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Effects of simulated trampling and rainfall on soil nutrients and enzyme activity

in an alpine meadow
CHAI Jinlong, XU Changlin, ZHANG Degang, XIAO Hong, PAN Taotao, YU Xiaojun”

Pratacultural College, Gansu Agricultural University; Key Laboratory of Grassland Ecosystem of Ministry of Education; Pratacultural Engineering Laboratory

of Gansu Province; Sino—U.S. Centers for Grazing Land Ecosystem Sustainability , Gansu Lanzhou 730070, China

Abstract: The aim of this study was to clarify the effects of yak and Tibetan sheep trampling on the grassland in Qinghai—
Tibetan Plateau. The effects of simulated trampling and rainfall on soil nutrients and enzyme activity in an alpine meadow
were studied through two years of two—factor control experiments. The results showed that simulated trampling increased
soil available nitrogen and available potassium but decreased soil total phosphorus and urease in the 0—20 c¢m soil layer,
and decreased available phosphorus, alkaline phosphatase activity, and organic matter content in the 0—10 c¢m soil layer.
Moderate trampling promoted the mineralization of soil total nitrogen. The soil nitrogen content in the 0—30 c¢m layer and
total phosphorus content and urease activity in the 0—20 cm layer each showed a trend of a single peak curve with increased
rainfall, reaching its peak at the average level of rainfall. Precipitation significantly reduced available nitrogen, available
phosphorus, and available potassium in the 0—30 c¢m soil layer and total potassium in the 0—10 cm soil layer, but had no
significant effect on soil organic matter content (P > 0.05). Under the same grazing intensity, the soil nutrients and enzyme
activity of soil with Tibetan sheep were better than those with yak, but the difference was not significant (P > 0.05).

Overall, livestock trampling promoted the mineralization of soil nitrogen and potassium, inhibited the accumulation of
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phosphorus, and accelerated the depletion of soil organic matter in the topsoil, while reducing soil urease and alkaline
phosphatase activities. Moderate rainfall increased total nitrogen and total phosphorus contents and enzyme activity, while
excessive rainfall had the opposite effect. Soil nutrient cycling and enzyme activity under the coupling of moderate trampling
and precipitation were better than those of severe trampling and no trampling. As part of appropriate grazing and utilization
of grassland, the influences of soil moisture and livestock species should be taken seriously. When grassland is under
drought or soil water content is too high, the proportion of yak in grazing livestock should be reduced to increase the

proportion of Tibetan sheep, so as to make the grassland achieve healthy and sustainable development.
Key Words:; simulated trampling; simulated rainfall ; soil chemical properties; soil enzyme activity

UTARR  FE BRI TALM R 50T, il T BB R AR 7 S S50 2800 PR T T T i D ey S i) ™
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1.1 AL

WFSERE A BEAE HO 2 s T KA A 16 EATE 7508 £ HIR AR K27 KA Ll R J a6l A (37040
N,102°32'E) o ZIXHEAK 2960 m, J& i J5UR fli v 22 MU0, M8 v I, 4R35 i - 0. 1°C, H P 3 fe ik it
-18.3C (1 J)  wmifit 12.7°C (7 H) , =0°C WA 1380°C ;4EH[F/K B 416 mm , ZHE P T 7—9 J ;47
B 1592 mm , AFFE A LRI K L 3.8 5, RO A FE TN 2K 7 T B ) T DX K A B0 | e %
TEM LN A 3R LA £ R 120 em 247, pH O 7.0—8.2, BRI HE A R g, B
S 2 80%—95% , T 1 A by ¥4 7B it 1 5 M, 52 b R FH 5 20 809% , # B oy 68 /= 8 2 ( Kobresia
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humilis) . PL#FP M FA LR 45 5. ( Medicago ruthenica var. inschanica) FEFRPEHRF ( Elymus nutans) & HF K
(Poa crymophila) PHILEFSF (Stipa sareptana)
1.2 5t

R FSUR F 2B, DABREE g 2R 5 B K ORI R o DAAS [] R K Ak 38y =2 DX A [] R s Ak 38y 1) X
FRIX e EHLHES , ERIH B 3 R . EXEA 22 m?, EXEEE 0.7 m, @ X [EHE 0.5 m, B4~ B
/NXTFL T mx2 m,

FIXARH ARE KA XAk 6—9 A B4Rk &, 70 3 & 5K (LR, Lower level of rainfall,40 mm/
H) AEIK (AR, Average level of rainfall,70 mm/H ) . F7K (HR, High level of rainfall, 110 mm/H )3 A 7K 43
FERE, DLBROK A BT AE K Z T A 00, TRk A BB AR A ZR Rk 20, Pk A BB HU0IZ DX I 4o A= K ZR R 7K
MR, XFEAE IR T RE B ) 3 A AR 38 B A IR /N X, BBl /K U8 T 2015 12016 4F 6 1 20
H—8 J 30 H A7, i HWAE T 8:00 HiEk 18:00 J54F 3 d AT —UBHURIK , 00t A H P Bk &Y 1/
10, FEALLREE AR FH T 3388 R A A AR 7K R I T 2 s 3 /DN DX A 628 T 308 R0 R 7 4 o TG o T 4 A 3
HIA

