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Contribution of Arbuscular Mycorrhizal Inoculation
to Soil Structure under Ecological View

Guo Taoc ™ Deng Yin
( College of Resources and Environment, Southwest University, Chongging 400716, China)

W OE ROMTEARSAHELRE IR EER, REYRSFLTHLEERGFZ—,
Flot HEEHITFEH T I ROBRREER, CEASREREMERECTRERENEM. AL
BWHEENRBHG—LMEY, MERAREERW LR SEWERMEBEENRLEENN
E, HRREVESA L EPRBGERT M EA VRS NBRAE RKOMAMERM L. ERARBAES
ZRRHETH . EREKFE MEOKE EREZKF WA MM AVE, RHERLTY
WHRERZMALEOCRI AR — MR AR, x A B %W R 50 £ 25U
MFRANE TRR LIRS, ER1REE, RERENMREEL, MEABTH—2 BN
AEEREEEESERPHER

kR AW, EREE; W4k REBEMXES

Abstract The soil aggregate structure brings higher soil fertility which meets the need of more crop yield
and also controls many underground processes which play an important role in ecosystem and global
change. As the dominant species in soil microbiology, arbuscular mucorrhizal fungi is critical factor in
soil aggregate formation and stability procedure which is based on the change of carbon flux into soil and
the effect operating concurrently in an ecological hierarchical levels: plant community, individual root,

and the soil mycelium. Among them the glomalin related protein secreted by hyphae received more and

EewiH: BERAARBEELTH “IBEHAERER W L HEWIER SYHBER” (40701085), FHEE
KERPIEIES (SWUB 2006044) FEBY, -

fEERN: W, B, £TF 19784, 1, BHHE; FTERRTAAEPEFARLEEDIE.

* SEIAMEH . guotaosd@ swu. edu. cn
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more attentions and became hot point in soil structure research. These studies are useful to improve the
soil fertility and quality which can meet the need of food safety in our country and may help us elucidate
the role of arbuscular mycorrhizal fungi in nature ecology system.

Key words soil structure; mycorrhizal fungi; hyphalsphere; glomain related protein
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1.1 RFTELERE T HTE R

THBAREGEMERNEEZEARTER, BEENFRER, BRLEFHARESREN
A, BARHSEEMEROER, A PRGE G TRERNETRN L RRER AT AR
HRIXBAHSRBERBREEEAOFFERE, FEXWFLHIHER KKK HIE
(Duan et al. , 1998), TifE 21 thd, RER L XEEE =K. AOREEN, EEHRER
B OB EEL . ATHEAMNBZEKWYREHEAFTR, REYEE, ERRENHLE
J1, LHREEBNLHBREGREER S, AERAD ., BE. BEZKFE, EHAEREME
AREAABEBAZMAET, BALWES, R TH, RRBHMRERAEEHRZMN. Hi,
2007 4F ek — SRR LRSS R", W LERFNSNRE T RERE B RER
THEEM A, BB IMERANATHHATAMBEAMMES LR PAREHHRMRE &
¥, HEHBRETHB T HENANBERIRERDENENNED TR (ZHEE,
2004) , +HEME SR RN BEAMIE, REFWEEEABSEHE I NKY RERM, REY
BERLEN L REENGZ . TEARERE RO ERARRS, ELHPRE “=XEM",
B AR UEFT B9 - S e B K RS, Bm R B R AP SRS, R ARE D AR RLE
(EWZEMERLE, 2005), HX/A, BERAEEEEEEZR L BPRMSINRE, RELER
FLERE S Aa, RN L ERFERBEMEYER. PR REEERTRBRET.
BERI BB LRE N S EAREE ARKMEM. Bk, ELEREMES, LREWHFRCET L
BARSWERY AT PROER, EXTERETKEHEBEHB (Bronick & Lai, 2005),
1.2 THEMERELIHRESTRAIERERM

