J. Jpn. Soc. Soil Phys.
Ty
No. 83, p. 47~57 (2000)

tEEBYo AR E L EYH

CEIEE D

Ecology of Soil Animals and Soil Physics

Yoshio NAKAMURA*

Department of Upland Farming, Tohoku National Agricultural Experiment Station

L. B U®IC

ROBRIcET 5 HEOYERC, TIREMOREE
EoBEROD, PELOSBEEIATH S, F—I,
Bt ToMENER, TR0 ME L IR &
ffs & oDl & A, WTEONEEES L
TOEER, hREEHOET2mm U TEshs
(RS B () (1985), & ZANBERKRL T 2 EH
FETIRCOETE ART I ENB LM, 514 PRI
MEEIcB - TV a LI ICAZF N5, Eid, 1ED
R - B O MRS IR CE H & o kLR R,
w5, RS B B RERRE O B TSR~
DB, TH B,

1. TEFHMEISESHRTEMOESE~IEHEN

& IR R EM B D BEE

RS BER B LS N 2 ESER
L, tE#EY s & b8 O 1989) otiEgE
YRR T %, ZHOEIMD 575 5 LEEY, B
ARG 5 VI KESEhoHT onlbh 3 (&
Do

TIEEYI O E  OEUEFEREM, £ OEREN E SRR
HThb, BEOLBERZASHLTEYL, IhETOHA
EoWT, EFEBADE A TED SHE~OMDL
DOELHVOBE M SIRD 2EHIHIT TV S (FF,
1991) :

FitEOWE - (LEMICEEESA 2B (LIER
ERRESED ~fl: 131X vaT7y

Yic kot ic B EA 5 X 28 (Y
IR ~f: P ELY - EA IR

IR UNEHOE A I XAEEDS) EfhoEc
H~MENERL, 180 3HEETE0mOEbLD A
Hohicdho25H 5, 34bHE I I X HEROHEV

F bk, 1998a ; #E5) Tld Ecosystem engineer ;
Jones et al., 1994, Lavelle et al., 1997) & LT, LHED
g (B - b3 - AR 28y e, BROH
IMEEEH L EEELUT, EHEE - ST LERD S
KHeEE, ARE - R - SR (8BS L (A, 1998
b), EBRROMERRICEST2LELI 6N 5,

2. TEEMOEE (B2 THELEE (-8

& LTotEpENE

TABEAEET A8 (R-D @, R ERE(EY,
HBVIES N TEEARIEER ST 5, TD/nTHE
OYIBIIHE D > b, ZEEAEELIEMOERITHLT
1, BaORBHBOESY, IR s 2R AR
A 2EiosRics LT, EiEERE LTOERD
KEXDPZONOBEIBE, &L OBEEE L Lk
ELTOKDEERL LD, BOGIRERLE LT &
HESNE, FIKRDERERMOEFLBEOEETH
296 -1 BB (©), KREE (oF, #6HEE,
ERENIREE BLULEEHYOHES N EEEEZRL
7o
pFARELT S L, LEFYOZHREDSVEIA
i, 1.8 (BJK) LIT OB GOEHEZEX 65,
Thbb LESORESBE L LT, ZRACKEEE LS
WRDSEEET 5 & & TEDRERIHT 2 kEEYIOER
ZHfEic L, TLESVEBENSREILNE L TEEEMO
AR ERERICT B,

3. I:iX (ZEEWORKRELT) OFEIRLEY

EHICEREERETH

TEE O HIROBEBE~OERE, HATOHIES &
biz, EBMICBNE T 2 RESHMERN (WTBA)
U ATHEESR (37w R E) TN, TR
<RSI >, < LIEE >, <&+ R
4 IEEY >, FhTAOMEAS LR IIRL AR

