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Table 1 General situation of different grassland types

TEAR

B b SR Mo BRA Y e pE/ b A IR
3 /m
2016 4F - UH R e, Aok DA 45 & (Melissilus ruthe-
T 37°11.949' N, 102°46. 677" E 2909 micus) FRZEZE (Pot ygonum viviparum) JEE (Elymus
HES R
(FG) 37°11.929'N ,102°46. 645'E 2908 0 nutans) JENS L (Thatictrum aquilegi folium) % 5 (Carex
37°11.904' N, 102°46. 657'E 2909 spp. ) K (Poa pratensis) RIEAL (Anemone cathayen-
sis )N 3 #E 100% , B 30 em,
T 37°11.773'N,102°46. 894'E 2909
IRk B
IX“ ) 37°11.780'N,102°46.881'E 2 906 0 R BEAE,ERET0% .
: 37°11.800' N, 102°46. 845'E 2906
—— 37°12.089' N,102°46. 632" E 2914 JEAN B FRAETL (Gentiana straminea) FRIE 8 (Artemisia
IRk B
iMD) 37°12.066' N,102°46. 609'E 2916 10 smithit) BB T (Oxytropis ochrocephala) R E 16 AN
37°11.998' N, 102°46. 669'E 2916 B K (Ranunculus japonicus) , 55 & 50% o
37°12.061'N,102°46. 735'E 2914 o .
R i , s . AL ERA T BRAEE (B RRAETL BB BT 5
(SD) 37°12.102'N,102°46. 656'E 2917 5 50%
< 0o
37°12.035'N,102°46. 767'E 2907
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J2 Z 8] B 4T B R 5 22 43 BT (One-way ANOVA) , 2
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RS s b-A|
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FEA AP F BT L FG 0~10 em 2 1A HL
W BN 46.8 g/kg, 1 SD 4 82.1 g/kg. B FE3
AN 2 T R U R AR R I T R
BEREZRAWLE REMTE 502 5 0R
/N B EE N FG 20~30 em )2 /9 23. 35 mL/g, F &
LD 10~20 em £ 219 20. 90 mL/g(£ 2)
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Table 2  Soil organic C content and catalase activity of different soil depth under different grassland types
R +JZ/em AP/ (gkg™) o S U G 4/ (mleg ™)
0~10 46.8+2. 2 22.93+0.08"
FG 10~20 39.5+3.1¢ 23.22+0. 07"
20~30 26.2+3.2¢ 23.35%+0. 14"
0~10 48.3+4.4" 21.69+0. 11"
LD 10~20 39.3+2. 4% 20.90+0. 37
20~30 35.243. 4 21.71+0. 01
0~10 46.5+1.6% 21.46+0.05"
MD 10~20 40.1+3. 2" 21.52+0.12"
20~30 36.5+2. 5" 21.7640. 05"
0~10 82.1+5.6" 22.53+0. 10"
SD 10~20 42.943. 2" 21.04+0. 34"
20~30 37.8+£2.7¢ 22.85+0. 10"

HWFG Bl &S, LD 5 R L S, MD
P 3 /NG TR F R AN [ B 2 A ] — 4 2R A 25 S i M, R R

AL, SD R R . KREF R R [ — 2 RN E )2 0 22 5 0 3
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- HERY R R B — 0. 854(P<C0. 05) , 1fif LD il SD i
A LR SRS A L U T TR R R 3R B A G
P, JCHJE SD A SC R EU N — 0. 264(5£ 3) .

22 BEFARAMNIEREZSESMIREBEMEN
#

BAFHE 3N LZ LA T EIEM(FEL),0~10
em 2, LD MD . SD i) + 88 4 & & & 43 5l b FG %
i 7 28% .9% M1 55%,10~20 cm + J2 43 5 FEAK T
25% .35% M149% ,20~30 cm + 243 BIFEAR T 29% .
43% A 54% . MR AL 0~ 10 em Al 10~20 em +

2 JE R A AR S T (P<<0.05) , 0~
10 ecm 12, LD . MD .SD i +HEA A & it L FG 4
SN T 15.8% .10. 1% #133.3% . BR LD 0~10 cm
+ 2 RSB R G R W T 2
(P<<0.05) ,FG 1 0~10 cm + 2 5 1. 26 mg/(g-d) ,
SD 4 3.47 mg/(g+d) ,FG ) 10~20 ecm + )2 Jy 1. 51
mg/(g+d),SD K 2.60mg/(g-d).

