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Mechanisms of earthworms to alleviate continuous cropping obstacles
through regulating soil microecology
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Abstract: Obstacles to continuous cropping seriously affect crop yield and also lead to a series of
microecological imbalance problems, such as the decline of soil biodiversity, the decrease of beneficial
microbes, and the increase of pathogens. The imbalanced soil microecology affects plants and can lead to
more serious disease and even greater reduction of crop yield. As soil ecosystem engineers, earthworms have
important regulating effects on soil microecology. Earthworms can improve the soil environment and
strengthen the function of soil biological communities through their activities (e.g. feeding, burrowing and
creeping), thus providing a potential way to alleviate microecological obstacles to continuous cropping. This
paper reviews the progress made in research on soil microecology, soil function maintenance, and earthworm
regulation of soil biological function. Three mechanisms that earthworms employ to alleviate obstacles to
continuous cropping through soil microecology regulation were identified: direct regulation of soil microbial
communities, regulation of microbial colonies by changing allelochemical composition, and regulation of
soil fauna communities. Through earthworm regulation of microbial communities, an imbalanced soil
microenvironment in the rhizosphere is corrected, thereby alleviating obstacles to continuous cropping.
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W) (Berendsen et al, 2012). [& 7 SHEMIHI1E ],
X = R AR W) 2 Ta) 2 A B AR 3 B4 1] (Toljander
et al, 2007), TAEMIER T AR bR X A= 3R S Ak s
PASE, IE 2373 il — L8 R AR ™ P (B i P ik Ak
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Zhang et al, 2018). Ji4h, FLetEHY)iL ] L
SE N ER, 15 HEY E SRPTH. BURR
BHAE B, 98099 B 1 A= (Blouin et al, 2005).
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Fig. 1 The balance of ecosystem (based on the interaction of functional groups) (modified from Berendsen et al, 2012). Green line
indicates promoting effect and red line indicates inhibiting effect.
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R, BEFE R, B R 3 5 gk 2
FEE T, 6 e - Bt B it . AUREAH
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PR A R, R T A B s IR )
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YIBRARFR, B e HEaEy i 2 mEm
HEVEAT R [F 3% £ 18 FH (Zhang et al, 2014; Abbasi et
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(Liu et al, 2014). 40/ E # EL ) T F (B S0 2%,
2005; Li et al, 2014). 5 Ji B 34 (e et al, 2004; Niu
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RIER S E D b V2 AT L
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TAREE, 2009; A5 E)4%E, 2014). Butenschoens
(2009)F H [FIAL ZARIC I 7 i 7L T L Jm R b 2o
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Fig. 2 The mechanism of earthworm regulating soil microecology

JE g A0 E R T R R s ] 35 R 0 T P SR A 5 1)
P, HBFEmd b HBEMAENNZ 5. Yahayats
(2017) Wt FL R B, % ¥ 9% JPE sl A A 1) J& (Dendro-
baena)#JD. venetakh H  bel ARG BT I, BEINIE AR
2 B, A1) 2R o7 3 & W3 P2 MIK . Mohan
&5 (2010) VP4 1 3Fd b 5] (A% F %2 HE W5, Eudrillus
eugeniafllAnantapur species)X <y 14 i 52 A1 K4 ik B
71, RIS 5% M i 52 §e /7 fesi, w] LA 52 100
PPMIPIZRT, FHEAET2 hP X IZIR B I AR Ty o i 3
100%. {ERT T ML X B REA, 2205 FO B 1 ROR N, Bi
5 (2018) /& I j2k Bk s ] mp LA ek 1y 1R D B A, EL XY
Ji ) LA R AN 5 I8 1) P e B SRR T A I R, I
I HTIAE AT e 2 PR B AR S T 4R 5. AR
FEZELAE X PO TG AR BB 9 o R B, 30 5 i ] 2 %of
R T FRRIBERE J1B0R, Bt DLE +
1 AN ) Pl R R (0 L A5 (VK R, 2006) 7. BR T
FABY AL, A B 5T 3R B ] )35 30 v] DAk
AR 358 Hp AN (R R 5 R 2R 4 5 1) L 451 (Sampedro &

D¥FAKF| (2008) I 5] 36 A58 76 T 42 B 1R 280 B MLBR TR, 2%
frig e, dERE R, B

Stimulating

BT

Allelochemical

piszdE
Promoting degradation

Whalen, 2007). H #if i A& WA 5B i H AR A0 2
W0 e A () 4
3.3 BEEHEIEEIERERS TIBE A S

EIEEHEIER ST, BT L EyeE2
FER), Fooruh. IR BUE AR = A A B i 5 118
WAEY) S TR DL AR 2 2 i) B AE LA 3
AEMHIE R, JERAER RS R RS RS T
Prds, LRt Roe R IEDIRE. HE, EES
o EE KA — AL, R I B T
A B, SRR N, FIR BT R
B RIERE, (15 WA ) U, 1 K
VX ZPHTR AT R, ZFEVE TR, DhRe AL,
YOI R — A0 I8 2 T B 3 A P B O A R
SE AR, TR IX RSP TR . 38 i A 264
J5i DA K D R AL Zh i X R — D R AR P X
RIRA, ERAESRGREN T, RaEAR
A A1 )5 R e PR, S B Y0 i B
san, YEVE R A

