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W OE: AFELAMELKARRNTLEG L L BREAKGER2AMFRRER R T B4 A0 % Lk
HBEm L EG AR AEAEREEFENY ., 2R%N. 5 LEG L EARAETES 3 FHNE K
e R EEENRRR, AL LRI W ENEREEYREERD,0~20em L EANE & ALK EE
BALRE A R | A R KR R R R B R K, B E L CaCO; A T A ER A, 1E 20 em DA 4 B X B téﬁ‘?"i
AR K, B G HEANE,0~20em L5 LIERE FTEMEEM CaCO; 2513 v 14.15% .6.35% F1 1.27% ; H HL8k
SE AN EE CEILRE R f 8 K E A BIK 29.76% .22.82% .9.45% .6.49% F1 7.69% ; & & . &
B a8 JiEE R SR ERT A LA S B 25.97%.15.56% . 12. 17% .33.77% .26. 11% .42.00% .
29.31%, HAH AR KE FLIRE H I HAKE A A R P IR 0 20 em, T B R AR m R
& H 40 cm.,

KR AP L E L E e R LR B

RESHES: S714.2 XEEREG: A

Effect of banning grazing on alpine meadow soil organic carbon,
physio-chemical properties and enzyme activities in
Binggou Watershed, Qilian Mountains

QIU Li-hua'?, QIN Jia-hai', ZHANG Yong'
(1. School of Agriculture and Biotechnology of Hexi University , Zhangye , Gansu 734000, China ;
2. Zhangye in Gansu Province Suna County Agricultural Technology Promotion Center, Zhangye, Gansu 734400, China)

Abstract: The experiment was conducted to determine the influence of banning grazing on alpine meadow soil or-
ganic carbon, physio-chemical properties and enzyme activities at Ice Valley, Qilian Mountain. The results showed that
the vegetation coverage, soil biomass and organic matter content of alpine meadow soil were decreased significantly after
grazing for three years. Organic matter content, organic carbon density, total porosity, aggregate, field capacity, NPK
content and enzyme activity at 0 ~ 20 cm layer was decreased, and soil bulk density, CaCO; and soluble salt content was
increased. Compared with grazing, the soil bulk density, CaCO; and soluble salt content at O ~ 20 em layer in area of
grazing prohibition were increased by 14.15%, 6.35%, and 1.27% , and organic matter content, organic carbon den-
sity, total porosity, aggregate, and field capacity by 29.76% , 22.82% , 9.45% , 6.49% , and 7.69% , respectively;
while the urease, sucrase, phosphatase and calatase activities and total NPK was reduced by 33.77%, 26.11%,
42.00% , 29.31% , 25.97% , 15.56% and 12.17% , respectively. In conclusion, the influencing depth of grazing on
organic carbon, soil bulk density, total porosity, field capacity decreased, soluble salt content, NPK and enzyme activity
was 0 ~ 20 cm soil depth, whereas that on aggregate was 0 ~ 40 cm soil depth.

Keywords: Qilian Mountain; alpine meadow soil; organic carbon; enzyme activity
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R OO LGS e S ] 5 R R B T AR R
F18 B, T LGS - ST AL S LA AP T e 1
ot B ECBOR LS RS AR T PR 4L
WA AL, S 1 T R OO
MR 28 R G TR B — b A, R B
WL BRI R A Z R E IR R R R AR, AR S &R
G ) o TR, A L K T R
TR B, B UK S RO AR
R AR AR, A R Y R A
FEIIREAR , TR P AR, S EOR R R IR AL Vb
16 K ERRBG I R HI, BFFAR % 1L K
SR A AL AR A S B B A BB Tt A2 A
MU 0 A AR L K9 I e e A S 3R S B
BT S o A RARE L A HLIRAIE SR [
EXVIPIEIFSEEE AR [ ESCAIIN tab#29 € ek
g e g B 5 KA BRI R A2 A LA
FRBIEFE R LSRRI TE , AR SC LA 32 L1 0K 9 7 080
SEBONIITEN G, B 1548 7 48 3% L1 oK A L 0
AR R 1L ) - IR A TR AT BB R T 1
FUAE, DA% L oK it o A 25 R SRR A 53R B
PR A

