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The annual variation of effects under different grassland utilization types on

typical steppe species interactions in Inner Mongolia

GAO Shaobo, LIU Lei, WANG Yukun, LI'Jingpeng, ZHAO Nianxi*, GAO Yubao
College of Life Science, Nankai University, Tianjin 300071, China

Abstract; Grazing and mowing were the most common utilization types in the Inner Mongolia steppe, and they had been
proved to play different roles on the plant-plant interactions and community succession. In the present study, There was a 3-
years of continuous monitoring experiment on the typical steppe community. We compared the two different indices of
community small scale patterns with 2 algorithms by the Ecosim 7.72 software. The results were shown as follows: (1) For 3
consecutive years, the plant species interactions in community-level under grazing were competitive , especially in 2014, the
results didn’t support the stress gradient hypothesis. (2) In 2013 and 2015, the species interactions of community under
mowing were competitive, but in 2014, on account of the drought and elevated air temperature, they were facilitative. (3)
Different grassland utilization types had distinct effects on plant species interactions, and the effect were also regulated by
monthly precipitation and monthly average air temperature in growing season. The present results provided the improvement
of stress gradient hypothesis and the theoretical foundation in rational utilization of grassland and the recovery of degraded

grassland.
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Fig.1 The three years (2013—2015) monthly precipitation and monthly average temperature in June to August
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Table 1 The communities quantitative characteristics and soil conditions under the two utilization types

. “ T e ¥ R AW o LR TR + 3ok
FIFH 750 LY/EE . . . . .
S o Height/ Cover/ Biomass/ Soil total C/ Soil total N/ Soil total P/
Utilization types Species R
cm % (g/m”) (mg/g) (mg/g) (mg/g)
T Grazing 17.32+0.76 * 45.5+8.32" 44.75+4.39 71.26x4.94 " 12.83+0.28 1.52+0.03 " 0.46+0.03
K] Mowing 14.67+0.89*  61.5+2.39* 38.25+2.16.7 87.59+2.87* 13.43x0.27  1.6420.02* 0.42+0.02

* A B 2R

®2 WWHARAXTEEMFERRIE

Table 2 The plant species composition and species frequence under the two utilization types

HAA TR Species B Grasing X Moving

2013 2014 2015 2013 2014 2015
KEFSE Stipa grandis 144 82 104 158 68 137
S Leymus chinensis 128 201 137 124 114 92
ALk Serratula centauroide 18 41 21 56 21 36
R E Artemisia frigida 55 29 43 70 35 53
REBS T Cleistogenes squarrosa 182 133 201 147 155 129
Pl /R ZE S WAL Heteropappus altaicus 22 31 16 6 11 8
TRFEKE Potentilla. bifurca 4 17 7 28 13 22
IREEEE Chenopodium glaucum 33 26 14 12 20 31
ZARA Allium polyrhizum 0 0 3 30 17 23
K HGINE Cymbaria dahurica 6 11 13 38 29 21
$B3E Salsolacollina Pall 4 16 9 28 9 14
V&5 Koeleria glauca 11 14 18 28 11 19
ZAEHMALEE Limonium bicolor 4 1 0 12 4 9
IRETEAE Thalictrum petaloideum 21 15 7 4 13 11
VK¥E Agropyron cristatum 126 109 146 76 132 116
YT Galium verum 0 1 0 36 25 31
i K\ Saposhnikovia divaricata 0 0 2 18 7 4
Pt B Thermopsis lanceolata 6 11 0 0 6 15
FAETAMR Melilotus officinalis 0 0 0 8 19 4
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KUELE DX ] 177, B i C-score {EL SES BT AT AR B 7 20T B REVE i 2 IADAH 1L G 2% o 3
SeVEFTIRT 5, MO MR BN SR 406 2R O HL iy TAEBR I AR 0 2% 5%, VELE 3 4F 52 B AR i 22 1 i 3
BRI 1 (2014 4F )  BEVE IR SE A B (18] 2) , R T A0 T VR IR LG AR o TN T Verati i
1 SES, 5 C-score {EL[ SES &5 AL, BEE DA R I SE R (K 3)

*3 AEFMAAXTEWEE ZITTIER C-score 5 V-ratio HE5ZEE LI
Table 3 The C-score and V-ratio binary matrix of plant communities with different grassland utilization types