LR R AE R AR L e Bk 7/ P K 7 €a Bk 1P s

m R TER 2 AN, SUR A L (L et al, 2002;

;Jﬁ
&



1110 4 ¥ % B 1 Biodiversity Science

26 %5

Wu et al, 2012; #7555, 2015; Barbosa et al,
2017). Ak, WEASVE AR RA MR, BRI
AR T ) A, 1T LR B R g Al B I
(RG], i B SR AT ) A )5 (B et al, 2018). [FII,
MRy HIBR AR KRG =G0 R, Re I
serp o NS LIBRNY), @I T AT RO R S
X R, &5 I K 2 FPE(Mclean & Parkinson,
1998; fH KM%, 2013). HHEMR 2 FEERBIY £
FEMERIRE, vk —D s m R e . e Bk
SEEFNA BT RN, WU AR A R R B
=R — REERENEYRE, Rl
AR T LU AR A R, it s
B IX R AR . k@ gRaEH
e T IR PR AR RS, WIMER T 1EElE
BRAG(12)

Wi A LIRS R h R HEE MR, S5
PN 73 FRFAFR S EFR . 0 T 338 A 14 o 1 2
AR, AR SHEY) AR AN AR B B A HAE (5K
PAEEE, 2007). S AHSCHAT FEs TR, A
WA R A MV &5 22 40 . AE ARV AT, 5% T i 1)
F 9 3 B4 fE 25 B 75 4 + 3% (Natal-da-Luz et al,
2012; Cao et al, 2016). 520 438 = S AAHE B (Wu
etal, 2015; Zhu et al, 2016). itk F-3EF% /4 (Cao
et al, 2016; Angst et al, 2017) kB Y g5
(Loranger-Merciris et al, 2012; Hume et al, 2015)%§ J7
AT, 17730 O e ] A A R G o RO LR A
FERTEL D o 256 AR Bl R AL R R AN A 5%
T BT, 2B D s 2 S e R
TG 771X —1F A 32 2 2l 4 i A P s B
Mo IR, 7 FAEMSF AR KRN LI AT
R AR bR 4t T8 TR, #=2A 7T A+
TR I T IR FE AR B2, A ORI ] 5 AR ok
ZA BTG N . Wil — 7 T AT DodE I I P
TRFIICAT S AT N BB WA IR G, ) —J7 ik
AT DLE It e AR B A X F AR A o () 4 R ek AR
VIREVR . RRAEE X SCER M) s gh,  H A% Tl Xy
AP E A FH BT 7T 2 (L et al, 2002; Dempsey
etal, 2011; Wu et al, 2012; #{£%%, 2015; Barbosa et
al, 2017), Ty S O S X F AL IR A o [ 42 5
M 3l A W O BIF 90 3¢ /0 (llieva-Makulec & Makulec,

2002; Bi et al, 2018). sl BE A2 - fif & AW 94,
FOO B A P ) B R 4 VR A2 AN v A

T DA 1E AL B I 2 FEVEI T R, MU 2
SEC BRI RER S, T H 2 B B
K. BHFERE, DB AR b A A —
TE A R AR R F AR, R S AR
et WSS S, AR YPIRE ) R
(Jilani et al, 2008). PFitt, W FehE] HiE/E 1% d 4k
DT OCER, LA ] Jor 3okt 3 s £, B I A A 1
BUEE, X2 1 R by o L 3

[FIRE, RIS ) TS IX R kA, JLILAE
TEYIRBR X, e MY . 05 Ey)iE
VB 5 2538 RORR 45 28 HL IR 38 N (B 3386 %5, 2010), AR 45
28 AVE AT RHR R R B R, AR AR R AR
5y %% 393 JE W 1R G, 0 EE AR P (3% A 5 FE (Mota. et
al, 2013). i H §7o¢ T ds| 5 LB X R KR M
W FE AR b

WAt Y, ARV BRI ) R A kA ik
RPN —M AR, NHEYE SN, A5
Tl SR B, 1R H 5 1IE A (fitness); X T
AERGM S, AMTREEDZ M. mER
EBRG T, NMTAT RS RE W=, 5 g
AEAFATERRME. B, R0 KETEESR
i1 E B B A LA ) A 3 R B4R
R Z2 DAY D AR Rt X AR A A0 - S8 i sz i), 2 Aol
ATRFEE R R IA BB

LB

Abbasi MK, Tahir MM, Sabir N, Khurshid M (2015) Impact of
the addition of different plant residues on nitrogen minerali-
zation-immobilization turnover and carbon content of a soil
incubated under laboratory conditions. Solid Earth, 6,
197-205.

Akca I, Yilmaz NDK, Kizilkaya R (2014) Evaluation of sup-
pression of rhizomania disease by earthworm (Lumbricus
terrestris L.) and its effects on soil microbial activity in dif-
ferent sugar beet cultivars. Archives of Agronomy and Soil
Science, 60, 1565-1575.

Andriuzzi WS, Phuong-Thi N, Geisen S, Keith AM, Dumack
K, Bolger T, Bonkowski M, Brussaard L, Faber JH, Chabbi
A, Rumpel C, Schmidt O (2016) Organic matter composi-
tion and the protist and nematode communities around an-
ecic earthworm burrows. Biology and Fertility of Soils, 52,
91-100.