i DAL B AL B A T ok N\ 2 AT K A I T 1 A SO Aok S, BRI 2R 4 SRR 2 X
P I 1855 TG U A A T, LAASEADL A8 SO 2 AR 0T 0 b Y B S R T, R B e e 20 ke 1 UG 7
P R AL 3 R T, ML AF BRI A AR H N (60+2) kg, BELLBCTF B Y ATy (45+2) kg, Xl
[f](180+2) kg MYHELFFN(45+2) kg (FBEF R RS I FLC BRI K PAH— 2, PRI B =40 Hoise 5K 8 h 4%
4 JEEATERCR B AN G4 , A3 ) A ff%q:%gﬁ)%ﬂé( YLT, Yak Light Trampling) | HE A i R
(YMT, Yak Moderate Trampling) E4F- 5 & R #S ( YHT, Yak Heavy Trampling) It £ 42 B BE 5 ( TSLT, Tibetan
Sheep Light Trampling) | &% 2 1 & B 5 ( TSMT, Tibetan Sheep Moderate Trampling ) . i 2 8 & B %% ( TSHT,
Tibetan Sheep Heavy Trampling ) F4 R ES 505398 13.5 .23.5 .33.5 26/m” fil 18 .30 .40 #/m” KA B /N X %
XTH(CK) Y BB EAE 4> 3 YCHEAT, 4351 2015 F1 2016 4F 6 H 21 H—30 H (%—) .7 A 21
H—30 A (M) 8 A 21 H—30 H (5 =00) AR ERESRFEL 1 10 d, PIUCERES (] i ] 20 4
1.3 FeaRES T

T 2016 4% 9 A FA), BIRASA 1 22 B AR K A B A THORE . AR R 4 em W H AR R/ X
NARAE 0—10,10—20 cm F1 20—30 em By LAE NB LG — D 2pe, SRl A RFEHR R, AAX TR
B3 1.0 mm F10.25 mm T A SREEEGPEATRPAOME . BREES/NX R 2R 8 A4 3 IRE A, [A]—Ab 3
9 WHEA

LRI E SR LA - R CRRURBLIGE Hik) L& WE (H,S0,—HCIO, IH A—ME il taik) (2
(NaOH J&Rl— K IO RE L ) Wil A (B9 B0 ) (AU (0.5 mol/L NaHCO, 2 48— BT L (k) |3k
B (NH,OAc =24 —JMADGRETE ) AL (HE 88 IR B —AM s ) 5 Dk 7% 1 (ORI B — U R B L ) (B
PEBERR GG M (BERRR L k) 1
L4 Hdlaodr

K H Microsoft Excel 2010 #4885 B EAAER , 78 SPSS 19.0 HFIRUA 2 5 224347 ( general linear model ,
GLM) 73 M i [k LA K — 35 1 58 AR FH XS 353 03 FIRES PR 0 5200, F {H 35 & 7K P I ] Duncan 75 i
T2 EL, FrA Bt P B rifiiR

2 HRESW

2.1 SN A KO0k b B R AR
F R EG R, B AR 23570 0—20 em )2 R HER) R E MR & & | KRR E 0 0—30 em )2
TR FH A S 7 (P<0.01) (K1), HERBEEFFEEAKX 0—20 em +EHBCA G EALEEN ., SEFR
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Table 1 The variance analysis of soil nutrient for the interaction of trampling and rainfall

F 1A
5 SRR A LA BAA
Variation Degrees of Total nitrogen Available nitrogen
freedom 0—10 cm 10—20 cm 20—30 cm 0—10 cm 10—20 cm 20—30 cm
BB Trampling 6 13.41° 5,73 0.19 54.99° 9.69 1.4
%7K Rainfall 2 14.92** 18.24 "% 18.51*" 83.17*" 89.87 " 340.44 "
e kx 4
BREDAEK 12 0.76 0.89 0.14 9.49 " 471 0.34
TramplingX Rainfall
H
Degrees of 4§ Total phosphorus HRUWE Available phosphorus
freedom
BEHs Trampling 6 22.17*" 26.27"" 0.51 8.98 ** 1.88 0.43
%7K Rainfall 2 15.67 " 10.41 " 0.05 71.05*" 36.16 " 33.83 "
BRI R K .
12 76" 0.52 0.37 0.7 1.24 1.55
TramplingXRainfall 4.76 ?
A
Degrees of 48 Total potassium A Available potassium
freedom
B Trampling 6 0.32 0.15 0.71 25.53** 18.82** 0.21
[#7K Rainfall 2 5.94*" 2.38 1.97 48.68 " 75.26 " 8.49""
ik o
B ﬁé]k . 12 0.86 0.88 1.07 0.60 0.23 0.34
TramplingXrainfall
A
Degrees of HHLE The organic matter
freedom
B Trampling 6 14.85** 1.78 2.42
F#7K Rainfall 2 3.15 2.13 0.16
TS Rk o [0
Bk 12 0.72 1.20 0.15

TramplingXrainfall

* % FoNTE 0.01 K &R T FH

2.1.1  FEERES IR SIS R AL

] —FE K BT ,0—10 em 245 BRI A 2 11%) - 19 4 S 5 35 i I8 B4 o 88 1) 398 I i st/ N (36 2) , ELAE AR
- B B BRI I A A /N TR BRI (P<0.05) o 5 CK AR LE 484 Rl 52 B e B 1 2 R K F CKLH
ZFARE(P>0.05), [Fl—EREGREEARFEKE T, B K A3, 1584 5 5 a3 hn 5 Rk ny 28 kA
B BT KSR R iR iR, 0—10 em )2, Al —BUBGR BT | FE24 BRI DX 1 4 038/ T E BRI X, fH
T #E 25 (P>0.05)

10—20 em 1 )2, - 484 U BH BRI 0 B A 38 I in 2 pa i 2, BROK SRR AR 3T | o 8 BRI 1Y 2 A
/N HAR B BRI FN CK(P<0.05) , HoAth 25 BRIES AL BRI ) 2 R 2EF A BE (P>0.05) , [F]— B 5H EAS [R] B
KR JHE T B A R RN rp B BRI A B RSP OK ) R RS B S T UKL (P<0.05) o TR — e
FEF A BRI A BRI S Y 2R B T — B A,