* Rk LRSS
F—0U—F:LIEEM X, LiEyE

T960-2156 #BEFIEHE™ 50




48 Tyt Fe3E (20000

x-1 R TEsEYoH
Table 1 Groups of soil animals
B oW oy H ¥ g RS LT HoKxs
JEAEEIRY il lik| BER WA RAEARE KIUEE
=57 HHE ¥ # EHE R GREE)
& i3 HE L @) il (B
/PN e + G INEY
=B +rE + Ok N
e B e (A
56————i$%%%%§ﬁ¥ﬁﬁ%#%-~j
pF 2(EA) 18(FEAAK) 1 038 Ve
@ (mm) 0.03 : 0.3 04 ! 3.0
S R WAED-BEH 0 e > :
TERY A | Wty ek el wdiwe 2
7 0 P —— 5 ) pZ A
wARE | T—— | el | (#t)
Ok 1ot \““1\;\\
HAHEE 999 —> %
K-1 -EEW) ORI & TERRE L UUKSMREE E O BEEHETER G - EEAAD)

Fig. 1

Effects of the soil pores and water contents on soil animals.
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Table 2 Soil hardness in soil surface after the harvest of barley
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Table 3 Soil air, liquid and solid contents after the introduction of earthworms, Pheretima hilgendorfi
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Fig. 2 Effects of fertilizers and tillage on soil air, liquid and solid contents
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Fig. 3 Effects of fertilizers and tillage on earthworm numbers and soil aggregates.
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Fig. 4 Effects of tillage and mulch on soil hardness.
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Fig. 5 Effect of tillage on soil water content and soil temperature.
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Fig. 6 Soil consitions in the Niimi trench (left) and the relationship between the
trench type and soil animals (right).
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Fig. 8 Water contents at different pF values of wormcasts and soils (Black : cast of

Pheretima hilgendorfi)

MIIRMER L WE LNL/ m? (0.02mm/min) 125
L, YIX0EESTAE65L/m? (0.12mm/min) 2 F
#9% (Ehler, 1975), EHHEDO 7 — VUIOHITIZ L B
ENI L TCHRHED 3% T L XILEEBE L (Ed-
wards et al., 1990), FERITEER T3 HFRF/KAHS 2 A5
1260 mm DPEN T, FLENS 2 FPES RS 2
(Roth & Joschko, 1991), 4R H S, IR & D
9 % (Pitkdnen & Nuutinen, 1998),

4-4. 7 (Cast)

MEBICHHENE 3 I E, BEE-THEE S &M
<, BerFoRsEMIcEE 5, Biowd 280143
B, BEHBOFM R ITR E ATV
5, EiF I IXEHICEESN, 2-250t/ha/yr i3&T
BB, T T7YHITE, HE30cm-1m, FlmDK—
TR Y Y XELPEE s 2 (Ljungstrom &
Reinecke, 1969), LA L7AA55 3 3 XED A (2Hu
HE &E N B, BlIZEY Ny > TldHED 25 t/ha/
year {25 L, Hiric 1,200 t 23EEH X 1 3 (Lavelle,
1978),

SHIDORE» SR L7 b 3 3 X#E, A% Tmm
P 50% L1, 4mm PLETIE80% Ll R4 w7
to (-To BITEE L, > b, B &R T & & big,
RO & EN S (k- BT, 1987),

I REOYHEME L I ORNTIIARXBEBIN 2
(Flegel et al., 1998), —HRATIC 3 3 REDEANE IS
(X-8), % OWIEICE, SHOE-ME S, Koz

F2 L EHOMPHTL B, ZREINNEEZET, K
TR T O ARANREES IS S nE, 0 3 2 XEH
MEE &b TOFLEEEY, WkoRS, tEsA
RO A AR &Iz H 59 5 (Blanchart et al., 1993),
HFLBRD 90% LI EAKA L, MROERICELEHELE -
Th IIXABREXEGL LN TE S
(Kretzschmar, 1978),

