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Spatial distribution of carbon density in grassland vegetation of the Loess Plateau

of China
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Abstract; Grassland is an important and terrestrial ecosystem and one of the most widely distributed ecosystems in the
world. In the context of climate change, grassland has a significant impact on global carbon source /sink dynamics and
carbon cycling. The focus of the present study was the grassland vegetation of the Loess Plateau. We analyzed the effects of
natural and degraded grassland grazing pre- and post-prohibition to combine the policy of returning farmland to forest or
grassland and grazing prohibition. Using multi-point transect surveys and long-term fixed monitoring sites, plant
distribution, leaf litter, and distribution and zonation of below ground carbon density of different types of grassland in the

Loess Plateau were recorded. The temporal-spatial variability of biomass and carbon density with respect to the altitudinal
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and precipitation gradient was studied in several degraded grasslands and an enclosed grassland. The main driving factors of
carbon density change and mechanisms underlying the distribution pattern of carbon density were also analyzed. The results
indicated that the biomass and carbon density showed a tendency to exponentially increase with precipitation amount, and
also significantly decrease with altitude from northwest to southeast in the degraded grassland, early enclosed grassland and
enclosed grassland for 11 years among four types of grasslands. There was a significant linear relationship between biomass
and carbon density. In each type of grassland, the amount of biomass of above ground and below ground carbon density was
present in the following order: desert steppe< hills typical steppe < plateau steppe < meadow steppe. Carbon density of
plants, leaf litter, and roots in grassland where grazing has been prohibited for 11 years was 7. 066 t/hm” for desert steppe,
8.080 t/hm’ for hilly steppe, 15.319 t/hm’ for plateau steppe and 20. 982 t/hm’ for meadow steppe, which were 14. 8
times, 8.33 times, 6.5 times, and 15. 88 times higher than degraded grassland, respectively. Our results demonstrated
that grazing prohibition can not only restore vegetation and increase biomass in the grassland, but also significantly improve
grassland productivity and the potential for carbon sequestration. The arid climate and grassland degradation are critical
factors that influence the biomass and carbon density of grassland. Study of biomass and carbon density change following
grazing prohibition can make an important contribution towards the analysis of the effects of global climate change on

grassland in the Loess Plateau.

Key Words:; the Loess Plateau; natural grassland; carbon density; climate; response
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RIS A B RO 5 3 IR HCT AR A S, X 3281175 ) R AR R b AR AL B oA e i e,
g REFP RN S Fh Ry A Q5P (Stipa bungeana ) \ JEAEEF 3 (S. breviflora) . K& (S. grandis) | JEFE VK &
(Aneurolepidium dasystachys ) . 11 5 ( Bothriochloa ischemum ) . Y J& ¥ ( Setaria vi ridis ) . & 72 3 il &
( Clinelymus nutans ) , i 57 . 2R ( Poa sphondylodes ) . K& [ F % ( Cleistogenes squarrosa ) ., [1 % ( Penniset
umcentrasiaticum) . =5 ( Phragmites communis) 133+ ( Calamagrostis epigeios) \FJFT 8 (Artemisia sacrorum) |
¥ B (Artemisia scoparis) \Bi & ( Artemisia scoparia ) V28 ( Artemisia frigida) .\ H B4 ( Thymus mongolicus) .
BEZEW X (Potentilla acaulis ) | —. 54 25 % 5 (P. bifurca) . 3 &3¢ ( Salsola collina) ., Pl /K Z% Jh) 14 4E
( Heteropappus altaicus) \Ji 78 5. ( Mellissit usruthenicus ) ik BLEAK T (Lespedeza davurica) | WA BRMR
(Astragalus melilotoides) K EFE ¥ ( Carex lanceolata) 55 1 AF A I RA | A /DB FEARFIEFEA, W/
M#83 )L( Caragada microphylla ) %,
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Table 1 Sampling distribution of climate and plants