BRI 20—30 em TR SAS ETC WL, VPRI | FE A= R E 4% B BRI 1) 2 AU R Tk
IKFIEIK AR P BOK AL BER | 80 5 BB 1 2 R & i /D TR K R =E K AL B ( P<0.05) 5 HoAh 45 4b 3R] 3
TR EER(P>0.05),

2.1.2  MUBRES IR K T B R HEE SR AR
0—10 em 2, BUKANFET | PB4 I 25 B o B 18] ) i L 7 i 22 e AN B 3 (R A0 o 3 R o BB

http ; //www.ecologica.cn



14 SRR A ASDUR I R AR RO SR ) SR ) RIS 1V P R 5

B AR /N T CK(P<0.05) (3R 3) o /K AR /AR BT 8 o 2 B ) 8 2 80 8 38 /N T AR R e
B (P<0.05) . [A)— Bk A R FEK BN BERE /K 95 B2 ARG, BRAE A rp B2 BRI 2% 3 /K 5t B2 1 ) AR R 25 5
AN ESD, AR A BRI K- 249 5 B O i B e 7K 39 i i 2 25 R AR ) A2 f #a # (P<0.05) o [l — Tl Aok JiE
N HEA B DOH AR S B /N TR B X (H 22 57 AN B35 (P>0.05)

x2 FEIBRBMEKEETHERAE/ (g/ks)

Table 2 The total nitrogen content of different trampling and rainfall intensity

+)Z (S i

Soil layers Rainfall CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 7.15+0.01ABb 7.91£0.12Aa 7.24+0.01ABa  6.71+0.03BCa  7.29+0.10ABb  6.74+0.73BCa 6.15+0.25Ch
AR 7.89+0.21ABCa  829+0.32ABa  7.71+0.16BCa 7.32+0.17CDa  8.59+0.32Aa 7.20+0.13CDa 6.97+0.13Da
HR 7.06+0.21Bb 7.89+0.03Aa 7.35£0.19ABa  6.80+0.32Ba 7.73+0.18Ab 7.11£0.13Ba 6.78+0.08Ba
10—20 cm LR 6.28+0.21ABa 6.46+0.06Aa 5.78+0.07BCa 5.56+0.06Cb 5.83+0.34BCb 5.79+0.10BCb 5.64+0.07Cb
AR 6.85+0.46Aa 6.89+0.21Aa 6.79+0.69Aa 6.17+0.04Aa 7.01£0.04Aa 7.02+£0.43Aa 5.83+0.03Aab
HR 7.12+0.20Aa 6.68+0.06ABa  6.61+0.03BCa 6.13+0.05CDa  6.55+0.27BCDab  6.38+0.12BCDab ~ 6.08+0.15Da
20—30 cm LR 5.88+0.20Aa 5.61+0.15Ab 5.60+0.24Aa 5.56+0.10Ab 5.58+0.22Ab 5.58+0.38Aa 5.44+0.33Aa
AR 6.31+0.17Aa 6.27+0.23Aa 6.31+0.23Aa 6.32+0.13Aa 6.25+0.20Aa 6.30+0.22Aa 6.15+0.18Aa
HR 6.09+0.19Aa 6.15£0.14Aab  6.17+0.23Aa 6.18+0.13Aa 6.19+0.12Aab 6.17+0.25Aa 6.12+0.31Aa

T [FATANR R S b 32 7s AN [] BB 5 B (1] 22 53 W2 35 ( P<0.05) 5 RIS AS[R]/INE S BE 7R AN [R] 7K 43 A 316 2 53 W 3 (P<0.05) , CK.: X it
Check ; TSLT : #8344 B BRI , Tibetan Sheep Light Trampling; TSMT . 8= i B , Tibetan Sheep Moderate Trampling; TSHT : 8 # £ i #5 , Tibetan
Sheep Heavy Trampling; YLT: £ 4~ 5% & B %, Yak Light Trampling; YMT : 4E 25 1 B B2 5, Yak Moderate Trampling; YHT ; 48 2 55 i B %, Yak Heavy
Trampling; LR ; 7K , Lower level of rainfall; AR ; 7K , Average level of rainfall ; HR ; 5E7K , High level of rainfall

®3 TRERBEMEKZETHEIRSE/ (mg/kg)

Table 3 The available nitrogen content of different trampling and rainfall intensity

Soiﬁfers Eijff;iil CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 20.25+0.36Aa 20.58+0.9Aa 20.20£040Aa  19.37+0.51ABa  19.8+0.09ABa 18.38+0.44Ba 18.47+0.18Ba
AR 18.19+042ABb  18.57+0.37Aab  17.90+0.38ABb 17.12+0.27BCb  17.7+0.46ABCb  17.27+0.28BCa  16.72+0.02Cb
HR 17.49+£0.25ABCb  18.34+0.45Ab  17.34+0.23BCb  16.85+0.24BCb  17.7+0.36ABb 17.38+0.16BCa  16.68+0.14Cb
10—20 cm LR 16.30+0.31Aa 16.68+£0.52Aa  16.25+0.07Aa  16.3+0.31Aa 16.31+0.76Aa 15.8+0.68Aa 16.15+0.19Aa
AR 14.74+0.18Ab 14.9+0.50Aa 14.42+0.47ABb  14.52+0.61ABb  15.44+0.27Aa 15.45+0.39Aa 13.30+0.01Bc
HR 14.27+0.63Ab 14.87£0.55Aa  14.57+0.11Ab  13.79+0.27Ab 15.01+0.28Aa 14.7+0.4Aa 14.49+0.27Ab
20—30 cm LR 11.68+0.31ABa  11.37+0.52Ba 12.72+027Aa  11.5+0.34ABa 11.38+0.3Ba 11.16+0.39Ba 11.41+0.52Ba
AR 9.96+0.09Ab 9.78+0.64Aa 9.30+0.31Ac 9.30+0.51Ab 10.37+0.34Aa 10.33+0.31Aa 9.89+0.73Aa
HR 10.07+0.37Ab 10.3+0.43Aa 10.32+0.17Ab  10.93+0.07Aa 10.99+0.53Aa 10.45+0.34Aa 10.28+0.31Aa

