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Abstract; To explore how grazing affects grassland ecosystem,we studied the relationship of grassland com-
munity and soil characteristics in both grazing and rest-grazing grasslands. The object of this study was to
determine the changes of the relationships between species diversity and productivity, soil characteristics
(soil organic carbon, nitrogen contents) and biomass in the grazing grassland. The results showed that:
(1) the above biomass and litter biomass were decreased significantly by livestock ingestion. From the per-

spective of functional groups, the biomass of grasses in grazing grassland was 19. 77% more than in rest-
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grazing grassland. However, the biomass of forbs and legumes in grazing grassland were 31.09% and 23.
42% less than in rest-grazing grassland. The ingested strategies of livestock were changed in the communi-
ties with different species diversity. Community productivity was decreased significantly by ingesting enor-
mous grasses, which is the dominant species in community, in the communities with lower species diversi-
ty. (2) When diversity was less than 1. 3, the productivity of rest-grazing grassland is higher than that of
grazing grassland, but when diversity was more than 1. 3, community productivity showed a contrary
trend. (3) Results from Canonical Correlation Analysis (CCA) showed that livestock influenced soil car-
bon and nitrogen contents through changing above-ground biomass, litter biomass and soil bulk density.
(4) Above-biomass was significantly influenced by livestock in the lower above-ground biomass community
(<100 g » m %), so the soil organic carbon and total nitrogen contents responding to the same above-
ground biomass were higher in rest-grazing grassland than that in grazing grassland. However, there was a
contrary trend in the high above-biomass grassland (=100 g * m ?). (5) When below-ground biomass was
less than 1 200 g * m™*, soil organic carbon and total nitrogen contents were higher in grazing grassland
than that in rest-grazing grassland, but when below-ground biomass was more than 1 200 g * m™?, soil or-
ganic carbon and total nitrogen contents showed a contrary trend. We suggested that the scientific and rea-
sonable grazing and management strategies should be conducted to coordinate livestock and plant community.

Both economic benefits and ecological benefits should be considered, when achieving sustainable develop-

ment in grassland grazing ecosystem.

Key words: species diversity; soil properties; grazing; grassland productivity; diversity-productivity

T Il 3t A 285 2 90 e T B 9 ) D 55 48 BT 5K
Z— HERARB 2K AR EEREMALE W
R R . ERMAESRE D UK E SHEY
Z ) (R AH ELAE FHAR R B b phe i o st A ) B 9 1) 45
L B ZREVE HEVE 2R ) BB R RIRRE
PEST o 5K T A T R A P S AR R 43 A
I 2 o T 5 A ) 0 ¥ A I 19 A2 A S id R S B2
Wi 2K 7 B R B R BRI 0 A K/ B h A . — i
AR W) O R A A R R ) R RE DR R R 5 — T
TET & OO B AR AR KR 2 I e S A ) A v 1) 3 2
HARE R AE R EERAY THHE R R
7 25 BT I e A bR A SR R B IR A A A R T R M A
v 5 SRS H L [ 8 o HE A 05 A 25 T SR R A
b SR T A PR RN SR S 0 R AR
I 2 R 2 2 AR G D RE AN AG K B AT R L
QR R A 25 R G P S - R P A T R P

BT V& W) R 2 R R VPN AR AR R G
LRI/ A o € S N BRSNS AP < U R
WA TR R B L AR R A Y
ZH R 22 B Y Tl S TR 3R 2 TR AL 00 A 9 4 R R AR
SRGEYRT . REBMRYES ZHE. FE
JE X550 B A 4R RO [ U0 BT RE VR W Bl 2 R R A2
Ao HOCBUGR B AE B ) L R s ) A 9 R A
IF) R AR S B0 T AR A e B —JBOA
N A RE A% G 1 TR A T DI B g 1] 2% 2 o A

V& TR ) S L R IR S BEVE R AR L R
M AT —LERF SN KB MR B R SH S Y £
REVE B2 A o ER T W 4
WH YR ZAEVER S b T S AR Y B T A 55 A
M G R S TR Y AR 2 AR GE R OB T A e
JOEC o A IR A 7 T R A o SR K P
AL FE 7 ) ) T 22 A 1 3 B8] i R 3 — 5 S
iRl B L) RE7 B (S osE - S P L v
TR B 45 1 I BSOS RV 26 7 1 R B W B v 1 W)
PR . A AR 2 R G A ST e B2 T
T 22 BEPE R RIS T B A 52— B WL RO R 4538 . SR T
X — 48 n] AR I U ol o PRS2 S AR TR
KFRLI LR T [ A R T AL A A
BARKZE 5 e AR WIS W b 22 R Ak A5 2™ T 1]
ARG Rt 52 T2 AR A, n B e il 2k L IE A OG L
FHOGEFEN L TR 0T B b A ) R R ) 2 R
5 A7 )% AR R R R S R I TR =5 18] A AT
K F L AR AR AU T B A AR 2 R Y
IBATHUHE B A R T 1 5 A B A PSR
HEL - 0 SR AR DG AR A LA BT B )
FEVE M AR fL b 8R 2x 51 R R BT i AR AL . —
IAAy S R S TR ) A L DG 2R 2 52 Wi A ) A 2
FEPERIE S R G DR R HE 0 R R e,
T T A 5 D o B 5 A P T 0 B 2 R
I R ) B A A N K S B 0 R A LT HL
5 7 TR Ak b A 2 R AR A AR R



