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Effects of different disturbances on diversity and biomass of communities in the

typical steppe of loess region
CHEN Furong ""*,CHENG Jimin""* |LIU Wei’, ZHU Renbin*, YANG Xiaomei' ,ZHAO Xinyu'" *,SU Jishuai*
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Abstract; Typical steppe is a type of grassland which forms in inland temperate semi-arid climatic conditions, where
xerophytic perennial bush grasses, especially Stipa spp. , dominate. Grassland ecosystems are one of the largest terrestrial
ecosystems affected by human activities. It is important to study the impact of different types of disturbance on the
biodiversity and biomass of grasslands ecosystems during restoration and reconstruction work. Exclosures, grazing,
fertilization and burning are four major types of anthropogenic disturbance occurring in grassland ecosystems, and have very
important impacts on them. To provide a scientific basis for the protection of grassland biodiversity and the sustainable use
of grasslands, the influences of different disturbances on the characteristics of above-ground vegetation were studied in a

typical steppe in the loess region of China based on the field investigation and monitoring. We established plots representing
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four different types of treatments: exclosure (E), exclosure plus fertilization ( EF), exclosure plus burning ( EB) and
grazing (G). All plots had the same soil type, topography and hydrological conditions. During the entire experiment, we
determined total coverage, vegetation height, individual density, aboveground biomass and diversity of the plant community
in each plot. Our results show the dominant vegetation community type of G plots is Agropyron cristatum+Potentilla acaulis+
Artemisia sacrorum, a community which is the result of long-term grazing. The dominant vegetation community type of the E
plots is Stipa grandis+Poa sphondylodes+Medicago ruthenica, a result of fencing. The dominant vegetation community type
of the EF plots is Carex duriuscula+Stipa bungeana+Stipa grandis. The dominant vegetation community type of the EB plots
is Artemisia sacrorum + Stipa bungeana + Stipa grandis. The different disturbance regimes strongly influenced community
diversity and biomass. To be more specific, total coverage, above-ground biomass and the dominance indices were all at the
highest level in the EF treatments in four types of treatments. This may attributed to grass species which play a dominant
role in this community. Also, with low evenness and diversity indices, this result was consistent with niche theory which
states differences among species in their environmental tolerances, niche requirements, and competitive abilities determine
coexistence. Total coverage, height and aboveground biomass were all lowest for the G treatment, while community richness
and diversity indices were higher for G than other three treatments. This result supports the intermediate disturbance
hypothesis which states that biodiversity will be greatest in communities subjected to moderate levels of disturbance. Only
the individual density and evenness index was higher with the E treatment than with the other treatments. Thus we can
document the trend for biomass as EF > EB > E > G. These demonstrate long-term exclosure is a severe type of disturbance
in grassland ecosystems. Also, the community richness indices (R and Ma) showed a certain tendency within these four
treatments; G > EF > EB > E and community evenness indices (J,, and E,) could be sequenced in the order of E > G >
EB > EF. Meanwhile, the order of diversity indices ( H' and D) was as follows; G > E > EB > EF, while the dominance
index was opposite the order of diversity index. Finally, there was negative correlation between community productivity and

Shannon-Wiener and Simpson indices, which can be explained by interactions between root and shoot competition.
Key Words: loess region; typical steppe; disturbance; species diversity; biomass
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SN2 SNl A RN = 0 N 5 QY 0 1 D) e N 0 S e =5 6 M ) | - 1 e - 1 S B O
AERRGE LR AT LR, QA & FE AR Y HE T W Fh A TR =, BE T S5 40 8 T 1T 50 W) ph 24
PERRAR ™ TBUHGE i AR Bl 25 A8 AN SR BRI ME I, 380 T AR BT 00 S T, DI i Bl M R R A A Ay 4
PR ZREVERS R A AR A, X R RS RGN ZE A AT REr= A5 mm ) B AN  J JORe OB 5T L
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FUAESRG ACE T E L5 FE T R X HRKFAE, M B B 106°24'—106°28" E,36°13'—36°19'N, [ X
6700 hm® ,¥E4K 1 800—2 100 m, 4 P39S 5C , A 7 H RIRAE22—25 C, R A 01 PR
-14 °C, =0 C I 2370—2 882 °C , 4 H i 2500 h, TLFEI 112—140 d, 4FFEIKE 400—450 mm , [FEK T
SICANI A 65% —T5% IR K ETHTE 7—9 H AFEZE & i 1 330—1 640 mm, Hb 3 FgARAL =, FH3F- 22, 1]
Yo bt B KRS b X, JRTRIE, SRR B YT E AL O AE £, IZIX A 1982 PR EE L A
B BRI OB R R RO YA A AT A A (Thymus mongolicus) ERFF & (Artemisia sacrorum) |
KEFE(S. grandis) \ABE . ( Carex rigesaens) 2 EBZEWR 32 ( Comarum acaulis) JH 5 ( Leymus secalinus) 2§,
TR A SRV TR P 9 O DK — 1 LA + 42 2R — AR O 58 + 1 LR — AR [REF S + AT — AR [E 2+ KA
1 RN RARBEYIAS [T P61 X A A Bl )
1.2 it