e " ﬁ/l‘l N gg“g \/b/#‘?El .
STy ik Fe i R A
Grassland tvpes Area Altitude Rainfall Mean Asidit
rasstand fypes /(10*hm?) /m /mm temperature/ C iy
FEREF2 [ Desert grassland 630. 00 1250 220 6.5 2.5—3.0
PR EZR T Hilly typical steppe 845.90 1350 450 7.2 2.0—2.5
PYF R FR T Plateau typical steppe 554.33 1560 540 13.5 2.0—2.5
HAEFEEN  Meadow steppe 295.00 2200 630 5.8 1.0—1.5
[1yEL E=yi:d prZs =3 E=N
o %10°Cf,\/m I %ﬁfnfi D@Hji%g
Cumulative Cover Plant density Biomass
Grassland types s )
temperature /% /(B/m*) /(kg/m*)
Pl JF T 2650, 5 26.27 (D4.3+0.85abA @0. 15£0. 04abA
Desert grassland ) 51.62 @12.2+1.55abAB 20.64+0. 11aA
FBE R R 1T 2850, 2 32.5 9.2:1.6abA 0.38+0.21abA
Hilly typical steppe ’ 78.5 18.3+2. labAB 0.98+0. 19aA
Y5 LR e S 2259 7 35.6 11.1%2. 1ab 0.36+0. 16aA
Plateau typical steppe ’ 82.5 24.8+0.75abA 1.02+0.21abA
Ff) L FE IV 1900. 3 37.5 13.4+1.6ab 0.36+0. 11aA
Meadow steppe ’ 85.2 26.5+1.51aA 1.12+0.23abA

INFRE g 25 5 KT (P<0.05) KRFHRE 25 S B KT (P<0.01) s QI @34 11a; 1.5 ML 4l N=66; 1. 7 255
4, N=66; 1. 6 MBI FH N=66; IV .4 MERY FH N=66

2 REHESWERE
2.1 A A iR

RIS ERE T3 ILAS AT (1999 455 A ) M REHh, B 250 AR, 11a 328 (2009 429 ) FEHLALR
TRFEH 3 PR, SRR SR 2 2 LN 3 SRBIFEL (181 1) , FEH /e AT it | e o R o Ji | SR O
LR TR ) R 4 e AR S 40 R XA R — A T EL A A R A S R B RRAE
B b, IR I VT S T K SF-J7 [, 7E 3 ol 78 gt 0 s v, X6 22 A M AR R i 2 AU A g 4 R 1A R b
3 hm?, BESI AL H AR DT 6 U AE AN 1 m x 1 m, RV RETT 132 A S 2E R M & AL T S
10 W, AT 220 A B (R bR A A 4 6 Uk, LI AAE T 132 A g i A A Ty 484 A, [RI A X
N HEATIE A 8 T )RR 2R DU 5 R
2.2 AEYENE

M AR RE A 4 RS RE T N BEDLIZE 1 m x 1m BT, 5 M0 85 BORLRR L 3G AT 43, Bk
W e, SR, e LU BG4 RE ity el 2= P, R A A T 3 S S e e o

2R AR Wy B 5 0 B AR SR ELAR M 9 em MIARES, 45 10 em H—J2 , BFEZ 100 em, W FRFE
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Fig. 1 Sampling picture for grassland survey of Loess Plateau
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SR 0.45/0. 51120 g Rl 2 i B A A DL, ASF 58 430 R P S
2.5 Seitsrdr

XTI 2 ) EE R Excel ARSJS , PRI SPSS 13. 0 ST F-340H bRl 22 R R 3R 5 225007, 0F /N 3 25 5+
% (LSD) T2 LhEs
3 HBRESW
3.1 FHbERAE RS LRI

R 2 3 AN [F) R b S U IR A AR RI BT S 11 (04 B0 1P 2 ffk 285 85 RORT 07 174 Bl 2 AU T AR T
SRLY VR R R R AR B it B (3R 2) AR T (R A R D R AR AR Ay BT A R A R L4
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FAL AR AR/, R 2. 950%10° hm® , 7 B 4 5 I 5 L BV TR 12.69%

http : //www. ecologica. cn



230 A E = 32 &

R2 TRAXRBEMEWHREETL

Table 2 Vegetation carbon storage changes among different types of grassland

- Eﬁm .ME B f e ACarbon storage/ (kg/hm?) geﬁﬁgii
Grassland types Xperiment T V&Y UiiES Hit storage
treatments Living plants Litter Roots Sum /(kg-hm™2a)
pIRL N SEX A 8] 130.2 20.4 303.2 453.8 453.8
Desert grassland SR 10 2 246.3 149.6 1278.6 1674. 5 558.2
A 11a Bl 1634.7 2082.9 3431. 1 7148.7 714.9
T MR R Ji SIEX f X 269.7 43.9 662.0 975.6 975.6
Hilly typical steppe AR S R 713.4 248.9 2646.5 3608. 8 1202.9
2K 11a H 2371.8 3908.2 7225.7 13505.7 1350. 6
TR AR R JE SIEX A 8 401.3 43.3 693.3 1137.9 1137.9
Plateau typical steppe Ep S RIIs ) 1147.2 330.8 1018.9 2496.9 379.3
BB 11a B 3322.9 4571.3 7697.6 15591.8 1559.2
i fi) B EX SN 475.9 87.4 794.0 1357.3 1357.3
Meadow steppe B EER) I R 1312.4 312.9 2320. 1 3945.4 1315. 1
K 11a FiH 4046.2 4803.2 12286.3 21135.7 2113.6