20 t42 90 FRITH, EBERMITHARE L ES WX F LT IR EREFEH (Jas-
trow & Miller, 1991), EESREM SR AT REERNHEM. BT, BERRKELRBALY
FEMERBEZERABRRYLELRE, L HAYXEAMAINRELR CHERTSEHNEE
(Ingram & Freckman, 1998), T3l LUE W Fp iy AL M HF g 2R TR 58—, B
HSHMBEZEE MRS, FutEemEi, £, BdLRIENSHEE, 5IETHLR
Tl (RHE, 1994), +HEEMETHELSRENSREA T RELNENYRER, AT
HH LRI (functional domains in soil) , B4E HFEPKRHHAE, TEAFAIHEE &
HEREEAIE) . £Y (MEFHESIYER) BEFEAY (NHMSERTERSE) WEEA
WE. AETEWER - HEH (R, MERNEE) LR 7 X S 654 X ool 57 59 /) B
RSP MBUEY R (Lavelle, 2000) , 53X LE TR XS] 3 A AL B B SR 3 50 B Hi R 19
W EE R —Ea (FLR. BRE. mEw) $mRs, GREEM T EIETEER
ENZERE EDRERMST, BNAIRNMEERSS RSB 2 ERMH, BRT
AR RE (RICZEMEKXF, 2001),

TREMEBETYHRMANYFELREIZSET, ETEFMXESARYEIRENT
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WRARREANMIZIEIE, BASRZ RN (Diaz et al., 2002), 8% Al R A AR E MK
FAE WL (Six et al. , 2000a) , HHAREKIBR ., HFHEURERDETFIESR, BRLHE
AGYREAROEN, BRANENSHEWEW (Bronick & Lai, 2005), +WAREM K
REENHZEEY. B, LEOEMXENZEDRERNER, MEHRE T RNEEA

o — KA, KEBA&BTFRENREEBFLAN (Smith & Read, 1997), ERE W LA
BEEWTE AR EN MR HEEMNHEE (Rilig & Mummey, 2006),

MBL B (arbuscular mycorrhiza, AM) HEEBARPAMMEEZ . R MAESTE L+
SERN—-KXTRAHN, CRIFLXBSEMREYERBENLELR, WHEYREN—1TE
FHMIST (Pennisi, 2004; KEKRSE, 1999), XMWRBEYILEHELEK (Auge, 2004; L
BESLRIBRSE B, 2001), KALIE, AMESINREIERE W AR FN LB KIERN, BRF
REALPIBPLABEAREFRRMORAEEFHN TN BN, ETHE, XELHL
B8 (Graham et al., 1982), HMAERSERARTFTZHEH L ENERRGEBIERLZHK
E, AB—J0rmiii T4 B EER.

2. AARAR R oa IR 4 M e AL

2.1 BAREFMRIBEHMNEAEZT AMERHANR

XETRM, HRARKMGER, LAKB T LEPHENYE, RLHEAREKFIHEE
oy, MARKELERN “ZKEHR” BAEENEW, W AM EAEE - RLHEHEIEEMY
Y, ATHEABEBEEXYR, R AERLFKRERE THYREMCETHRBFEK
( Marschner, 1995), Jennings (1995) Ah AM HHE MK IJLE LI AF EHY, Jongen 5§
(1996) LI=nmtE FH RN T M4 EENEY B, SRRUMYSLEIERN 4% ~20%2 HTHE
BARE A, Miller % (1995) B HEPHNAHMRE2HEHF LT 0.03~0.5 mg - kg™', W
XANBUE, Zhu A Miller (2003) % M S0 EE T 22 XF 1 3 A HLBR S A B9 FBRIE 54 ~900 kg - hm 7,
AT R REER 50 (LM BB HR EEFTIEFE (Bago et al., 2000), RARMM T HEHAH I
YK A, R, KE AM BB THEMRRS AR, EXETIBROEEESAR, &
KX+ BEMMERABSHEREZR (Treseder er al., 2005), Tij AL B AR K 08 % 1 58 45 44 1O AL
i A ST AR A B R B E B R DL SR R e AU R B, REBAR S TR EERR
%, EWRATUEARERERK LWL ERARG (Rillig & Mummey, 2006), 7ETF SCHIBRIR A
BEEGROS XN, BBl wrRE K. B MR R 2K RERE LA S50 E
WML EEMMER, EAFBR EERMEAIGTTEEAR, EREFENREEARERK
FRERARMEEM S A, BEMZEGFESENERRKIK,
2.2 BEKEMMEAR

