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Soil quality: concept, indicators and its assessment
LIU Zhan-Feng, FU Bo-Jie" , LIU Guo-Hua, ZHU Yong-Guan  (Key Laboratory of System Ecology , Research Center for Eeo-Environmental
Sciences , Chinese Academy of Sciences , Beijing 100085, China) . Acta Ecologica Sinica ,2006,26(3) ;901 ~ 913
Abstract; As one of the vital natural resources, soil plays an important role in producing food and fiber for human beings,
maintaining the terrestrial ecosystems and serving as a medium for plant growth, a sink for heat, water, and chemicals, a filter for
water, and a biological medium for the decomposition of wastes. By interacting intimately with water, air, and plants, soil can
buffer environmental fluctuations and regulate many ecological processes that control water and air quality and promote plant
growth. The concept of soil quality defined as the capacity of a specific kind of soil to function, within natural or managed
ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality and support human
health and habitation. It was introduced to facilitate soil research by understanding soils more completely and by assisting the
decisionmaking in the use and allocation of labor, energy, fiscal, and other inputs during the procedure of agricultural
production. Consequently, soil quality provides a useful and universal concept for educating professionals, producers, and the
public about the importance of soils. It also can be used to assess the impacts of management practices and land uses on soils.
Basically, soil quality is comprised of soil physical, chemical, and biological properties. So it is necessary to develop soil

quality indicators which describe soil functions in natural and agro-ecosystems: promoting plant growth, protecting watersheds by
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partitioning and regulating precipitation and preventing air and water pollution. Monitoring the changes in soil quality indicators
can provide useful information on the dynamics and trends of soil quality. Many soil attributes could serve as indicators of soil
quality. However, they are often highly correlated, making it difficult interpret the significance of changes in selected soil quality
indicators. And also the scale problem should be taken into account. Indicators can be adjusted to match the scale of assessment
or can be expanded to larger scales using various statistical procedures. A minimum data set ( MDS) consisting of a set of soil
attributes including soil chemical, physical and biological properties are selected to assess soil quality. The fitness of indicators
used for soil quality assessment varies spatially depending on land types or land use, soil function and soil forming factors.
Different land-use types may require adjusted critical limits and target values of certain soil functions, and require certain
additional indicators for specific assessment. Various approaches, such as multiple-variable indicator kring ( MVIK) method,
integrated scoring method, dynamics method, and relative quality method, have been used to assess soil quality.

Ecologically incompatible human land-use and management practices such as deforestation and soil fertility depletion,
cultivation, and land conversion, have greatly altered the global biogeochemical cycles and the dynamics of soil characteristics.
Worldwide concern about soil degradation has been given, since it greatly threatened the soil resources on which humans live.
Based on the discussion of basic concepts, we synthesized the research advances in the impact of land use changes on soil
physical, chemical and biological quality. The problems needed to be solved in soil quality research and key issues for future
studies were then analyzed. Much attention should be paid on soil quality indicator and assessment method, mechanism of soil
quality change, scaling issue, and the practices of soil quality maintenance in the future studies.

Key words : soil quality; soil quality indicator; soil quality assessment; land use change
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FRAFIG L ERENEWALE M DARBENARLAMNATAT LRRBEEREER . BW UM
TRFER G L HAMATRXRE S, FEREE R F A A TERSE L 5B R 0 SR B B9 .
B AEMESHEHBEEE L ERBBIAKL™  ZHFEHALERREE T KEGLNE s # LT 5
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MAFHLERM LRSS pH EMTWMEFEBSHT T 0, W8T AR L F) H 77 L5t - 8RB R W, 3
HTARLHFBETYATHLIRAEE. SRRV LA FERESRPERER TR L3R 28 E 1%
FEREFMEEAR™ . ARSEH L RE/NRBR SR A 250 /58 B M 1L A pkoit 2R B bkt
AR L MR O RER L, AR L FH 7 AFMEERERB N R R REARK R HB
REBZMRBBREE N LRENATE, RRIEFRE AR BERERFERIREEFFIEL
BB MANE B RAE S SISMER B — SRR B LA IE £ . 2% DA BR AL R BOR S BT
RXR,AAFEGEN L BEBROEWHTTHR, ERRAANTHEBHEISERAERET LERE,
A AR s Pl FL o5 AR SRR, LR B ER R, ZFETANRBR L RAERE I BE,H
BRI RGBT TR, BEREHATRRECLERETH 6 B | FEFEHI + %
BAKER, AREREA RREGELEEAN LM IE FAMED L HOIE S ;6 HESLEET
“9 + BB + BEEEHAN LB SBEES . NBLEHRT HLHERBL REA TR LR
MR . ARRAMEALRN LRSS ENRBARAHY , BEARAKERBTREEAR . BHHAT
HRESHBERAHABES . RESEIMAMNENFESHBR L ROAEDT EREZH, 0L E
JR ¥ 9K 86 BE FOA A O 20 A B R B R R, R M B K A R R O =, B R At
MEMS HAREE TN DEEAERBT A5 EE, MEATERMER, THEAERTARR, BT R, .
PR T R AW, OB AR 4, KRR R R RO 4, 5 TR B IUR R R4 & B B>, pH HFH R, LA
b, + 38 B R R B R A B AR,