FE 255 B F SRR X P R AR B bl [ AN R TR A A b, 2011 4F 5 7 L% 4 DM HbIE — 3,
ISR () BE SR L RO AE M JOBef st | CHORE i A 3 B R L, P i AT AR i 0 K e Ao e 00358 8 e
B XN, BT DA R TP 0 & 4 DSR2 5 R B E IR B E + kobe B E R, R b LA O an
*®1,

F1 HAEHMPERER

Table 1 Basic information of sampled plots

Pl a7 &~3i| Hb B 4R/ m FIHSE R
Disturbances types  Soil types Location Altitude Utilization and management method
HHE(E) MY L ik E 106°23'6" 5 0852 103 BAAEIR  20a, SR R 22 WAL ) 58 S HERR I 3 1O BR 12
Exclosure 1 N 36°15"7" IPNTSpIE
HH I HEZE 20a £12E, T 2010 47 A 2011 4F 5 A AL , it 5
SIRRCED ek i E 106°23'0" ) 0502 056 BEH 2 A (N-P-K) (UL (N) 7k 20,29 400
xclosure - N 36°15'13" — (P,05) &8 9.5% , 81 (K,0) # & 10.5%) , Tt & N
plus Fertilization

600 kg/hm?

L2 ke
HAOGEED gt R E10623' o HE50u B, 2011 4 4 HRAORIRINECRA e
XC . —

et N 36°15'6" KBEHHI<30% | o T Jobe

plus Burning

HELEEAE O HCHOR T 2010 45 5 7191 F 44, 10

FRGE RIRGEHOT 2 BN 3 41 66 14
o N A i AT 1 YO, 10 d, AR 6:00 K 5 7 AU X
() PRSE DR EN062ST g g3 p0s9 IR 16,00 HIGRL. R

Grosing it N 36T 4500 k-~ B LR RTE 3 ke B, WHHAEE
AR 2,07 26 88 /b4 R 1 BEHCHC B 2
4 B
1.3 #5irik

P % AR R 2011 4F 9 Ay, % IR R M IE 2R A5 IR , 78RR S OB IS B A I 3 43
P FERE YA BEALIEEL S T (50 emx50 em) |, JEA A H G BLAG A OIS B S 2 AR iD
SEARHF

PREE 7 5E . GPS 5 AR b Y e AR b B AR bR | PRI 26 e R AN 2s R

FEYIRE VA SR R 300 5 e 5 3 RV AL ) 11 73 55 B 5 BRI B ATLIE 5 A , RO A K vy
JE 5 X RE T o B R IR A T 4328, 10 Sk R — R R B A, s H b 40 0 ol 5 b T X B3 2 28 A
1) BRAT MR A% SRS SRRy T e VR ) A B SR S ARAE (65+2) C A& P LT 2, FRH:
T, M AR NV R AR T A
1.4 HHINE

(1) BEE AR s LA T
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FEAEL(IV) = (AT g B +RHA 22 B2 + AR X 26 B2 + A B30 RE + AR 0 AR W i) /5
(2) Hhy b IUAF
Mo b B = AR R R T

(3) MFh e Hr

1) Fm R AL

Patrick 564U (R) R=S
Margalef $§%0( Ma) Ma = (S - 1)/InN
2) ZFEEAEEL

Simpson $8%((D) D=1-Ypi
Shannon-wiener #§ 4% (H") H' =- Y PilnPi
3) WS TR AL

Pielou 8%%(J,,) J, =H'/InS
Alatalo 541 ( Ea) Ea=[(Yp?) " -1]/[exp(H') - 1]
4) LA BEFEEL

Berger-Parker(I) =N, /N
K, S SRR R IR, Pi SRR A Rh A AR i A M R A LB, N, RIS TR KRN A A
BN OB SR
1.5 HdlEorwr

K Excel BXTBIE AT HALE , R SAS V8 GEit - x B it 474815047 . i Shapiro-Wilk A48 %
PUERAT A IE A4 R ANOVA 23 5 A 56 45 Ab BE P=0.05 W /KF B2 R, xR EE, R
Duncan JE7E P=0.05 B & /K D72 E i, R Pearson 150 HT ZREPERI A 7= T AR &M
2 #R
2.1 R[EFH RS DR 2 RN 454 1 5% i)