BN —~RFEWIRER, AREAREHNEHRRREA FEITHEYSHELKEKRRS,
R AR, AMBEMHYBENHRSZIEmW., TRRY, T RARKHERESZE)
AFEYFEGER, A EERMSEHATSERTLESEN, EREFENSHEERE
MAEAYEEETINEREZ, BENAMBREFARETHAR L EIYEER (HYRE
YHAHTHERRZRVERYE), BRAEWT LEAREK,

AM EHERE Y BEEN Y RAH MR, Wilson Al Hartnett (1997) &8, #BEWHERER
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MUy, AEBETHELSE FEYR, WRETHETHYILLF . Cavagnaro 55 (2004)
RIS RO, KREMMEEREEN, MEE - BREMTAEE (76R) MEREE me (AR
EREEEYR) ZHAKERAEE, MEME, FEAANEYRBERTRER, BUTH
BEFHESEWHYZRANES, WEATEARESRERMT, MR EE BRI AR
HENBIYF AL, i van der Heijden % (1998) B LRIESE, VA MMRNZSREREFFEYE
RHHRAESRENRN T EERTF. BRAEENSEHYRETENILER, FRAFNRY
MBURRTREXT YR N ES I RA R, FAEREFERATREX - IBNES5E M
e, XTE Aikio A (2000) HFFRFHERTRIE, W EARNELEPBRERBREEE
AR, AYWERHORBEREN T LSO RAERE (Bronick & Lai, 2005),

AM HE A B 04 K 1 308 GEE i AR PR IG s B F M + A AR YR, TR A R
HHMERMBESR., AM EEES KSR P& L8P, 308 RN E, Rt
HME . REAEEMEYWERE, ERBAEYX ZMAEN (Artursson et al. , 2005; Rllig et al.
2005), {H3XFAELErH# N LM PIRE T08t2 . BREEANKETRERERY
WEE, M AW SEAE TR, SREEFERDHRZE (Marschner & Baumann,
2003) , AM EE A KER BB NE, BEFTERAEWER. 70, Ko MELHK
EFEWMARERMNUE, GEHENNENTEAEHINEAEMNN. KEFRRAMEYHRE
%t + 58 A AR OK R 0 E AR T RAR B MIER, AMEXSFR D RRE T HEYHE
BB Bh I BRI, BA AR JL 5 0 S AR Y BE V09 A B 1R AN M —2E TS (Rillig et af. , 2005),
2.3 EUATEHREKE

Rillig # Mummery (2006) FEMBYLEAFIRBRAMN LBEERWZ WA A =1FHE: ORF
MY EEEER; ORBRBIER; OWMMMEMIER. MAREREEMBRANEHTELEL
ERTHYHEDER, BCERNER, WBEER LS, X ERILA SRS ER .

BRESMYWFEEIEN: FREVAMEFERITRERERRZANEKEE. AM EHRIE
ERRTSBAREAHALEYRRESZEU (Schellenbaum ez al. , 1991), AM JE i F BUR
AEEMTMA, ERAELU=ZKNB N E, WMAEFEREY UL ZLKMR A E (NXF, 2004),
REAME, KELHAREL, HEFREETRART, HR T /NE BRI RN R RE,