4.2 MNTREYFEKEW

+ R ARG BB X L A P A B A, R L A BRI 4> i o Ruess F1 Seagle!™ B
FTHREW Serengeti b X HIEMAEYHBHENER HREREEZH, TR NHAEDIRHRERRE
5 Serengeti X FHENBENMX, LEHBAEYVIBREREDIYRNHRAMBRENRUEREDHERX, +
ks BEMOEDHRR RO MEYRESENRBANSTETAX L REEDEYREREYE
HHB RN,

TR BN ENERERM O A RE, Uckan 1 Okur™ Xt 3 i F1 23 + H P AW AW B
BETE R M ARAEST T RAMR, RO TARRENR A L RHMEYEYR TP ERNEQBEEE
REFE, Singh FMETHEY CNPEMMTEFR L WHFFH L. Ross™ 7EH 78 25 B 5 H 0 70
FIFHPHGHRRA LIRSS LR EYEYRZ B E AN, oK FIR B &8s & %R
EYEYRFHRET R, Arunachalam % 78 B 3 7R 16 H0 T2 2 HF AR A BRI 5T T ARBR K /N A 1 34 % £ 18
MY EYBSHH I, SRRY, T3 YRR E B SRR 8N AW BB E; EWE, i
FHYMFIWESTRRHE T L HHEDTHAR IR, Co Ny P WEBAE, KANE R C,. N P,
5+ MBAKRZ FAAEMITOMAEN . Yan £ 5 7 P E =it K + 3 R R LT L WA w4 B
MBI . SHBAH, BB DR MEAS TR LR EDEDBRTHORS T REAURNE S
LA R 4 15 BR T MR-/ bkt , Bk b ot R R 2K B B39 & AR W8k C/C B Z B A B
EMKH . Sharma U 7N & Mamlay WIRHAT I & S, B A5 28 9 2l I 0 F FE M BT, BB S 3 1
RREYHHBEL , HPMBBEE NS IFBHAEYEYE NBLT 8%, R WEYR CRLT
% MEVENRE PHAT 71%. Filser 7 R4 45 40 508 #0583 4 45 4 B E (integrated farming) A L8t g
1k (organic farming) B3y FIORBF 30 /5 R B, IR 7 B 4h AR MO MR TE B A L R T 0 i 36 28 | FR#
HH) Collembola ¥ 5 B W% P, Protaphorura armata 1 Lepidocyrtus cyaneus TE FF 47 4 # F) B 26 B b 18 22 0 2 19
## o Powlson B HFSTR B2t 18a IR FFAE H, T SEBUE AW BN T 50% , B2 41874 VL 2] + 3%
AL B, Porl i % R Rk M A (BIOLOG) K B BR BE IS B B2 (PLFA) B2, BR3Y T 8 M s A ¥y
HENESHEENEHEEE, R FESXALBAATACEELHMEINSREE. RRRVE
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PLFA B SWMAY AR R B MR, K0 £ b HUAE Y &2 5IR 8 R R L H R, BIUE IR % MR
WAYIRESHERD, REMSHRT LA A 2R WM AW AYE CN.P W B W, &5+ A Xt
TRMEVEYER CRERMAR, C. EBKMKRBERMR, it ZKE MEEARKRERK 2, EhARE
B, tHARATEELANENRAMBRRER C,.o N SHEFHERAMBEREEFEH X, 4 F
FR Xt L B B R AR X N

Parkin! "/ 4538 T SHUAEMAME R BIEX N AR, EHFEIT T EREEMRERES A REKF L
ERHERNTRAREA T, SEBFTEARRE LRE, BT NHARE SRRE KEZENRE
MXERE, TRBEYSBRERARELWERCLEFRES RS DBRESREME AR 5P
. ERENMRELERNERETOE L RRE(FH RLEE FIURSE pHEMFESRR).
MM A HHEBRE L ERMOEREFORESEETF R R A8 50 55 MR,
5 TMERHARRY

THBEEENMEFESHME AN RBLWE A A RUHESENEESEAZ Y E, TiE®
Site EFMEREX. U FEREPIEERE, B 4T LREREFENHREIEETELNFRE
BARWOHEMDN L RFAR PN BER FEAMERER LRRBEANER L HFREHE LN ST
MERMNREFE "7, RELYTMTER L ERBEHRNBEFT AR, SAREOLFREE, FX LK
"SI MR LA T JLAFE

