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1 #H5FE

1.1 WHREEFR

S50 R b L RR 2 B 1 8 8 R A S AR G AR O 1 I LR N b R A bR Ry - 43733
12"—43°33"35"N,116°42'26" —116°42"31"E, % X I & B4 1200 m; 4P ¥ FEK 84 346 mm
(1982—2014 4F) , BE/K B 47 N FAE PR [E] A8 S 40K, 60 %0 ~80 W MR K R A fEAE K W) 5—9 A5 F
By 0.3 °C 5 X3 i P 48w s SR A L R RV I R B AL - SRR (Leymus chinensis) (K
¥ 3 (Stipa grandis) JVKH (Agropyron cristatum) MK T 5 (Cleistogenes squarrosa ) &
1.2 MiRAZE
1.2.1 FEHIRE

AHEFE 53 1T 1983 4E I 1996 4F W5 X 15 B B - JF J il 3 5250, T 2019 4F 9 H #EATHE W0 B
76 VAT R B R R AR

1983 4F- [l 5 457 Hh - 12BF 1 1) 6 i O 7 B AR AR R S 1918 8 (Artemisia frigida) +RE B F R RETE .
FH 2 5 KA PR ™ ER AR L 1 AR 600 m X400 m, BERBERT ] B Bl 37 4E,

1996 4F- [l B 4% b . 120BE M 2 7E 1983 4F [l 58 46 Hb %) 14 it 1) g A 50 m [ 34 11 A%, 55 1983 4 [ &
B b ) B A B T R A B — B, TR R 50 m X 400 m, R ABE R[] E L 3 24 4F
1.2.2 AW FE T VR A R 4 HERE R 4R

ARWEGEF 2019 4 9 H HEATAE YRV JR 25 0 HEARR SOR AR L FE R — B [ R M 1) O o R — SR
120 m FEZR PR 2 m 3 B — N HURE . BN ORE IR 2 0~10 em M 5 JRA— 4> 20 em X 20 em
8 ZINBE 7 U8 2 B 0 R AL i SR R T 187 0 B R A BRORT AR A RIS AR B B R AR R HERE S 240
0y A FEARTEIEFE T 240 4,
1.2.3 Wb Z ARS8 BOH AR L e An il

(D YFh ZREEIRBO TR

ASIF A AR X 55 B AR T 5 B RORE Xof 8 B T A T R 4 P i AR ER M R W R 2 R M 4R
B, W3 e 8 40(S) . Shannon-Wiener $84( (H) . Simpson 84 (D) . Pielou ¥ 5] 8 80 (E) ., it
N/ (1

P, =(RC +RH +RD)/3,
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S=N,
H=—37 P;InP,,
D=1—3?,P%,
E=H/InS,

[P P ARETT N Rl G AR 2R s RC W AHXS 5552 s RH W AHXS & s RD S ARRX %R N Ky
FEJT N Rl

(2) ;335 53 8 br il &

TR AR S EHHIC R L (Vario MACRO cube, Elementar, Germany) | %8 ; 1 3% 3
BOR e S F RS 25 20 M 31 20 B A (AA3, SEAL Analytical, Germany) % ; -+ & 28 (AP)
S CAKD B R U B « — M = T T TR M s A 8% 4 1 R 6 8 VAR 4 B 0 10 vl B 5 25 e 1
1K % HEHETE AL (Optima ICP-OES8000, Perkin Elmer, America) il & .

