5538 B 3 W) E &~ £ Eild Vol.38,No.3
2018 4F 2 A ACTA ECOLOGICA SINICA Feb.,2018

DOI: 10.5846/stxb201611222384

RS JE SRR AT IR v JERUR R A B M Y BB AR D WK A RN RO BE (AR Ak A 25 444, 2018,38(3) :1040- 1052.

Su P X, Zhou Z J, Shi R, Xie T T.Variation in basic properties and carbon sequestration capacity of an alpine sod layer along moisture and elevation
gradients. Acta Ecologica Sinica,2018,38(3) :1040-1052.

R E AR S B F135 K 4 R 1 5 B

—Ill—
>Z

~

4
-~
o

w1y /R 1,2, boey 1,2 w12 = 1
AIEEDDT ORRRE 4F R BEE
1 FERFBE PG A SR BRI RE, 22 M 730000

2 i ERFE B2 X R S AR AR S S S 22 730000

FEE o FE RO 2R 5 SR I X SRR T A A T ) LR 32 9 % 2 ORI A S T AR R AR S 40l A = AR SR A B A
TR T SR A R4 L 3 e o A 1 DR A K o e SRR B 0 U2 A A A BT R AR R I TR B ) Y e T
SRR ) R A ) 7K A3 P R AR L DA BTV g L i) I e L O g L AR R v 1 L A A A R R M S
T 1 X R R S TR Rt R 2 A | R 2 RN A LR (SOC) 7 B AOIN A 40T, ELAE T /K4 R R B B T B )2 [
WRAEST . 25, RO R RT3 30em , TR PRIE b R HE R 28 E R /N, SOC 7 B AE 300g/kg VA I ;1B Ak i) 28 8 5, SOC. 7%
W E TN, ANFEBE R HZ SOC % BETE 10—24kg C/m”® Z[0), Bl 4= HEAK 4378 R0 B4 R AT I A AEK 5 vo LU VB A ) R 22 SOC
WP LR R 15% . WFSXAT ) R4 B 2R 1 o 2 K (B 30% , SOC & i Bl 30g/ kg 5 1o FE A 4 R84 2 7R VA PR 3
FAa] (IR AL P AT ST AR, A BB U B R G T [5 5 VHE A fi) F) E  FE F K T R )  ELVEE A A A A
PRI BEREAR ; AR HF T RPLL & R 1 S B PR b Rk AR S ) B, T B2 0k 4 2R Ak, 400 o e g VA A 9 3

KR W R R R R 2 R IR IRt e FEREY A R E R

Variation in basic properties and carbon sequestration capacity of an alpine sod

layer along moisture and elevation gradients
SU Peixi" > ", ZHOU Zijuan" >, SHI Rui'?, XIE Tingting'

1 Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China

2 Key Laboratory of Land Surface Process and Climate Change in Cold and Arid Regions, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract: The alpine sod layer is spongy, tough, and resistant to the shifting surface soil layer formed under natural
vegetation in the alpine cold region. Understanding the ecological functions of this layer is necessary to promote sustainable
methods of grass production and animal husbandry that can restore and protect existing grasslands, and to suggest new
projects to implement these goals. After conducting extensive preliminary investigations regarding the alpine vegetation on
the Zoige Plateau on the Eastern Qinghai-Tibetan Plateau, China, we established community sample plots along the existing
soil moisture gradient; swamp, degraded swamp, swampy meadow, wet meadow, dry meadow, and degraded meadow. We
also established community sample plots along the existing elevation gradient; subalpine meadow, subalpine shrub meadow,
alpine shrub meadow, and alpine meadow. We determined sod layer thickness, bulk density, soil particle composition, and
soil organic carbon (SOC) content in the community plots to compare carbon sequestration capacity along the moisture and

elevation gradients. The results indicated that the average thickness of the sod layer was 30cm. The bulk density of swamp
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soil was the lowest among the communities studied, and the SOC content of swamp soil was greater than 300g/kg. The bulk
density of degraded meadow soil was the highest among the communities studied, and the SOC content of degraded meadow
soil was significantly lower than that of the other communities. The SOC density of the different communities ranged from 10
to 24kg C/m’, and decreased with decreasing soil water availability. Degraded meadow soil had significantly lower SOC
storage in the sod layer. The SOC density of alpine shrub meadow soil was 15% higher than that of alpine meadow soil. The
minimum mass water content needed to maintain a stable sod layer was 30% , and the minimum SOC was 30g/kg. In alpine
vegetation regressive succession, the bulk density and compactness of the sod layer became increased. SOC content,
density, and storage decreased along the soil moisture gradient from swamp to degraded meadow. The higher the gravel
content of swamp soil, the more easily it was degraded. Similarly, the higher the sand content of meadow soil, the more
easily it was degraded. The carbon sequestration capacity of alpine shrub meadows was greater than that of alpine meadows;
however, the productivity of shrub meadows was lower. To maintain sustainable development of grassland production and
protect the carbon sequestration function of the alpine sod layer, it is necessary to prevent degradation of the sod layer and