BERER: HYHORSWBY (FBERRSFEHXYR) BMMAHRENE S, XE
BERRASWYHIHERNBEE D THRENER, RANEZHPRMWRE &, FHARKE
MBE. MAEN -TERNERE, BEREREASEEEZWHEYR RN W (Jones e dal.,
2004), BRTCEMENERDT/H, RESUWYHHEREAEFLEL, RES WY N L EHEDR
BET Bk IR, @A BT HIRAEHITE R

A EERRAERTE, #HEEPHMEYTIT BN YR L RAINENER KRR
—, REAWEFEEA TR REKBIE R, Hodge 55 (2001) KRFRTE Nature FHSCE LI, AR
RERE S MREYREH R FHEN, AT FHOMA, B TARERE 288 57
SBANREGES, UENTIRRAETERIEEXTENMERN . EFHEREHGENER AR
S, HEEREREAMNLERSS, BRETRESBYERNERESWMTYRET B, MES
ARBAIR PR, HLWETREYNSFHER, B “Gadgl” AL, X&KTFHFFAKSH
WEAEHK (Bending, 2003),

2.4 BEZKFERERINE
HRELZHEES ST HARKHERARELEE AM EEEW L EEHN - EEFE.
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mE L iR, KEMRRARLEBEESS5HAREKNERNBEE IR (Smith & Read, 1997), B
224 BB IS E R, MEEZKENEM, 1380 F R4 tHE B 1SR
(Tisdall & Oades, 1982), Jastrow Z A (1998) H|H path analysis 43718, EEWHEHBERE
HRRAR, B2, MEYEKR., TEAIRSFESHTY, SZREAFREENEHEERA. d42M
SR EXN T RARKRENMRELEAREENEH, FREENHZER. BE. 238X A0 R
WEFRES, WEEFR -MER, ARESENEMHIAEFLZNESZR WM K (Hart &
Reader, 2005), XM RHLES LWEHEERESERMN HIBERRAEHE R MR EL BN EZH
Y, BREIEABWA, B T A2 EENEERS, B2 ARURE - 1MEENEHE X,
TEH AM EEAEZORE A —MBRA 5~6 X (Staddon et al. , 2003), MHEEEHLZAE+
BMPFEERKMAE, RIFIZCHBERYA 2 X5 “HE#” HLNEETLEF (Olson &
Johnson, 2005), YT EXLEEZUAERAFE LR, EERE T HAREHNAEH., BES%
(2001) KW BEFIEHRELINBENR2~5 mm M1 ~2 mm P RHABEKWTERE 100%, BRT
HIRELAE T RRARBIERFTRNEBEEH . KBEH/NARE BT X E T A YR BB
B3, BRTERIX—IBRIEM (Sixe al., 2002), THEREZX/MIREBERKTH
St RHREEAER (Rilig & Mummey, 2006), KB+ LM S REL (Six et al. , 2000b), 7
ETRKEARKEMANK/NARGEDSEZHARARBEHERMEE, MEREREES=4E
W, PEAEERNEW, EEF SR,

5 1 HYRE
90~250 pm, 20~90 um

}(}
o >
:S?

© HEYNEERE
@ RHAMERG

@ Frwsn

%ﬁ‘ T2 B A L

[ ] smrtmEenyR

Bl B4R R R B+ B R B MBS E s B (Rillig & Mummey, 2006)
Fig. 1 Overview of various mechanisms that are hyphal mediated and influence the formation