1 WS XD S 05805 1%

1.1 R
WF7E XA T 15 1 4 AR 3% 1L vk 78 i 3 4R 42 100°

12'52.4" ~ 100°13'31", AL £ 38°03'54.9" ~ 38°04'20",
HOIE R 2 LIS VIR R 3 600 ~ 3 624 m, 4 [ K i
400 ~ 450 mm, 4F34JZE % 1 860 ~ 1 100 m, 43k
—6%C ~4°C, H H&FIH] 2 100 h, - 3R w5 1L 5
i) B B R, AR ) N /N
( Kobresia humilis ) 26 M & 5 (K. Piillofail ) . A
(K. humilis ) WRIR & 5 ( Carex pediformis ) . T 4% g IH
( Gentiana nutans) EER-ZK ( Poa incerta Keng ) . [5]
2 ( Polygo-num sphaerostachyum ) . 5%t ( Stipa aliena
Paali) EAEE S (S. puypurea) o

1.2 MRFAE

1.2.1 #®AREH* 20124 6 H 30 HIEH A
S T L1 DY) Y A 35 1 38 PR A B — B e 1L R
fi) b PR WAL B R, — b ST IX (2013 4
6 HIT IR, A AR, TEEE ) , o5 — b AR
X (2013 4F 6 H 30 HIFHREEHL, st se it i, 4
T ) , 2015 4F 6 7 30 H ZM3IAE 2 MR
EIXNICE 50 mx 50 m BREDS , BEE i S T ik
B3 AR (R 300, NHEZRITdR 1) T 42408 3 4
g, AR IR 0 ~ 20,20 ~ 40,40 ~ 60
em [B]EE A R B2 2R 5E S A4 3 ke, F 4 ikl
ml 1 kg {B& LA NALE 0 A, LIERE AR IE
M TITEREA L2 R AR L B R XA
DU - 3R T AFAE DL 1,

®1 WAHRRERERFR

Hi EFROY AR R

. i3 v > ET i [ 7 S - =) f;-‘ i3
XAk 2 BB @;Vi P £} 3 i Hw Eﬁ(.{% Y Vegetation FAH E
Slope Altitude . . Vegetation . Sward height
Treatment /(%) /m Longitude Latitude commmunities Biomass of coverage Jem
shoot/(g*m~2) /%
INEE + R E + BERICR +
s PR + SRR + SRS
FRBLX Kobresi + hobresia hu-
Enclosed 4 3624 100°12'52.4" 380035497 CoreNe piemase w Rt BT g0 300 85~ 90 6~8
milis + Poa incerta + polygonum
grassland . .
macrophyllum, + stipa aliena +
Stipa purpurea
TR E + WOIRE B + AL +
X e
Grazing grass- 4 3600 100°13'31” 38°04'20" Kobresia humilis + Carex pediformis 526 ~ 585 50 ~ 60 2~4
land + Gentiana prostrata + polygonum
macrophyllum
1.2.2 MZIHARRT = FHEERAMIREN BRI B IR ZOHUR A A B, R

LB EER AR TS5 > 0.25 mm BIRIACR FRT 15 d, FREX 100 ¢ KT+, B 7EfLAZ 0.25

PATARLZE 48 43 A A0 7, ELAR T vk 2 #5 BR 0 ~ 20,20
~ 40,40 ~ 60 cm [H]FE A il FZ 2 REK 10 em, %8
10 cm, JEJE 20 em Y 4, 33 2 32 AL JT H 52w 1Y
A, BCER &I B = N VS B AR

mm 4 55 K 0 A DR 2 B AL K A R o
¥ 30 min, Kr LA F 1T > 0.25 mm H BT 26
i, ARE AT AR AR 5 H )RR KR R B e
Wi g , BRI DR JECIR 4 e K



%5 4 1]

