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Effects of grazing on plant biomass and the carbon density of vegetation and soil

in the Artemisia ordosica shrubland of the Ordos Plateau
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1 Grassland Research Institute, Chinese Academy of Agricultural Sciences, Hohhot 010010, China

2 Graduate School, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: Plant biomass and the carbon density of vegetation and soil in enclosed and grazed Artemisia ordosica shrubland
of the Ordos Plateau were studied in the field and in the laboratory. The results revealed that the grazed plots supported
plant communities with a higher the number of species yet lower vegetation coverage than did the enclosure plots. Grazing,
moreover , reduced the overall above-and below-ground biomass of plant communities, as well as the proportion of above-and
below-ground biomass consisting of A. ordosica. Nevertheless, during the growing season the grazed plots produced
significantly more litter biomass than did the enclosure plots (P < 0.05). When protected by enclosures, however, the
carbon density of the vegetation was higher, whereas that of the soil was lower, than that under grazing; although their
seasonal averages did not differ significantly between the two plot treatments (P > 0.05). Ninety percent of carbon storage
was in the soil in A. ordosica shrubland. The percentages of carbon density of soil accounting for the vegetation-soil system

were 91% in enclosed plot and 93% in grazed plot, respectively. The carbon density of A. ordosica shrubland was 2.29 kg/
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m’in enclosed plot and 2.68 kg/m’ in grazed plot. Grazing had little impact on carbon density of vegelation-soil in A.

ordosica shrubland.

Key Words: plant biomass; carbon density; Artemisia ordosica; enclosed; grazed
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LR HAPEA DM b H WF EE v i AN SRR 2 e SRR AR 47.3% , 5
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Jih, (545 Y bt e b S R R A )RR R R O BRI, OGRS R R AT 5T, REE PR
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[l ORI AR B 2 60% SR 26 Bh, BEARFPIAT I | H U AN 3G LIE 3 Bl s K
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Table 1 Species composition of plant community

YT # KT SR AT A PIRN G A AE M
Species Family Water ecotype Life type Plots species distributed in
FEVKHE Bassia dasyphylla R B —ARAE R I 0
¥ Salsola collina iR B — AR I I
JIVPE Salsola pestifer R} B —ARA AR I I
43 52 Corispermum declinatum R} thA: — AR I I
Fi38 K S Corispermum platypterum R} Gl —ARA AR I I
2208 11 52 Corispermum mongolicum P rhg —ARE AR I 1
WREGEE Chenopodium glaucum HiFt A —ARA AR I I
HIZE Chenopodium aristatum R} A — AR AR 1 1
ik B B F Lespedeza davurica O g ZAEERA I 1
HERBAR I EE Astragalus melilotoides oR R ZARRUR I I
rha1 5838 )L Caragana intermedia 5K BA HEA I 1
5 5T Sophora alopecuroides 2R B4 ZAEE R I 0
PEFE Tribulus terrestris PERLFL gk —ARE A I
i Euphorbia humifusa KA i — AR I
IR, Euphorbia esula Kk Ak R EACN VN I
A ANF Cynanchum komarovii R B4 ZARERIAR I I
KELTE Cynanchum chinanse 4 ER} A ZARA R I
HiAH IR Cynanchum. thesioides BEER L ZARERIR I I
HBEAE Convolvulus arvensis TEFER i ZARROR I I
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W4 B K HEZSAY AT Y o3 A b b
Species Family Water ecotype Life type Plots species distributed in
H B Lappula myosotis L i — AR ROR ]

T 2% Dracocephalum moldavica JEIEF i — AR AR I I

FAE Incarvillea sinensis E 972 A — AR ROR I

& Artemisia ordosica i B4 A I I

JBEE; Artemisia blephareolepis R B — AR RIAR I I
H>E; Artemisia sphaerocephala R A RSN I I
LW\ Ineris chinensis Rt R ZAFE AR I 1
FLE Mulgedium tataricum 4%} i AR I I
T H Setaria viridis RAR g — AR AR I I
/NI B 5 Eragrostis minor RAR i —AEA A I I
JEALENSF Stipa breviflora RAR B ZARERAR I