10—20 em 122, /KA BN 4 40 51 R B A A AL & i 2 /N THUR B rp B2 BB AT CK(P<0.05) , [A]
—BRBESR R | Bl R ARG, S R R R IR

20—30 em 12, ERESXT - HEEM A SR TE B E W (P>0.05) , [A]— BB AR R PR K = T, 4 e
SR B AR ORI KA

K5 BB T REHE 435 0—20 em +2 A& &, K ME 0—30 ecm H2E G &, FEEE R 1Y
A A R e R R A | T TSR S R A A G e R K AR R N 2 e DR AR A s A, TR
REBHHEE, FENBREIESE T RRW 6, BEK S I T 5 R = ik .
2.2 ARPDL R I R A T A R O ) R )

K B RIS 52 0—20 em )2 HIE2BEA 0—10 om BALHE S & (P<0.01) ; BB R K X 0—20
em T EEBER 0—30 em BRBE S E AR, BESARRAKN 0—10 em +EEBEE L HEAAEH(FE L),
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2.2.1  FEERES KT ) A

PR K A BB T 0—20 em 42 (14 50 b 1 498 4l 7 1 B B B o B A B S8 R PRG3R 4)
0—10 em FARSFA TR BRIEE AL BRAN , HAh 47K 43 AL BT 4 20 L 8 2 B B 1 2 0 /D TR i Eézﬁ’k
(P<0.05) , [F]— BB BN RI KT 19 40 4 i 1 1 0 25 AR AU A, AERLBR B AR /K X 20—30 em )2
WA R ICEE M (P>0.05) .

F4 AEABBEMEIEETHEHEE/ (g/ke)
Table 4 The total phosphorus content of different trampling and rainfall intensity

Soj:l}az;%ers Ei fffaﬁll CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 0.878+0.005Aa  0.851+0.013ABb  0.862+0.002Aa  0.801+0.005CDa 0.827+0.017BCa  0.82+0.004CDa  0.797+0.002Da
AR 0.920+£0.023Aa  0.924+0.020Aa  0.807+0.004Cb  0.78+0.009Ca 0.857+0.002Ba  0.854+0.019Ba  0.796+0.006Ca
HR 0.820+0.017ABb 0.836+0.014Ab  0.831+0.016Aab 0.781+0.001Ba  0.824+0.014ABa  0.806+0.019ABa  0.784+0.008Ba
10—20 cm LR 0.792+0.004ABb 0.803+0.005Aa  0.771+0.005BCa 0.718+0.015Da  0.782+0.012ABCa 0.761+0.007Ca  0.716+0.009Da
AR 0.817+0.008Aa  0.793+0.016ABa  0.782+0.02ABa  0.724+0.005Da  0.782+0.014ABa  0.768+0.012BCa  0.736+0.01CDa
HR 0.779+0.005ABb 0.789+0.014Aa  0.748+0.011BCa 0.711+0.01DEa  0.75+0.003BCa  0.74+0.012CDa  0.703+0.01Ea
20—30 c¢m LR 0.692+0.002Aa  0.708+0.004Aa  0.686+0.019Aa 0.713+0.013Aa  0.691+0.01Aa 0.707+0.015Aa  0.699+0.013Aa
AR 0.702+0.028Aa  0.708+0.026Aa  0.691+0.01Aa  0.691+0.019Aa  0.705+£0.017Aa  0.717+0.013Aa  0.69+0.021Aa
HR 0.691+0.008Aa  0.677+0.02Aa 0.691+0.017Aa  0.71+0.018Aa 0.701+0.008Aa  0.708+0.019Aa  0.705+0.025Aa

222 BLRIERESFIRE KT B L HEE R AR L

[l — R K ST, B R 5 34 I 0—20 em )2 skl & i Sl Jita 34 (32 5) . 0—10 em +)2, K
A0 BT R TR B P AR N TR R R . KA BT R AR I R R Y SO A
FHER BRI (P<0.05) o [F]—BRES TR BEA FIRE KT, BRIE AR v 2 45 /K 43 Ak 38 18] 119 T80l G 35 25 S5 40 5 oAt
A BRI A 3T Bk ) AR 10 2 R T E oK AR (P<0.05)