(M R|FEEHEF SN TE FRRERREE, FEMARRNERNERRNHEF. SREREE
KREREBHEGRHATARS RNREFE M CELRRKBEREEFUBH R FHFREN R BBYE,
Malcom Ewen''™ M\ BE B3 % f 0 L R B AT T SF 0 E B TiES H A S 0 B B BR R M + 1
FRE,A#E BN LRI IEARHEIT T MR TE, A, Steinborn & Svirezhev'"™ M #4372 £ B
R ERUFER BRI TRIVAESRENTIREN, WRATHELEFREFN HE N 20 AR,

Q)T REBRBAMRERG IR FRERRAEAVNE SN SHEE, BEAEHBMARAEWL 18
FREM L REAEYFRZEHEIKRRREAEN RO, BT LHMAELS L EBEDSREEZ M
B9SR 7 , MR 38 7 3 ) P 2 A 3 - SR B 2 o A L A AL 5 3 3B 0 3t B 49K 5 X0 - 34 B O A
UE LM RFREMARAEENE XL,

GIRERBHHR RERZRBRAEN L REREFINHREEN — B, RE 4N 7S B M
AR R+ AR P . PRAKBNERRPH— P HAAR DI, KE—-IEEXERE, BT
AE Ok ARES EYEKBRAEMEFUSE LB R RIEIRNRER, IUNEERRBREER,
BB A A X A Ak B SRR B () PR RE T I RE R AR AR AL A 38 B A 1R R PR . 3K A B OR 7 M R4 R+ R AR E B
1838 o A 72 A B 2 P RUR) A b SRR AE B B ) A SR DR 3R TR, M AMB B A A AR U A 3
AL EM BT . BHERNTR AR RE R 2 B R B R . 7 + 3R BT H b s B B s 8RB AR
IR R AR R AN E AN EARE LY R,

MHEHEFERIFERBHEREHEXEREAMNT TENHABRANRTYE, CEVYR MEY BR
FUY KT EHMEFENESEYHELIRNES. RELHRBLAY BRELBEH S HEEHR, FEET
FERRE RIS R T #ME R R AR RS K 4R R | 35 2 Wl B 18] 55 7 B s e = AR
FUERNLERBRERE N E,

References:

[ 1] Smith]JL, Halvorson]JJ, Papendick R I. Using multiple-variable indicators Kriging for evaluating soil quality. Soil Sci. Soc. Am. J., 1993, 57:743 -
749.

[ 2] Doran]J W, Parkin T B. Defining and assessing soil quality, In: Doran ] W, Coleman D C, Bezdicek D F, et al.eds. Defining soil quality for a
sustainable environment. SSSA Spec. Publ. 35, Am. Soc. Agron., Madison, WI, 1994. 3 ~21.


http://www.cqvip.com

(1 [ 0 0 http://www.cgvip.col

910 G 26 %

[ 3] LuXN, Meng XN, Ma WZ, et al. Soil quality and its development. Acta Agriculturae Zhejiangensis, 2004, 16(2): 105 ~ 109.

[ 4 Parr | ¥, Papendic R 1, Homick S B, et al. Soil quality; Attributes and relationships to alternative and sustainable agriculture. Am. J. Altem. Agric.,
1992, 7: 5~11.

[ 51 ZhengPZ, LiuZ X. Soil quality and its evaluation. Chinese Journal of Applied Ecology, 2003, 14(1): 131 ~ 134,

[ 6 1 Arshad M A, Martin S. Identifying critical limits for soil quality indicators in agro-ecosystem. Agric. Ecosyst. Environ., 2002, 88: 153 ~ 160.

[ 7] Hartemink E A. Soil chemical and physical properties as indicator of sustainable land management under sugar cane in Papua, New Guinea. Geoderma,
1998, 85: 283 -~ 306.

[ 8] Wang X, GongZ. Assessment and analysis of soil quality changes after eleven years of reclamation in subtropical China. Geoderma, 1998, 81:339 ~ 355,

[ 9] Amhad M A, Coen G M. Characterization of soil quality: physical and chemical criteria. Am. J. Altern. Agric., 1992, 7: 25~ 31,

[10] Larson W E, Pierce F J. Conservation and enhancement of soil quality. In Proc. Of the Int. Workshop on evaluation for sustainable land management in
the developing world. International Board for Soil Resource and Management (IBSRAM). Proceeding no.123 vol.2.Bangkok, Thailand, 1991.

[11] Dick RP. A review: long-term effect of agricultural systems on soil biochemical and microbial parameters. Agr. Ecosys. Enviren., 1992, 40:25 ~ 36.

[12] Cambell C A, Biedetbeck V O, Zenter R P, et al . Effect of Crop rotations and cultural practices on soil organic matter, microbial biomass and respiration
in a thin Black Chermozem. Can. J. Soil Sci., 1991, 71:363 ~ 376.

[ 13] Whalley W R, Dumitru E, Dexter A R. Biological effect of soil compaction. Soil Tillage Res., 1995, 35:53 ~ 68.