IS e #25 - MO 12 L DK P 3AE Sk g 1 ) A HIURSR S B JTORTRRRG A1 ) 52 ) 181

T 24 b KRB R AUK S 008 IR )RS5 5T T i
[ 4K — B AR B KT A9 PR T b, 2t 8 h IRk
J& BT TRt 20 g, SR FAE T 00 5 5k
I3 YO IE A )R o v PR R e SR
S, BAR T 02 2= W pr sl S AL am e
9 0.01% .0.05% .0.10% .0.15% .0.20% .0.25% .
0.30%.0.35% .0.40% .0.45% .0.50% . 0. 55% .
0.60% .0.65% .0.70% .0.75% .0.80%.0.85% .
0.90% .1.00% FFNUE , 1] DDS — 11 AU A0 5E
HL3 3R DAh VR M AL b, L S5 3R A R Ak e, 2211
PR R R o AR L TR ZEARUE Il 2R A 15 4k
AN R T o R | = ] A N
20 AR CuS0,—K,S0,—H, S0, 114 75 25 13
SE 3 AR B R B R I 5 5 44 R NaOH I
Al R B DN R 5 3 ML A LA 5 ok
Ko Crp O, A2 37 5 IR I TR0 6 W 1 169 0 2o 1
SRR FH O HA T - S A 5 1114

A R R A KON

SOC = Tx qgx Cx(1-d%)/100

K, SOC 2 HIEA WU EE (kg - m™)5 T B2
JEERE (em) 5 ¢ A TE (g em™?) 5 € A HLAK
TSR (g - kg™)sd WEAZE > 2 mm AR &E
(%)
1.2.3 3L K Excel 2003 Fll SPSS 4i i 4%
PR EAE ST AT, ARl £ )2 3R 22 7
FEMoR A2 E U, ISR K15

2 RS540

2.1 WM EEEIRSENZEENTE

2.1.1 ANEmeSE HUREEYWERZ LA
fie ik, FHR 2 AN OO S AR A LT B i
S UK 0~ 20 em HEZ AP S EN 24.09
gokg LM 3 4E)5 0~ 20 em HEAHR SRS
J R R O S AR L4, 0 ~ 20 em 2 HURK &
HEFEAK 29.76% o 58 LR IR, — 2 RS AR B2
T, B T AR 5, R e i A
IR EH AR i IR B 20 ~ 40 om il 40 ~
60 em - JZ A LT 5 220 A K, LR HCHON 0 ~ 20
em IR A PR R K, X 20 em DLF H2H
BUBR & fE 2 A /N, 5380 U S B O [R) )2 IR &
S MR 1 Y It ) T T R B A B
W, EZ M ZERREE (P <0.01), 58 HF 2
B - )2 TR R 1 15 T, AR B AR R AR R Dk
LT =181 S AR 40 ~ 60 em TR A HLER S S

BRI, D BH RO + 38 2 6 AL & 5 5 0 458 7)N
(#£2),
®2 MESBERENHRSH

Table 2 Organic carbon distribution in enclosed

and grazing grassland

RERE APlEEG R AYLREE
QbR Sampling Organic cathon  Organic carbon
Treatment depth content density
/cm /(g'kg'l> /(kg'm'z)
0~20 24.09aA 4.25aA
A
AN
Enclosed sites 20 ~ 40 16.77bB 2.68bB
40 ~ 60 6.56¢C 1.24¢C
0~20 16.92aA 3.28aA
AL X
}JM&[: 20~ 40 16.42bB 2.62bB
Grazing sites
40 ~ 60 6.25¢C 1.18¢C

G PN 2E Y] LSR o VN FEE Ry ISR0,05E§§3§7KEF‘ s
Tl
Note: uppercase and lowercase letters indicate significance of LSR o

and LSRy o5, respectivley, the same below.