prevent succession from meadows to shrub meadows.

Key Words: alpine cold region; alpine meadow; surface soil layer; soil organic carbon; carbon density; carbon storage;

alpine vegetation; Zoige Plateau
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Fig.3 Soil particle composition of sod layer in communities along the moisture and elevation gradients
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Fig.4 Soil nutrient content of sod layer in communities along the moisture and elevation gradients
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Fig.5 Soil organic carbon content of sod layer in communities along the moisture and elevation gradients
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Fig.7 Soil organic carbon density and storage of sod layer in communities along the moisture and elevation gradients
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Table 2 Comparison of soil organic carbon content and density of sod layer and surface soil layer with different terms in alpine regions
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Term Depth/cm . carbon density/ References
and type (g/cm™) content/ ( g/kg) .
(kg C/m?)
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+ 2 T 980 = i L IR
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http ; //www.ecologica.cn



1050 JAE = 38 G

- {37 BRI N AT AU & L PRI

ARifs X R . . Organic 2% K
Location Bulk density/ Organic carbon .
Term Depth/cem 8 carbon density/ References
and type (g/cm?) content/ ( g/kg) .
(kg C/m”)

= LB/ 0 L B
Soil layer T b, AR 245 [16]
T2 Tt - BT 2% B30 1L 55 ~
Soil layer P b AR 25-70 [16]
iE ity B /R B3 L 0—30 8.1—8.6 [21]
Soil layer
Tz .

.E T2 1Lk AR 20-75 [16]
Soil layer
L I ) 0—30 1.05 13.6 [27]
Soil layer
R = b T JEE A
Sis AT o 0—30 1.08+0.10 44.1214.4 12.9 [25]
Mattic epipedon layer — Fifd]
1)z . —

L VL I A e TR ) 0—40 1.20+0.09 34.2 15.8+0.4 [22]
Soil layer
T2 SN,

. bR Al R FE i) 0—40 1.46+0.06 19.1 11.2+0.3 [22]
Soil layer
THERZ P i B S €
Soil surface layer B ) 0—20 9-3—11.8 [23]

B2 R %
. IR 0—30 0.26+0.01 312.313.4 21.8 A3
Sod layer P
gk 2
e A5 OR 35 1o S B ) 0—30 0.730.02 109.3+9.8 23.9 A3
Sod layer
B R . o . .
e FOR T R ) 0—30 0.96:0.04 44.5x5.1 12.8 A3
Sod layer
)2 R 5 e R

B ﬁ R R B 0—30 1.17+0.03 30.6+2.8 10.7 AL
Sod layer i ]
)2 R w o R A 8
s AR 0—30 0.92+0.07 63.8+7.9 17.7£0.7 A
Sod layer i fg)
HOH i IR 3 e L
Sod layer ME A 0—30 0.95+0.05 71.0+£6.0 20.3+1.5 AL

A 2, A layer, /& HIEHII R )2, KX R R £ B RURTE, KB 0—25¢m 2N

SOC R4 BRI BUSSER™ L PR R JE SOC K A E IR, SOC Sk [ HH) 43 W) K 5% A4 11
IF3A , Hofi i A2 BOCRE R A B A KAk, DA S A 1 A RTE ShE R R e m ) A
AR P UL X SOC 4 2% R HR F1 8 v] LA 55 S AR fh A 7 i FE i) 0—30em )2/ SOC & &7
KR T E AR BT A R R = R A R SOC FrEER AL E (ES) , IRET
el SOC Hi ARG H R IS 2 SOC 4k, — A HHEIH .