HHAUEME

REVE Y 4E0y FRARIEEL TR HSHE Mean of PS5 B R p
Community Year Null index Null model Observed index cimulated index Average SES
2013 C-score FE 338.92 298.73 2.47 0.005
FF 338.92 340.93 -0.57 NS
Fp 338.92 259.95 4.45 <0.001
V-ratio FE 0.71 0.99 -2.47 0.004
Fp 0.71 1.28 -4.26 <0.001
2014 C-score FE 433.83 349.37 4.76 <0.001
iEie FF 433.83 42191 2.56 0.009
Grazing FP 433.83 314.19 6.35 <0.001
V-ratio FE 0.52 1.00 -4.07 <0.001
Fp 0.52 1.24 -5.53 <0.001
2015 C-score FE 429.40 370.12 4.19 <0.001
FF 429.40 424.17 1.60 NS
Fp 429.40 342.60 5.44 <0.001
V-ratio FE 0.54 0.99 -3.79 <0.001
Fp 0.54 1.24 -4.99 <0.001
2013 C-score FE 473.54 420.44 2.39 0.006
FF 473.54 478.28 -1.13 NS
FP 473.54 370.17 4.23 <0.001
V-ratio FE 0.70 1.00 -2.65 0.003
FP 0.70 1.27 -4.16 <0.001
2014 C-score FE 471.28 489.31 -3.23 <0.001
pUE FF 471.28 467.53 0.99 NS
Mowing FP 471.28 345.34 5.53 <0.001
V-ratio FE 0.57 0.99 -3.68 <0.001
FP 0.57 1.25 -5.09 <0.001
2015 C-score FE 400.73 352.88 3.43 <0.001
FF 400.73 395.91 1.76 NS
FP 400.73 315.04 5.40 <0.001
V-ratio FE 0.63 1.00 -3.09 <0.001
FP 0.63 1.32 -4.92 <0.001

FE, 172 184 TR AL 4 Fixed-Equiprobable; FF, 47 I #E & , 17 SR BEALIE A Fixed-Fixed; FP, T % , 1M 514 B8 L 451
HEFTARSEAE AR B4 Fixed-Proportional ; NS 3R AN 1 %

TEXEIF R, X F C-score {HAY SES, [RIFEAE FF 55 F , M 2013 4E5 2015 4= 22 [8] (9 3E 7% ) oA .
X Z GBI IS T B 25 7 (P>0.05) . T C-score {HIY SES 7E FE F1 FP BRI BT, M 2013 4E3] 2015
AEAT Rl B I AR AL W A RAAH ] 7E 2013 4EF 2015 AR EEERVETE T WUE LR IX [l 4 7, R BETE W Fh
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B2 FEFNAAR THEDEE C-score B 3 FEEIRELNENERTL
Fig.2  The interannual variance of three algorithms on standard effect size of communities C-score under different grassland

utilization types
FE . f72 @i, ms ik T & R BENL St Fixed-Equiprobable ; FF . f7 FIF#E [ 5 , EATEEHERBENL L 4t Fixed-Fixed ; FP . 47 [& % , 544 18 L 451
PEATARZEAE R 4t Fixed-proportional ; SES : Standard Effect Size
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W RAR i 2013 AR 55 1Y 5 G AR AR EVE T, BEVE EAHS Jm e A B R AR Ak T 2015 4 SR AR Ry A5k 1) 58 4
(BEL2). 0 X F XU S5 T (Y Veratio( €] 3) ,FE 5 FP PIFRE 7L X SES 75 H 9455, R IATE 2013 %2015 4%
3a WREE DRI SVAKRE BAE FHOC R B R 5e 4 R I HL R A BriB) A AR Ak, 58 4 R SE 3 0 s el s

3 eSSt

3.1 PARRR] 7 2O0 T AL A B AS R e 1

1994 4 | Callaway F1 Bertness 4 H T 25 4% 9 W30 86 FE 5 1% Stress Gradient Hypothesis,” (SGH) ' | I i
A AR ORI, YR Z B A B OC R 2 i SE il 28 e itk FE—Se M Jb il g Ll 35 D DA S v e A 2 AR
G RIF I 45 R SRR AR > ARRSE S B, BRI RI Y 2 1 B v 0 Rk 56 R (B M A5/ I i A A 78
AT T HEVR PR BOC R A IR U LR 2014 4Ef W . FERCHORI 7 R, N8 & C-score 38 /& V-
ratio F5 BRI BRUERON £ ( SES ) IR W2 RF AW AH BAE H i 55 AR ] 325 (FF 556150 ) | JF BAE T B &l
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Fig.3 The interannual variance of two algorithms on standard effect size of communities V-ratio under different grassland utilization types
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B IS DEERE IR R I 55 4 A0 45 5050 B AR v A 72 0 AR, T M e D4 i R AR S At i Xt
I IKAF AR5 B Sa S P S T VR 2 R AR A AR X s
3.2 AS[ERIH I 2O T A Ak gl e AN ] ) P AE AL

R Z 2B AR E Y R R BEE AR R R BB R R 7 HAT T 9 S 49 M B A B 0 3 %o BV A% )
BRI KT A 28, 40 Kimberley X8 K0 2 52 XA R0 AT 2 BR, T 5256 T REVE DR o6 R A5 IR
R T T, SARF A4S I, 2014 4F (1 S0 s BEVE A R B W B R, TR I AR AF
FEIRK I, R T A R, BET& XA 0 20 B il B AN TR B4, 40 2014 AR AR s T 5 0 AR T R =X
HO B B A7 5 2 ] R 0 A FH 2 A0 i R R S Al (BEEVE ) | Fabio 28T XAk A% OB FUHEDN  Bennett X
FINEE B BRI R I 245 FARA S HRE % A 2014 47 VS EEBERPOR AT SR BE B I S 0D
1 5 CQAH S V2 DR B SR X 3 IR A B, R 2, SR T, RO 9 DA B I %o T 0408 1 52 14 g
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