F2 R AN () R b IS R A b 3L ) e i AR AR 22 SRR, BV AR (L BRI AR 11a B> H 25
M >R AR 4 R b IS TR [l i ) A S8 A8 T A Ay e i > IR LR TR > e B L TR > S Y
B X T HABME S R as RA L&

3.2 FHAEY R SRR RS AR SRE

A R AR AR AL, TCIE SRR AL B B AR B R AR 1 1a B B4 2 A N R A
GEHHEIN, A= Py A I B s () AR SRR BV PG AR R AR R AU B B BT (R 2),
HEFRHONK . 4 P R F- YR AL R AR ) i S R AR (b 350k Y=31. 0" " | R* =0. 931 ,N=66; 1}
ARPIHAZE L Y=33. 7™ R*=0.961,N=66;E2% 11a HiHh Y=187. 6™ R*=0.933 ,N=66,
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Fig.2 Spatial distribution of above-ground biomass and rainfall among different type of gassland
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g/m’ EEEIAR (220.71+54.5) g/m’, E12E 11a 4 (456.57+72.6) g/m”, 3l 2B AL F LAY 1. 87 fi5 A0
3. 86 1% ; GRy R v )5 SR AL B M AR A Ry (182.33+26.3) o/m”  BIZEWIMA N (311.83246.1) g/m®, E%E 11a
H(628.50+36.6) g/m”, 43R F M 1.7 f5 0 3. 45 £ Ffm) 50 FUR AL B b AR W h hy (198.25+34.3) g/

m? BRI R (399.0+36.2) g/m*, B AK 11a Jy(875.55+44.3) o/m?, 43 2B L FHLAY 2. 01 f5F0 4. 42
5, 4 Fhos b S TR0 A= gy P4 A T 1 T r R 0, IF R AE AR OC I R, ARk 2% S R TR L < e i ML TR R e < 2
Yt LAY R i < R i

MR Y AR A Rl F AR BT AS 11a B 55 0 1 A5 Py i 25 3R 0 Hh R [ A BV 0 ) A

H PGk AR E , B R R S i i 2 LA I 2R R (K 3) . 4 FhE AP 7EiR LB AR R
A SRR R AR M A Y =133, 46" R? = 0. 772, N = 66 ; B AW W H 4 Ky ¥ =258, 6™ R =
0.822 ,N=66; %5 11a Fily Y=449. 2% R*=0.973 ,N=66,
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Fig. 3 Spatial distribution of root biomass (0—100cm) and rainfall
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MBS 11a ly (848.0+56.2) g/m> F1(2988.25+167.2) g/m” B fLFIHL 2. 1 f5H1 7.3 135 ,4 FhE M 2%
KNS Hb E A R AAR T ) SRR R IR A COC R
3.3 GO A )t A TR AR B 1 e

ML 4 W] LAFE H T T AR A 58 0 b 3% (A 0y e 88 8 Bl VAR A A AP TIT AT, 8 R R R P IR DG &R
HEE 11 BTG R YA 3 B SR AR AT RN V= -0. 126x+4. 219 ,R* =0. 7763 ; B A5 w1 A S b Ky . v =
~0.0583x+1.498 ,R*=0. 8861, FHAE 11a fise 8 B AF i B8 5 S fie 55 R 1. 92 v/hm® | 43 51l 2 B 25407 109 o b KGR Ak
Bl 6 %A 12 £ 76 b MR P 505 w0 2. 88 v/hm?, & 3. 2 A3 10. 29 4% ; 76 245 M8 25 5 85 w5 oy 4. 08
vhm® & 3.26 151 8.5 18 fERLf) BE Ui 954 4. 41 vhm® J2 3. 24 f5F01 8. 65 1,

NS Bt TREARR B B b AR R B 2% Bt R B TR AR B (IR BRI . B4 112 FEHIAR R0 2 S5 R R
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BR%EBE Carbon density/(t/hm?)
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Table 3 Litter carbon density of different grassland vegetation types/(t/hm?)