or stabilization of soil at macroaggregate and microaggregate scales

HREB|RMAXEN (GRSP) EXN—FBEA, B TFHSROEY RS EMBEAER, X+
EHARKMTREIEFEEM, 1996 4, Wright 55 Upadhyaya 7£ 121 C F H 20 mmol - L' fyfrts
MR T -FHTRFE. FRIFEHELR, UEAIXHEELH AM HESEM, H#—%
MR EAREREEROERE IV EREL, FLUEHRYREEE (gomalin) (Wright &
Upadhyaya, 1996), HEZHBRMHM: BHREMEE, HEEETNE, T BELET&R/M
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RIS, SRk E & ILER (Wright & Upadhyaya, 1998), Jf7E b xR ke
(Rillig et al. , 2001), B i AT {2 3 + 358 F R BT 5L EREENPRERBRXFERED RN
SR, BEXHRAIREEEMELES (glomalin related soil protein, GRSP), GRSP BT 515
- 8 P B A B K R 36T L F ARG (Wright & Upadhyaya, 1998; Rillig, 2004), fHE
o AR RGNS, AAANRESER FMARBFENKREYE, BRZEE
WA AL IEYE . B IERIBFZE R, 80% iy GRSP RIRM P £ £ (Driver es al., 2005), MAR
S EERCE 13, T GRSP X L 45 MM B 1E A AT RE R B SLTE I 2 45 2L B Y. GRSP
75+ SR A e R, “CHRIC LB AW GRSP E T P HFATE 6 ~42 FZA (Rillig et
al., 2001), FHAILIRAE/N (Lutgen e al. , 2003), 52248 76 T8 A A A8 E 1 S AT SRR 07 T
BEBAKKSE ., BMAREREHNER 1 A4 GRSP, HEHMRIUEL GRSP K W H
B B A FUR BB (Driver et al., 2005) , BiERBFITRM, 4 GRSP R EETABER
EEOG R AMERMER, My EAREKNREMEARZ LR EMSEM (Sonia & Rillig,
2007), iE A F AW AR GRSP i Th k3 BT E MBI A B T B HIhEE

3. hNEERE

AR, BRAETEREREN L REHWHHREES (Rillig & Mummey, 2006), *F
XANEEFRANE B TR R, RELRAR, RIERENRERE, MHAYT#
— B AM HEAESREPRMEM. B Frank (1885) HKEHFRMESE KR, ERME
REBNFROZEH T A SHOnitE, PHPARREERPTERNEE, HRAFNDS
BE SR A B AR L FE SR RR ERFE RIS T . 20 4D 80 EARLIR, MERRHM TR
FURREMN ESRRALEWADIEEMATEA, EREBNFRIACEE BB B, ERY
T MBIRE B TARASRAREENAERULH SRS, £FARE FERER
B2 Y BRI A

LE, KER, K ABREREEMIMEL EEKBEARKERMENE (1], KEEFFEHR, 2001,
15. 99-102.

By, @A +HEAYEEMLBEESERBOER [J]. MRALESFER, 2001, 12 137-140.

MR, ABEREEOEASENERESEERHE (M]. B2 PERILKRE, 2004
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WER, F4hW, MALE. FHEETHAM EESAMXE (J]. EHARK, 1999, 18 (1): 25-29.

BHEE. +HEBREAESREATHMERE [J]. L8, 1994, 26 (1): 4-7.

AIKIO S, VARE H, STROMMER R. Soil microbial activity and biomass in the primary succession of dryheat forest [ J].
Soil Biology and Biochemistry, 2000, 32: 1091-1100.

ARTURSSON V, FINLAY R D, JANSSON ] K. Combined bromodeoxyuridine immunocapture and terminal-restriction frag-

ment length polymorphism analysis highlights differences in the active soil bacterial metagenome due to Glomus mosseae



S B AR R 2 A AL 9

inoculation or plant species [ J]. Environmental Microbiology, 2005, 7: 1952-1966.

AUGE R M. Arbuscular mycorrhizae and soil/plant water relations [ J]. Canadian Journal of Soil Science, 2004, 84
(4) . 373-381.

BAGO B, PFEFFER P E, YAIR S H. Carbon metabolism and transport in arbuscular mycorrhizas [J]. Plant Physiolo-
gy, 2000, 124; 949-957.

BENDING G D. Litter decomposition, ectomycorrhizal roots and the ‘ Gadgil’ effect [J]. New Phytologist, 2003, 158;
228-229.