ANTR) T ARAE H R R SAFIOR [R] B et RS ] B PS AMRARRAE . AN 2 7R 4 B [A) T AE o H 30 45 b
T, 57 I8 23 AR PR Fh 22 AEARAR VAR TRV R, Horb IR A 30 B, BB R A
) B i () AN A Y5 R R OO AR FOET S R RT3 5 e i A 4 28 b, B f v R K
FEE , DB RE S FARBEPE R | IR R R B DL 3R, FLUCR AR ERET SE R 58 B oA FE ) 26 Ff,
KA TR SOR AL E 1 e o B AR R 2R e 22 A 33 B, A 3R Ol i 5 ) e B K
T BB 1 R BB SR

MR S5 T DU i O B S SRR N B AN LA R T YA 4 NREH RIS 55 R BT it
HESETE + kB >BHE >, 70518 89% ,76% ,72% 1 53% , Horb 3t 5 +iti AT AE M 0 B8 25 2 I 35 3 T Al
3 AT AL (P<0.05) , JBCHCH R I v 55 T S B (T oA 3 AT HEAEHE (P<0.05) (B 1), BHE+HEE BHEF
+ KB BB RO B BT v BE 43 Ry 23,57 ,22. 60,22, 41 F 15. 58 em , H i b (%) B VK v B I
FHA 3 FhFHAEHL(P<0.05) , HEH +IEIE F B+ KB F 3 Pk %A R 2R (E 1), KR
TR B B BT (1 1117 #f/m®) >EE +HEAE (1 019.7 #/m® ) >EE + K58 (889. 1 #/m”) >4k
(693.9 th/m?) , H  HEF 5 EE +ili IR Hb 525 K TR0 (P<0.05) (Bl 1), 4 FH4emi  JHE
WK, EEEREE B ORME B 1S A R B A AL A STER TR
2.2 N[ATHRRTH i b B Y 5

W 2, R RRE AE YE  EBE EIES B E + KRS BB S RO, 4351l 367.78,312. 31,
255.46 F1 172.82 g/m?® , HorPbh & + M AU AT ) M b A W e 5 | S8 58 T HLA 3 b T4 07 28 (P<0. 05) , Jiltdk
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Mt b AR A, R T AL 3 AT =K (P<0.05) , HRE T4 05 X2 8] 44 i % 2% 5% (P<0.05) , 7
Uit I T REVE A G TR S IR VE W R OR B, B+ AT R B R S T OO M (P <
0.05) , T KCBEMFEHUARIE P00 0, 07 LU KT Hofth 3 Fp 97730 (P<0.05) . MHL L BULAF & (M B i
+Hi D) KA B E A M A A e, Ol 545,71 g/m?, 3 R T LA 3 R T4 U X (P <.
05) ; B H + Kb S B REHB A I B 255 ot i s b PRA7 B, O 212,29 g/m’, BE KT HiAh 3 Fh T
P20 (P<0.05) , o] DLl A B ol 6 24 7= 1 A

x2 ARTFHRTAREFEFEYMANMEEE
Table 2 Species composition and important values of the community under different disturbances in typical steppe

ThRETE MY

Functional groups Plant species EF EB £ ¢
RAFIZ(GG) ARRESE Stipa bungeana 0.135 0.112 0.097 0.080
Grass species K& Stipa grandis 0.124 0.111 0.136 0.038
group il TR Poa sphondylodes 0.062 0.081 0.118 —
JRTEUKE Agropyron cristatum — — — 0.113
i Leymus secalinus 0.040 0.068 0.074 0.097
¥ Anthoxanthum nitens 0.044 0.003 0.008
ESGes (_SC) HBE B Carex rigesaens 0.144 0. 106 0.103 0.057
Sedge species group
=2 4%’@( LG) ViAE Medicago ruthenica 0.079 0.029 0.116 0.053
Leguminous species g Astragalus scaberrimus 0.018 0.011 0.009 0.008
group W BPT Oxytropis ochrantha — — 0.004 0.006
ZLHEE(FG) ‘H2§ Dendranthema lavandulifolium 0.056 0.085 0.028 0.039
Forbs species group BRKFE Artemisia sacrorum 0.071 0.161 0.054 0.099
PR Artemisia capillaris 0.003 0.020 0.002 0.035
B[ IR ZEHILEAE Heteropappus altaicus 0.008 0.036 0.082 0.028
T Anaphalis sinica 0.013 0.005 — 0.006
KRG Leontopodium leontopodioides 0.010 0.041 0.015 0.011
FiAE /NS Ixeridium chinense 0.002 — 0.001 0.029
KB4 Saussurea japonica — 0.023 — —
WA Taraxacum mongolicum 0.006 — 0.003 —
/NEL3 Dendranthema chanetii — 0.003 — —
BBERN Potentilla acaulis 0.006 0.002 0.022 0.106
TBATBFE Potentilla bifurca 0.031 0.024 0.047 0.021
FEM Z TR Potentilla multifida — — — 0.020
B H . Potentilla discolor — 0.002 — 0.003
5 Elsholtzia ciliata 0.004 0.016 0.016 0.025
H A& Thymus mongolicus 0.025 0.003 0.028 0.028
EALHT Viola philippica 0.024 0.017 — 0.014
M HE3E Viola dissecta 0.013 0.010 0.010 0.024
¥EFK Galium verum 0.045 0. 006 — 0.004
IR Galium aparine — — 0.006 —
JL44#8 Bupleurum chinense 0.010 0.009 0.004 0.002
L% Adenophora potaninii 0.010 0.005 — —
TREFE Stellera chamaejasme 0.007 — — 0. 005
PEFNEL Bothriospermum chinense 0.003 — 0.002 —
L& Polygala tenuifolia 0.004 — — —
AHYT Dianthus chinensis 0.002 — — —