Angst S, Mueller CW, Cajthaml T, Angst G, Lhotakova Z,



10 A

e A PMIRES ] R 2 SRR A A AR A PG ) A IR 1111

Bartuska M, Spaldoniova A, Frouz J (2017) Stabilization of
soil organic matter by earthworms is connected with physi-
cal protection rather than with chemical changes of organic
matter. Geoderma, 289, 29-35.

Bais HP, Weir TL, Perry LG, Gilroy S, Vivanco JM (2006) The
role of root exudates in rhizosphere interactions with plants
and other organisms. Annual Review of Plant Biology, 57,
233-266.

Barbosa JZ, Demetrio WC, Silva CM, Dionisio JA (2017)
Earthworms (Amynthas spp.) increase common bean growth,
microbial biomass, and soil respiration. Semina: Ciéncias
Agraérias, 38, 2887-2898.

Berendsen RL, Pieterse CM, Bakker PA (2012) The
rhizosphere microbiome and plant health. Trends in Plant
Science, 17, 478-486.

Berg G, Opelt K, Zachow C, Lottmann J, Gotz M, Costa R,
Smalla K (2006) The rhizosphere effect on bacteria antago-
nistic towards the pathogenic fungus Verticillium differs
depending on plant species and site. FEMS Microbiology
Ecology, 56, 250-261.

Bi YM (2016) Effect and Mechanism for Earthworm to Remit
Continuous Cropping Obstacle of Strawberry. PhD disserta-
tion, China Agricultural University, Beijing. (in Chinese
with English abstract) [Hefid (2016) Wil 28 w25 44
BRORS ) RS S MLERAIT 9. 1 22 i g, h ERAL R A
S|

Bi YM, Tian GL, Wang C, Feng CL, Zhang Y, Zhang LS, Sun
ZJ (2016) Application of leaves to induce earthworms to
reduce phenolic compounds released by decomposing
plants. European Journal of Soil Biology, 75, 31-37.

Bi YM, Tian GL, Wang C, Zhang Y, Wang DN, Zhang FF,
Zhang LS, Sun ZJ (2018) Differential effects of two earth-
worm species on fusarium wilt of strawberry. Applied Soil
Ecology, 126, 174-181.

Blouin M, Zuily-Fodil Y, Pham-Thi AT, Laffray D, Reversat
G, Pando A, Tondoh J, Lavelle P (2005) Belowground or-
ganism activities affect plant aboveground phenotype, in-
ducing plant tolerance to parasites. Ecology Letters, 8,
202-208.

Bonkowski M, Griffiths BS, Ritz K (2000) Food preferences of
earthworms for soil fungi. Pedobiologia, 44, 666-676.

Bonkowski M, Schaefer M (1997) Interactions between earth-
worms and soil protozoa: A trophic component in the soil
food web. Soil Biology & Biochemistry, 29, 499-502.

Boyer J, Reversat G, Lavelle P, Chabanne A (2013) Interac-
tions between earthworms, and plant-parasitic nematodes.
European Journal of Soil Biology, 59, 43-47.

Brussaard L, de Ruiter PC, Brown GG (2007) Soil biodiversity
for agricultural sustainability. Agriculture Ecosystems &
Environment, 121, 233-244.

Burtelow AE, Bohlen PJ, Groffman PM (1998) Influence of
exotic earthworm invasion on soil organic matter, microbial
biomass and denitrification potential in forest soils of the

northeastern United States. Applied Soil Ecology, 9,
197-202.

Butenschoen O, Ji R, Schaffer A, Scheu S (2009) The fate of
catechol in soil as affected by earthworms and clay. Soil Bi-
ology & Biochemistry, 41, 330-339.

Cao J, Wang C, Huang Y, Ji DG, Lou Y (2015) Effects of
earthworm on soil microbes and biological fertility: A re-
view. Chinese Journal of Applied Ecology, 26, 1579-1586.
(in Chinese with English abstract) [ £, £, 2, &
TX, ¥z (2015) izl 35 s AL M K A= VD RE D ) 5
WA B Uk, S AERS R, 26, 1579-1586.]

Cao J, Wang C, Ji D (2016) Improvement of the soil nitrogen
content and maize growth by earthworms and arbuscular
mycorrhizal fungi in soils polluted by oxytetracycline. Sci-
ence of the Total Environment, 571, 926-934.

Chapuis-Lardy L, Brauman A, Bernard L, Pablo AL, Toucet J,
Mano MJ, Weber L, Brunet D, Razafimbelo T, Chotte JL,
Blanchart E (2010) Effect of the endogeic earthworm Pon-
toscolex corethrurus on the microbial structure and activity
related to CO, and N,O fluxes from a tropical soil (Mada-
gascar). Applied Soil Ecology, 45, 201-208.

Chen XY, Liu MQ, Hu F, Mao XF, Li HX (2007) Contribu-
tions of soil micro-fauna (protozoa and nematodes) to
rhizosphere ecological functions. Acta Ecologica Sinica, 27,
3132-3143. (in Chinese with English abstract) [/ =, X
Wink, B, BT, B (2007) WRPRRCR LY

JRAEMME ST, L& MR, 27,
3132-3143)]

Chung EJ, Hossain MT, Khan A, Kim KH, Jeon CO, Chung
YR (2015) Bacillus oryzicola sp. nov., an endophytic bacte-
rium isolated from the roots of rice with antimicrobial, plant
growth promoting, and systemic resistance inducing activi-
ties in rice. Plant Pathology Journal, 31, 152-164.