A — 2K 10~20 em L 2P 2 A TR,
i A 3% R & B 0~10 em + 2 e, IR BE & )2 iK%
W KA . FG ORI LD Ay 1 398 JIk il 0 14 2 20 10 B 1 2
TR T, i MDD A SD W) 36 B B+ 2 i i % i
R ARG A A o 2% W AR b oK ok A 4 48 4 ORI RLAL )
PR TET A1 R (XTI 8t 5% P 1% 50 T A R L AT —
E 5
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Table 3 The correlation coefficients between soil organic C content and catalase activity

5 A BLAK
FG LD MD SD
FG —0.986" 0.725 —0. 845 —0. 744"
LD —0.231 —0. 640 0.479 —0.715
1L UL A 1
MD 0. 286 —0.939" 0.854" —0.269
SD 0.291 —0. 940" 0.857 —0. 264

T o RIORTE 0. 01 /KPP ACEN 235, * FIRAE 0. 05 /K ARG R 3, T 1A .

F4 FARXBESEEALERISEMREE G

Table 4 Soil nitrogen content and urease activity of different soil depth under different grassland types

i 2 Al +Jz=/em TR/ (gkg ) TR/ (mgekg ™) T IRMRBGEE M/ (mgeg Ted )
0~10 2.24+0.1" 48742 1.26+0. 05
FG 10~20 2.940.2" 426+0" 1.51+0. 17"
20~30 2.8+0.1" 41241 1.79+0.05™
0~10 1.6£0.3¢ 564+1" 1.0540. 05"
LD 10~20 2.24+0.2" 480+1" 1.58+0.17"
20~30 2.040.2" 32642 1.62+0.16™
0~10 2.0+0.1" 53641 2.78+0.03"
MD 10~20 1.940.3" 47141 2.37+0.13%
20~30 1.6+0.27" 43940 1.9340. 25
0~10 1.0£0.1% 64941 3.4740. 11"
SD 10~20 1.54+0. 1" 49242 2.60+0. 257"
20~30 1.3+0.2% 423+1" 1.88+0. 05

FI GRS BT R W1 (3. 5) , LD # MD 1 IR i 1 14 5
A RO AT AE 3 IR AT SR RO R oy S
0.682(P<<0.05) Fl 0. 898(P<20. 01) , SD A4 i il i 4

5+ B SR EEMAAED FEMEE, HEXREN
0.897(P<C0.01),1M FG MY IR A 15 M5 H 2 H AL
R YR A 13 A
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Table 5 The correlation coefficients between soil nitrogen content and urease activity

o LHAR A ROR
- FG LD MD SD FG LD MD SD
FG 0. 505 0.183 0.195 0.901" 0.495 0.678 0.895" —0.495
LD —0.500 —0.189 —0. 189 —0.899™ —0. 500 0. 682 —0.893™ 0. 500
R
MD 0.510 0.177 0.201 0.904™ 0.490 0.673 0.898™ —0.490
SD 0.498 0.192 0.186 0.897" 0.502 0.684 0.891" —0.502

2.3 SEEHEARANIESRSEMEIEBKEF
1 B 2 M

R 2 M 2R A B (R
6) , 4 Fh 25 AL AL Hb 4 0 i (AR S L 0. 18~0. 22
g/kg. - HEA RLEE S R B AE LD A MD FH &L, SD
FEAR A L FGL0~10 em + 2, LD f1 MD A9 43 5085 &%
AR BN T 1529 A1 60%, it SD Y AT R B
8T 32%;10~20 cm £ J2 LD AT MD 43 538 mn 7 42%
M 71% ,SD AR T 25% ;20~30 cm 1 )2 LD A1 MD 43

BB T 20% M14% 1 SDFEAE T 28% . BALF53
A~ A 2 0 W R R O T R L AR ARV LR 0. 52~0. 62
mg/(g-d),

FG 1 4 3 4 Bl R 200 & 6 34 B2 22 ) 2%
SN I TR Ak R b A Bl R RO A B )2 IR
JIE (9 10 AT B AT, {FL SD AT R0l % B AE 34>+ )2 22 1]
225N Bk MD = 5 BE 1 )2 0 G 1 0+ 3 e
e Wl T 05 P ARG, JHG i 3 e i 245 TR 8% 2 B A i
J24 TR JEE 1 8 Jon s g R
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Table 6 Soil phosphorus content and urease activity of different soil depth under different grassland types

i 2 Y 1 )Z/em T AT/ (gkg D) T AW/ (mgkg ) - S R 9 1/ (mgeg Ted )
0~10 0.18+0. 00" 25414 0.524+0.01"
FG 10~20 0.20+0. 02" 240" 0.50+0.01"
20~30 0.1940.01" 2541 0.54+0.01%
0~10 0.20+0.01* 6344 0.5340.02"
LD 10~20 0.15+0.02" 34+1" 0.5440.00b""
20~30 0.10+0.01* 3041 0.56+0.01"*
0~10 0.2140. 00" 40+1" 0.58+0.01"
MD 10~20 0.1040.01" 4142 0.50+0. 00
20~30 0.12+0.01*® 264478 0.57+0.01b"
0~10 0.2240.01" 1740 0.5940. 02
SD 10~20 0.0940.01" 18+3" 0.6140. 01"
20~30 0.07+0. 00 18+2" 0.62+0.01"
KR T HE FG i mcvE ol e i 15 1k 5w A Sk 3 it