®5 AREEREMEKEETHEYBS 2/ (mg/kg)
Table 5 The available phosphorus content of different trampling and rainfall intensity
Soj:l)jers Ei fffaﬁll CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 20.25+0.36Aa 20.58+0.9Aa 20.20+0.40Aa  19.37+0.51ABa  19.8+0.09ABa 18.38+0.44Ba 18.47+0.18Ba
AR 18.19+042ABb  18.57+0.37Aab  17.90+0.38ABb  17.12+027BCb  17.7+046ABCb  17.27+0.28BCa  16.72+0.02Cb
HR 17.49+0.25ABCh  18.34£045Ab  17.34+0.23BCbh  16.85+0.24BCh  17.7+0.36ABb 17.38£0.16BCa  16.68+0.14Cb
10—20 cm LR 16.30+£0.31Aa 16.68+0.52Aa  16.25+0.07Aa  16.3+0.31Aa 16.31+0.76Aa 15.8+0.68Aa 16.15+0.19Aa
AR 14.74+0.18Ab 14.9+0.50Aa 1442+047ABb  14.52+0.61ABb  15.44+0.27Aa 15.45+0.39Aa 13.30+0.01Bc
HR 14.27+0.63Ab 14.87+0.55Aa  14.57+0.11Ab  13.79+0.27Ab 15.01+0.28Aa 14.7+0.4Aa 14.49+0.27Ab
20—30 cm LR 11.68+0.31ABa  11.37+0.52Ba  12.72+0.27Aa  11.5+0.34ABa 11.38+0.3Ba 11.16+0.39Ba 11.41+0.52Ba
AR 9.96+0.09Ab 9.78+0.64Aa 9.30+0.31Ac 9.30+£0.51Ab 10.37+0.34Aa 10.33+0.31Aa 9.89+0.73Aa
HR 10.07+0.37Ab 10.3+0.43Aa 10.32+0.17Ab  10.93+0.07Aa 10.99+0.53Aa 10.45+0.34Aa 10.28+0.31Aa

10—20 em 2, [Al—FE/K SR EAS R BRBE AL BE T |, SV 7K 0B 2 51 IR 4 %) sk sl S 38 /DN 1 HL 0 8 R o 5 2
H5(P<0.05) , HABIR—/K 43 AR B T A sl Ak ol & b Y 0 B 35 25 5% (P>0.05) [l — BRI 3R B AN R FEK T,
CK 0 BRI B SR A T B 1) S8l 7 s 38 Rk 8 3 K T Kb #8 ( P<0.05)

20—30 em )2, BOK TR rfORE RS Y A0 B R TR AR B A A 3 BRENSRIE P KK b B
TR 2 RN R (P>0.05) , Rl — BRI T, BERE KSR BE A3 4 38 50w 2 /e NG A
JIT S B AR AL R

T A SR e I I 0 ) BN TV 5 3

AR i B I B S0 T DR, A R R KA
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FUA MR N, i B A SR RS RN R K T R b - S e R TR R 0 R
2.3 BRI BRI AR T A R B i ) R

F RSS2 B BRI B EF T 0—20 om 2 BHEGHEAUR &8 (R 1), X &8 & BB g, oK
YE I S50 0—10 em )2 HHEAA 0—30 em L2 #EH (P<0.01)
2.3.1  FELERES FRRK R ) A AE Ak

0—20 cm )2, [Fl—FE/KAFET | Bl A0 B B o B A 3, 8 & B 22 AN B3 (P>0.05) (£
6) o [Al—TBCHCRBE T FE AR BRI I BRI 1) 1 S i S i I o B 5 k25 7 (P>0.05) . 0—10 em 12, [F]
— PR AN R R K T, R R R TR R A 0 B R T K 1 A i B R T KA (P<0.05)
10—20 em )2, /K T HEFEER A b B2 BRI 10 440 5 i B 35 o T UK =E /K AR B ( P<0.05)

x6 TRIRBMEKEETHEHIE/ (g/ke)

Table 6 The total potassium content of different trampling and rainfall intensity

T2 Fee K

Soil layers Rainfall CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 20.26+£0.62Aa  20.12+0.34Aa  21.06+0.08Aa 21.18+0.32Aa  21.21+0.2Aa  20.44+0.4Aa  19.97+0.38Aa
AR 20.5£1.49Aa  20.25+0.74Aa 18.89+0.07Ab 20.02+0.83Aab 18.24+1.18Ab 19.52+1.12Aa 19.4+1.06Aa
HR 19.64+£1.22Aa  18.52+0.25Aa  19.11+0.11Ab  19.18+0.28Ab  19.00+0.3Aab  19.04+0.75Aa 20.27+1.42Aa
10—20 cm LR 20.22+0.45Aa 20.1x0.27Ab  19.01+1Ab 20.39+0.08Aa  20.31+0.38Aa  20.18+0.08Aa 19.22+0.55Aa
AR 19.89+1.05Aa  20.75+0.09Aa 21.71+0.8Aa  20.36+1.33Aa  20.75x1.43Aa 20.32+1.41Aa 20.6+0.76Aa
HR 20.88+0.88Aa 18.9+0.13Ac 19.6+0.1Aab 19.21+0.71Aa  19.97+0.87Aa  19.32+0.35Aa 20.54+0.85Aa
20—30 cm LR 20.05+£0.31ABa 20.81+0.4Ab  20.23+0.66ABa 18.29+0.37Ca  20.16+0.17ABa 20.97+0.09Aa 19.28+0.29BCa
AR 20.35+1Aa 22.31+0.16Aa  20.58+0.72Aa 20.09+1.39Aa  20.25+1.99Aa 20.57+1.54Aa 20.61+0.72Aa
HR 20.97+£0.61Aa 18.59+0.07Ac  19.03+0.07Aa  20.07+1.13Aa  20.24+0.7Aa  20.23x1.12Aa 19.79+0.64Aa

20—30 em )2, KA, S 5 RS ) 4 /N T AR R A R RS R R B AT
FEAR TR BRI (P<0.05) o /KA /K AL B 9 48 15 d 0T BRI TG S 35 17 ( P>0.05) o [R]— BRI 5 AN [ e
IKEEAETT R R 7K M 8 o 8 BB s 4 0 5 st O, LA 4% RS 1 AN () A AKX L 4 B0 5% £ 52 il A J 3 (P> 0.
05) .