W B Torularia humilis — — 0.008 —

IS FEFNE Thalictrum petaloideum 0.001 0.002 — —
B4k Allium ramosum — 0.011 0.009 —
LW Iris lactea var. chinensis — — — 0.005
TAAKMMLFE Limonium bicolor — — — 0.009
SEZEHT Plantago depressa — — — 0.018
VE S MM Androsace mariae — — — 0.002
IR HAE4S Halenia elliptica — — — 0.002
LTI Thesium refractum — 0.004 — —

http ; //www. ecologica. cn



9 ] WRIEHE A AR08 8 - DX e JEU ) o 22 A P A AR ) 0 R ) 2861

100 -
a
90
X b
2 80 b
[ _I_
2 70 - 1
2 2 L
g c
R
# S L
Z 40
E 30
© o2t
10 |
0 L L 1 J
EF EB E G
F2 R Disturbances types
301 1400
=) —~ a
z25r 2 a E 1200 |
= a < a
5 1 — & %
2 0k 2 1000 F I ab
) i %
E E B s00 b
=1 S,
E IS5t {an
§ 5 600r
10 =
- E 400
1= :
®os|
g § 200 |
0 1 1 1 ) 0 L . ) )
EF EB E G EF EB E G
TF4L2H Disturbances types T2 H Disturbances types

E1 AETHTAREREENIMUFE
Fig.1 Community features of different disturbances in typical steppe
REVNG FRE R R ZE R BE (P<0.05) 5 E: #E Exclosure; EF; £ +/ifi Il Exclosure plus Fertilization; EB: #15 + 45 Exclosure plus Burning;
G: B Grazing

MAETE RIDIRERERTE (P 2) , AR TR % S RE R S B SR — 25, 2 i RACRER (PP R | R A2,
RGN (A A5 DI RERE LR W AE A v B o ) L DU AN A [R] , RASRLRE 5 A R 2 1y 85% —94% , TEEH
+ s AEAE: L 55 e T A L, RS B LR i R T AR 60% oAy AL TR E AL, S + Kb ST
Mo, RABI R 5 2R BT o5 BT 00 LU RO R] , 78 45% ZeAi . (8 4 TP B B+t AL s i 3 |
A, EEORARARL L SIS RS S T AL 3 PR BT EL(P<0.05) . 4 Bl HHLIYAY ERL
REIRFEAYRBA REES

600.0 a P 70.0 - a
— 1 g
B! 60.0
§D 500.0 |+ OEF 39
< 4000 2 HE,]EB b i é 007
2 b R E 400F
£ 3000 56 2
= a a g 300r
" 20007 B2 200}
| 5 20 a
#1000 - b z 100 - b b a a
I c ; ° b a a
0 B A I i < 0 L L =, )
M AR Ry i EPAFE SG LG
Aboveground Litter fall Standing crop I#E#E Functional groups
biomass biomass

B2 FEFHIABEFRRER M EEYEHZM

Fig.2 Effects of different disturbances on above-ground biomass in typical steppe
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2.3 AT R R AR R

TEAF TIRFAF T REE YR Z R Z AR IF (8 3) . WFh & B BUe R h Y fh 2 521 S48
F AR Ma $EFRRWICBOU TS DI Ah E 5 B R, O 4. 943 B sy P -E W BE A IR, 0 3. 642 AR 4k
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Fig.3 Effects of the different disturbances on the diversity index of community in typical steppe
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