[ 14 ] Kennedy A C, Papendic R L. Microbial characteristics of soil quality. Journal of Soil and Water Conservation, 1995, 50:243 ~ 248.

[15] Dalal R C. Soil microbial biomass-what do the numbers really mean? Australian J. Experimental Agriculture, 1998, 38:649 ~ 656.

[16] Gregorich E A, Carter M R, Angers D A, et al. Towards a minimum data set to assess soil organic matter quality in agricultural soils. Can. J. Soil Sci. ,
1994, 74:367 ~ 385.

[17] Pankhurst C E, Hawke B G, McDonald H ], et al. Evaluation of soil biological properties as potential bioindicators of soil health. Australian J.
Experimental Agriculture, 1995, 35:1015 ~ 1028.

[ 18] Ruess R W, Seagle S W. Landscape patterns in soil microbial processes in the Serengeti national park, Tanzania. Ecology, 1994, 75(4) 892 - 904

[19] Staddon W ], Treveors ] T, Duchesne L C, et al. Soil microbial diversity and community structure across a climatic gradient in western Canada.
Biodiversity Conservation, 1998, 7:1081 ~ 1092.

[20] Wirth SJ. Soil microbial properties across an encatchment in the moraine, agricultural landscape of northeastern Germany. Geomicrobiology J., 1999,
16:207. ,

[21] Burke I C. Landscape and regional biogeochemistry : approaches. In: Sala O E, Jackson R B, Mooney H A, Howarth RW eds. Methods in ecosystem
science. New York: Springer, 2000. 277 ~ 288.
Boehm M M, Anderson D W. A landscape-scales study of soil quality in three Prairie farming systems. Soil Sci. Soc. Am. J., 1997, 61:1147 ~ 1159.

[ 23] Frankenberger W T, Dick W A. Relationships between enzyme activities and microbial growth and activity in soil. Soil Sci. Soc. Am. J., 1983, 47:945
~951.

[ 24 ] Bandick A K, Dick R P. Field management effects on soil enzyme activities. Soil Biol. Biochem., 1999, 31:1471 ~ 1479,

[25] Cahn M D, Hummel ] W, Brouer B H. Spatial analysis of soil fertility for site specific management. Soil Sci. Sec. Am. J., 1994, 58:1240 ~ 1248.

[26] Robertson G P, Klingensmith K M, Klug M J, et al. Soil resources, microbial activity and primary production across an agricultural ecosystem. Ecol.
Appl., 1997, 7:158 ~ 170.

[27] Pennock D ], Anderson D W, deJong E. Landscape-scale changes in indicators of soil quality due to cultivation in Saskatchewan, Canada. Geoderma,
1994, 64:1 ~19.

[ 28] Smith J L, Halvorson J J, Bolton H. Spatial relationships of soil microbial biomass and C and N mineralization in a semiarid shrub-steppe ecosystem. Soil
Biol. Biochem., 1994, 26:1151 ~ 1159.

[29] Hom B W, Dorner ] W, Soil populations of Aspergillus species from selection Flavi along a transect through peanut-growing regions of the United States.
Mycologia, 1998, 90:767 ~ 776.

[ 30 ] Herrick J E. Soil quality: an indicator of sustainable land management? Appl. Soil. Ecol., 2000, 15: 75 ~ 83,

[31] Conry M], Clinch P. The effect of soil quality on the yield class of a range of forest species grown on the Slieve Bloom Mountain and foothills. Forestry,
1989, 62:397 ~ 407,

[32] Cooper J L, Dostal K, Carroad P A. Report of the workshop session on environmental issues. Food Tech., 1985, 39:33 ~ 35. Inst, of Food
Technologists, Chicago.

[33] Wang XJ, Gong Z T. Evaluation and analysis of soil quality changes in different time periods at small regional level in red seil hilly regions. Scientia
Geographica Sinica, 1997,17(2):141 ~ 149,

[34] HouW G, Jiang S C, Xiong S Q, et al. Evaluation of sail quality based on GIS. Geomatics and Information Science of Wuhan University, 2003, 28(1)
60 ~ 64,

[35] ZhangQL, Shi X Z, Pan X Z, et al. Characteristics of spatio-temporal changes of soil fertility in Jintan County, Jiangsu Province. Acta Pedologica
Sinica, 2004, 41(2):315 ~ 319.

[ 361 Zhang H, Zhang G L, Qi Z P, et al. Systematic assessment of soil quality at farm level in tropical area of China. Acta Pedologica Sinica, 2003, 40(2):

186 ~ 193.



http://www.cqvip.com

D 000 http://www.cqvip.com]

3 WEd HF.iWEESIHEEERERIANES 911

[37] WanC X, Zhang X Y. Application of fuzzy mathematics in the appraisal of soil quality. Journal of Applied Sciences, 1991, 9(4): 359 ~ 365.