2.3.2  BUIERESFIRE K T B9 HEE A AR L

[ — R K T B BB 5 5 A3, £ s o i R A (R 7). 0—10 em 12, BUKSKMT 4
A TR 2 T SR 11 - P A i B KT CK, L R I 080 B8 A 388, g SR B ) s A S o e
R TSHT>TSMT>TSLT ( P<0.05) . “F/KFIFEIK A CK 58 40 8 B 0 1o 35 25 57, (H3 10 28 /N T o Ath e i Ak
H(P<0.05) , []— B B AN (R R /K T, Bifi A A 5 B 170 8 o = 39 S sf o o St a b 40, FLAS BRI T =F vk 4
P AL 25N T HIOK AL B (P<0.05) o [Rl—JBCBGR LT | 7K A 35 A 980 A0 B A v B B | 2 /K AL 3 1Y
- R R A 10 - A AR N T R R B 5 B 4R b B ( P<0.05)

10—20 em 2, BOKFIF/K A0 FE T 56 5 B8 46 4 rp B A0 R R S 1) 3 s 8 B 35 K F CK, B4
RTIHE  ER E BE  F) JA  h 10 E R TR BRI (P<0.05) o F/KALFRT | JB0FE 0 B R I A AL 5 1 15 CK
] TG 35 22 57, B B/ T HAU A BB 5 B (P<0.05) o [l — BRI EE T, 42 /K Ak PR A s R0 B0 2 i 1 25/ Tk
TKFIPE /KA 3 (P<0.05)

20—30m 2 AU S F e A A K X - S A Y G 2 R (P>0.05)

K B AR S C W AR HE T 0—20 em )2 8 A BB BE K R84 I B
iy - 498 S BURT KRR B B 3 R IRk A, BRI VE R E T R M S R b
2.4 BRI ES RN KOG £ HEA DL B B A S

F R, 5% B A2 0—10 em + 2 HEE MU & &, HLRFE/KO i 285 ) - 386 ML & 1 0 B 3%
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M (P>0.05) (% 1),

®7 AEBRBEMEKEETHENRESE/ (mg/kg)

Table 7 The available potassium content of different trampling and rainfall intensity

Soiﬁi—'ers ﬁ;ﬁi CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 372.55+15.64Ca  385.94+21.96BCa 403.09+4.23BCa  462.01+21.92Aa 418.75£6.37ABCa 435.06+6.67ABa  468.33+24.43Aa
AR 359.01+£5.09Ca  358.59+18.83Cab 391.07+4.79Ba  445.61+0.85Aa  387.54+3.04Bab  421.17+8.06Aa  448.7+10.11Aa
HR 300.40£9.26Cb  313.48+8.94Cb  359.75+6.81Bb  369.66+6.73Bb  353.81+17.23Bb  379.30+13.58Bb  414.94+11.52Ab
10—20 cm LR 258.54+5.29Da  270.75+14.97CDa 288.51+7.43BCDa 316.58+7.08ABa 286.41+3.54BCDa 296.17+5.46ABCa 321.71+15.86Aa
AR 256.54+9.31Da  270.80+17.16CDa 296.08+5.70ABCa 309.61+11.0ABa 282.32+1259BCDa 304.17+2.47ABCa 317.91+7.19Aa
HR 203.45£3.40Cb  215.22+3.43Cb  239.15+5.67Bb  254.82+3.39ABb 238.97+6.42Bb  256.99+8.83ABb  270.38+11.18Ab
20—30 cm LR 229.32+17.16Aa 224.24+13.38Aa  245.86+6.98Aa  244.75+6.09Aa 241.75+£7.75Aa  230.03+16.23Aa  248.31+14.27Aa
AR 219.35£10.31Aa 222.29+1.58Aa  227.62+10.14Aab 223.15+£17.22Aa 22524+9.01Aa  227.59+7.16Aa  221.48+13.83Aa
AH 213.87«11.11Aa 218.15+10.09Aa  214.66+6.30Ab  209.47+0.03Aa  207.18+16.88Aa  213.51+10.97Aa  211.44+12.53Aa

Bl B S 8 B PR3, 0—10 em 124 /K AR AbBER | J0E FIAFE A H R B 1) 1 A AL BT & o il 2 /D T
e BRI B2 R (P<0.05) L [HJG I TR] 25 5 AN .3 (P>0.05) (R 8) , [Al—J U T AR BRI 1) R 3T B
i SR BRI R Y T B B 22 5 (P>0.05) o Rl — BRI 5 FE AR R REK S F T, BE4DLRE TR X T A BIL s &5
HISZ A AN 8 25 (P>0.05)

®8 FREBRBEMEAEBEETHEIINRSE (%)

Table 8 The soil organic matter content of different trampling and rainfall intensity