PRt Nz o, HMERRLL 0 S ZEMIZEV
W, Wk E S BIC L VICREENE T B, EOUPFH
ZAE L7 80kPa THME L 72 & 25, THERIF I 55%
WIEH SN 35, 3 3 XEE66% 10& & F - 12
(McKenzie & Dexter, 1987), i DEEMROIENIL,
Gdricsns n A EEROWE (2) 2 & LTiE
MALEL LY, ZOMOREEZHEOEELEVERY
DHEFICE > TRES NS EHAMEL TV 3
(Marinissen & Dexter, 1990 ; Marinnissen et al.,
1996) &7 3 I RIEND GIKRD S 5ihE b [k &
GARE NI & 0SS LR EREE D 5
(Swaby, 1950), T4 & L TOTOHEBRESENSV
ELEMEME < (Guggenberger ef al., 1996), ¥ #-§k 1
& (AT 15-55%) % CaCO, B GRIZEEIH 0.3-3.2%)
MWE BB >N THIR B RG24, W@k
(Schrader & Zhang, 1997), Al Fe, Ca, Mg (Gu &
Doner, 1993) &AM BRI & LEM O I Z
59 % (Hindell et al., 1997),

KRz L3 I XERITHEAL TLiNA



54 O

3

7 (2000)

B-9 7 woazELEE (vl

I XA 100 Hi%,

ti:eEbrvEYIIZBASHK

Fig. 9 Introduction of earthworms in microcosm (Left: Eisenia fetida, right: Pheretima

hilgendorfi).
R MR
! E L B 2 L s B
Mo | i mm w
o | #1LIHEI oo | #THE

1 1 1 1 1 1 1 1 1 1 ) 1 1 ) ' 1 1 1 A M 1 1 1 1

L1

X-10 ¥
Fig. 10
by earthworms.

Mo te, WADRERLKANZEH L, PR Z LA
DT DR TREDL SV RSN EDTHS S
e HoX v+ TORETIE, >2mm OFIAY 2-5cm
S THI66% 2o, 33 &L TH, T0HE&IF6
r AZAL P EL, 12 7 HIRICBWT & 50% Th - 1o
(Blanchaet & Spain 1989 ; Lee & Foster, 1991),

BEH I, R O R A HIVIC 2R A
b%&/\ﬁﬁL@ ﬁw)g 33 X, 1970-80FFD ¥ 3 X
0l 7 — s, THEREM & L clige s s,
IEEMDHiE L s Wis EoMb» S, ABEEMELTD
e ASBEEIE & Ak (2, 1979), LivL 3 3 AED%
EMES RN SN, TZOLEMEI I X0y
DNFITHEBESND ZEBPHLMICSNHDDH S, 33
A DOFFF © 4+ DNED 6 O], 561, HEEOWH
E SN TIEOHRLIEERN R, I I 2B HHLD
ME S HhORGH RN S,

HBIIZHFHLIIZaVyER L
EET, s &
ZU0IE Y Y AV S

(vermicompost)
AL LD, b

S S I 7

S 5 HEA SRR L

D BRI & 3

Destruction of soil physical properties by agricultural practices and restoration

3 RTEENC K BB

teboThH s (i, 1999), 3 3 Xa vy E R b EMEY
ik (FSsERE) OHEIE & oW o K & 75 250,
HIE DL PRIEENKE  ZFLUEMENLEETHH I &
Td % (Haimi & Huhta, 1987),

5. I ZDOAERER EEBRERICE STEEDER
IZ70aREEREI IR, YAF, FELVEES
PRI LIEEMIS A S N, ROPES SRS LiZwvic
THSDITIE » TE I, MAREDBSBAT 28 (HsH L
D (3FEERD Hih OIS 1, B RIEEA
ThisWiRAE LA Ebd 5, PIAIE S 3 XDHE
AR () ~Bid 20 RATERT 2 &4 5.
B-9 () O T v=33 I RE2BATEE, HEIO
FiE~OBE#IZIEEA LR, fims LT 3 X0k
Ao FBEIEIE R EAEHOWER S, 25
M, X9 () OTEL 7 FIIXAEBATEE, T
W HETHIEZR A O KD F Bl s 4 5N b,
vz 3 x’iﬂﬁﬂyrﬁiml<'U$¢ 1999) THEEIZZ < H
5N, ATFbZVWEBEENES THL 120, LIFLIE
EKEICHOWO NG, LKAERT I L EENTH