Corno G, Jiirgens K (2006) Direct and indirect effects of protist
predation on population size structure of a bacterial strain
with high phenotypic plasticity. Applied & Environmental
Microbiology, 72, 78-86.

Dai JJ, Zhang C, Zhou B, Sun YT, Huang YT, Ren ZL, Dai J
(2015) Effects of earthworm gut on microbial community
structure in heavy metal contaminated soils. Journal of
China Agricultural University, 20, 95 - 102. (in Chinese
with English abstract) [{R&#, kib, ¥, FMOHE, 3%
R, E5EE, BE (2015) M it 4w T et
AR R RORZ . Hh AR R4k, 20, 95-102.]

Dempsey MA, Fisk MC, Fahey TJ (2011) Earthworms increase
the ratio of bacteria to fungi in northern hardwood forest
soils, primarily by eliminating the organic horizon. Soil Bi-
ology & Biochemistry, 43, 2135-2141.

Doran JW, Sarrantonio M, Liebig MA (1996) Soil health and
sustainability. In: Advances in Agronomy (ed. Sparks DL),
pp. 1-54. Elsevier Academic Press Inc., San Diego.

Doran JW, Zeiss MR (2000) Soil health and sustainability:
Managing the biotic component of soil quality. Applied Soil




1112 £ ¥ % B M Biodiversity Science

26 %5

Ecology, 15, 3-11.

Drake HL, Horn MA (2007) As the worm turns: The earth-
worm gut as a transient habitat for soil microbial biomes.
Annual Review of Microbiology, 61, 169-189.

Du XF, Li YB, Liu F, Su XL, Li Q (2018) Structure and eco-
logical functions of soil micro-food web. Chinese Journal of
Applied Ecology, 29, 403-411. (in Chinese with English ab-
stract) [FEBRTT, 20w, XI0%, fE ek, 2453 (2018) 1-i%
MEYM R S5HEZIIRE. BHASYR, 29, 403-411.]

Edwards CA, Bohlen PJ (1996) Biology and Ecology of
Earthworm, 3rd edn. Chapman and Hall, Springer, London.

Edwards CA, Fletcher KE (1988) Interactions between earth-
worms and microorganisms in organic-matter breakdown.
Agriculture Ecosystems & Environment, 24, 235-247.

Eisenhauer N, Schlaghamersky J, Reich PB, Frelich LE (2011)
The wave towards a new steady state: Effects of earthworm
invasion on soil microbial functions. Biological Invasions,
13, 2191-2196.

Elmer WH (2009) Influence of earthworm activity on soil mi-
crobes and soilborne diseases of vegetables. Plant Disease,
93, 175-179.

Elmer WH, Ferrandino FJ (2009) Suppression of Verticillium
wilt of eggplant by earthworms. Plant Disease, 93, 485-489.

Fang XL, Kuo J, You MP, Finnegan PM, Barbetti MJ (2012)
Comparative root colonisation of strawberry cultivars
Camarosa and Festival by Fusarium oxysporum f. sp. fra-
gariae. Plant and Soil, 358, 71-85.

Gao MX, Taylor MK, Callaham MA (2017) Trophic dynamics
in a simple experimental ecosystem: Interactions among
centipedes, Collembola and introduced earthworms. Soil
Biology & Biochemistry, 115, 66-72.

Garbeva P, van Veen JA, van Elsas JD (2004) Microbial diver-
sity in soil: Selection microbial populations by plant and soil
type and implications for disease suppressiveness. Annual
Review of Phytopathology, 42, 243-270.

Geisen S, Koller R, Hunninghaus M, Dumack K, Urich T,
Bonkowski M (2016) The soil food web revisited: Diverse
and widespread mycophagous soil protists. Soil Biology &
Biochemistry, 94, 10-18.

Gomez-Brandon M, Aira M, Lores M, Dominguez J (2011)
Epigeic earthworms exert a bottleneck effect on microbial
communities through gut associated processes. PLoS ONE,
6, e24786.

Gonzélez G, Seastedt TR (2001) Soil fauna and plant litter
decomposition in tropical and subalpine forests. Ecology,
82, 955-964.

Gopalakrishnan S, Pande S, Sharma M, Humayun P, Kiran BK,
Sandeep D, Vidya MS, Deepthi K, Rupela O (2011) Evalua-
tion of actinomycete isolates obtained from herbal vermi-
compost for the biological control of Fusarium wilt of
chickpea. Crop Protection, 30, 1070-1078.

Gyaneshwar P, Kumar GN, Parekh LJ, Poole PS (2003) Role of
soil microorganisms in improving P nutrition of plants. Sys-

tem Sciences & Comprehensive Studies in Agriculture, 245,
83-93.

He JZ, Ge Y, Xu ZH, Chen CR (2009) Linking soil bacterial
diversity to ecosystem multifunctionality using back-
ward-elimination boosted trees analysis. Journal of Soils and
Sediments, 9, 547-554.