U PIEL Agropyron mongolicum RAFL A AR I

I B L Enclosed plot; 1T . B HCHREHL Grazed plot

FI RSO UL TR TE 459% , SEAT YD) 28 Ff, o5 B PR 84.85% , W AT AT IH1ES | 1 0 165 AR+ [ 4 XS
JU3E 3 Fib s BOARRRESE 25 B (5 B BCRORE SRR 89.29% AL 8 Tl 4G 5 Bl GRL 4 Bl RACKL 4
i R} 3 B, RECRE 1A JRIERE 1R CERRE 1Bl REAERE 1 B OB v R R A A R I, HAD
AR TR R A

2.2 [EEAGCROHE R LAY R e BRI A K —— IR
FELEF R R ] U T R Ly T PR R
USSIET L DS NN IR E JUE LA S y )
(P8 2) FLIRREREAE  (ELPTRERL T RE S0 A it % 3, o
WFBAKT ;6 7, MA R A o E20s /_\ s B
B 1/NIE, 1T 32 ORI B, AR R E 0 \\N X5
AR K 2 K BB T R AR sz © s
(FRES & M WA b A R e ARG 3 5 6 A

Ve, LR 1 OO RE M A 2 W ) 2 5 d /M 38

A KR P CHCRE Rl M | A K R } ERFASEENLRRRAKE

Y EST N e e AR S E Fig.2. Air temperature and soil gravimetric water content in the

A, AP ERJ FE BPoR  h s  b yi  5e

T A 1A 83.10% (3 2) , BT LAV A Ik /IS b s BB B /e TS 7E 7 B TR A
T, ARG, e A R B b, 88 H Ay B/ T ) phMCBORE b 5 M | i
TR MM A IR G 61.74%  BETE A W b T R B AR S R R e | B AR i 1E 8 H A FI K
DN E 8 HEBF /KA 2, PRI F P CHORE M, E 2 W B 8 59 A, 1 H ke K S A
JRHEIRE S W A AR R R PR AP R 2 25 T 8 MG 8 1 Akl G A e B
I, S AR AE O HKEIR A ;10 H L IRIEFEEIE KB RAE, s K B Wi 3 4 1/ i
N 3)

S H .7 4.9 A 10 A SRS REH M 2R Y BT [ AR, 8 3 FT rhBCHORE S 5 T
RAPTREHL 6 H BT REMI2E SR 25 B VRE M b A K ZR N« IR 4PRE b ( (237.40£50.49) ¢/
m?) 83K T ORI ((165.9647.55) g/m*) (P<0.01) . [ BBCHORAL SR 2547 M b 4 4y ik
WA, 0 G5 I 2yt o R 0 L B
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Table 2 The percent of aboveground biomass of A. ordosica accounting for aboveground biomass of communities in two plots

B 5H 6 H 7H 8 H 9H 104 T
Plot May June July August September October Average
el BB Enclosed plot 90.15+1.05a 88.73+1.72a 86.90+1.44a 81.92+2.30a 80.7126.78a 70.16+5.09a 83.10£7.35a
R Grazed plot 69.98+0.09b 55.69+0.12h  65.89+0.02b 66.21+0.06b 53.42+0.03b 59.26+0.05b 61.74+6.59 b

[RIZIAS [F] 7B 8 7 25 5 B 3 ( P<0.05)

2.3 [FEAEAGHE T YR

BB ORI T AR Wi 5 A3 8 A —ELAE FRECIEN4) ,9 A I BUNMER, 10 A AR A il iR
Hodt R AN 5 A B 7 AAETRRRIRAS, 8 H ORIESE N, A8 Z= 15 ok, 9 A # T A 3R, 10 A XA
AMEHE BB R R T AR R fe R (B BUAE 5 O, de/ M H B[] -5 M A i fe /M H B (] —
B A A ECRORE s R e AR W RO (R R/ ML BRI I AR TR