+Z [ K

Soil layers Rainfall CK TSLT TSMT TSHT YLT YMT YHT
0—10 cm LR 12.69£0.26Aa  13.50+0.47Aa  13.51£0.76Aa 10.96+0.08Bb  12.71+0.28Aa  13.56+0.45Aa  11.37+0.12Ba
AR 13.28+0.33ABa 13.46+0.76Aa 13.82+0.57Aa 11.87+0.18Ca  13.63+0.51Aa 13.86+0.25Aa  11.97+0.12BCa
HR 12.62+0.28BCa 13.34+0.45ABa 13.57+0.31Aa  12.05+0.13CDa 13.55+0.15Aa  12.9+0.17ABCa 11.70+0.31Da
10—20 cm LR 9.17£0.61Ba  10.19+0.51ABa 10.76+0.28ABa  9.73+0.29ABa 10.45+0.14ABa 10.79+0.14Aa 9.97+0.47ABa
AR 9.52+0.47Aa  10.16+0.60Aa 10.52+0.12Aa  10.39+0.44Aa  9.96+0.42Aa 10.75+0.31Aa  10.13+0.32Aa
HR 9.90+0.38Aa 10.16+0.22Aa  9.39x0.42Aa  9.96+0.19Aa  9.93+0.15Aa  9.76+0.32Ab 9.71+0.29Aa
20—30 cm LR 7.65£0.07Aa  7.54+0.17Aa  7.33+0.36Aa  7.28+0.22Aa  7.44+0.17Aa  7.49+0.45Aa 7.44+0.44Aa
AR 7.05+0.17Aa  7.21x0.11Aa  7.03£0.14Aa  6.95+0.09Aa  6.98+0.29Aa  7.33+0.19Aa 6.98+0.4Aa
HR 6.93+0.18Aa  7.06+0.22Aa  6.99+0.12Aa  7.05+0.15Aa  7.11+0.17Aa  6.98+0.34Aa 6.98+0.15Aa

10—20 em )2, BOKALBER | FEA v B BRI A0 A LT 12 0 35 R CK, JHAth B Ak 341 1] 7y -+ 484 ML
ZERANEE (P>0.05) o FIKAFKAEHE I 564 BT 0B S (14 i N Y5 R 2.3 (P>0.05) . [Al— 4k
FETT S8 25 080 2 B s Ak L (R A AL 75 i YR (B 3, FLAAUL R /K A ML 5 2 i B R I 3 (P>0.05)

20—30 cm )7, BRI AN T HEA ML TC 3 520 (P>0.05) .

B B 5 B2 3G, 0—10 em )2 3G ML 2080/ B 3 KOG AT TG I 3 R i) 5 R 5 38 1) e
T RE A VLT IFES
2.5 BCHUL R B R A T A SRS 1 %) R )

2.5.1  ARCFULER B AR A A X - B MR Bl T M ) M

B VE X 0—10 em )2 T EWRBES P 05 Mkl e & KF- (P<0.01) Xt 10—20 + )23k i 7K (P<
0.05) ; [k B 05 0—20 em 12 HHEIREHE 4 (P<0.01) (£ 9) .,

[vi] — P& KA [R] R B 9 BE T, 0—20 em )2 A SR RIS 1 o 8 2 o B %) 38 o S R PR A ( TB1 1) 4 4 R
1 S W SRR T IR M (P<0.05) o [F]—BRENOR LT | Bl RAE 7K 5 E (A4 o - g R S M 5
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HME BEAR A AR AL 5 7R /KA BE R 3k i KA, [F]— B BT, B A B S X - S8 ik i 0% 4 14 532 i) 5 )
FETE T B E R ) e W E 2 R HEREE AR AKX 20—30 em - )2 £ 1 R B G E 52 w4 OR B3 (P>
0.05) .

£9 BEAMKREERT LR E 8

Table 9 The variance analysis of soil enzymes for the interaction of trampling and rainfall

F {8
AR EL Sy
\Tﬁf’é/ﬁ DF R Urease TR PEBERAEG Alkaline Phosphatase
ariation
0—10 cm 10—20 c¢m 20—30 cm 0—10 cm 10—20 c¢m 20—30 cm
BEHs Trampling 6 11.373** 3.241* 1.036 5.791** 2.269 0.23
[%7K Rainfall 2 32.604 ** 6.584 ** 1.26 14.604 ** 5.198* 5.254*
BEFSx[47K Tramplingxrainfall 12 0.972 0.795 0.389 0.468 0.222 0.068
w x FoRIKFIM B KT (P<0.01) , * FaRiAH] B KT (P<0.05)
25 ¢ OCK @TSLT ®TSMT & TSHT = YLT & YMT & YHT
@ 20
o0
=
= 15
[}
D 1.0 r
&
B 05

0

AR
10—20 cm 20—30 cm

Bl 1 BRIk EEEA T RRREE
Fig.1 The activity of urease under the action of trampling and rainfall
CK: X} | Check ; TSLT : 858 B [ | Tibetan Sheep Light Trampling ; TSMT ;8 7 3 B , Tibetan Sheep Moderate Trampling ; TSHT : 8 5 i
BB | Tibetan Sheep Heavy Trampling; YLT  4E4- 52 B B | Yak Light Trampling; YMT ; #84= HBE B #5 | Yak Moderate Trampling; YHT ; 4E 4 5 Ji
B, Yak Heavy Trampling; LR : 57K , Lower level of rainfall; AR ; 7K , Average level of rainfall ;HR ; £7K , High level of rainfall

2.5.2  AEIDLER I A 2K X A SR I ol A A T A 52 T

F RGBT , BRI AR KX 0—10 em 2 3808 P B IR A 4 10 52 i kA i 35 7K F- (P<0.01) (£ 9) , %
JKAF 10—30 em )2 B 12 5 1 A 52 i 38 i 37K (P<0.05) o HL 38 XTIl i R il AN A7 A2 38 BAE

[ — R /K AN [) R B 5 R, 0—10 em )2 F/KACHR | 5 BRI 0 5 A T el M AR TS 1 (P <
0.05) , BRAK FIT-7K 25 25 s Ak 33 A el ek Ot I il 15 1k 350 T I 3 25 5% (P>0.05) (&1 2) o Al — R o B AN [R] B 7K T
BRI R BB P LR<AR<HR 078 AL R, LK S0 T R BEIG PR o [R)— OO BE T R 40 R
7] — SR 5 B2 [va) S B 8 PR 5 1 JC .35 22 53 (P>0.05) o BEALLER IS AKX 10—30 em £ JZ - SEms PR
TG PR IR R 1A 31 i 2 K SF (P>0.05)