Hu YX, Sun ZJ, Zhou FY, Liu XY, Cao AC (2002) Study on
suppressness effect of vermicompost to soil-borne disease of
cucumber seedlings. Acta Ecologica Sinica, 22, 1106-1115.
(in Chinese with English abstract) [#H#:E5, #MREY, JE%
K, XI/NBR, EFE (2002) ] St H T I A e
MIANRIER. AEA%R, 22, 1106-1115.]

Huang K, Li FS, Wei YF, Chen XM, Fu XY (2013a) Changes
of bacterial and fungal community compositions during
vermicomposting of vegetable wastes by Eisenia foetida.
Bioresource Technology, 150, 235-241.

Huang LF, Song LX, Xia XJ, Mao WH, Shi K, Zhou YH, Yu
JQ (2013b) Plant-soil feedbacks and soil sickness: From
mechanisms to application in agriculture. Journal of Chemi-
cal Ecology, 39, 232-242.

Hume EA, Horrocks AJ, Fraser PM, Curtin D, Meenken ED,
Chng S, Beare MH (2015) Alleviation of take-all in wheat
by the earthworm Aporrectodea caliginosa (Savigny). Ap-
plied Soil Ecology, 90, 18-25.

llieva-Makulec K, Makulec G (2002) Effect of the earthworm
Lumbricus rubellus on the nematode community in a peat
meadow soil. European Journal of Soil Biology, 38, 59-62.

Janvier C, Villeneuve F, Alabouvette C, Edel-Hermann V,
Mateille T, Steinberg C (2007) Soil health through soil dis-
ease suppression: Which strategy from descriptors to indi-
cators? Soil Biology & Biochemistry, 39, 1-23.

Jilani G, Mahmood S, Chaudhry AN, Hassan I, Akram M
(2008) Allelochemicals: Sources, toxicity and microbial
transformation in soil—A review. Annals of Microbiology,
58, 351-357.

Jing ZW, Chen RR, Wei SP, Feng YZ, Zhang JB, Lin XG
(2017) Response and feedback of C mineralization to P
availability driven by soil microorganisms. Soil Biology &
Biochemistry, 105, 111-120.

Jones CG, Lawton JH, Shachak M (1994) Organisms as eco-
system engineers. Qikos, 69, 373-386.

Kim J-S, Lee J, Lee C-H, Woo SY, Kang H, Seo S-G, Kim S-H
(2015) Activation of Pathogenesis-related genes by the
rhizobacterium, Bacillus sp. JS, which induces systemic re-
sistance in tobacco plants. Plant Pathology Journal, 31,
195-201.

Koike ST, Kirkpatrick SC, Gordon TR (2009) Fusarium wilt of
strawberry caused by Fusarium oxysporum in California.
Plant Disease, 93, 1077.

Kulmatiski A, Beard KH, Stevens JR, Cobbold SM (2008)
Plant-soil feedbacks: A meta-analytical review. Ecology
Letters, 11, 980-992.

Lambers H, Mougel C, Jaillard B, Hinsinger P (2009)



10 A

e A PMIRES ] R 2 SRR A A AR A PG ) A IR 1113

Plant_microbe_soil interactions in the rhizosphere: An evo-
lutionary perspective. Plant and Soil, 321, 83-115.

Larkin RP (2015) Soil health paradigms and implications for
disease management. Annual Review of Phytopathology,
53, 199-221.

Lee KE (1985) Earthworms, Their Ecology and Relationships
with Soils and Land Use, Academic Press, Sydney.

Li H, Du ZY, Liu Q, Shi YX (2016) Effect of earth-

worm-—mycorrhiza interaction on soil enzyme activities, root

growth and nutrients uptake of sweet potato. Journal of Plant

Nutrition & Fertilizer, 22, 209-215. (in Chinese with Eng-

lish abstract) [ZEXK, #LEH, XK, HHTE (2016) il

AR AR LS . B R AR R IR R R R

HE IR S IEREEAR, 22, 209-215.]

HQ, Liu QZ, Zhang LL, Wang YL, Zhang H, Bai PH, Luan

XB (2014) Accumulation of phenolic acids in the monocul-

tured strawberry soils and their effect on soil nematodes.

Chinese Journal of Ecology, 33, 169-175. (in Chinese with

English abstract) [Z=59#h, &, skikmk, £EE, 5k

i, AMGE, Z8/hte (2014) FLAREAE MR KM AR

BN IR U, AERSAEARE, 33, 169-175.]

X, Fisk MC, Fahey TJ, Bohlen PJ (2002) Influence of

earthworm invasion on soil microbial biomass and activity

in a northern hardwood forest. Soil Biology & Biochemistry,

34, 1929-1937.

XG, Ding CF, Zhang TL, Wang XX (2014) Fungal pathogen

accumulation at the expense of plant-beneficial fungi as a

consequence of consecutive peanut monoculturing. Soil Bi-

ology & Biochemistry, 72, 11-18.

Lipiec J, Frac M, Brzezinska M, Turski M, Oszust K (2016)
Linking microbial enzymatic activities and functional diver-
sity of soil around earthworm burrows and casts. Frontiers in
Microbiology, 7, 1361.