12,4 zS[) 5 B A

SR 172 S ZR A (CV) R T 22 bR BN A 450ORT - 338 2 ) S B P i A7 0 1 o0 i . 728 S RO Al 5 2
R S AR A 22 LR AR L G R LD CVS10 20 8 8578 57 . 10 06 <<CV<C100 05 g 4848 52, T CVZ=100 %60
SRAE SR, P07 2% PREUE ARG DR K E BB E B R B X (B (Co) BB B (G, + O 46
HEATVPEAR , DA SR 1 1 728 Sl B B 1 (Co ) S W78 B 32 Bl AL TR 3558 el 1% 722 S R B2 495 4 7 2%
(O S WAz 5 3Z AR AL DR 3 52 e 9 48 S B2 B, 2540 L €/ (C 4 C) S W78 55 14 25 (1] 11 A OGPk 52 1]
S UPESR S . ASHIESE h G AL LG R I R A ) 20 AR AR BORT - 3 SR 40 B 19 &S (R AR OGR4 Y
FERF 0. 75 .45 ] [ AH G HEAR SR s Y450 L 7E 0. 25~0. 75 I, 45 ] [ A0 G M b F rp 45 KO, 24 25
FIEL/NT 0. 25, 25 (8] AR OGRS . YR 5 A0 H s R S5 4 I, 38 23 I8 48 8005 vk 6 AT 20 i
3TV 2 BB B, 2 WA 2 [R) 43 A K Jr B AT P L 2 [R]ARORSE A AR L 4 ) 45 A8 4 DU BR &, 43T 4 B RE s AR
5 PRSI AR B R KN, Y AR 2 B, R R AR R BT . of O 22 R R A A I E .

1
2N(h)

KLy () KT 2R h I RREE RS ZCo, ) M Z () 4 B A Z (o) A2 [ hE B+ h A
x, BTl i=1,2, N T; N RIEIEE R b AR ECE .
1.3 #HEHH

TE SPSS 22. 0 FAF XS HE Y 22 HE VR 4R BRI 3 55 o B B M LR S R R H ST R A
T3 X AN [i) B S 4 BIR 140 A 400 22 A P 8 ORI 1 3 5 0 % 8 AT B IR R 7 22 43 1 (One-Way ANOVA) Jf:
4T Duncan ¥ 36 L3, AR R A 4T t K5 (a=0. 05), R HHFHA Kolmogorov-Smirnov ¥ I
HEAT IEASPER S D2 K-S>>0. 05 B IR AN IEZS 430 A o 45 W5 B AT IE AL e 4 . £ & B8 4010 )5 Al
FHHLGE T2 500 GS+9. 0 XA 4 22 6 P 48 BOR 8 57 43 & 5 E AT SR80 43 Bt B 43 T2 4 B0 1 2
IR FE AR RN T LA R b s R AR T S 1R A AR SR A R AE

2 H#RE54HMH

2.1 HEYSHEMTEFRSSSHE

[ ] 3t 4F B2 455 hn . 99 B 3 & B A1 Shannon-Wiener 38 20 i 2 5 K (P <C0. 05), 1M Simpson
Pielou 2] FEH8 TC W] A8 AL (P=>0. 05) , P04 Fh 22 0 Pk 48 b5 42 S 2R B e Il /s . S [] L 4
FRF . #7035 FE A1 Shannon-Wiener #8534 J& T 1 4648 5, 1 Simpson F1 Pielou 3% BE 45 ¥U& T 55
AR (R D), AR AR R A R A R R X R s A R 2 R (P<0. 05),
M SRS IR E R (P>0.05, AFFEHFERT, LERSTRREY)E TrhEE R K

y(h) =

NP Lea) — =+ T
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Table 1 Species diversity index characteristics

Y E Shannon-Wiener Simpson Pielou ) 5] f&F

ENIEER D Bl Ez) Bl Bl Bl Bl Bl FEz)
24 4 37 4F 24 4 37 4F 24 4F 37 4F 24 4F 37 4F

O] 10 8 2.07 1.93 0.91 0.9 1.05 0.97
2 /ME 2 3 0. 64 1.05 0.6 0.75 0.85 0.83
- 4,57+ 5.024 1.35+ 1.45+ 0.81+ 0.834+ 0.934+ 0.924
0.20b 0.16a 0.04b 0.03a 0.0la 0.00a 0.005a 0.003a