2.1.2 AMBEE W20, X 0~20 em
HIEEUREE LR 4.25 kg-m ™2, A 3 4F )5 0 ~
20 em HJZ A YRR N 3.28 kg m ™2, HUHC 525
FeAE,0 ~ 20 em )24 WL B R A1K22.82% , 4%

DX AL DX AN [) 2 U A AT Us 2% 3 5 Bt o - 45
T T TV A3 T 32 K, 0 ~ 20 em )2 HLAR 25
& LEZRMZERREE (P <0.01), K, ik
M0~ 20 em L2 AT LRSS B 43 ]2 40 ~ 60 em
T2 3.43 F1 2,78 £, UL AR BRI XA L
e T R I AR SR R R T34, UBCRZE 4L 20
~40 em F1 40 ~ 60 em - JZ A7 HLAR B B 22 A K, Ui
PO 82 A AL B2 /N (3R 2) 6

2.2 HHRAT LY IE M R AN E K 2R
2.2.1 BF W3 AHL I3 S 0~20 em +
JRARE N 1.21 goem ™, AKX LR, HEME K
14.15% ,20 ~ 40 cm F1 40 ~ 60 em + )2 E 451 K4
1.18 grem *F 1.27 grem ™, SESM X LR, R 7
HHEK 0.85% F1 0.79% , Ut AR 1 58 25 T 5 1
VR E A 20 em, XF 20 em PLF + )2 508N, 58 H:
BRI 0 ~ 20 em 1 )2 o1 F i & B i 5
AR AEIE K, BAUIX 0~ 60 em T EAE
Ayt 57 ) T LR B R IR I S 4 4% B ) 22
S E (P <0.01), MK 0 ~ 20 em + )2 H
KT 20 ~ 40 em 12, Ui WIHUE & BB & 12 )2 T
G SRy gy P N YV A A
3)s
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Table 3 Soil profile physical properties and field capacity

RIERE A >0.25mm FF ik AL CHHES /Ny
pOBL o . : ) .
Treatment Sampling depth Bulk density >0.25 mm aggregate Total porosity Field capacity
reatmen /em /(g em™?) /% /% /%
0~20 1.06¢C 25.26aA 60.00aA 21.07aA
ARMIX
. 20~40 1.17bB 20.41bB 55.85bB 18.26bB
Enclosed sites
40 ~ 60 1.26aA 14.76¢C 52.45¢B 13.65vC
0~20 1.21 bB 23.62aA 54.33aB 19.45aA
i X
. ﬁﬂ(%"ﬂll: 20~ 40 1.18¢C 19.33bB 55.47bA 17.93bB
Grazing sites
40 ~ 60 1.27aA 14.25¢C 52.08cC 13.40cC

2.2.2 BALRJE HER 3 AL UK 3 EJ5 0~ 20
em T2 BALBREE N 54.33% , SERMUX AL, AL IR
BEREAR 9.45% ,20 ~ 40 cm F1 40 ~ 60 em T2 S FLER
JE43 M 55.47% F1 52.08% , S5 AE MUK L #, 43 ]
A 0.71% F1 0.68 % , 1t BB - 438 L B B2 119
SEM R BE A 20 em, 57 H: Jit AR T DX b 26 08 31 7%
R 3 B T R A, R R AR T LB, 4R
X0~ 60 cm -+ JZ B LB B ¥4 16 2 ) T 0 IR B 1
TR I, 45 12 22 8] 22 53 5 2 slobe S35, i A4
X 0~20 em 12 EFLERBE/NTF 20 ~ 40 em 12, X
TS AL HUAEE 5 i ok B BB A G (3R 3) 6

2.2.3 BERMAL BRI AL B3 FE 0~20 em
20 ~ 40 em 1 )2 H RAK 5518 23. 62%
19.33% , 5EEM X L H, SRR 43 I B AIK 6. 49 % F1I
5.29% , 5% LR 2 O DX 1 3 40 HE B 0 0 4k A
B, BRI 3 e i AR i b, S8 1
AP S S, B DU TE 38 b5 T R AR
Jo , JE B 5 H 1) 22 T T R A8 R IR S T o 1A SR Ak 1 3
AL, HEHRIX 40 ~ 60 em 12 RIAKH14.25% ,
SRR A, FRAR 3.45% , B I O 0 ~ 40 em
2 BRI 0 55, X 40 em DL B4 5% i 45
INo TS AR ROAS ] 2 VR 9 P R AR 35 B 2 398
T T LR A B T 328K, 0 ~ 20 em )2 R K43
T2 40 ~ 60 em )2 1.66 f5H1 1.71 15, Z 5
Z(P<0.01), Ui B ACHO 1 3838 )2 T 3R AR 52 ) 45
K(F3).