Liu X, Zhang JL, Gu TY, Zhang WM, Shen QR, Yin SX, Qiu
HZ (2014) Microbial community diversities and taxa abun-
dances in soils along a seven-year gradient of potato mono-
culture using high throughput pyrosequencing approach.
PL0S ONE, 9, €86610.

Loranger-Merciris G, Cabidoche YM, Deloné B, Quénéhervé
P, Ozier-Lafontaine H (2012) How earthworm activities af-
fect banana plant response to nematodes parasitism. Applied
Soil Ecology, 52, 1-8.

Marinissen JCY, Bok J (1988) Earthworm-amended soil struc-
ture: Its influence on Collembola population in grassland.
Pedobiologia, 32, 243-252.

Mclean MA, Parkinson D (1998) Impacts of the epigeic earth-
worm Dendrobaena octaedra on oribatid mite community
diversity and microarthropod abundances in pine forest
floor: A mesocosm study. Applied Soil Ecology, 7, 125-136.

Mohan KV, Hrushikesh N, Sreehari K, Kumar TA, Vidyavathi
N, Pallavi A (2011) Studies on bioremediation of phenol by
earthworm. International Journal of Environmental Sci-
ences, 1, 1268-1273.

L

L

L

Moore JC, Zwetsloot HJC, Ruiter PCD (1990) Statistical
analysis and simulation modelling of the belowground food
webs of two winter wheat management practices. Nether-
lands Journal of Agricultural Science, 38, 303-316.

Mota FC, Alves GCS, Giband M, Gomes ACMM, Sousa FR,
Mattos VS, Barbosa VHS, Barroso PAV, Nicole M, Peixoto
JR, Rocha MR, Carneiro RMDG (2013) New sources of re-
sistance to Meloidogyne incognita race 3 in wild cotton ac-
cessions and histological characterization of the defence
mechanisms. Plant Pathology, 62, 1173-1183.

Nannipieri P, Ascher J, Ceccherini MT, Landi L, Pietramellara
G, Renella G (2010) Microbial diversity and soil functions.
European Journal of Soil Science, 54, 655-670.

Natal-da-Luz T, Lee I, Verweij RA, Morais PV, Van Velzen
MJ, Sousa JP, Van Gestel CA (2012) Influence of earth-
worm activity on microbial communities related with the
degradation of persistent pollutants. Environmental Toxi-
cology and Chemistry, 31, 794-803.

Niu XQ, Li JH, Zhang JL, Shen BY, Chai ZX, Wang D (2011)
Changes of Fusarium in rhizosphere soil under potato con-
tinuous cropping systems in arid-irrigated area of Gansu
Province. Acta Prataculturae Sinica, 20, 236-243.

Oka Y (2010) Mechanisms of nematode suppression by organic
soil amendments—A review. Applied Soil Ecology, 44,
101-115.

Oldenburg E, Kramer S, Schrader S, Weinert J (2008) Impact
of the earthworm Lumbricus terrestris on the degradation of
Fusarium-infected and deoxynivalenol-contaminated wheat
straw. Soil Biology & Biochemistry, 40, 3049-3053.

Salmon S, Ponge JF (2001) Earthworm excreta attract soil
springtails: Laboratory experiments on Heteromurus nitidus
(Collembola: Entomobryidae). Soil Biology & Biochemis-
try, 33, 1959-1969.

Sampedro L, Whalen JK (2007) Changes in the fatty acid pro-
files through the digestive tract of the earthworm Lumbricus
terrestris L. Applied Soil Ecology, 35, 226-236.

Sauvadet M, Chauvat M, Cluzeau D, Maron PA, Villenave C,
Bertrand | (2016) The dynamics of soil micro-food web
structure and functions vary according to litter quality. Soil
Biology & Biochemistry, 95, 262-274.

Schaefer M, Petersen SO, Filser J (2005) Effects of Lumbricus
terrestris, Allolobophora chlorotica and Eisenia fetida on
microbial community dynamics in oil-contaminated soil.
Soil Biology & Biochemistry, 37, 2065-2076.

Schrader S, Wolfarth F, Oldenburg E (2013) Biological control
of soil-borne phytopathogenic fungi and their mycotoxins by
soil fauna—A review. Bulletin of the University of Agricul-
tural Sciences & Veterinary, 70, 291-298.

Shan J, Liu J, Wang YF, Yan XY, Guo HY, Li XZ, Ji R (2013)
Digestion and residue stabilization of bacterial and fungal
cells, protein, peptidoglycan, and chitin by the geophagous
earthworm Metaphire guillelmi. Soil Biology & Biochemis-
try, 64, 9-17.



1114 £ ¥ % B M Biodiversity Science

26 %5

Shi LB, Wang ZH, Wu HY, Liu J (2010) Influence of continu-
ous tomato-cropping on second-stage juveniles of root-knot
nematode and free-living nematodes from rhizosphere soil
in plastic greenhouse. Acta Phytopathologica Sinica, 40,
81-89. (in Chinese with English abstract) [ 323, TR,
FUFHE, K (2010) & A4 PR 2 i AR ] - 9 AR 45 2%
B ghiS B HAE S BRI, YR R,
40, 81-89.]

Singh JS, Raghubanshi AS, Singh RS, Srivastava SC (1989)
Microbial biomass acts as a source of plant nutrients in dry
tropical forest and savanna. Nature, 338, 499-500.