[
[
(=]

< 330 —— [EE R e B BB ;E\ —— [ ER PR

B 30 2 180 -5 [ HHCORE
gé 260 ﬂ%“_g 140

5 H 3
ﬁ@ 200 %g 100
3 140 ®:

2 50 N

z 4

§ 20 A 20

5 6 7 8 9 10 5 6 7 8 9 10
H 4 Month H 4% Month
B3 mAEMERSHEEM FEYE 4 FOHEMEKSHEMTENE

Fig.3 Aboveground biomass of communities in the growing Fig.4 Belowground biomass of communities in the growing

season in two plots season in two plots

7 1.9 H EE ORI A KT A R BCRRE L, R A A 2 AR B M N A
AR BE BB RERL ((113.36+34.22) ¢/m”) B3 KT H HCHRE b ( (73.37+27.35) ¢/m’) (P<0.05)
Pl (- PR 3 75 T A i o5 RV M R A o 98.71% , 1 P T APARE M 3t 5 M T AR e o5 VR O T R
Yt 89.94% (% 3) . H AT BN E F g i T 84 Py s BEAL, WA AR T A S R B
I HBIE N

x3 BIHMERTHEHTEYELHERMTENENLLGH/ %
Table 3 The percent of belowground biomass of A. ordosica accounting for belowground biomass of communities in two plots

Pt 5H 6H 7H 8 H 9H 10 H FIME
Plot May June July August September October Average

FIEH AP Enclosed plot - 99.70£0.05a  99.20+0.16a  97.98+0.39a  97.69x0.39a  98.29x0.59a  100.00£0.00a  98.71+0.96 a
FI OB M Grazed plot 96.57+0.01b  87.53x0.07b  86.91£0.03b  90.84x0.02h  85.49+0.02b  92.32+0.03b  89.94x4.13b

[FIZAR R Bk /R 22 5 8.3 (P<0.05)

2.4 [l RO B R IR A Y

B3t OR AP R R [ E G AORE b 08 7 0 AE i 20 B A AU I 4 (11 S ) |, LB DR e i R - 22, B
P RCRORE s I R A AR e, PSRRI (S BirE 7 AR 10 A, Bw REY EY R AR SR (10 H)
IR, AR AR AR A (7 ) IS/ NRAE, BT LR D2 7 A IR 5 R 3 il
IR B RS A T R4 PSS L2 T G, SEUE Y AR, AR, A s 8 7%
YWt (243.72+76.68) PIE B E KT B ER P FEHL(181.11£19.43) (P<0.05)

http ; //www.ecologica.cn



9 H PR A OO SR 22 0 v D i R e A 0y R - SRR T Y 5 7

2.5 FEIELRRCHOIN 2 B R A o EHRPRE o
IR A B 1 R ik 1 A 28, L Wk A T Ve R S I A BT R (0B ) . RIFIR
ok RREEY S BERR, A TRk 2 Y

g

S
R (8 1) SRREM S T3 R 3 B B A KA M G b, 1 A % : zz
MR AT A i (2 4) DR IHTE IR S B (37.86%) . =%
2.6 [EIEF RN 5 B Mt 2 510

b R 4P M T 3 R BCHCRE M 2 e R T T s s w0

AL JHTE L W R R o R A R A Jifi Month
WA T S A R R B5 AAREKRSHRAZDENE

Hﬂ [7§] 6 E“Jﬁt[j ,Bﬁﬁﬁﬁi&{ﬂﬂ%ﬁ%*ﬁ%&ﬁﬁ%‘ Eé Fig.5 Litter biomass of communities in the growing season in
WHA S AR E TS (E3) 8, 8 1, Al MoPlt
TBCHCRE 3 300 5 7 A RO T2 S 25 R T R PR AP e
HEABZEFARE . WA E RS R B A R 22 57 A 35 (P>0.05) , 709 0 - FRl B 4
FEHL(0.21£0.03) kg/m*, F FHACHOREHL(0.19+0.03) kg/m?,

