: My%lfbl: CK. SRIFINFFEXHRALEL, DO: 4:38FJ7: DI10: ME4F3&4% 10 cm &b D20:

/R 26112 20 om Ab.  Different uppercase letters represent significant differences between different decomposition times in the same
season (P < 0.05), and different lowercase letters represent significant differences between different decomposition distances of yak dung
addition (P < 0.05). Data in the table are means#standard deviation (#=3) . BG: B-glucosidase; LAP: Leucine aminopeptidase; NAG: B-
N-acetylglucosaminidase; PER: peroxidase; PPO: phenol oxidase; CK: Control treatment without adding yak dung; DO: under the dung;
D10: 10 cm from the edge of yak dung; D20: 20 cm from the edge of yak dung.
B 1 A IRZRIE SIS AN R 2 A 3 1k ) 5
Fig. 1 The effect of adding yak dung in cold and warm seasons on soil enzyme activity in different soil layers

F AU R, BRZPEAJe iRt AT 78 Tomh 38l 257 28 15200, BG A1 LAP PUMEEAE
0~20 cm 2= PR s AR 2803 AR TR P AR S 2 IR (P<<0.01) o {E 0~10cm )2
H1, LAP R BEMBEEEUY (P<0.01) , i BG fEX MR AEE. LAP 7E 0~10
em b EHHRR HEARBR A BAERZNY. (P<0.01) , 1 BG JW#55. NAG #1 PPO WiFifi
T PRI B 2 36 0 g I [ A TG I %, JCHGZ PPO, £E 10~20cm LR B E
H (P<0.01) - NAG fE 0~10cm = /zZhiF PERERR B3N 22540 (P<<0.01) , T PPO
FEAFRLZHFEIA—E. NAG Al LAP 2401 Zh B EoR i B EETE, TR
£ 10~20 em tjE. PER SR AR SR RKEHE, JCHZFE 0~10 em HJZH (P<
0.01) , WHAISHEE L EAEMTE 0~20 cm LEHEAFRELM (P<0.01) (KD .

® R4 ESRAPMESN DREEMHNERTEN

Table 1 Two-way ANOVA of yak dung decomposition time and distance on soil enzyme activity

E255) TE S

df BG LAP NAG PPO PER
Season Soil layer/cm Factor
0~10 42.662" 24.059" 20.163" 11.658" 319.873"
Time(T) 1
- 10~20 18.556™ 22.295™ 76.708™ 14.813" 103.868™
3
0~10 Distance 1.582 30.652" 12.438" 2.137 57.162"
Warm season 3
10~20 (D) 1.025 14.553™ 2.620 5.704™ 38.746™
0~10 1.443 63.002" 33.724™ 3.646" 92.481"
TxD 3
10~20 1.674 11.431™ 4.795" 19.543™ 48372
0~10 120.401™ 155.200™ 190.562" 8.353" 10.543™
Time(T) 1
10~20 0.343 122.384™ 0.888 26.679" 43.400™
A 0~10 Distance 10.584™ 75.544™ 17.378" 20.696" 62.181"
3
Cold season 10~20 (D) 1.712 4.984" 16.501™ 43.501™ 20.954™
0~10 3.797° 30.760" 22.740" 44,587 44.840™
TxD 3
10~20 5.748" 12.682" 5.665™ 78.510 0.492

HE: * P<0.05;** P<0.01. Time (T): 482-36/M@MIE]; Distance (D): 4EFISIMAIERT: T x D: 4BFF8MAN [RIFIE B2
HAEH. T Note:* P<0.05;** P<0.01. Time (T): Decomposition time of yak manure; Distance (D): Decomposition distance of

yak manure; T x D: Interaction between time and distance of yak manure decomposition. The same below.

A ZENEA O RIS )N K2 BB AE 0~10 cm + 2 HTEMERSM S K, JUHJE BG. LAP.
NAG B§iE . 7E 10~20cm + /291, PPO Fl PER B i It 32 N A SEMAE K. 23600 Al B 55
FEN 0~10 cm HZHH BG A NAG 7, LA 10~20 em )29 () PPO il PER Fif
PE o 2P 257 RIS R R0 2 AR 20 28 1R A2 TLAE RO S AN BGE 1 30 2 35 AR 2 2 s, RBATEZR 3%
I3 FR SRS R [ I 2 R AR 2 R RN BE B, USRI EEREE K (R D
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C/N. C/P. N/P Z|aj$5) 2 B o (P<0.01) , LAP i1 5 TN, NH4*-N. NO3--N. AP.
C/N. N/P. SM AEEMMKIFER (P<0.01) , NAG Al TP. SM X [A]#5) B35 ZU A ek

(P<0.01) .