Song YY, Zeng RS, Xu JF, Li J, Shen X, Yihdego WG (2010)
Interplant communication of tomato plants through under-
ground common mycorrhizal networks. PLoS ONE, 5,
e13324.

Tao J, Chen XY, Liu MQ, Hu F, Griffiths B, Li HX (2009)
Earthworms change the abundance and community structure
of nematodes and protozoa in a maize residue amended
rice-wheat rotation agro-ecosystem. Soil Biology & Bio-
chemistry, 41, 898-904.

Tao J, Xu YJ, Griffiths BS, Hu F, Chen XY, Jiao JG, Li HX
(2011) Earthworms reduce the abundance of nematodes and
enchytraeids in a soil mesocosm experiment despite abun-
dant food resources. Soil Science Society of America Jour-
nal, 75, 1774-1778.

Teste FP, Kardol P, Turner BL, Wardle DA, Zemunik G, Ren-
ton M, Laliberte E (2017) Plant-soil feedback and the
maintenance of diversity in Mediterranean-climate shrub-
lands. Science, 355, 173-176.

Thakuria D, Schmidt O, Finan D, Egan D, Doohan FM (2010)
Gut wall bacteria of earthworms: A natural selection proc-
ess. The ISME Journal, 4, 357-366.

Toljander JF, Lindahl BD, Paul LR, Elfstrand M, Finlay RD
(2007) Influence of arbuscular mycorrhizal mycelial exu-
dates on soil bacterial growth and community structure.
FEMS Microbiology Ecology, 61, 295-304.

Vaitauskiene K, Sarauskis E, Naujokiene V, Liakas V (2015)
The influence of free-living nitrogen-fixing bacteria on the
mechanical characteristics of different plant residues under
no-till and strip-till conditions. Soil & Tillage Research,
154, 91-102.

Watkins AJ, Nicol GW, Shaw LJ (2009) Use of an artificial
root to examine the influence of 8-hydroxyquinoline on soil
microbial activity and bacterial community structure. Soil
Biology & Biochemistry, 41, 580-585.

Wolfarth F, Schrader S, Oldenburg E, Weinert J (2011) Con-
tribution of the endogeic earthworm species Aporrectodea
caliginosa to the degradation of deoxynivalenol and Fusa-
rium biomass in wheat straw. Mycotoxin Research, 27,
215-220.

Wu FY, Wan JHC, Wu SC, Wong MH (2012) Effects of
earthworms and plant growth-promoting rhizobacteria
(PGPR) on availability of nitrogen, phosphorus, and potas-

sium in soil. Journal of Plant Nutrition and Soil Science,
175, 423-433.

Wu JH, Song CY, Chen JK (2007) Effect of microbivorous
nematodes on plant growth and soil nutrient cycling: A re-
view. Biodiversity Science, 15, 124-133. (in Chinese with
English abstract) [RZ%, REE, BrEx % (2007) &4
2 B A K IR IR RIS . AR 2 AR,
15, 124-133]]

Wu YP, Ll LY, Bi YM, Zhang Y, Sun ZJ (2013) Effects of
earthworm inoculation on saline-alkali soil nutrient, soil or-
ganisms and plant cultivation. Journal of China Agricultural
University, 18, 45-51. (in Chinese with English abstract)
[LEM, AWE, HE, K, MR (2013) bl
W51 0 ER B TRy« LR AR RO RE . T AR
23K, 18, 45-51.]

Wu YP, Muhammad S, Zhao JS, Hao R, Hu RG (2015) Effect
of the earthworm gut-stimulated denitrifiers on soil nitrous
oxide emissions. European Journal of Soil Biology, 70,
104-110.

Wu ZW, Wang MD, Liu XY, Chen HG, Jia XC (2009) Pheno-
lic compounds accumulation in continuously cropped Reh-
mannia glutinosa soil and their effects on R. glutinosa
growth. Chinese Journal of Ecology, 28, 660-664. (in Chi-
nese with English abstract) [, ERHIE, XIHE, K
ZLHK, BUBTE (2009) 7 3w R IR R SIS R K
oA K R, A2k, 28, 660-664.]

Waurst S, De Devn GB, Orwin K (2013) Soil biodiversity and
functions. In: Soil Ecology and Ecosystem Services (eds
Wall DH, Bardgett RD, Behan-Pelletier V, Herrick JE,
Jones TH, Six J, Strong DR, van der Putten WH), pp. 28-45.
Oxford University Press, Oxford.

Yahaya ANA, Hossain MS, Edyvean R (2017) Analysis of
phenolic compounds in empty fruit bunches in oyster mush-
room cultivation and in vermicomposting. BioResource, 12,
4594-4605.

Yao Y, He J, Zhang Y, Li YF, Wu YP (2015) Effects of Eis-
enia fetida inoculation on soil organic carbon and soil mi-
croorganisms under rice straw application. Journal of
Agro-Environment Science, 34, 110-117. (in Chinese with
English abstract) [#ks2, A&, 5k —, =K, HEM
(2015) 7152 M 48] (Eisenia fetida) X A% FFiti N 5 T34 AL
TR AR, RV IR 2274, 34, 110-117.]

Ye SF, Yu JQ, Peng YH, Zheng JH, Zou LY (2004) Incidence
of Fusarium wilt in Cucumis sativus L. is promoted by cin-
namic acid, an autotoxin in root exudates. Plant and Soil,
263, 143-150.