R F AL Eﬂc%ﬁﬂ_ﬁ ﬁ_i%?ﬂ,ﬂ;ﬁﬁlﬂ BB 11a HiH
Grassland types Row of Degeneration Initial enclosed Enclosed 11a
grassland types grassland grassland grassland
SR NS A RE 0.00 0.24+0.06" 3.30+1.85%
Desert grassland SR NEHEAR L 0.04+0.01" 0.10+0.02% 1.50+0. 844
P GRREARR A 0.050. 00 0.12+0. 03" 1.70+1.00%
MRZEARRH 0.03+0.01% 0.11+0.045 1.80+0. 774
AR 0.00 0.15+0.09" 1.70+0. 414
Fr R AR B K INAERFH 0.04+0. 02" 0.18+0.02" 3.20%2.13%
Hilly typical steppe 1 AR 0.04+0.01" 0.1720.06" 2.10+1.18%
MREERELH 0.05+0.01% 0.18+0.06" 4.30+0. 444
RAETRRA 0.00 0.180.24" 4.80+0.96"
FAEIUNEEARL 0.03+0.01% 0.23+0.02% 4.00=+1. 574
A AR 0.06+0.025 0.15+0. 045 4.00+0.914
B JR R 0.05+0.02" 0.17+0.045 4.20+0.95%
TR M BN fRAA AR FLZH 0.06+0.02°¢ 0.28+0.05" 4.75+0. 124
Plateau typical steppe AR 0.08+0.03°¢ 0.270.05" 5.10+0.08*
AN AL 0.05+0. 02" 0.22+0.06" 4.91+0.48"
MR B2 0.03+0.01¢ 0.20+0.04° 4.05+0.06%
B DR R 0.00 0.24+0.08"° 4.00+1.18*
BRI mig 0.03+0.00" 0.12+0. 04" 4.00+0. 984
Ly 5 ) R A R AR U 0.11+0.02¢ 0.35+0.02° 5.55+0.02*
Mountain meadow steppe AR AR 0.10+0.02°¢ 0.34£0.03" 4.15+0.08*
INELYR B2 0.06+0.01°¢ 0.29+0.03" 3.25+0.17%
AR REZH 0.05+0.02°¢ 0.24x0.02" 4.60=0.33"*

INFRE N 2T K (P<0.05) , KRFHRE R 22 Tl i 3 /K- (P<0.01)

4 itig

B R E AR )T RS 2 — VRN AR S R G B N, 25 T 2RI I G
i A e ERE AR TP G B, X = A R N, R R A S R G R IE R A AT
SE TR BB VR S RD B ST T, A EHE AT o, v R B R R B AR D R AAE R 13,5
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B R A A ) ] 24 DR R RSB 58 1 , el ok B O RIS T A M o SRR it o S (ALK

TH ISR, e AR B0 5 P88 VR VP ) e g, GO Ay Al R DA s R 8 JRT L o i) Ji e I i i
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o R B P AU B AR R B 0 5 R 43 8 B AR AR A, P LI AN (] R i R | 52 R i A Bl o AR %2
REPE B I3 R 25 2 5 S0 e e MBI P A A WD S5 Joo Pl DA AN [ 2 TR0 5 245 3R ml LA i, 7
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GERRAE PR rh-tL 23 S AR AR A8 A 5 =2 T e N S 0 s 8 B J SRR g o o e Y A, R R RS M T ARASOK
E 6 S % R iR 4™ 8, RO T AR A BRIRAR | A~ folf B JSURH 8 B2 438 0 8 2 A0 5 DU T 8 8 i 32
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PR L RN DG I GILBE K SR AN N L [R) phe s 19, 45 R A2 IR R Bl T S2AE 0 Rl R AR 1
B B AN IR A 2 5 21 I LA S b B 3 P T F 5 TP AN BB PR 25 P — AN PR 7202 KA 7 4 i
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TR TR A AR RV AR SRR 2 R I, AR T /DR RE R IR R CO, BRI R M AR 25 R TR 21
S, AR TR S AR B B B 3 A I

R A S EHCHOMAT (8 5 4t SRR R, )2 HHEA PSS R CO, e 15 il , S0 4 e 3 v 1Y
TrikZ— R IR eI ik o A1 e A BRI AR R M 5 1 1 SR IR I A P, T (8 et S PP G O
BRI P (AR £ R EUH XA 10 ANEREERN 15 AN BV TR, T LR 2 22 728 1 /il R K
DM IR A A S AN ] DX 3 2 S SRR 35 2% 1, L H R W) B0 et 355 AR ) A ) eI L A 7 0 AR 3R B Ll o
AR AP S I AR I fAT B M A e 28 8 55 45 2 LA VG I E SR R [l HE B S A 53 A1 5t ey PG b 3 5 it ]
IR g LT ) i e SRR | AR S 4 PR T v R 3 R R e B R b L AT SR LA R A