2.2.4 wWEHFKE HEI M, B3 EFO~
20 em +)Z H KA 19.45% , 52840 X L4,
FH 7] 437 7K 2 A AIG 7.69% ,20 ~ 40 em 140 ~ 60 em +-
JZ M K43 318 17.93% F1 13.40% , 525X
LA 43 BIRRAR 1.80% F1 1.83% , Ui BTN 0 ~ 20
em )2 FHRFK IR, XF 20 ~ 40 em Fl 40 ~ 60
em TR AR RN RS EE A R E R
FE )47 7K 12 349 I o - S 3] T 2 0 0% 5 1 8 o i 326

18,0 ~ 20 em )2 H B 57K & 535 40 ~ 60 cm +
JERY 1. 45 f5F 154 1%, 2 7B (P <0.01), X
FhAR LR SN ES 22 22 DLl A HE S o 45 Al
—3 (% 3),
2.3 FE HEEVAMEE AN CaCO; KRS

FH 2% 4 AT, O 3 4R )5 0 ~ 20 em )2 AT
EE R 2.51 mgrke™ !, SENMIX HL A, AT
i1 6.35% ,20 ~ 40 cm F1 40 ~ 60 cm +JZ AT &
T 1.80 mg- kg™ A1 1.29 mg kg™, HARM X
FL, nr s PSR 4 38 1.69% 1 0. 78 % , i ik
WO Al R VR £ 2EE 0 ~ 20 em )2, X 20
em AR RN, 58 R R IX A
P Sk 7 R, A T R AR, R kY
K, EHOKEE BE LI EIRIZ, K& R, Wi
PEERUTRAE ISR, MG K T RIZ G, s
BEMCAS IR 2 U T 5 5 X5 I A ) v e LR B 1Y
ST 8, A R 2 AT M 2 R (P <
0.01). 34 A5, M 3 FJ5 0~ 20 em.20 ~ 40
em Fl1 40 ~ 60 em 2 CaCO; 435 4 84.22.69. 14
mg-kg ™'l 36.42 mg- kg™, SEMMIX LA, CaCO;5 41
SIS 1.27% .0.83% F1 0.47% , YA A X CaCO;
SN . O X TSR [F]JZ IR CaCO; & 1Y
Wi - 48 ) R R )30 T 3B e, 2 S 8 B
BEAKF(P<0.01)(F4),
2.4 R LR B SR A ERE A R0
2.4.1 RAHAT R4 THL L3 4EJE 0~ 20 em
TR A UM sk 5.36.0.38 g kg™ '
12.41 g-kg ™', SEEM X LA, A RN 480 40 )
AR 25.97% 15.56% F1 12.17% ;20 ~ 40 ecm 1 J2 4>
R BB S5 4.10,0.20 g-kg ™' F19.84
grke ™1 SASMUX LR, A R4 4 S PR AR
3.53% .4.76%F1 0.51% ;40 ~ 60 em 122 R £
4B & 509k 2.08.0.15 g-kg™' 1 2. 45
grkg ™' HARMUX LA, 43 I FEAR2.35% . 6.25% Fi
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2.17% . BLHTHCHCH 0~ 20 em 2 2R R4
BRI, % 20 ~ 60 em + 2 5L MAE N X FhAE AL
M S A TE AR R A K B RO R

WA R B2 B Y G 135 T T EIR
RN s s, 4%+ 2 2 A 22 Sk B (P <0.01)
(#£4),

R4 TEIELFERRSSERE

Table 4  Soil profile chemical properties and nutrients contents

S RE VR RE W N i 7
s VI i oo 2 5 2
Treatment Sampling depth Soluble salt Seke-1) Total N Total P Total K
reatmen .
/cm /(mg-kg™") gke /(g kg™) /(gkg™) /(gkg™")
0~20 2.36aA 831.6¢C 7.24aA 0.45aA 14.13aA
ERMIX
. 20 ~ 40 1.77bB 685.6bB 4.25bB 0.21bB 9.894bB
Enclosed sites
40 ~ 60 1.28¢C 362.5aA 2.13¢C 0.16¢C 2.46¢C
0~20 2.51aA 842.2¢C 5.36aA 0.38aA 12.41aA
b 1
ﬁi&,: 20~ 40 1.80bB 691.4bB 4.10bB 0.20bB 9.84bB
Grazing sites
40 ~ 60 1.29¢C 364.2aA 2.08cC 0.15¢C 2.45¢C