Bt AR 23 BOAE IR T B R A R B BT R B LNV R . A 2 SOC ik B 245¢/
leg, T 8k 7 T BT /R SR 07 L0 b A R 1L ko (36 2) U AT 17 L (B I LR R L) R ) R
2 SOC &k Tlg/ke, = Tl Ffa g 2, LI AR R )2 SOC 2 AN figh & b ) i 1 15%

BT 96k e BRUEE AR 4400—5300m (1455 111 -T5 R B0 BE |, 4K 4950m Ab 85 55 8 85% HU VA 2% )2 30em i [l
M, SOC 4 13.7kg C/m?, ik 5300m FHFHB N 0 B, SOC B REAR/IN(F 2) ™ ARWFFERHL 5
BB T IR ALt b B 80% LA b (55 1), FETEIR 3440—4050m 141 @25 1L -r2 LU 32 T 2 ) R 1k 35 4 fi4 55
HiJ2 SOC % AR, HABTEE AR =, em IR A i B 24k C/m? (B 7). THRAFHE SOC HE S
Vb o FERR A W R A BB FERARIE R BT (R 2) . B (F2), RS R FE R R (0—
30cm F1JZ) SOC B, DXk ah 5 v T T3 A7 /R e BT 7R B r Ly, 7 8 e D AR A B AN 4 v B P 34 (6 5 3.
FEl L a0 e TR R LR Z (A J2) BT M R AR S R G RE A HER b

http ; //www.ecologica.cn



3

TG A E RO R A R AT [ RE 1 K o RO BE AL 1R 1051

TERAE, e 77 6 0 i A0 e FE X R [ V% R 22 SOC %5 FEAE 10—24kg C/m’ Z ], SOC fiff it i 75 = fa) iR 1k
1 SR A7 B B B A AT

£ % 3L ik ( References) :

[ 1] Zheng D. The system of physico-geographical regions of the Qinghai-Xizang ( Tibet) Plateau. Science in China ( Series D) : Earth Sciences, 1996,
39(4): 410-417.

[2] #R, Jesi%, Kk, L, WEm, S8/0ME, Shitsy, 20, 75 s i S0 ) R B A Ty . A= AR, 2010, 30
(23): 6591-6597.

[3] THEERENRMGABHRZ S PESERGDSIHNE. dont: BAHRE, 1994 302-309, 360-376.

[4] JMR. hE&GER®ME. Lo g, 2001; 1-5.

[5] s WmERMAESRGES 2. UaT. B RE:, 2009: 1-40.

[ 6] Schlesinger W H. Evidence from chronosequence studies for a low carbon-storage potential of soils. Nature, 1990, 348(6298) . 232-234.

[ 7] Janzen H H. Carbon cycling in earth systems-a soil science perspective. Agriculture, Ecosystems & Environment, 2004, 104(3): 399-417.

[ 8] Van Groenigen K J, Qi X, Osenberg C W, Luo Y Q, Hungate B A. Faster decomposition under increased atmospheric CO, limits soil carbon
storage. Science, 2014, 344(6183) . 508-509.

[ 9] Post WM, Emanuel W R, Zinke P J, Stangenberger A G. Soil carbon pools and world life zones. Nature, 1982,298(5870) : 156-159.

[10] Song G H, Li L Q, Pan G X, Zhang Q. Topsoil organic carbon storage of China and its loss by cultivation. Biogeochemistry, 2005, 74(1) : 47-62.

[11] Lal R. Soil carbon sequestration to mitigate climate change. Geoderma, 2004, 123(1/2): 1-22.

[12] 5%, 9058, 28, T, 7. KLU TH LR B0t o 28 B ) b A HURR 4L 2 R RUE B A B RS2 R A2 3557 iR, 2011, 31(6)
1506-1514.

[13] Kirschbaum M U F. Will changes in soil organic carbon act as a positive or negative feedback on global warming? Biogeochemistry, 2000, 48(1) .
21-51.

[14] Yang Y H, Fang J Y, Tang Y H, Ji C J, Zheng C Y, He J S, Zhu B. Storage, patterns and controls of soil organic carbon in the Tibetan
grasslands. Global Change Biology, 2008, 14(7) : 1592-1599.

[15]  E3F, 5k, Jrfia. B LLARER R 23 A i B8 5 RIS R LB, 2004, 59(6) - 871-879.

[16] Korner C. Alpine plant life; functional plant ecology of high mountain ecosystems. Berlin; Springer, 2003 9-11, 70-74.

[17]  HEBFECHERYE) WE . PR, Ja. B, 1978 156-158.

(18] dhfiufll, SEM, EHele, 20U, EES M4 5 TN Jbat. S%EE ML, 1990; 226-227.