B, - S8 I R R A R R S I K 7 B ) B I I A AT ORI B A K e %) 1 o 2 B i 2 ) A
PRI ZE IR A T SR B REL M Bt 1 I 1A Bt o2 /K i P38 o 22 TE AR OG5 Ak
3 itig

R A S R G E B GRS LU E AL, MRS RS i ME Y K EE
AR LA B A IREE A2 L e A S RS AL, A AR R A
KEFICRM SR bR E SR A B A AU SR R IR RS R
T T TG RS TR U R ARG, e R W AR AR, AR R, KB R TR
FER ™Ak, 0] T Y B T e i B A B K BN T R R A VR e T SR e, X AT
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Eild 39 %

O CK @ TSLT @& TSMT @O TSHT
0O YLT @ YMT @ YHT

PR R G
Alkaline phosphatase/(mg/g)

AR HR AR

0—10 cm 10—20 cm 20—30 cm

B2 BRESFREK W E RIE A TR IR R R I

Fig.2 The activity of alkaline phosphatase under the action of trampling and rainfall

RER F T T 25 g 50 B ) R D % 1 R AR ) P A B D, PRI T AL R 8 | S AR ER A EE A, i 2 U e
JKE A R A B A IR G R0 AR AN () s AP - At T A e A AR, (A5 06 e B A5 S 3 A ) P
PRSI, LR 7K SR (A 1 LS 5% 43 R s, e T S RN 3R 1y R 3 Aot 1 254
AR IR INGE T b AR RS IR A M TE 510 BRI OEHE T R X B 0 R R A AL A5 A, D n ok 00 43 e, Ul
GRS AR, 58 TR 3 1 AR AR ] S 2 4R 3 B AR R SRR 5 B, A 5
I S AR AORLADL R TG I A R, AT RE R R T IX RS A A IR A RN, R
7T ,0—10 em 347 L5l BB 06R F8E FO BRI T DBl , 33 15 A O 457 RMBEBR VT A5 (A e 2 21— B, T
Reeder' ™ D BUBCHIN T L3 HUT S, FEHEIFAE DR OO0 5 1 A AL 1 8 S, X T
FEZ Fh TS DX i A 25 AR 0 18 S i Pl b A A R R B8 ) AN [ i B8 3 BB U BB R 3z L, 380 1
B AR i AR X A LR RS TR I LB BRI 2 I YA a3 i, T LI YR Y C
(T3 A - S AL & i S RO ) B b 9 o O BB PR B A R R 5 4 A LA SR B
ANBERTEI 6] RURE | 1) SR it i HEA T RE

TSR R LA SRR W ARG 1, FE b SRR T S b S AR R P B o s ) S ER A
(W53, 2 5 2R E YA R IR ER, OF B S S DR e R A AU A2, R b —
DI R RS 53 R R G TG PR B 1 U 3h 5 ik B rh s BR O A R PR R, AR
AT FERIA , RS 5 A3 N, 0—20 em 2= A SRR AR AN 00 P il 55 Fe L il DO 2 . SRS 1V 3%
PRAR P ORI AR RS )2 ) B 6 B A, 3 X S BRI R, 38 g K PR R ARG, s - 3 vh Sl W A=
Kz B, EHERAE YT AR AR EAh, R TR PR AN L3R A A A ARG BB 1
AR S, b SJEFR I3 U e IF) e i ol b SRR PR B AR AR T 45 SR AR W, A 7K i ) 38 o - S8 il 07 1P 12
W il 2 R A AL TR K SR PE R IR BROR (B, H 3K o0 3 BEBE I B WD R T S A TG B, 3l
TP 5 E 5 i e R AR SRR 1, S o T e SR T N, SR B Xt G AN B A A
T U TR A A VA G U E B N RIS SRR A ST W] LR B X A G A A
PR - Sy PRE BT A R 35 . A v ] — B o 2 AR A AR B B I i 981~ e R - 3
B PR 0t 25 25 5, ] BE SR LI T 45 SRAN A P 2 1 A0 B 5 0 S A 2 P8 Jor R - 338 il 055 1 52 ) T
I B A B e SRR 0 R ) R M AL A Rt — 2B P

JRAE 2 A BRSSO A R B T A v JE ) L Al P ORI PR 1) (235 25 5%, 5 JE 3 % £ 4
B T R 7 e S 18 43 SR E e OO B ) MR b A S R e PR T RTS Y eE A  B
SR RS (R BEE 2 AT 5 R e R SR DX 9 A 2 P ORI % O R S X, 3
W KA R T LR o MR AODEER . 25 T 0t 1) A 25 A0 i P2 DR A8, A KT 38 T g i ey 28 o R A 738 B T
AL, 7 A2 T = 0 S 3 G 0 14 2o P ORI
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4 £t

TR 2R 7 A s EAT i 2 g SR ) L S SRURIBR B0 o e Y SRR I 3R 2 b B DL ISR i A1
BEREPERIVERT . 3K 5o e BERE A ] - AR o0 1 SRR (HE A B T P vy e st H SR . SR
BRIV FAH B B KO B IR 23 B SN B O TR 45 5 A 7 MO, BRI A, 2 DU T SR AR 3
Dol T AT 5 7 S Sl /o e i 5 O B A S S B et 4y T R 2R
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