2526 [LE I | - N7/ = S

36 &

TBCHCTA 5 AL AR i 2L RS A A A 0 K B R A A
RIS A v R A i 0 B 2 s 1 R SRR B A
AR OB R A B A b HE Tk 1 7 A
P 7= A A B AR 5 51 R A AR R WA ) 1 A AL
TR 0 2 £ A FR 0 Y R U B RO
MY RS TR M B R E L, RER
T IF TS T AR TP OB B OB B
FIF ) Xk e il i s S0 A I B R R L T RO
LY IR LA K E AR )R 5 e SRR AR R A LG R
MAEfe . ABFSE AR P RE I 5 R IRRFIE A R R A
T o WIS AR B 3 A SRR O AR A S I L 4R
IO S IR E T R RETE IR Z R 5 2R 7
T R A S S AR O R A AR AU X
Sl B b IO 2 AR G Y AT AR5 0 A R M PR R SR A
s

O S XD RES

1.1 fAREXEEER

IF 5 DX I T H R v 7 Y B e 7 AR X (IR
1), M B4 B 103°49"~104°34"E,35°34" ~36°26'N,
R A R 1 452~2 523 m, T2 FREW. %
XFi 3= R AR 22 7 U W AR S T2k T R
X % IXAR B RN 5 2 185 ~ 350 mm, 4F [i] 500 ~
8O HIRET AR T AE 7~9 A MU .10 10 H 2 B4R
6 A REm e W B a5 2, RN 7~10
Cll R4 —11.04 CHBITE 1 A RS
226,02 CHIBAE 7 H o RARF T AR 5 B XY
T7.200 ARZ HARH R A A b T4 2 A A RRE R
IR . X AR B 2 A DIOR P R D Ry 32, YR
A KT (Stipa bungeana) VKB (Agropyron cris-
tatum) VK455 (Stipa grandis)  fE e T 3 (Cleis-
tongenes squarrosa) H N (Oxytropis kansuen-

sis) VI B3R (Salsola collina) 8k #F 5 (Artemisia
gmelinii) , 28 F2 i 3 (Potentilla bi furca) %, +
BB DARES - s T

1.2 MRF*E

28 1ok T R A, 7 BT XN [R)— b S A rh
O AR 5 AF A Bl 3 55 b 5 1 2 58 B ICAR 5 AR Y
M CR R R 2 R 30 %0) S i 06 A b L 3 B AR AR
FURCH A A BEFEATHF T . IRBCRE M 2 B 13 S
SO ORI 7 SRR AT R VR A . TR
FEABEHLIEE 11 60 m>X 80 m A Hb , 76 4% Hb 1Y XF
ML BB S A 1 m X1 m BFETr. 2011 4 8
F AR R v b b Ay o v W S R AT R R R A
A AT N AR R S L MR 22 A DR AR DT N AR )
S3 R0 SF LT B R L JFWCAERE DT N B T L T R
SrRAFER S AT Bl S 4R %L, 65 C R Mt & fH AR i
T

R A R BAR 9 om B AR Bl 7E i 57 Al
BV R T N RS 0~100 ecm + )2 T £
L0 5 JREE 20 em HEATIORE . A A DT U X A
LRI 5 B IR G 5 O, AR R PG K R B2 Rk
JERAGE L EGSCT BT FHRE TE, 15
FEm I B 3.8 em By T 8578 OS2 b N A= Py i 1Y
FEJTINBEALEC 5 4 B 0~100 em &, 4> 5 2, 152
20 cm, [A] 2 FE S HEATIR G .

A B K SR T T I 5 - M R B
JI s 158 pH R LA 5 B A ALK & &R
BT P N 5 B A SUR B I LR I
1.3 HETE

o ZHERRBEE DSR2 0, Y R
Fom B ORE A5 A B B R X% RE L B A A 4 A
. IR AKX T,

Rick & ERHREB:R = S

0250 500 1000 km . K
[ A 5 EREra
@ r

NN

T
5 'Q-/
!
) e

% Legend
@ Ffri Study sites

4 Gansu province [ Lanzhon

0 100 200 400 km
L 1l

PTG R 0 A

Fig. 1 The location of field survey sites in the study
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Characteristics of community and soil in grazing and rest-grazing grasslands
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Fig. 3 CCA ordination plot between quadrats and soil

factors in grazing grassland
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Table 2 The correlation coefficient between the first three axis of CCA ordination and environmental

factors for grazing grassland

57t H 55— 55— & B
Ttem Axis 1 Axis 2
i A B Above-ground biomass/(g + m™2) 0.9825 0.1863 0. 6052 0.001
J7%¥Y) Litter biomass/(g + m 2) 0.9999 0.0056 —0.4977 0. 005
HiF A ¥ Below-ground biomass/(g « m %) 0.4523 —0.8919 0.5828 0.001
4 & K& Soil water co ntent/ % 0. 8682 —0.4962 0.5662 0. 001
+ 328 & Bulk density/(g ¢ em™ %) 0. 4356 0. 9001 0. 4097 0.012
+ 4 pH soil pH —0.9132 0. 4075 0.2436 0.070
+ & i+ Soil carbon content/ % 0.9943 —0.1058 0.2636 0.024
+ 3% A Soil total nitrogen content/ % 0.9397 —0.3419 0.2336 0. 043
+ Bk fi% & Soil carbon stock/(kg + m %) 0. 9420 0.2389 0.2714 0.036
+ e AUt i Soil nitrogen stock/ (kg « m™?) 0.9761 —0.2173 0.2403 0.053
i il 2R 5Tk % Cumulative percentage 0.2725 0. 4602
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Fig. 4 Effects of grazing on the relationship of grassland community productivity-diversity
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