[38] FuQ, JinJL, Men B H, et al. Applying RAGA-based PPE model to classify and evaluate soil grade. Bulletin of Soil and Water Conservation, 2002,
22(5):51 ~ 54.

[39] PanF, Liang C, Fu Q. Application of matter element model based on stratification analysis method in soil quality evaluation. Research of Agricultural
Modernization, 2002, 23(2):93 ~97.

[40] Zeng G X, Liang C, Pei Y S. Application of osculating value method for prior order and classification of soil quality. Water Resources & Hydropower of
Northeast China, 2004,22(2):39 ~ 41.

[41] QiW, ZhangF R, NiuZ G, et al. An assessment method of soil quality: spatial-temporal changes and its application. Chinese Journal of Soil Science,
2003, 34(1):1~5. ‘

[42] LiuDC, He X, Wang C X. The application of Markov Methed in soil quality dynamic assessment. Territoty & Natural Resources Study, 2004, 2;51 ~
52.

[43] Wardle M M, Bollero G A. Soil quality assessment of tillage impacts in Illinois. Soil. Sci. Soc. Am. J., 1999, 63:961 ~ 971.

[ 44 ] Hellkamp A S, Bay J M, Campbell C L, et al. Assessment of the condition of agricultural lands in six mid-Atlantic states. J. Environ. Qual., 2000,
29:795 ~ 804.

[45] Winh S J. Regional-scale analysis of soil microbial biomass and soil basal CO,-respiration in Northeastern (%ermany. In: Stott D E, Mohtar R H,
Steinhardt G C, eds. Sustaining the Global Farm, 2001.486 ~ 493,

[ 46 ] Sparling G P, Schipper L A. Soil quality at a national scale in New Zealand. Journal of Environmental quality, 2002, 31:1848 ~ 1857.

[ 47] SunB, Zhao Q G. Evaluation indexes and methods of soil quality concerning red soil degradation. Progress in Geography, 1999,18(2): 118 ~ 128,

[48] FuBJ, Liu SL, Chen LD, et al. Comparing the soil quality changes of different land uses determined by two quantitative methods. Joumal of
Environmental Sciences, 2003,15(2) :167 ~ 172.

[49] WuXY, Liu G, Han H. Soil quality in different types of sand-fixation plantation of Pinus Sylvestris var. Mongalica. Protection Forest Science and
Technology, 2001,4:15 ~ 17.

[50] YangZH, Huang H, Wang H. Paddy soil quality of a wetland rice - duck complex ecosystem. Chinese Journal of Soil Science, 2004, 35 (2): 117 ~
121.

[51] OuyangJL, YuZ R, Zhang F R. The study of the change of soil quality and the analysis of farm household based on eco-economy zone . Acta Ecologica
Sinica, 2003, 23(6): 1147 ~ 1155,

[52] LuTG, Yang G L, Wang L K. Evaluation and analysis on soil quality changes based on relative soil quality index method. Journal of Northeast
Agricultural University, 2002, 34(1):56 ~ 59,

[53] HulJM, Liu X T. Evaluation and analysis on soil quality changes in the Sanjiang Plain. Scientia Geographica Sinica, 1999,19(5):417 ~ 421.

[ 54 ] Zheng H, Ouyang Z Y, Wang X K, et al. Effects of forest restoration types on soil quality in red soil eroded region, Southern China Acta Ecologica
Sinica, 2004, 24(9): 1994 ~ 2002.

[55] MaQ, Yu w T, Zhao S H, et al. Comprehensive evaluation of cultivated black soil feniility. Chinese Journal of Applied Ecology, 2004, 15(10): 1916
~ 1920.

[ 56 ] Zhang Q L, Pan X Z, Wang HJ, et al. Study on spatial distribution of soil quality and quantitative evaluation of soil fertility quality under middle spatial
scale. Chinese Journal of Soil Science, 2003, 34(6): 493 ~ 497.

[ 571 Lin Q G. Soil quality research and sustainable development. Journal of South China University of Tropical Agriculture, 2002, 8(1) :54 ~ 56.

[ 58] SuYZ, Zhao H L. Effects of land use and management on soil quality of Heergin sandy land. Chinese Journal of Applied Ecology, 2003, 14(10): 1681
~ 1686.

[ 59 ] Carter M R, Gregorich E G, Anderson D W, et al. Concepts of soil quality and their significance. In: Gregorich E G, Carter M R, eds. Soil quality for
crop production and ecosystem health, Development in soil science no.25. Amsterdam: Elsevier, 1997. 1~ 20,

[60] FuBJ, Chen LD, WangJ, et al. Land use structures and ecological processes. Quaternary Sciences, 2003, 23(3):247 ~ 255.

[ 61 ] Lumbanraja J, Syam T, Nishide H, et al. Deterioration of soil fertility by land use changes in South Sumatra, Indonesia: from 1970 to 1990, Hydrological
Processes, 1998, 12: 2003 ~ 2013. §

[ 62 ] Hajabbasi M A, Lalalian A, Karimzadeh R. Deforestation effects on soil physical and chemical properties, Lordegan, Iran. Plant Soil, 1997, 190:301 ~ :
308.