T U ARG A OC R )3k 0. 957(P<20. 05)
F10.999(P<<0.01) , 3 R iR 1k F o F H A7 MD (%) sl 7
B TR G UG PR 5 4 B ORI A RUBE B B R W UM G
(P<<0.05), LD 1 SD i i 2% 1 Gk 14 155 19 1l 175 4 =2 [
WA BAHEH(ERT) . SFGHIL, Btk ET
R 2 5 R R R A O M TR A M

3.1 SEERBRAXMIEREHSENZMN

b AT LR S Al i AR ) R AR S R G
T IR SRR BR =0 AR TEFR W], 4 T 28 7 55 € i )
LA ALK & R B AR R B AL
B 5 T, R IR AR R M B AT HILAR 5 B e, X AT
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Table 7 The correlation coefficients between soil phosphorus content and alkaline phosphatase activity

- [ L o
AL HL
FG LD MD SD FG LD MD SD
FG 0.957 —0.408 —0.999°  —0.730 0.999” 0.394 —0.789 —0. 587
N LD —0.975 0.342 1. 000" 0. 680 1. 000" —0.327 0.744 0.643
- O P T
MD 0.971 —0. 359 —1.000"  —0.693 —1.000" 0. 345 —0.756" —0.629
SD 0.992 —0.250 —0.993 —0. 606 —0.993 0.235 —0.676 —0.714
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Effects of alpine meadow degradation on soil carbon,
nitrogen,phosphorus and correlative enzyme activity

LI Ya-juan',LIU Yan-jun',XU Chang-lin', YU Xiao-jun', SHI Zhi-he’, XU Jing-jing®
(1. College of Grassland Science , Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem , Minis-
try of Education, Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land
Ecosystem Sustainability , Lanzhou 730070, China; 2. Forestry Science and Technology Extension Station
of Gansu Province, Lanzhou 730046, China)

Abstract: [ Objective] Soil carbon, nitrogen and phosphorus are of key importance to alpine grassland ecosys-
tem, and alpine meadow degradation can change soil nutrients content and their distribution. Clarifying the effects of
alpine meadow degradation on soil key nutrients carbon, nitrogen and phosphorus content and their correlation with
enzyme activity can provide a theoretical basis for the restoration of degraded alpine meadows. [Method] Four types
alpine meadows, including Fenced (FG) as a control, light degraded (1.D ), moderate degraded (MD) and serious de-
graded (SD) alpine meadow , were selected to study the effects of alpine meadow degradation on soil key nutrients
content, correlative enzymes activities as well as correlation of soil key nutrients to enzymes in growing season in the
eastern Qilian Mountain area. Soil organic carbon, soil total and available nitrogen, soil total and available phosphorus,

soil catalase activity, soil catalase, urease, and alkaline phosphatase activity were analyzed. [ Result] Soil carbon con-
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tents increased after degradation compared with CK except for 10~20 c¢cm depth in LD and 0~10 ¢m depth in MD,
and soil carbon content of 0~10cm in SD was the highest, which was 82. 1 g/kg. But soil catalase activity was de-
clined after degraded, and it showed the highest in 20~30 c¢cm in FG, the lowest value was in 10~20 cm in LD, the
value was 23. 35 mg/g and 20. 90 mg/g respectively. The degradation resulted in the decrease of soil total nitrogen
content, and the increase of available nitrogen content and urease activity. The highest available nitrogen content and
urease activity were 649 mg/kg and 3.47 mg/g in SD grassland, respectively. . Urease activity increased in FG and
SD, but decreased in MD and SD with the soil depth. The value of urease activity varied from 0.18 g/kg to
0. 22 g/kg. Alpine meadow degradation had no significant effect on soil total phosphorus of 0~10cm depth. Soil avail-
able phosphorus of LD and MD increased, but SD decreased compared with FG. Soil available phosphorus of LD,
MD and SD increased 152% .60% and —32% respectively in 0~10 c¢cm dept. Soil alkaline phosphatase activity in-
creased under degradation, ranging from 0. 52 mg/g to 0. 62 mg/g. The correlation analysis showed that soil the cor-
relation between organic carbon content and catalase activity was significant in FG , but there was no significant corre-
lation in LD and SD. There was no significant correlation between soil nitrogen content and urease activity in FG , but
was significant in MD and MD. There was significant correlation between soil phosphorus content and alkaline phos-
phatase activity in FG,but was no significant correlation in degraded meadows. [ Conclusion] The correlation between
soil key nutrients content and enzyme activity was changed after degradation in alpine meadows, and phosphorus addi-
tion may be needed in the restoration of serious degraded alpine meadow.

Key words: grassland degradation; alpine meadow ; soil organic carbon; soil nitrogen; soil phosphorus; soil en-

zyme activity
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