[, e AR 90 A W i A 5 P B R/, B2 5 5 SR TR A XM R A A R e R I 2
RIIZEEAE T  H R A8 Ao i P 5 AR W A AR IR i A2 A 3, fEiB AL ot BRI A i Al 11a
BAS R AR WA R GURCRE B 5 A W A AR 25 SO, (HLAS B S AU 2 73 AL S A F A ] [T | 54
PR AT R T e AR g f i (R 4)

A e i e N ZAAE B i v e s SR R A M AR e KT B e AR 2N AR G R, R — PR
{10 T B HE g 10 AR 45 R0 A5 BHLTE 207 00 5% i ol AR BB 88 20 45 R A IR) 27280 BRI, DL Co, Bt HE S5 Rk
(0, BEAT R AE S RGP AL A B (2 R [ A A7 PR A kst S AT AR AL A 24 PRAIEAT 2 2 5 1 g
J R | R T R 24 B30 VA5 e R A R B (R, R ] 22 T A ] 2 5 ) B R [P AL, O B AL A T 1E 7 3
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A ) Bl A 2 R GERIRAG R A A 2 e ad R AL S S PRI A LR P, 487 X B A R GE R A 7 g B H
3 CO,HEBU SIS KU , 0 M Ik 3K 64 25 R G M RRUR/ Y B [ RR v >0 BLAT B IS X

F4 FREEMEHREBHBRTE
Table 4 Total carbon density of different types of grassland vegetations

B A Lfﬁgﬁﬂfﬂ SEHIBRE E Mean carbon density /(t/hm?) AEIA R .
Grassland types Experiment i L) R S ait Mean carbon density
treatment Living plants litter Roots Sum /(t-hm™a™")

FiE LR I 0.13120.03%  0.040+0.01" 0.306+0.05" 0.477 0.477
Desert grassland I} 0.242+0.03" 0.144+0.03" 1.262+0.07° 1.648 0.549

I 1.656+0. 12* 2.0000. 06** 3.410+0.37* 7.066 0.707
T MR R Ji I 0.270+0.02°¢ 0.045+0. 02" 0.654+0. 11" 0.969 0.969
Hilly typical steppe If 0.713+0.07" 0.180+0. 06" 2.647+0.21° 3.540 0.885

il| 2.333+0.15% 3.800+0. 194 7.300+0.334 8.080 0.808
ZRYJ5 R R I 0.408+0.05¢ 0.050+0.01°¢ 1.947+0. 04" 2.355 2.355
Plateau typical steppe I 1.132+0. 13" 0.222+0.06" 2.813+0.26" 4.167 1.389

| 3.368+0.224 4.468+0.06" 7.483+0. 65" 15.319 1.532
L b ) 5 I 0.473+0.05¢ 0.0800.01°¢ 0.768+0.05* 1.321 1.321
Mountain meadow steppe Il 1.303£0.11" 0.305+0.03" 2.218+0.27" 3.826 1.913

m 4.031+0. 18" 4.388+0.26" 12.563+0. 86" 20.982 2.100

AL B ; I BAS R M 5 10 . 4% 112 5530

5 it

(1) ¥8 A o SRV A i | P g e 0 i S M LR W [ i) B ST AR 11 ROHD, M DA W AR K
HISA 36, 71.45.66.62.85.87.56 g-m7-a”t M A ARG K 4 B8 90. 48 1179, 92,227, 90,298. 83
g-m72-371 o

(2) B2 11a FEHISG RAH DI B FE T S e =i o0 0. 192 t-hm ™ a™' R I A RL oL 1Y 6 1% ; o f i
AR g =500 0. 288 t-hm ™ a™' I AT 3. 2 4% ; Y MR R RO 0. 408 t-hm ™ a™" | JE B 25 7
HL 3. 26 175 ; ) B DRUBR A B e i M 0. 441 t-hm ™ a™ | EEASWI A HLAY 3. 24 15,

(3) B2 11a FEHTE YRR B AT B R R 7535 0. 330 t-hm > a™' | IR L F MR 55 T 65 £ s il
RUEJFIR 0.480 t-hm™a™, LARFL RIS & T 79 £ IR S AU B 5K 0. 510 t-hm ™ a™ | LIRfL R b &5 T
62. 75 15 ; i) B 535 0. 555 t-hm > a™" | IR AL B 55 T 49 %,

(4) FHEE 112 FEHEAGE Y JATEYI AT 0—100 em AR 22 AF T YT 5 B A8 Ak Sy « 55 ) B0 J5 > 0 B 78y
B JE > e g MR e JE S F RS B I

=
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