[ 63] Saikh H, Varadachari C, Ghosh K. Changes in carbon, nitrogen and phosphorus levels due to deforestation and cultivation: a case study in Simlipal
National Park, India, Plant and Soil, 1998, 198:137 ~ 145,

[ 64 ] Lal R. Deforestation and land-use effects on soil degradation and rehabilitation in western Nigeria, [l . Soil chemical properties. Land Degr. Dev.,
1996, 7: 87 ~ 68,

[ 65] Insam H, Parkinson D, Domsch K H. Influence of macroclimate on soil microbial biomass. Soil Biol, Biochem., 1989, 21(2): 211 ~ 221.

[ 661 Celik I. Land-use effects on organic matter and physical properties of soil in a Southern Mediterranean highland of Turkey. Soil & Tillage Research, 2004.

[ 67] Caravaca F, Masciandaro G, Ceccanti B. Land use in relation to soil chemical and biochemical properties in a semiarid Mediterranean environment . Soil
& Tillage Research, 2002, 68: 23 ~ 30.

[ 68 ] Fisher M], RaoI M, Ayarza M A, et al. Carbon storage by introduced deep rooted grasses in the South American savannas. Nature, 1994, 371: 236


http://www.cqvip.com

£ 000 http://www.cquip.col "f

912 £ 5 % #® 2% #
~238.
[ 691 Ewel JJ, Mazzarino M J, Berish C W, Tropical soil fertility changes under monocultures and ional ities of diffe structure . Ecological

Applications, 1991, 1:289 ~ 302,

[70] Houghton R. The global effects of tropical deforestation. Environmental Science and Technology, 1990, 24:414 ~ 422,

[ 71] Eliott E T. Aggregate structure and carbon, nitrogen, and phosphorus in native and cultivated soils. Soil Sci. Soc. Am. J., 1986, 50: 627 ~ 633.

[72] Grupta VSR, Germida JJ. Distribution of microbial hiomass and its activity in different soil aggregate size classes as affected by cultivation. Soil Biol.
Biochem., 1988, 20: 777 ~ 786.

[ 73] Singh S, Singh ] S. Water-stable aggregates and associsted organic matter in forest, savanna, and cropland soils of a seasonally dry tropical region. India
Biol. Fert. Soils, 1996, 22:76 ~ 82.

[ 741 WuR, Tiessen H. Effect of land use on soil degradation in Alpine grassland soil, China. Soil Sci. Soc. Am. J., 2002, 66: 1648 ~ 1655.

[75] Lemenih M, Karltun E, Olsson M, Assessing soil chemical and physical property responses to deforestation and subsequent cultivation in smallholders
farming system in Ethiopia. Agriculture, Ecosystems and Environment, 2004 .

[ 76 1 Bewket W, Stroosnijder L. Effects of Aroecological land use succession on soil properties in Chempga watershed, Blue Nile basin, Ethiopia. Geoderma,
2003, 111: 85~98,

[77] Du Toit M E, Du Preez C C, Hensley M, et ol . Effek van bewerking op die organiese materiaalinhoud van geselekteerde dro? landgronde in Suid-Afrika.
S, Afr. J. Plant Soil, 1994, 11:71 ~79.

[78] Nel PC, Bamard R O, Steynberg R E, et al. Trends in maize grain yields in a long-term fertilizer trial . Field Crop. Res., 1996, 47:53 ~ 64.

[79 ] Lobel, Amelung W, Du Preez C C. Losses of carbon and nitrogen with prolonged arable cropping from sandy soils of the South African Highveld. Eur.
J. Soil Sei., 2001, 52: 93 ~ 101.

[80 ] Islam KR, Weil R R. Land use effects on soil quality in a tropical forest ecosystem of Bangladesh. Agriculture, Ecosystems & Environment, 2000, 79:
9~ 16.

[ 81 ] Mills A, Fey M V. Declining soil quality in South Africa: effects of land use on soil organic matter and surface crusting. South African Journal of Science,
2003, 99:429 ~ 436.

[82 ] Li HS, Luo S M. Effect of different typical slope land Used patterns on soil physical and chemical Properties. Journal of South China Agricultural
University, 2001, 22(2):1~4,

[83] LiuSL, FuBJ, Lu Y H. Assessment of soil quality in relation to land use and landscape position on slope. Acta Ecologica Sinica, 2003, 23(3) :414
~420.

[84] LiYB, GaoM. Wei C F, er al. Effects of land use on soil quelity in Karst hilly area. Journal of Mountain Science, 2003, 21(1):41 ~49.

[85] LiXY, Tang HP, Zhao YL, et al. Effects of land use on soil quality in Huailai Basin, Hebei Province. Journal of Soil and Water Conservation, 2004,
18(6) :103 ~ 107.