Fad - TIEEOERE & Y 55

5. TEEOBEOER T, HEABERMOMEE (Fli
7 rIIXBE Y EYIIR) AENEELLN
Too ¥ 3 R ETIEYIEMICBLET ZHEN, BHEREES
NBESHTR, BREVBOHOA I I XOMBHEE 330H
B, AN LIcEMEIIBT 3, I I X01ED
MWHEICHZ 2 RAFER L 7o RHRERE ONEFT - it
H, 1938) ICIZFEH DI, FTEWEETH 5,

6. HbH Y IC

BRI EHITEM OB, BIEES 2 VIR
El&icky, EEMICELLS N, TIEYEROEEHE
D% FEE RNV, —F, TOTECERTS
IR0 5 RITENC I, OB EET ATEMNEEN
5 (K-10), &%, e 3 HHYEEOHLOTEE
&, I X0BIENOERY, EUEEHTERS RS
ANBTEEFHLI,

51 B X ®

Alban, D.H. & Berry, E.C. (1994) : Effects of earth-
worm invasion on morphology, carbon and ni-
trogen of a forest soil. Appl. Soil Ecol,, 1 : 243~
249.

HRZE AT #0988  fib otk 3 3
KEOF I & 5 TIBIFRES L 072, 3 ofb3H
DER. ERREEE 21:37~48

Blanchart, E. & Spain, A.V. (1989) : Role des vers de
terre dans l'élaboration et la consevstionde la
structure des sols de savane. In ‘Processus
Biologique et Fertililté de Sol dans les Savannes
Humides de Céte d’'lvoire’ (ed. O. Lavelle) pp. 26~
41.{Ministere de 'Environment SRETIE : Paris.)
(Lee & Foster 1991 &£ v)

Blanchart, E., Bruard, A. & Lavelle, P. (1993): The

physical structure of casts of Millsonia anomala

(Oligochaeta : Megascolecidae) in shrub savanna

soils (Cote d'Ivoire). Geoderma, 56 ;: 119~132.

#1979 1 3 I XEERHEIAY I h— 1 e

27— LOBIEEY, TRAREE, 1979410 HE .64

~65,

Dexter, A.R. (1978) : Tunneling in soil by earthworms.
Soil Biol. Biochem. 10 : 447~449.

Edwards, W.M., Shipitalo, M.J., Owens, LB. &
Norton, L.D. (1990) : Effect of Lumbricus terrestris
L. burrows on hydrology of continuous no-till
cornfields. Geoderma, 46 : 73~84.

Ehlers, W. (1975) : Observations on earthworm chan-

iz

nels and infiltration on tilled and untilled loess

soil. Soil Sci., 119 : 242~249.

Enami, Y., Shiraishi, H. & Nakamura, Y. (1999) : Use
of soil animals as bioindicators of various kinds
of soil management in northern Japan. JARQ, 33
: 85~89.

Flegel, M., Schrader, S. & Zhang, H. (1998) : Influence
of food quality on the physical and chemical
properties of detrivorous earthworm casts. Appl.
Soil Ecol,, 9 : 263~269.

Gu, B. & Doner, HE. (1993) : Dispersion and aggrega-
tion of soils as influenced by organic and inor-
ganic polymers. Soil Sci. Soc. Amer. J., 57 : 709~
716.

Guggenberger, G, Thomas, R.J. & Zech, W. (1996) :
Soil organic matter within earthworm casts of
an anecic- and endogenic tropical pasture com-
munity, Columbia. Appl. Soil Ecol,, 3 : 263~274.

Haimi, J. & Huhta, V. (1987) : Comparison of com-
posts produced from identical wastes by
“vermistabilization” and conventional compost-
ing. Pedobiologia, 30 : 137~144.

Hindell, R.P., McKenzie, BM. & Tisdall, J.M. (1997) :
Influence of drying and ageing on the stabiliza-
tion of earthworm {Lumbricidae) casts. Biol.
Fertil. Soils, 25 : 27~35.

WEHE=E (1990) : 7 b 3 3 AMKEOHEF & LHK
CTHERMICE Z 25058, FILEERR, 43 117~
118.

WREHFZMR - A0ESE - PHITE (1994) : EFHENTE
SEE AN 3B 0 PR LA O s BRI R RS
2 AW, 47:169~170.