[19] WuHB, GuoZ T, Peng C H. Distribution and storage of soil organic carbon in China. Global Biogeochemical Cycles, 2003, 17(2) : 1048-1058.

[20] Yang Y H, FangJ Y, Ma W H, Smith P, Mohammat A, Wang S P, Wang W. Soil carbon stock and its changes in northern China’s grasslands
from 1980s to 2000s. Global Change Biology, 2010, 16(11) : 3036-3047.

[21] Hoffmann U, Hoffmann T, Jurasinski G, Glatzel S, Kuhn N J. Assessing the spatial variability of soil organic carbon stocks in an alpine setting
(Grindelwald, Swiss Alps). Geoderma, 2014, 232-234. 270-283.

[22] whilid, B)R, BAME, ks, LR, AN, 20, B, . TR R e R A A R RS RRIIC I . AR, 2011, 31
(24) . 7408-7417.

[23] MMl 250, TARIR, Tk, 2848, R5t, XA, Pl S8 5L fy) LA AL be XA R R X SRR BE AN, b E B~ E 4z, 2014,
36(6): 12-17.

[24]) W T, BREAGE, B4R, RIIE, JAAF-. T b e LAk A 5 % A 32l 2008, 45(5) : 933-942.

[25] kiR, &R, BSET, SURR, BB 2. 5 T8 R B () KO- IR - S R SRR R Ak i M R AR R, AR A R, 2003, 23(4):
627-634.

[26] Ohtsuka T, Hirota M, Zhang X Z, Shimono A, Senga Y, Du M G, Yonemura S, Kawashima S, Tang Y H. Soil organic carbon pools in alpine to
nival zones along an altitudinal gradient (4400-5300 m) on the Tibetan Plateau. Polar Science, 2008, 2(4) . 277-285.

[27]  XVHEW, AROE, skikfl, AE T, 4RLIRE, S8V, BREHZEL, &) R BoscEs 1 BoR (e B o o J€ 0 fa) 1 MEA HLER i ma. Fill Rk
2016, 33(1): 11-18.

[28] Vepraskas M J. Plant response mechanisms to soil compaction//Wilkinson R E, ed. Plant environment interaction. New York: Marcel Dekker Inc.,
1994 263-287.

[29] RARG. rhIE LA HLER A TCHUBR B 5T. BHSGEH, 1999, 15(5) : 330-332.

[30] Cheddadi R, Guiot J, Jolly D. The Mediterranean vegetation : what if the atmospheric CO,increased? Landscape Ecology, 2001, 16(7) : 667-675.

http ; //www.ecologica.cn



1052 A E = 38 G

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Mi N, Wang S Q, LiuJ Y, Yu G R, Zhang W J, Jobbagy E. Soil inorganic carbon storage pattern in China. Global Change Biology, 2008, 14
(10) : 2380-2387.

FAERS, AR, s, PhNEERT. AHOse i DX B i ) O o 350 - 3O 20 4378 A B R -3 & BSR4, 2008,
32(3): 601-610.

He N P, Wu L, Wang Y S, Han X G. Changes in carbon and nitrogen in soil particle-size fractions along a grassland restoration chronosequence in
northern China. Geoderma, 2009, 150(3/4) : 302-308.

Yang R M, Zhang G L, Yang F, Zhi J J, Yang F, Liu F, Zhao Y G, Li D C. Precise estimation of soil organic carbon stocks in the northeast
Tibetan Plateau. Scientific Reports, 2016, 6. 21842, doi: 10.1038/srep21842.

Xiao H L. Climate change in relation to soil organic matter. Soil and Environmental Sciences, 1999, 8(4) : 300-304.

Davidson E A, Trumbore S E, Amundson R. Biogeochemistry: soil warming and organic carbon content. Nature, 2000, 408(6814) : 789-790.
Prietzel J, Zimmermann L, Schubert A, Christophel D. Organic matter losses in German Alps forest soils since the 1970s most likely caused by
warming. Nature Geoscience, 2016, 9(7) : 543-548.

RIKHE, W, AN, M, A AR, S, SR, BOHT 4. T Ja G e R i) il S AR et R R 43 B X A e TR e
5. Blagidl, 2015, 60(4) . 379-388.

Brantley S T, Young D R. Shrub expansion stimulates soil C and N storage along a coastal soil chronosequence. Global Change Biology, 2010, 16

(7): 2052-2061.

http ; //www.ecologica.cn