[ 8 ] GonglJ; Chen LD, FuBJ, et al. Effects of land use and vegetation restoration on soil quality in a small catchment of the Loess Plateau. Chinese Journal
of Applied Ecology, 2004, 15(12) ;2292 ~ 2296.

[ 87 ] Hao X H, Chang Q R, Li R, ef al. Study on the soil quality in agriculture and animal interlace zone under the different artificial vegetations. Research
of Soil and Water Conservation, 2005, 12(1):10 ~ 12.

[ 88 ) Zhang T, Yung B. Fruit agriculture reunites to overate the mode system to the research of the influence of the fatty dint in soil. Journal of Anhui A, Sei.,
2005, 33(1):65 ~ 66.

[8 ] LiuJ, Chang Q R, Zhang J H, et ol. Effect of vegetation on soil fertility in different woodlands on Loess Platesu. Jour. of Northwest Sci-Tech Univ. of
Agri. and For. (Nat. Sci. Ed.), 2004,32(supll.): 111 ~115. ‘

[90] Yuan)J, LiuYS, He T B. Analysis of the soil quality deterioration of vulnerable Karst ecological region in Guizhou. Journal of Mountain Agriculture and
Biology, 2004,23(3):230 ~ 233.

[91] Uckan HS, Okur N. Seasonal changes in soil microbial biomass and enzyme activity in arable and grass land soil. http://www . toprak . org. tr/isd/isd-77 .
htm ’

[ 92 ] SinghJS, Raghubanshi A S, Singh R S, et al. Microbial biomass act as a source of plant nutrients in dry tropical forest and savanna. Nature, 1989,
338:499 ~ 500.

[ 93] Ross D J. Soil microbial biomass estimated by the fumigation-incubation procedure; seasonal fluctuation and influence of soil moisture content. Soil Biology
& Biochemistry, 1987, 19:397 ~ 404.

[ 94 ] Anmachalam A, Arunachalam K. Influence of gap size and soil properties on microbial biomass in a subtropical humid forest of north-east India. Plant and
Soil, 2000, 223: 185~ 193.

[95] YanTM, Yang L Z, Campbell C D. Microbial biomass and metabolic quotient of soils under different land use in the Three Gorges Reservoir area.
Geoderma, 2003, 115: 129 ~ 138.

{96] Sharma P, Rai SC, Sharma R, e ol. Effects of land-use change on soil microbial C, N and P in a Himalayan watershed. Pedobiologia, 2004, 48:83
~92,

[ 97 ] Filser J, Mebes K H, Winter K, et al. Long-term dynamics and interrelationships of soil Collembola and microorganisms in an arable landscape following
land use change. Geoderma, 2002, 105:201 ~ 221,



http://www.cqvip.com

£ 000 http://www.cqvip.comij

38 PURCE: B TR Vb SRk Vb € 100 880 ) 913

[ 98] Powlson D S, Brookes P C, Christensen, B T. Measurement of soil microbial biomass provides an early indication of changes in total soil organic matter
due to straw incorporation. Soil Biol. Biochem., 1987, 19: 159 ~ 164,

[99] YasoHY, He Z L, Huang C Y. Effect of land use history on microbial diversity in red soils. Journal of Soil and Water Conservation, 2003, 17(2):51
~ 54,

[100] Chen G C, He Z L. Effect of land use on microbial biomass-C,-N and -P in red soils. Journal of Zhejiang University, 2003, 4(4):480 ~ 484

[101] A review. Journal of Environmental Quality, 1993, 22:409 ~ 417.

[102] Dumanski J, Pieri C. Land quality indicators: research plan. Agriculture Ecosystems & Environment, 2000, 81: 93 ~ 102.

[103]

Parkin T B. Spatial variability of microbial processes in soil

Kirkby M J, Bissonais Y L, Coulthard T J, et al. The development of land quality indicators for soil degradation by water erosion. Agriculture Ecosystems

& Environment, 2000, 81:125 ~ 135.

[104] Bindraban P S, Stoorvogel J J, Jansen D M, et al. Land quality indicators for sustainable land management: proposed method for yield gap and soil
nutrient balance. Agriculture Ecosystems & Environment, 2000, 81: 103 ~ 112.

[105] McEwen M J. Considerations in determining soil quality and a conceptual strategy for the appraisal, maint and impr t of soil quality. The

evolution of herbicide resistance. pdf http://www. phasm. co. uk, 2004.

[106] Steinborn W, Svirezhev Y. Entropy as an indicator of sustainability in agro-ecosystems: North Germany case study. Ecological Modelling, 2000, 133(3):
247 ~ 257.

[107] Seybold C A, Mausbach M J, Karlen D L, et al. Quantification of soil quality. In: R. Lal, J. M, Kimble, R. F. Follett and B. A. Stewart, editors.
Soil Processes and the Carbon Cycle. CRC Press. Washington, D.C., USA., 1997.387 ~ 404, 107.