VA ZE IR 1 5 3L VR R 1) Pearson FHIC /M AT 401, 4% BG 3G P 5 4% TN,
NH4*-N. NO3-N. C/N. N/P fl SM fF/EM R EFHIC, 138 LAP & PE S+ TN, NH4*-N.
NO3-N. C/N. N/P fil SM f77EM B E A, +3E NAG iG55 3% TN. TP. C/N fl N/P 77
TERG R 35 ORI, TR ALEF PPO Fl PER #5145 TR BEAL M IR R 55 . AR 2R 28T
K AR AL S 3 C/NL N/P. TN. NH4"-N fll NOs-N f77E B # %8k, Hd, ON
557K AR PR AR A BT B G I o VA R AR 25T T IR v 1t S B A M T R
FRBE, =ROKMAEREYES C/NL N/P. TN, NHy-N. NO3-N Z53 5K 12 Al fEE R 5
FIAESME (P<0.01) - AL PPO iGPES SM 2 [a] 2 BLRCHR A M (P<0.01) (& 2b) &

a) B&FE Warm season b) #¥ZF Cold season

i . L Pearson's P
m] D — <001

2 — 001005
D 005

Pearson's [R]

‘ — @2
— 0205
- 06

Pearson's R

ELECE

PER * PER ®

Bl 2 AREZRAELE H 0T L i e 5 - R AL R A 0% 3R
Fig. 2 Relationship between soil enzyme activity and soil physicochemical characteristics under yak dung deposition in the cold
and warm seasons
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BB M LK MRS S B YE T 2 (] A ELREI DG R . X BG. LAP Al NAG =
oK RBEE PEEAT PCA BRAEALEE, FRHUE— sy (47.92%) FEE sy (36.45%) HiadN
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s20E ENPCL H W2 HAHIE (P<0.05) , [AIE @ B0 C/N FT NOs-N M0 7K fif il 255
T4y (ENPC2) FPRAEME 2 AR (P<0.001) 5 +JZiREE R N/P BE i 520
ENPC1 HAREZEFAHSE, [ENSS ENPC2 F77E B HAR 52 7 e fem .

P A R AR ST T LK ARG S T IR EAL PR 45 W FE AR T, K = MoK iR &
PCA B#4EJG 55— 4y (67.30 %) AIEE B4y (23.55 %) BPGA N &5 40 7 FEps iy, 25 e,
YELRSEPTRURIR A J8 50 i) () I 08 /N T 520 ENPC1 Bl .35 A OC (P<0.001),
[ R A TR ENPC2 745 ELE HAR R 25 IEAH DG (P<0.001) 5 4B24F 38 70 fft i () id ik
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He2e +3 pH MR ENPC1 H B35 IEAHSE (P<0.05) ; T EIREEXT ENPC1 fEEE%H.
Fe 5 2 IEAR GRS (P<0.061) (B 3c. B 3d) .

wess ENPC1  wesss  ENPC2

o
—
o
~
=]

e e
=) n

Standardized total effected from SEM
o
wn

=}

Chi 21.238 df=20 -
RMSEA—0.036 P=0§83 DT Dung Depth  pH — CN NOy-N TP NP

wes ENPC| s ENPC2

]
()
=
=
=]

e
W

Standardized total effected from SEM
& °
w =]

=)

Chi-square=11.488 df=15 Depth DT  Dung TN C/N SM pH
RMSEA=0.000 P=0.717

E: DT ZoR4BFH I ], Dung 2OR¥EF 2T, Depth 2R HZIRE, ENPCL 2R HHUKMFATL PCA [4EF S —
157, ENPC2 Fom HHUKREZ PCA B4R E oy . SRARIEMR, MAMRIMI. ***, P<0.001; **, P<0.01;
*, P<0.05. Note: DT represents the decomposition time of yak dung, Dung represents the deposition of yak dung, Depth represents
the depth of the soil layer, ENPC1 represents the first component of soil hydrolase after dimension reduction by PCA, and ENPC2
represents the second component of soil hydrolase after dimension reduction by PCA. The solid line represents a positive
correlation, and the dashed line represents a negative correlation. *** P <0.001; ** P <0.01; *, P <0.05.

P 3 YoM 2R NI 39K Al 5 9 B P R 2 7 AR AR DA KA [ 8] 30 - 3l v 1 R b AL
RONIAE
Fig. 3 Structural equation model of soil hydrolase and soil physicochemical characteristics under yak dung deposition in the cold

and warm seasons and standardized effect values of different factors on soil enzyme activity