(1964)

pédozoologie

Jeanson, C. Micromorphologie et

expérimentale, - contribution a
I'étude sur plagues minces de grandes dimen-
artificiel
In ‘Soil
Jongerius,) pp. 47~55. 2nd Int. Working Meeting

sions d'un sol structure par les

Lombricides, Micromorphology’ (ed.
Soil Micromorph., Arnhem.

Jégou, D., Cluzeau, D., Wolf, H.J, Gandon, Y. &
Trehen, P. (1998) : Assessment of the burrow
system of Lumbricus terrestris, Aporrectodea
giardi, and Aporrectodea caliginosa using X-ray
computed tomography. Biol. Fertil. Soils, 26 : 116
~121.

Jones, C.G,, Lawton, J.H. & Schachak, M. (1994) : Or-

ganisms as ecosystem engineers. Oikos, 69 : 373




56 TR &8

~386.

Joschko, M., Diestel, H. & Larink, O. (1989) : Assess-
ment of earthworm burrowing efficiency in com-
pacted soil with a combination of morphological
and soil physical measurements. Biol. Fertil.
Soils, 8 : 191~196.

Joschko, M., Muller, P.C., Kotzke, K., Dohring, W. &
Larink, O. (1993) : Earthworm burrow system de-
velopment assessed by means of X-ray com-
puted tomography. Geoderma, 56 : 209~221.

Kretzschmer, A. (1978): Quantification ecologique
des galeries de lombriciens. Technique et pre-
mieres estimations. Pedobiologia, 18 : 31~38.

Kretzschmar, A. (1982) : Description des galeries de
vers de terre et variations saisonnieres des
reseaux (observations en conditions naturelles).
Rev. Ecol. Biol. Sol, 19 : 579~591.

Kretzschmer, A. & Aries, F. (1992) : An analysis of the
structure of the burrow system of the giant
gippsland earthworm Megascolides australis
McCoy, Biol.
Biochem,, 24 : 1583~1586.

Lavelle, P. (1978) : Les vers de terre de la savane de

1878 using 3d-images. Soil

Lampto (Cote d'Ivoire). Peuplements, popula-
tions et fonctions de l'écosystéme. Publ. Lab.
Zool. EN.S,, 12 : 1~301.

Lavelle, P, Bignell, D., Lepage, M., Wolters, V., Roger,
P, Ineson, P., Heal, O.W. & Dhillion, S. (1997) : Soil
function in a changing world : the role of inver-
tebrate ecosystem engineers. Eur. J. Soil Biol,, 33
{4) : 59~193.

Laverack, M.S. (1963): The physiology of earth-
worms. Pergamon Press, 206 pp. London.

Lee, K.E.(1985) : Earthworms : their ecology and rela-
tionships with soils and land use. p. 411. Academ-
ic Press, Sydney.

Lee, K.E. & Foster, R.C. (1991) : Soil fauna and soil
structure. Aust. J. Soil Res,, 29 : 745~775.

Ligthart, T.N,, Peek, G.J W.C. & Taber, E.J. (1993) : A
method for the three-dimensional mapping of
earthwom burrow systems. Geoderma, 57 : 129~
141.

Ligthart, T.N. & Peek, G.J.W.C. (1997) : Evolution of
earthworm burrow systems after inoculation of
lumbricid earthworms in a pasture in the Neth-
erlands. Soil Biol. Biochem.., 29 : 453~462.

83 % (2000)

Ljungstrom, P.O. & Reinecke, A.J. (1969) : Ecology
and natural history of the microchaetid earth-
worms of South Africa. 4. Pedobiologia, 9 : 152~
157.

Marinissen, J.C.Y. & Dexter, A.R. (1990) : Mechanisms
of stabilization of earthworm casts and artificial
casts. Biol. Fertil. Soils, 9 : 163~167.

Marinissen, J.C.Y. (1996):Clay dispersability in
moist earthworm casts of differnet soils. Appl.
Soil Ecol,, 4 : 83~92.

