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Carbon mineralization potential in soils under different degraded sandy land
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Engineering Research Institute, CAS s Lanzhou, 730000, China). Acta Ecologica Sinica,2004,24(2) :372~378.

Abstract: The mineralization of soil organic C is an important process regulating the functioning of natural and managed
ecosystems. It controls the fluxes of the soil nutrients. In nutrient-poor sandy land ecosystem, the nutrient turnover and the
energy transfer between plants and soils depends in large part on the input of litter and its mineralization in the soil.
Information on sandy soil C mineralization and its response to a changing environment is therefore required for better
understanding of biological feedback of desertification and the mechanism of vegetation restoration in terms of C cycling.

In this paper. we measured the potential of organic carbon mineralization in four different sandy habitats (shifting, semi-
fixed, fixed sand dune and interdunal lowland) and the effects of litter addition from shrubs and annual plants on soil microbial
respiration using a laboratory soil incubation experiment. Soil samples were collected from two locations: beneath and outside
the canopies of shrub in each habitat. Soils were incubated for 33 days with and without litter addition. The results showed
that the differences in C mineralization of soils among habitats correlated with the vegetation cover, litter accumulation, and
soil structure, organic C and N contents. With the habitat transformation from the fixed sand land to the shifting sand land, 91
percent of soil organic C was lost. Soil microbial respiration in the shifting sand dune was only 8. 6% ~10. 3% of that in fixed
sand dune. This suggested that desertification strongly depleted both bulk of soil organic C and soil labile C pool. Soils
amended with Caragana microphylla litter and annual plant litter had the greatest and the lowest microbial respiration,
respectively. This might be in part attributed to the N contents and C/N ratios in litters. Caragana microphylla and Artemisia
halodendron which distributed widely in Horqin sandy land played an important role not only in fixing mobile sand dune,
reducing the intensity and extent of wind erosion, but also in maintaining and improving soil fertility. Shrubs created ’fertile
island’ with larger organic C and nutrients and microbial activity under their canopies, and therefore, contributed significantly

to C sequestration.
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Table 1 Characteristics of soils in different habitats (Means+SD, n=23)
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Table 3 Amount of CO,-C released from the decomposition of different litters (% of added C)

()
Incubation periods C. microphylla A. halodendron Annual forbs
CO,-C 09 416+59 309497 259499
Amount of CO,-C released from litter (pg g 1) 9~33 237+61 261452 2514+49
0~33 6544104 570144 510+128
CO,-C /  CO,-C (€7D 0~9 73+11 70411 66+12
9% of total amount of CO,-C (%) 9~33 54+24 61+18 60+20
0~33 65416 65415 63+15
C 0~9 8.3+1.2a 6.2+1.9b 5.242.0b
Decomposed amount of litter C (mg C) 9~33 4.8+1.2 5.2+1.0 5.0+£1.0
0~33 13.1+2.1a 11.44+2.9a 10.242.6b
( C %) 0~9 40.145.6 31.3+9.8 27.0+10.3
Decomposed rate (% of added C) 9~33 22.84+5.9 26.445.2 26.1£5.1
0~33 62.9+10 57.7+14.4 53.0+13.3
3.2
s . . ‘pH‘ F6.8N11,19T°
s [20]c
s s [19] s [8.21]o
) SOC C 3A), ( 8456~
99%), SOC o , (CO,-C pg g 'SOC)



8,9,21 s
, , ) ’
’ ’ . ( 3B, ,
b N s .
3]
o b N N
1) . s )
7 o
6 L »~0038x+ 04587 A E 200 B
g 2= 0, E
g 5 R2=09113 B 10 .
gT W o ® ]
k= 4 = = *
im:_a: 53 /(_,_.————.—'—
w2 22
HY 2 2 5le ¥= 17.65In(x) + 46.03
§ 1 05 R =0.4374
0 1 L 1 1 1 | ‘E 0 | | | | L |
&

9 30 60 90 120 150 180 0 30 60 90 120 150 180
FhEYRE & Silt + clay (grkg)

3 C (A) C B

Fig. 3 Relationship between soil organic C content(A) and total C release and soil silt+clay content (g kg™ 1) for sandy soils(B)

3.3
\C/N ’ /N fo~s] o
S . C/N L
C 1, 2, , 1
s C/N o CO,-C
b 33 b A
3 , 2]
3.4
EZSJu ~
13,15,17] A
[26] s 27l ’ °
’ ¢ ’
N N pH . ° . . ¢
’ . 1 .1

References :

[1] Santa Regina I and Tarazona T. Nutrient return on the soil through litterfall and throughfall under beech and pines stands of Sierra de la
Demanda, Spain. Arid Soil Res. Rehab. ., 2000, 14 239~252.

[ 2] Johnson D W. Role of carbon in the cycling of other nutrients in forested ecosystems. In: MeFee W W and Kelly J J,eds. Carbon Forms
and Functions in Forest Soils. SSSA, Madison, WI. , 1995. 299~328.

[ 3] Nuez S, Martinez-Yrizar A, Barquez A, et al. Carbon mineralization in the southern Sonoran desert. Acta Oecologica, 2001, 22; 269~
276.