2.4.2 BpEE RS AT R 3 EJE 0~ 20 em
A JR IR | TR B IR A I A A S 4 5 0. 51
mg kg '*h™'.5.01 mg-g~'-d"'.2.14 g-kg™'-d"'FN
0.41 ml- g™, SE8M X HLHL, 40 B BEAIK 33.77%
26.11% \42.00% F1 29.31% ,20 ~ 40 cm + JZ Ik il |
At IR RN 2o A A = 843 3129 0.50 mg-kg ™'
h™'4.32 mgeg'-d™'.2.01 g-kg'-d~"F10.31
ml-g™ ', GESHX L ER, 43 B FEAR 1.96% 0. 46% .
1.47% M1 3.23% ,40 ~ 60 cm 1 JZ IR | FEWEG W52

B A A AL SRS 0.22 mg-kg™'+h™' 1.21 mg
g 1+d71.0.92 gr kg™ o dT AT 0.12 ml- g7, AR
XL, A 4.34% 1.62% 2.13% 1 7.69% ,
VLI CHOR 0 ~ 20 em 4 2 FEE P2 48K, XF 20 ~
60 cm HJZFEME /N, S B XA A2 R
JORTAEG | ARt Al TR T T o 4 A S ) B 39830
e FLRBE R I 0, 25 + )2 Z R 22 Rk R (P
<0.01) , XFP A LR 57 AL ORI FE A5
gAY A2 (% 5),

®5 TIEHEEEENEMEE

Table 5 Soil profile change characteristics of the enzyme activity

SRR IRt HERERE BRI PUE=R i)z
b3 -
Treatment Sampling depth Urease Sucrase Phosphatase Catalase
/cm /(mg'kg_]'h_]) /(mg'g_]'d_l) /(g'kg_l‘d_l) /(ml‘g'l)
0~20 0.77aA 6.78aA 3.69aA 0.58aA
AIX
. 20 ~ 40 0.51bB 4.34bB 2.04bA 0.32bB
Enclosed sites
40 ~ 60 0.23¢C 1.23¢C 0.9%4c¢B 0.13¢C
0~20 0.51aA 5.01aA 2.14aA 0.41aA
e 1
ﬁi&t 20 ~ 40 0.50bB 4.32bB 2.01bB 0.31bB
Grazing sites
40 ~ 60 0.22¢C 1.21cB 0.92¢B 0.12¢B

3 48

e L1 ) = 8 B OBOPE B SR 3 AR I M R B
W5 REA R R IR AR, VA B 3 rh AR i
FAER WA 28,0 ~ 20 em H 2B LR & &
AU L G FLBREE AR IR | )k i R
FIEFTE PERRAR , 25T L CaCOy I AT I PEER 34, 15 20
em DATR 230 S PR AR AL RN K BCHORT R L )
B AT FLBR R Rk AT R AU A
FIEGE VS A, X CaCOs SEMAEL /N BN

MU 7R FLBREE L H )4k i | T PRk A
FIBE IS P S EE h 20 em, % ] AR i IR
40 emo ANIBETPOLSEEEHIX ,0 ~ 60 em 1 )7 115
AP FLBEE AR AR R K & AR | Ca-
COs AR AR S I 34 bl 398 1 e FL
TR P 388 o it e 0k, 25 o i ) T 0 T A R
MidHG . HIX 0 ~20 em +Z2 A B KT 20 ~ 40 em
T2, BALBLE/NT 20 ~ 40 em )2, UL F
PR WS G e SR PS5 NI (S
LR
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