McKenzie, BM. & Dexter, AR. (1987) : Physical pro-
perties of casts of the earthworm Aporrectodes
rosea. Biol. Fertil. Soil, 5 : 152~157.

McKenzie, B. & Dexter, A.R. (1988 a) : Axial pressures
generated by the earthworm Aporreciodea rosea.
Biol. Fertil. Soils, 5 : 323~327.

McKenzie, BM. & Dexter, A.R. (1988 b) : Radial pres-
sures generated by the earthworm Aporrectodea
rosea. Biol. Fertil. Soils, 5 : 328~332.

Merino-Trigo, A., Sampedro, L., Rodriguez-Berrocal,
F.J., Mato, S. & Cadena, M.P. (1999) : Activity and
partial characterisation of xylanolytic enzymes
in the earthworm Eisenia andrei fed on organic
wastes. Soil Biol. Biochem., 31 : 1735~1740.

EEELIIE S () (1983) « LIEE oM~ 1385t
HRoRR, P3b2, TRty s —, WEL

R (1991) @ HHEEAEEERTEHTIER & Tk A
Z iEE. RO, (WIS) 4:43~59,

TAHEFET (1983) : TR & 3R, Edaphologia,
28 : 33~35.

Nakamura, Y. (1984) : Aspects of colonization by
Enchytraeus albidus (Enchytraeidae) and Sinella
curviseta (Collembola) in Niimi waste water treat-
ment trench. Pedobiologia, 26 : 381~386.

ThRHEE (1991) : HIEERRRIGHERE L ehiXA
5 LiEE. SUREERRSE, () 4:43~59.

R (1996) @ BT R T IEIEEIN 2 XX 5 HigE
¥, HAAEGEREK, 184 8~17.

HRHEFE (1998a) @ I/ NER OO HERERF A A8 L THI S
Brisffa, SRALREMIZE, GIE) 11 1~10,

HRHT S (1998 b) : -hiEEh & (AR O IR — 3
I XD, BERLXUEE 73 (1D :165~170.

HIRHEETS (1999) @ ¥ ¥ X &R EFREE MO, P123,
RlFRRE, WAL

Narioka, H. & Niijima, K. (1995) : A new method of

estimating burrowing activity of soil animals by



e B D HRE & iR 57

soft X-ray images. p. 80~90, in Structure and
function of soil communities (eds. Edwards et
al.), Kyoto Univ. Press.

B (1985) ¢ LIE - KE - BEEMOKRSE, P
316, R, HA

INEFpfREA 2 B - BUERCKER (1935) @ ¥ 3 XOMAKHE]
REREICRIZ T 28 IR 9:30~32

Parkin, T.B. & Berry, E.C. {1999) : Microbial nitrogen
transformations in earthworm burrows. Soil
Biol. Biochem., 31 : 1765~1771.

Pitkanen, J. & Nuutinen, V. (1998) : Earthworm con-
tribution to infiltration and surface runoff after
15 vears of different soil management. App. Soil
Ecol, 9: 411~415.

Rappoldt, C. (1993) : Modelling the geometry of worm
burrow systems in relation with oxygen diffu-
sion. Geoderma, 57 : 69~88.

Roth, C.H. & Joschko, M. (1991) : A note on the reduc-

tion of runoff from crusted soils by earthworm

burrows and artificial channels. Z.
PAanzenernahr. Bodenk., 154 : 101~105.

Satchell, J.E. (1967) : Lumbricidae. p. 259-322. In Soil
Biology (eds. Burges & Raw), Academic Press,
London.

Swaby, R.J. (1950) : The influence of earthworms on
soil aggregation. J. Soil Sci,, 1: 195~197.

Schrader, S. & Zhang, H. (1997) Earthworm casting :
stabilization or destabilization of soil structure?.
Soil Biol. Biochem., 29 : 469~475.

Tisdall, J.M. (1985) : Earthworm activity in irrigated
red-brown earths used for annual crops in Victo-
ria. Aust. J. Soil Res., 23 : 291~199.

JABBEE (1989) : 4715 L & LIRE, P 167, MUt
Jie

ZREEAE 19994 12 A 20 H
SHEHH 20004 2 B 22 H