30N

(3] BRB.&EBE . KAFH. % TREARRERT. #WiTRE%R,2004,16(2):105 ~ 109.

(5] FReBM., MEH . L9RBREEYS. HAESBER,2003,14(1):131 ~ 134,

(33] E¥E,BFF. OWER/DFEEKT EARF S B 95 B ELH N4 BB 2 ,1997,17(2)14] ~ 149,

(34] R3T/-MLESMH, MRS, %, £F GIS M LBTEIFM BT . RN KFEEER,2003,28(1):60 ~ 64,

[35] okBCA), B2 IE,BEE, % IHESENTLHIES MR . £ R2EH,2004,41(2) :315 ~ 319.

(36] 4. #HR.FEF. 4 AWHRRGERE T RERIVRARLEITS . L W28 ,2003,40(2) :186 ~ 193,

[37] FHF%,. NP EHEEELRRRIVNPINA. B AREER, 1991, 9(4): 359 ~ 365,

(38] f3&.&¥WR.ITERE, ¥ 2T RAGA 1Y PPE S RI7E + U & SR (9 B FBF S . K H{RF5E 1] ,2002,22(5) :51 ~ 54,

(39) ¥, 2)| & ETERSMENY THEIELRFRITHPFOMA. R RREHR,2002,23(2):93 ~ 97,
[40] HEM, BN EFE LRFEEHFNBEHE P EIEEAONA . R0 KF KA ,2004,22(2):39 ~ 41,
[41] Fi, %A%, $RE, % T RERFEE—FETHTERNA. L9GER, 2003,34(1):1~5.

[2] XEE. A& . TES. SEMIEETRERASTNFTHER. B+ 55 RRHHFR,2004,2:51 - 52.
[47] @, REE . CHGEE PR LR BITHHIERITN F % R 22 ,1999,18(2) : 118 ~ 128,

[49] REZ, N/ 88 FREETFHATE DK+ SHERMTFR. B sHRE$H,2001,4:15~17;

[50] %&EE HR,.FTHE BRBESESFABHELRMAEH K. +RER, 2004, 35 (2): 117~ 121,

[51] BRFHMHE,FRE KX ETESLFIEMNIRRBERTASEPTHAN. £5%H,2003, 23(6): 1147~ 155,
[52] A& sk, £, £FHAM L RRBHEEEMN H RRRTAFRN S, RIRLAEER, 2002, 34(1): 56~ 59.
[53] @&, 0¥t STV FRIRERELFR S0 IR ,1999,19(5) :417 ~ 421,
[54] ¥4 BKHEZ, THH.4. ARAHRARERAUNHFORRUE LR BHRI . 45FR, 2004, 24(9); 1994 ~ 2002,
[55] Lig, FAK, #0%.% BHAEHLRIEHRREG SRS, BAESEM, 2004, 15(10): 1916 ~ 1920,
[56] FKEH,BOE,FHE. S FERFLIREHRBHEHMAEHRTRERITH . LHEER, 2003, 34(6): 493 ~497,
[57] BHAR IRFEEBIFRSWHEER . FERFARAZEER,2002,8(1):54 ~ 56,
[581 ok, Ruadk. BRI U R R + ot ) A R B X SRR AR B B A A B ¥R, 2003, 14(10): 1681 ~ 1686.
(60] MAAR BT, EF,% LA ELEHESESTRE, BNLHE, 2003, 23(3) 247 ~ 255,

1 Bk DR HhRH . RN T SRR R R R B O 5T R A pE R R B 0 L SR Rk AR ,2001,22(2) 11 - 4.
[(83] xItH® WA, B—W Wil L AFRSRWA R ST RABE . EHER 2003, 23(3): 414~ 420,
] ZHE,&H . BEE.S. tRAHxEE LR B R B . L2 R, 2003, 21(1):41 ~ 49,

] EZHFFE.EEEHSE.S. FRERFALBHA TR R RME WS KLBRFEER, 2004,18(6):103 ~ 107,
(86] Iz, BRATE,MEA,%. Nt rB X/ S LuH Al ERED R R BW. NAESFER, 2004, 15(12): 2292 ~ 2296.
[87] MEBLE, WECH . FH.%. BRARMTEFTIAAIHSETHLRARTR. ALRREHIE, 2005, 12(1): 10~ 12,

(88] %%, . ERESGSEBEHMARGEW WA BN . THRLA2,2005,33(1) :65 ~ 66.

[80] X, HEEH, HM4e, 4. HLHEFBABEEY +HEHMEWE. FAILRARERFEEMR,2004,3208F): 111~ 115,
[90] BA. X4 THE. RMERSESKSE D RHEBEST. R EDFE, 2004,23(3):230 ~ 233,

[99] DhR TR, HBE . FRLiuf Bt S Y SR . K LRI ,2003,17(2) :51 ~ 54.


http://www.cqvip.com