A S RE Y% 33.7 24.1 22.22 14. 48 7.41 4.82 4.3 3.26

ERE NG FHE AT EF R F(P<0.05),

R2 ITEFHESEFE

Table 2 Characteristics of soil nutrient content

- B £/ (mg/g) 2% /(mg/g) R/ (mg/kg)
ESaEiL N
£ 24 4 [l £} 37 4 [l & 24 4F [Bl & 37 4F [Bl &t 24 4F [l $} 37 4
e KAE 31.57 35. 66 3.48 3.78 4,88 24.75
e /ME 14. 22 18. 85 1.57 2.00 1. 04 4.50
P 21.000.44b  24.39-40.39a 2.27+0.05b  2.62+0.04a  2.8740.13b 14.1940.97a
5 2B % 16. 24 12.51 16. 30 13.36 34. 84 52.92
B LA/ (mg/kg) AR/ (mg/kg) AR/ (mg/kg)
A=Y
[l £ 24 4F [l £ 37 4F [l & 24 4F [l &t 37 4F [Bl &t 24 4F [l & 37 4F
i KAE 435. 80 533.50 2.70 2.58 14.09 15.43
/MY 136. 30 197. 35 0.65 0.71 1.39 4,43
Pl 239.87+7.50b 366.344+11.09a 1.44+0.05a 1.4140.06a 7.13+0.31b  8.35+0.29a
S RE % 24. 22 23. 44 29. 86 30. 50 33. 80 26.59

A ARNBFEETEFRFE(P<0.05),

2.2 HEYISHUENTERSISENETREY

3% 3 ], AN [A] BBl BH4EBR T 95 Fh =F & A1 Shannon-Wiener 38 40,24 AL MR Pielou ¥4 & 18
HORT 37 AEME ML Simpson $8 $ i LB 24 R A5 OB A, 24 4R FE LY Simpson 48 B U AR Sy 5 i A
AL, 37 AEFE ML Pielou 5] BE AR B LB AL B T4 MRS AU B 8 A R AE IZ W90 R AR FEAE B S A i) 25
(] 73 A1 4 JRy o i Pl A BR A9 48 fin , # b 2 55 B2 Pielou #5] & |, Shannon-Wiener 1 Simpson $5 £ 4
i C, MEEHE C,+C B/ A FEE)E  Shannon-Wiener Ml Simpson 454 1t C/(C, +C) 2 7
/N L34 32 A0 P DR 2R 52 e, O 3R B 5 Y 5 B) [ A DG s W) Fh & B Shannon-Wiener Fl Pielou
Y50 B AR B A (R AR SC R A, 38 Kl Simpson $8 5078 Bk /)

M 4 P, 24 AF R b 22 50 SRR AR 1 de AR B 3 Oy 8 B Y A S AR FON VRS 37 AEAE
b e AR A R AR OB B R | SO R 2 R R TR B T B S A e AR A L AR
Hhn , b Ak A EUR AR A B (B Co 3 0K T 0 | Bl A EURIVRE 25 AR/ 5 A i A S AU
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Sl R 2 R CH AR 24 5D

2025 4F

FBME Co+C o/l T4 580, 8 Rw | B R 8% 25 1R B (E Co 4 C fEHT R i M4 U 45 A 1L
C/(Co = C MBI/ o T A5 AL e 28 R AN 2 SRR 1 DR, AN () L e 4 IR 4 e 4 20 1 3 5
P52 SRR DR 3R A R0, I R B 9 09 23 (8] [ A S AR b S R R S ) AR Gk 37 AR IR
R M ) T A AR A R s T AR SR A 5 24 A [ 90 A 2 U v A R R s TR A DG L 24 AF [ B B S R
Y HE o 2 (R B 3 WA I TS R BN A7 A BER AL B 23 18] 70 A A% Ja) o il BB 35 45 BR 38, 4k 0 4
RS A A G UBE Ag 25 5 B0/ S S0 30 RS 050 DA T A58 R 3 288 S0 B R AR K

R3 UHESHNEEHTRAHERRBEREXSH

Table 3 Theoretical model of variation function of species diversity index and related parameters

ZHEE Fil & HEE Y P4l B it I AR 5 F-J7 A e REL
EiERA HERR/a [y(h)] (o)) (C,+0O  [C/(C+OT A (RSS) (R*)
Yy 24 R 0.35100 2. 38100 0.85 0.70 7.320E—1 0.012
37 TR 0. 15400 1. 41500 0.89 0.90 2.590E—1 0. 050
Shannon- 24 R 0.01400 0. 09000 0.85 0.50 1. 305E—03 0.002
Wiener 37 SR 0. 00600 0.04300 0. 87 1.60  3.093E—04  0.196
Simpson 24 =i 0. 00020 0.00352 0.94 2.20 1. 995E—06 0.001
37 R 0.00013 0.00124 0.90 1.90 2.825E—07 0.295
Pielou 24 iR 0.00077 0.00154 0.50 12. 60 4. 704E—07 0. 456
¥oy 37 24 0. 00040 0. 00040 0. 00 56. 98 1. 606E—08 0. 060