*4 HENERAEFTEEYH LM THIBRESE %

Table 4 Carbon content of aboveground and belowground parts of A. ordosica and herbs

- b EERSr R RS o b 1753 RS
YiFh Species Y)FP Species
Aboveground part Belowground part Aboveground part Belowground part
M7 A.ordosica 44.63+2.05 a 36.10+1.36 b 22 L5 3E 1L chinensis 30.12+3.15 a 32.52+2.88 a
S C. declinatum 37.47+2.30 a 37.38+1.65 a FIVPIE S. pestifer 30.52+1.82 b 38.63+4.23 a
FEVKFE B. dasyphylla 38.50+1.55 a 37.20+£2.10 a /NEE B E. minor 32.45+4.65 b 39.42+3.73 a
T REL S, viridis 34.67£2.91 b 39.47+£2.48 a TS alopecuroides 52.39+£1.69 a 47.05+4.25 b

[FIATAS ) 7Bk e 7R 22 57 i 3 ( P<0.05)

2.7 [EEPREC O ES R A LR B
Haz(4) ((5) 3k 5 Hrg 8 11315 BB R
JOREHL AN [ CRORE D 0—70 em TR 3G HLER %
3904 (2.08+0.41) kg/m?, (2.49+0.36) kg/m?, Hi/MEE
M) 22 AR 8 2 (P>0.05)
2.8 BB RO R - 3 R G
6 ATLIAE Y, BB RE s A ) ER RO v v
A7y - R R T R - R G R 91% .93% A ## Month
AU I R 90% L B iAEAE T e BB P
AT A AT AN, BB EEN s Carban density of plant commanity in owo plot
T RO b R ORI R A R R R 2.29
ke/m*, A HBCBCIE S0 TE R 2.68 kg/m®, PIANFE ML IA] 25 528 3 Fh IR0 Y 85 0 3 ik 2% 5 5% T
AR,

g0 - HRERE o HHR

/(kg/m?)
=
S

TEAIREE TR
Carbon density of plant community

3 Hefngsie

TECBOPE S N B b A 285 R G A R 1) S T B, S S ) b 1 e 1 A T D7 U ek
TR R AR BRI A B S R T YL R BT — 5 AR TS AR A b B T A B S S
— 7 WAL S TR 5 S 2 BN, B b i R A RIS T 402 FEARIUIFTE B P R
YRz T RIE R R . A i ECRORE s R R 2 B0 SR B AR AR 1 DS Pty 6 1) S e 3, O LA AL ol
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£S5 WIHEMITERE TEAIR. IEENRSE

Table 5 Soil bulk density, soil organic matter and soil organic carbon content in two plots

T E T HE LR - B
+J2/em Soil bulk density/ ( g/cm®) Soil organic matter/ ( g/kg) Soil organic carbon/ (g/kg)

Soil depth EHE=R VS e E e £ € G 5 R e F= K 72l =5 VN S € ¢ =5 R E o RS T = A BB 3

Enclosed plot Grazed plot Enclosed plot Grazed plot Enclosed plot Grazed plot

0—s5 1.50+0.02 a 1.50+0.01 a 5.36+0.45 a 5.87+0.94 a 3.11£0.26 a 3.4020.55 a

5—10 1.64£0.05 a 1.52+0.04 b 4.55+0.36 b 5.44+0.84 a 2.64+0.21 b 3.16+0.49 a

10—20 1.55+0.19 a 1.52+0.10 a 4.26+0.37 a 475+2.13 a 2.47+0.21 a 2.76+1.24 a

20—30 1.60+0.05 a 1.51+0.06 b 2.93+1.45 a 3.94x1.21 a 1.70£0.84 a 2.29+0.70 a

30—50 1.56+0.03 a 1.53£0.01 a 2.42+0.25b 3.36+0.66 a 1.40+0.21 a 1.95£0.58 a

50—70 1.50+0.05 a 1.50+0.03 a 3.12+0.54 a 3.65+0.91 a 1.81+0.19 b 2.12+0.26 a

SEIIME Average 1.56+0.06 a 1.51£0.01 a 3.77+1.12 a 4.50+1.02 a 2.18+0.65 a 2.61£0.59 a