[ 4] Saggar S, Yeates G W and Sheperd T G. Cultivation effects on soil biological properties, microfauna and organic matter dynamics in
Eutric Gleysol and Gleyic Luvisol soils in New Zealand. Soil Tillage Res. , 2001, 58: 55~68.

[5] Coté L, Brown S, Paré D, et al. Dynamics of carbon and nitrogen mineralization in relation to stand type, stand age and soil texture in

the boreal mixedwood. So:il Biol. Bioch. , 2000, 32: 1079~1090.



378 24

[ 6] Melillo ] M, Aber J D, Muratore J. M. Nitrogen and lignin control of hardwood leaf litter decomposition dynamics. Ecology. 1982, 63:
621~626.

[ 7] Yang Y S, Chen G S,Guo ] F, et al. Litter decomposition and nutrient release in a mixed forest of Cunninghamia Lanceolata and
T'soongiodendron Odorum. Acta Phytoecologica Sinicas 2002, 26(3): 275~282.

[ 8] Garcia C, Hernandez T. Organic matter in bare soils of the Mediterranean region with a semiarid climate. Arid Soil Res. Rehab. , 1996,
10: 31~41.

[ 91 Parton W J, Schimel DS, Cole C V, et al. Analysis of factors controlling soil organic matter levels in Great Plains grasslands. Soil Sci.
Soc. Am. J., 1987, 51: 1173~1179.

[10] Huang Y, Liu S L, Shen Q R, ez al. Influence of environmental factors on the decomposition of organic carbon in agricultural soils.
Chinese Journal of Applied Ecology, 2002, 13(6): 709~714.

[11] Kirschbaum M U F. The temperature dependence of soil organic matter decomposition. and the effect of global warming on soil organic
C storage. Soil Biol. Bioch., 1995, 27: 753~760.

[12] wvan der Lingden A M A, van Veen ] A, Frissel M J. Moldeling soil organic matter levels after long-term applications of crop residues,
and farmyard and green manures. Plant and Soil, 1987, 101: 21~28.

[13] Schlesinger W H. On the spatial pattern of soil nutrients in desert ecosystem. Ecology, 1996, 77(2): 364~374.

[14] Schlesinger W H, Reynolds JF, Cunningham G L, ez a/. Biological feedbacks in global desertification. Science, 1990, 247 1043~1048.

[15] Su Y Z. Zhao H L, Zhang T H. Influencing mechanism of several shrubs and subshrubs on soil fertility in Horgin sandy land. Chinese
Journal of Applied Ecology, 2002, 13(7): 802~806.

[16] Institute of Soil Sciences, Chinese Academy of Sciences. Physical and Chemical Analysis Methods of Soils. Shanghai: Shanghai Science
Technology Press, 1978. 7~59.

[17] Wezel A, Rajot J L, Herbrig C. Influence of shrubs on soil characteristics and their function in Sahelian agro-ecosystems in semi-arid
Niger. J. Arid Environ. , 2000, 44: 383~398.

[18] Gallardo A, Schlesinger W H. Carbon and nitrogen limitation of soil microbial biomass in desert ecosystems. Biogeochemistry, 1992, 18:
1~17.

[19] Lin Z P, Lin X X. Characteristics of organic materials decomposition in infertile red soils. Acta Ecologica Sinica, 2002, 22(8): 1224~
1230.

[20] Mazzarino M J, Oliva L, Abril A, et al. Factors affecting nitrogen dynamics in a semiarid woodland (Dry Chaco, Argentina). Plant and
Soil, 1991, 138: 85~98.

[21] Christensen B T. Physical fractionation of soil organic matter in primay particle size and density separates. . Adv. Soil Science, 1992, 1~
90.

[22] Iyamuremye F, Gewin V, Dick R P, ez al. Carbon, nitrogen and phosphorus mineralization potential of native agroforestry plant residues
in soils of Senegal. Arid Soil Res. Rehab. ,2000, 14: 359~371.

[23] Taylor BR. Parkison D, Parsons W F ]J. Nitrogen and lignin content as predictor of litter decay rates: a microcosm test. Ecology. 1989,
70: 97~104.

[24] Lal R. Carbon sequestration in drylands. Annals of Arid Zone, 2000,39: 1~10.

[25] Halvorson J J, Smith J L., Bolton H, ez al. Defining resource islands using multiple variables and geostatistics. Soil Sci. Soc. Am. J. .
1995, 59: 1476~1487.

[26] Garner W, Steinberger Y. A proposed mechanism for the formation of “fertile island” in the desert ecosystem. J. Arid Environ. , 1989,
16: 257~262.

[27] Aguilera L E, Gutiérrez ] R, Meserve P L. Variations in soil microorganisms and nutrients underneath and outside the canopy of Adesmia

bedwellii (Papilionaceae) shrubs in arid coastal Chile following drought and above average rainfall. J. Arid Environ. . 1999, 42 61~70.

[7] . . .o . . 2002, 26(3): 275~282.
[10] . . .o . , 2002, 13(6): 709~714.

[15] . . . . , 2002, 13(7): 802~806.
[16] . . : . 1978. 7~59.

[19] s . . 2002, 22(8): 1224~1230.