R4 ITEFPCETRIYERRBREXSH

Table 4 Theoretical model of variation function of soil nutrient content and related parameters

+ 4 Fil & R Yol HH1H Sk L Gy 5% F-J7 Fi R R
Ei=kn HEMR/a  [y(h)] (o)) (C,+0O  [C/(C+OT  (Ap (RSS) (R*)
20k 24 ER 1. 040 10. 170 0.90 2. 40 3.700E1 0.120
37 ER 1. 350 9. 280 0. 86 2.20 1. 300E1 0.242
EoF A 24 iR 0.012 0.116 0. 89 2.50 5.021E—03  0.119
37 iR 0.014 0.119 0.88 1. 90 2.173E—03  0.188
ARk 24 R 0.177 1. 004 0.82 1. 20 1. 400E—1 0.106
37 BRIAT 0. 100 93. 280 1.00 62. 60 5.300E1 0.996
A4 24 HE 2510.000 5332. 000 0.53 89. 90 3. 406 E5 0.874
37 BRI 3850. 000 8232. 000 0.53 56. 30 3. 482E6 0. 892
BAR 24 gtk 0.176 0.176 0. 00 56. 98 5.054E—03  0.186
37 = 0. 040 0.198 0. 80 2. 40 9.339E—03  0.389
EEE 24 iR 3. 550 7.101 0.50 15.70 4,36 0. 730
37 BR A 0.530 5.138 0.90 3.70 7.23 0.158

2.3 HEYSHEENTERSAENSTHEY

N[ Pl 4 BR T AL 22 A 1k 2 18] 20 A 1) 20 98 4 RO AR R HL I 2., U W AR ) 22 B P 4 0 23 1)
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RS AR A R TR b B 24 AR RE M BT AT 1 S 57 20915 b 25 ) 2 A1 4 SRy 249 % g B HL S
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Fig. 1 Fractal dimension of spatial distribution of species diversity indice
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Fig. 2 Fractal dimension of spatial distribution of soil nutrient contents

3 it

3.1 EHYBETARRESEYSHNE

BRI A R T T 10 B A 8050 e, /b 1 Wk A R 1 5 R L R AR b b A 3R R K R Y R
JiE O AHESE A LT 24 4R LB RE ML 37 AF A LY 4 R oF & B R Shannon-Wiener $5 503 1 3 5 =
(P<C0.05) ,iX 55 Pei 57 A g 188 B0 Ji 49 ol 22 A5 P i 5 B 5 T 4 B 100 164 Jon v 398 R 1 WA — B, 3%
A2 SNSRI PR e G e B A A R R W R 2R L AR SR v 4 5 4 RS R A PR A
T T W A R AR LA 8835 (P =>0. 05) , 33X AT R A FRURE P A 9% 0 8 2 1o [ ) S 002 S BRI T b 3 8
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A 55 T RE R EOG R, REOLE S 1SS M B Y B Ik . 45 B 4R B AR U]
TR0 R Je A 3 B A I 8 R 3