3 v

3.1 E4ERIN T IR EE (L

Yot e INRE N i LRk, JF 2 R IR AHIT TS TR RUEZ R BL,
BAMRFRA ISR AN, T EReEIR) (TC. TN, TP) &EXLEZERTT,
X5 M ZE SRR A R — Bl ORI LR AR R T RE 2 i T AT (8 A) =2
FEEAAERT, h EEYIERK UL B RCE R 2GS SEAR T REKIR) . fERT i
AT, Ab T A KRR 7 EE T IRIRICR IR 7y, I HL 20 AT S9IIS TR By Ak TR FE X
M, INZRRTRNE P RRR, TSR R RSN IRY, B WERIME fEIRT 0 i
Ja, T AR R E BRI R BEE T R D 1R SR B A R, M
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TR TE YRR B T35, 33T EHEEAER SR W, SR, TEREANA R 1
W, FTFHETC BETE (P<0.05) , TN HIURFRFEER _ETF, Miller 252514 % 363F ik
B LE L. HTFBEMNAFERIR SRR THES, mYRE, [P EHs)
YIiGEshZBR, 0 T4 . it E O, BRI T 0~10 cm 2
tr, I C/N MITEAIE ST TS, 11 DO M 9.79 PEZE 6.55, & WIBHZE 4)fAf i [] (i 185
T e SRR AR SR R T . AEAEEET, 3 O/N TR R I B
%, ARIMAE L5 N A BT, 40 0~10 cm )29 DO M 6.85 F+ & 13.95, [ tH B & i)
V) (4R RS S0 A 4 ml R AT BB R AR 53— T 33 9% 0 () B Bt R AN R a3
1E 0~10 cm L2 C/P TERRZZM FFE, MIEAZEA PTG, R IABETEYA R0 () A B
FEENS . LHE N/P R T EABE A ALY R, AR S8 AN R o) i R Py, 3
N/P {EMRZEEHRE, MAEA T Re s TRE, X150 B EUERE AN T S & 4R

IARE b, XA EE SRS SO, F8F 0~10 em HI3EEAFR S (NH N,
NO;-N. AP) FEMWAARFRRER FIF, HAHERE SR &R 25 TR . Shen
SER0M R I AL 24 3 R R S EA AR S ' BT — 5, BEEEER SR T
AT e BT 25 7% 2 B TN KA E N T3 S 80 7 — 0T, M & S S A KREIA (L 75%),
R AT R BR A M E LS 3, SR 238 o L% NH *-N S8
27281, 7 WAEA-F6 40 R 0 B8 %% (B DO. D10, D20) FIAS I AERE 2 4B 4= 3800 x93k,
LB E R B DO A, H3E CONL C/PL N/P B, BEE IR S
I, DA OB B AG, R AR AR 50 AR () R B BE RS ek, PR EAIE T 38 R R 3R Ik
TR AR EN o

3% pH AIE /K E R RIS PR, S IR @R AR E R, ¥ N 13 pH RS
A ZERAR S R RIS R P IR FTHIRAS o — 5T, 2848 B e oo 3R CES A S
TEFEAR S R AR PR TR - 398, S8 pH T ims 3 — 5T, TEAEA- A WU 23 il ik R
A HUT IR S SRS A LA Ak 2 FE 38 1Y, MM 3% pH _EJH), 38°F SM 7R
R AIA R AR SR DIV ANRIG R N 38 BT, iX 5 Fang SRR L 45 AL, 2R A
A D BAERGEEMKEKSBEREF RN BANTB N T 2) HiEERmm T
MO SR R 252 17 OR K P AR S, B2 SRS T BN A AR S, ATk T K gy 28R B,
3.2 HHFERAT DIREE M FHET L

R R IRAEY RN FERY S, S5 HERER AT AR, 5REIR.
RE R LR AR BT IR BB UIAH G332, ARBFFe v, 7R T RS b, ZR75 1 1 i 5 22 S5 0 Bl
FEAE T W . N, FERRZREEAR SR DO ALY - R R M S Rk
400 pmol g-h!, X SHET A A—E, REAFEAOTIN 32 = 200K T el 234, 1
FeZ . W% S IEVE I 2 280 pmol-g ! hl o X I (16 225 S 36 ) 2 U T R B i S
PERIOCHEDR 2R . BRZRI mrvG M S T A A= s Sl 38 st R LT o Al e s M,
TR LT B S BUM A AR R, R B [ T SO A ORI P AR R DB, T A
AR R AR AR, B [A)RE F RS AR R T R ) AR S R G
IRER AR (P BB RIS N o R R BR 25 AT R 2 AT A WLARNAS IN 1) S AR BT 3, DR - 338l s
PEmr, BV fEE, BT DR SRR O SR R R TR S, RS R A L
VIR0, DAIRE S8 FR 050 1A SRR 2R R E (1 R 5% XU o

SR b, B REAE A 264 i b O O BE B 1 0, 35090 B PO 36 P 2 B ) 2 D Ao P 1k o
B, BG 7E DO Hbe s (S M A, M2 R, D20 {7 BRI BARIE T, X AR 1
B IRV BN AL YD TR 10 2 1) S R 6L 3R ph 3T 385 P Bl 3 A AN Sk T A AL
Yoy fom B AT feFE s L3 rp oAb A s BRAL 2 B v i S AR 57, IngR I3RS . At
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SR I 2B R ARIRI R REUS), B ARSEE A By (O [ A Wi 4R TR AR R AR 2, (H
ZIZ RIS T LA T kg . 002 A 28R 70 A A U ROIR BRI T A=, M
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RASWIAE TR PR E B AR Sy, RS R ER L 22 1 R e E A A )

FERRT, JRUE T3 C/N IR BEAE R R BRI B =, (H A 33 o 1 i AR 1 5
AR 25T o I AT e DR IR A v Dl B R B 2 ARG T R AR A RA R, L BE 8
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I 2 1) - SR PAL AL T S BT R AR Z R AR SR A A TR 2 . W TR H 3 O/N XTI 1k
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4 75 18
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