R4 [/ — 4R A Rl P R 22 57 .35 (P<0.05)

®6 FMEMER-TBRAGRTE/ (kgym®)

Table 6 Soil carbon density of vegetation-soil system in two plots

F8H5 Index Bl EH R4 4 Enclosed plot A H BB Grazed plot
M BRRZEBE Carbon density of vegetation 0.21+0.03 a 0.1920.03 a
+IERRHEE Carbon density of soil 2.08+0.41 a 2.49+0.36 a
ST Total 2.29+0.24 a 2.68+0.65 a

[RIF7 AN [ 5 R R 2 57 3 (P<0.05)

RN 7 A, — U BEE R BN A B R BE ) BRI A RO i R BERL MR R K
BHE  ORRT P BRI AR P 2T W 2 T A O b A e R T O, AR T 5 v A
R I MR AR R EE T A RO, A RO (U B R R S AR R R B
PR R AR SR b T B ARG LB S 2 BT LAREAE SRR 2 3 e IR Ok
SUERERD, bR T HA B BAT 52 TR0 R R AR AL PR Sb R I T 35 B9 A2 18003 X A A )
AT PR AR AT AR H P B 22— P CRORE M BRI R T s AR T L
REEAE 3ot B X AL ) A S T BT LS80 o AR St i 8 e A o T PR DR R ., 1T 1
HORE L P A Z A AR YR R T BB ORI, R v ) A W R Y R B D R ) Dy b AR I
BRI e R /K 250 T LAGE 6 FR1 R b 0 7 A 0 ek R T CHORE St T E AR BIF S A 2 1 ol JCBORE St 0 7%
Yyt Yy W T B R AP Rl AN () AR 358 O AR Bl 2 A 22 S 0 S 00 s 00 o I A 7 W 4 A 22 S ) T
R ARBIETE TS ) AR A K TR B AR A AR T IR, 76 1 ACBORE AR K TR AR R A A A
ARYRE ERFLNRG , FAR R AR LAY R 0 7Y, B R B | AR 2 A 8D T v
Yy R TR AT a i s i RIS R, R ECBORE Ml R 0 SR R TR R 55 14 R K R
AE T T BEE S 2 A HCHORE s 8 75 ) A i T B B R P M A B RN 2 —

LD A B8R 5 e AGS AR ARE , BT LA A T e e A A 1 52 AT 52 W) AL 14 e 5 e O R
it MBI R BERRAR . AWFTErf B B OO B b S A W R, TITIRRAIR T AE B B 2 B . CHON - 33E AL
B R AE BRI, FRT WS S B 1 OC 3 , JU U AE AN [A] X (B2 LR T | AR IR
RSB RS ) RIARA— B G 55 B OO 5 498 0 52 00 R 6 A5 /N5 e B CHOH b 35
AR S AU 200 iy R o R R Y R PRI ST R B e B T A AR B SRR R
GUEAET AR A SR L b R 127 0 A IR P TSN 2 v S 2R b R Y5 M R AU e T
o BCBCHS AR - SR U O A R AR Tk R T DA 5 B b - AT ALK B
TS AR S BB ORI B RO T 1 P CRORE M, SRR BRI/ T 1 BRI
BRI R 2.29 ke/m®, FHHCBGH S FE IR BE D 2.68 kg/m” , PR ML E] 22 57 A S 2 i A
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