Zhang BG, Li GT, Shen TS, Wang JK, Sun Z (2000) Changes
in microbial biomass C, N, and P and enzyme activities in
soil incubated with the earthworms Metaphire guillelmi or
Eisenia fetida. Soil Biology & Biochemistry, 32,
2055-2062.

Zhang N, Wang DD, Liu YP, Li SQ, Shen QR, Zhang RF
(2014) Effects of different plant root exudates and their or-



10 A

B R PIREY s i) R 2 3R A A G A R RS A 1 P AL A1 1115

ganic acid components on chemotaxis, biofilm formation
and colonization by beneficial rhizosphere-associated bacte-
rial strains. Plant and Soil, 374, 689-700.

Zhang WW, Cao J, Zhang SD, Wang C (2016) Effect of
earthworms and arbuscular mycorrhizal fungi on the micro-
bial community and maize growth under salt stress. Applied
Soil Ecology, 107, 214-223.

Zhang WX, Chen DM, Zhao CC (2007) Functions of earth-
worm in ecosystem. Biodiversity Science, 15, 142-153. (in
Chinese with English abstract) [3k P45, il Dy, #X Al
(2007) sl fE A S REHIEM . AW E R, 15
142-153.]

Zhang XP, Hou WL, Chen P (2001) Soil animal guilds and
their ecological distribution in the northeast of China. Chi-
nese Journal of Applied & Environmental Biology, 7,
370-374. (in Chinese with English abstract) [3k %, 78
W, WRMG (2001) ZRAGARAK 3 3P 1R h e i ] K 3L 2R
oA, NS AEY SR, 7, 370-374]

Zhang Y, Wang GC, Wu YP, Zhao H, Zhang YF, Sun ZJ
(2013) PCR-DGGE analysis of earthworm gut bacteria di-
versity in stress of Escherichia coli O157: H7. Advances in
Bioscience and Biotechnology, 4, 437-441.

Zhang Y, Zhang DJ, Li X, Zhang J (2018) Contribution of soil
fauna to the degradation of recalcitrant components in Cin-
namomum camphora foliar litter in different-sized gaps in
Pinus massoniana plantations. Journal of Forestry Research.
https://doi.org/10.1007/s11676-018-0609-6.

Zhen WC, Dai L, Hu TL, Cao KQ (2005) Study on dynamics

of soil microorganisms under strawberry (Fragria ananassa
Duch) continuous cropping. Journal of Agricultural Univer-
sity of Hebei, 28, 70-72, 87. (in Chinese with English ab-
stract) [ CHE, RN, AR SGR, B IE58 (2005) E/EH &
IR YX RS RHETT. AR ML R R, 28,
70-72, 87.]

Zheng XQ, Fan XF, Zhang HL, Li SX, Wang JQ, Zhang JQ,
Wang LJ, Tao XB, Li WG (2015) Effects of Pheretima
guillelmi cultivation time on microbial community diversity
and characteristics of carbon metabolism in vegetable soil.
Journal of Agricultural Resources & Environment, 32, 596
- 602. (in Chinese with English abstract) [#8%2i, JubEsF,
REIA, BEXE, EEK, KIEE, ERZ%E, R,
£ 2t (2015) BRI B 0 B I A0 S AR )
TEVE 2 FEIE ROBRARMRFAE AU SEMA. R B2 U5 55 PR 58 24
32, 596-602.]

Zhu XY, Chang L, Liu J, Zhou MH, Li JJ, Gao B, Wu DH
(2016) Exploring the relationships between soil fauna, dif-
ferent tillage regimes and CO, and N,O emissions from
black soil in China. Soil Biology & Biochemistry, 103,
106-116.

Zhu YH, Li KZ, Lu L (2012) Rhizosphere soil fauna and its
effects on plant growth: A review. Chinese Journal of Ecol-
ogy, 31, 2688-2693. (in Chinese with English abstract) [’k
AKAE, Z=TH, BEAK (2012) ARBR XS R H xS M A
KMsgm. &A% 4RE, 31, 2688-2693.]

(GifEmZ: fFAH  STERE: HET)



	蚯蚓调控土壤微生态缓解连作障碍的作用机制
	1 (中国农业大学资源与环境学院, 北京 100193)
	2 (中国医学科学院北京协和医学院药用植物研究所, 北京 100193)

	Mechanisms of earthworms to alleviate continuous cropping obstacles through regulating soil microecology
	1.1  微生态平衡与健康土壤功能的维持
	1.2  土壤生物间的相互关系
	1.2.1  植物与土壤微生物的关系
	1.2.2  植物与土壤动物的关系
	1.2.3  土壤动物与微生物的关系

	2.1  蚯蚓对土壤动物的调控作用
	2.2  蚯蚓对土壤微生物的调控作用
	2.2.1  影响微生物量、活性和多样性
	2.2.2  改变微生物群落结构

	3.1  连作导致微生态失衡
	3.2  蚯蚓促进化感物质降解
	3.3  蚯蚓调控连作障碍土壤微生态机制

	1  土壤微生态平衡
	2  蚯蚓对土壤生物的调控作用
	3  蚯蚓对缓解连作障碍的作用
	4  展望