RUF5E Y £ E F . Shannon-Wiener. Simpson #1 Pielou ¥4 5] B 8 #1948 55 F 308 b & Bl &
Ko SRR | TR WA N i = B BT = Y T ST 7/ T S 2 P o SN L 1 ks 2y R NITIT RS | R SR 7 B 2
T (1 359 S5k BN T RS BETE B R AR A A I AR R 2R TR B AR AR RR AL, A A
W5 h Y Fh 425 B L Shannon-Wiener 1 Simpson 48 8U7E 25 [A] 4345 b 00 $5c K728 S 8 2 38 i o ] 60 4F FR
FIRY 18 o A i/ 5 A ) S e oy I | S A R A S S A R TR R TR L A (8] 3 A A ) T B, 5
() A4 A 1 5 2 T S O PR R IR o X Ml B PR R A ST PR B 5 T S 5 A R R 0 e T AR ) 2 A
M B0 2 R) 5 T M B AIR L A2 S5 A R DR s R AR T AR Ak B T A 1 VR IR O R 4
(10 J AR YRl 2 R RN BE T S PR R AR 3X 5 22 /N AR HERL SR U0 U b 0 BF 5 45 SR
A P RE S M AL RE JORH L T v SR OK BB ) S0, i R A B A 1G5 R e RO B KR S
LA, ol 25 A M TR 3R 5 1R 1Y 225 ) S Jo P R AT, 255 1) 4 A7 A% Jmy S 7 L.
3.2 tERSTERRESSENFE

L) 52 Wi S R A 5 0 48— S BIL A R BB 2 R 9 0 i A o LR WO Y RS R 3 s LA Y
TE IR [F] A3 ARBFGE R 37 AR LB AR MR LG T 24 AR RE Y - 9 A ik | 4 R L RO | AL R
SR RYBEREG(P<0.05), XJ&M &Y RS 0l S 8570 & i B W, o + 5%
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Effects of Enclosure Duration on Plant Diversity and

Spatial Heterogeneity of Soil Nutrients in Typical Steppe

LI Hao' ,GUO Xiao',LI Hangyu',LI Zhiyong', WU Yantao®,JIANG Shan',
PENG Jiangtao',LI Xing®, YANG Zeyu',MIAO Bailing® , LIANG Cunzhu'
(1. School of Ecology and Environment , Inner Mongolia University/Key Laboratory of
Mongolian Plateau Ecology and Resource Utilization of Ministry of Education/
Inner Mongolia Key Laboratory of Grassland Ecology and the Candidate State
Key Laboratory of Ministry of Science and Technology , Hohhot 010021,China;
2.College of Life Sciences ,Inner Mongolia University , Hohhot 010021 ,China;

3. Inner Mongolia Academy of Forestry Sciences s Hohhot 010010,China;

4. Houma North Copper and Copper Industry Co. sLtd. ,Linfen 043000,China;
5. Inner Mongolia Meteorological Institute , Hohhot 010051 ,China)

Abstract: In order to explore the spatial distribution characteristics and differences in plant
diversity and soil nutrient content on typical steppe of different enclosure years, we took typical
steppe of Xilin Gol League,Inner Mongolia as an example. We analyzed the spatial heterogeneity of
plant diversity indices (species richness,Shannon-Wiener,Simpson,and Pielou homogeneity indices)
and soil nutrient content in degraded sample plots of 37 and 24 years enclosure. The results showed
that; 1) Species richness,Shannon-Wiener, Simpson, total carbon, total nitrogen, quick-acting phos-
phorus,quick-acting potassium and nitrate-nitrogen contents increased significantly in the 37-year
sample compared to the 24-year one. The coefficients of variation of all plant diversity indices
decreased,and the coefficients of variation of soil quick-acting phosphorus increased while other
indicators were relatively steady. 2) We found that most plant diversity indices followed the expo-
nential model,and most soil nutrient contents followed the exponential and spherical models accord-
ing to semi-variance function. In addition,the structural ratio of soil quick-acting nitrogen increased
along with enclosure years,and the structural ratio of soil quick-acting nitrogen was also affected by
the proportion of spatial heterogeneity which was influenced by structural factors. 3) The spatial
structure of plant communities and soil nutrients varied under different enclosure years. The spatial
distribution patterns of species richness,Shannon-Wiener and Simpson indices were simple with low
spatial heterogeneity. The spatial distribution pattern of soil quick-acting phosphorus and quick-act-
ing potassium was complex with high spatial heterogeneity. Fencing can increase the species diversi-
ty of typical steppe communities, homogenize communities and thus reduce the spatial heterogeneity
of communities; it increases soil nutrient content and enhances the spatial heterogeneity of soil
quick-acting phosphorus and quick-acting potassium.

Key words: typical steppe; plant diversity index; soil nutrient; spatial heterogeneity; semi-vari-

ance function; spatial structure