BRONICK C J, LAI R. Soil structure and management; a review [J]. Geoderma, 2005, 124. 322,

CAVAGNARO TR, SMITH F A, SMITH S. Interactions between arbuscular mycorrhizal fungi and a mycorrhiza-defective
mutant tomato; does a noninfective fungus alter the ability of an infective fungus to colenise the roots—and vice versa?
[J]. New Phytologist, 2004, 164; 485-491.

DIAZ-ZORITA M, PERFECT E, GROVE ] H. Disruptive methods for assessing soil structure [J] Soil and Tillage Re-
search, 2002, 64. 3-22.

DRIVER J D, HOLBEN W E, RILLIG M C. Characterization of glomalin as a hyphal wall component of arbuscular my-
corrhizal fungi [J]. Seil Biology and Biochemistry, 2005, 37. 101-106.

DUAN C @, GANX C, WANG J, CHIEN P K. Human factors influencing the environment and the relocation of civiliza-
tion centers in ancient China [J]. AMBIO. Journal of Human Environment, 1998, 27. 572-576.

GRAHAM J H, LINDERMAN R G, MENGE. Development of exteranal hyphae by different isolates of mycorrhizal Glo-
mus spp. in relation to root colonization and growth of Troyer citrange [J]. New Phytologist, 1982, 91; 183-189.

HART M M, READER R J. The role of the external mycelium in early colonization for three arbuscular mycorrhizal fungal
species with different colonization strategies [ J]. Pedobiologia, 2005, 49 269-279.

HODGE A, CAMPBELL C, FITTER A H. An arbuscular mycorthizal fungus accelerates decomposition and acquisition
nitrogen directly from organic material. Nature, 2001, 413; 297-299.

INGRAM J, FRECKMAN D W. Soil biota and global change preface [J]. Global Change Biology , 1998, 4. 699-701.

JASTROW J D, MILLER R M. Methods for assessing the effects of biota on soil structure [J]. Agriculture, Ecosystems
and Environment, 1991, 34. 279-303.

JASTROW J D, MILLER R M, LUSSENHOP J. Contributions of interacting biological menchanisms to soil aggregates
stabilization in restored prairie [ J]. Soil Biology Biochemistry, 1998, 30 (7). 905-916.

JENNINGS D H. The Physiology of Fungal Nutrition [ M]. Cambridge: Cambridge University Press, 1995.

JONES D L, HODGE A, KUZYAKOV Y. Plant and mycorrhizal regulation of rhizodeposition [ J]. New Phytologist,
2004, 163; 459-480.

JONGEN M P, FAY H, JONES M B. Effects of elevated carbon dioxide and arbuscular mycorrhizal infection on Trifolium
repens [J]. New Phytologist, 1996, 132. 413-423.

LAVELLE P. Ecological challenges for soil science [J]. Soil Science, 2000, 165. 73-86.

LUTGEN E R, MUIR-CLAIRMONT D, GRAHAM ], RILLIG M C. Seasonality of arbuscular mycorrhizal hyphae and
glomalin in a western Montana grassland [J]. Plant Soil, 2003, 257, 71-83.

MARSCHNER H. Mineral Nutrition of Higher Plants. (2nd edition) [M]. San Diego: Academic Press, 1995,

MARSCHNER P, BAUMANN K. Changes in bacterial community structure induced by myecorrhizal colonisation in split-
root maize [J]. Plant and Soil, 2003, 251; 279-289.

MILLER R M, MILLER S P, JASTROW J D, RIVETTA C B. External hyphal production of vesicular arbuscular mycor-
thizal fungi in pasture and tall grass prairie communities [J]. Oecologia, 1995, 103. 17-23.

OLSSON P A, JOHNSON N C. Tracking carbon from the atmosphere to the rhizosphere [ J]. Ecology Letters, 2005, 8.
1264-1270.

PENNISI E. The secret life of fungi [J]. Science, 2004, 304 (11): 1620.



10 EXRERRE (FEE)

RILLIG M, MUMMERY D. Mycorrhizas and soil structure [J]. New Phytologist, 2006, 171: 41-53.

RILLIG M C. Arbuscular mycorrhizae and terrestrial ecosystem processes [J]. Ecology Letters, 2004, 7. 740-754.

RILLIG M C, LUTGEN E R, RAMSEY P W, KLIRONOMOS J N, GANNON J E. Microbiota accompanying different
arbuscular mycorrhizal fungal isolates influence soil aggregation [ J]. Pedobiologia, 2005, 49 251-259.

RILLIG M C, WRIGHT S F, NICHOLS K A, SCHMIDT W F, TORN M S. Large contribution of arbuscular mycorrhizal
fungi to soil carbon pools in tropical forest soils [1]. Plant Seoil, 2001, 233. 167-177.

SCHELLENBAUM L, BERTA G, RAVOLANIRINA F, TISSERENT B, GIANINAZZI S, FITTER A H. Influence of
endomycorrhizal infection on root morphology in a micropropagated woody plant species ( Vitis vinifera L. ) [J]. An-
nals of Botany, 1991, 68. 135-141.

SIX J, FELLER C, DENEF K, OGLE S M, de MORAES J C, ALBRECHT A. Soil erganic matter, biota and aggrega-
tion in temperate and tropical soils—Effects of no-tillage [ J]. Agronomie, 2002, 22. 755-775.

SIX J, PAUSTAIN K, ELLIOT E T. Soil structure and organic matter ; I. Distribution of aggregate size classes and ag-
gregate associated carbon [J]. Soil Science Society American Journal, 2000a, 64. 681-689.

SIX J, PAUSTAIN K, ELLIOT E T. Seil structure and soil organic matter; 1. A normalized stability index and the
effect of mineralogy [J]. Soil Science Society American Journal, 2000b, 64; 1042-1049.

SMITH S E, READ D J. Mpycorrhizal Symbiosis [ M]. London: Academic Press, 1997.

SONIA P, RILLIG M C. The arbuscular mycorrhizal fungal protein glomalin: Limitations, progress, and a new hypothe-
sis for its function [J]. Pedobiologia, 2007, 51; 123-130.

STADDON P L., RAMSEY C B, OSTLE N, INESON P, FITTER A H. Rapid turnover of hyphae of mycorrhizal fungi
determined by AMS microanalysis of C [J]. Science, 2003, 300: 1138-1140.

TISDALL J M, OADES J M. Organic matter and water-stable aggregates in soils [J]. Journal of Soil Science, 1982,
33; 141-163.

TRESEDER K K, ALLEN M F, RUESS R W, PREGITZER K S, HENDRICK R L. Lifespans of fungal rhizomorphs
under nitrogen fertilization in a pinyon-juniper woodland [ J]. Plant and Seil, 2005, 270 249.255.

van der HEJDEN M. G, KLIRONOMOS J N, URSIC M, MOUTOGLIS P, STREITWOLFNGEL R, BOLLER T,
WIEMKEN A, SANDERS I R. Mycorrhizal fungal diversity determines plant biodiversity, ecosystem variability and
productivity [ J]. Nature, 1998, 396. 69-72.

WILSON G W T, HARTNETT C. Effects of mycorrhizae on plant growth and dynamics in experimental tall grass prairie
microcosms [ J]. American Journal of Botany, 1997, 84 478-482.

WRIGHT S F, UPADHYAYA A. Extraction of an abundant and unusual protein from soil and comparisen with hyphal pro-
tein of arbuscular mycorrhizal fungi [ J]. Soil Science, 1996, 161: 575-586.

WRIGHT S F, UPADHYAYA A. A survey of soils for aggregate stability and glomalin, a glycoprotein produced by
hyphae of arbuscular myecorrhizal fungi [J]. Plant and Soil, 1998, 198. 97-107.

ZHU Y G, MILLER R M. Carbon cycling by arbuscular mycerrhizal fungi in soil-plant systems [ J]. Trends in Plant Sci-
ence, 2003, 8. 407-409.



