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To clarify the processes of the soil degradation and establish the principles of the soil recovery
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Figure 1. The research design for understanding desertification from the view point of soil degradation.
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Figure 2. Mean annual rainfall (mm) in Niger and the location of the study sites.
(rainfall data from Brouwer and Bouma 1997)
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Figure 3. A conceptual image of termite mound and surrounding soil.
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land use factors

forest bush bare land

termite mound mound in forest mound in bush mound in bare land

nearby soil in nearby soil in nearby soil in

termite factors nearby soil

forest bush bare land
. . surrounding surrounding surrounding
surrounding soil o o o
soil in forest soil in bush soil in bare land

EHHVIEBERIE, THAHEROEVR I OT )R
PODEBICEADLLTEITLEN RV, EWHHOD
Thb, 5 %KETHEEENALNLHE, TOKE
BRAER, o7 BRI LICSERER2TVWEK
HEOBVWERIT AL E LD, ERMOXEE
BRBENEE0E, BRI LOSELRBIERE
ERERL DI LML, FOBRICREER% F—#)
FiCBR, $RTOKLELY TEERERITY, £%
BET L7, 2BBIU YO T VEORE - 8BS
FEEORELH B 72720, EFBHOREL Y
Bl L7\ Tamhane D T2 (Hochberg and Tamhane,
1987) (Z X AL ELB (SPSS 11.5.1) %fiorz,
BHBEES LU~ S VREUIR SIS D 52002
FE10F1ERL 72, 138 > FIVREGIE, HkizS

oy b, Yya77uy b, HEHT Sy b, B
wiz7o v b, BREIOTO Y FTHDE, WThb HE
BOPRLILVEEDNERBO-10mPHE 7Ty b
3oFOHEY VSN (100ed) ZWML, Fho %
BRCELED (BHKELRT 14HHES6065),
=7 TRESERE, THOoELTH—LLLL
"C Elemental Analyzer (Thermo Quest Italia S.P.A. %t
W EIFE NCS2500) ICHALRE - BEEHELE
WL TAOT7IHICOWTIZZEDERBH500cd
#2179 v F&26, %L T nearby soil, surrounding
soil IiZDPWVTH ENFN21 7Ty +HSREBOFET
RELL 72 BRI HACEDRY, RFE - 2EE
ZEHIL 72,
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4) BFFMEAESIEOWRE - WAL E

BARFIBI&LIchbl o THEISERET 5 18T
0, F-ELEEROSR LB THEI L6, K
KERKEFMFERTEIRTF VY v WP BVEEW L
%, BFHRIZOWVCTHEMRT, MOMKLHELLZVE
IR LAY, EETEICBRMEERYELAD
ThUE, BIERICRA 2 FIHRE - HIERASREL,
PO COFTUFILZE ST OFERE L & R g & %
A LRRETHL, LEALBEOHFFE, EL
HEO 7ERICELN TV ARKREETH Y, EE
o+g%{b~ v 7 (UNEP, 1992) T 2L LA
DOHRICHEEN TV S, FRIIVD L ZCEBEICE
FLZZBWL - B EORLAESEMICHK L Tw
%,

HAR O FERE AL, 1L b iiso S0 I
BIBLUERETE LCHELTE A, ILERILTD
FHHIE, PELERRLIRESERAETERTAZ
ETCEHMICh- 2 FMETEER L, THELZE
K BROKEDERPLFAIETEINDTH-
7zo FO7-0fHTEEREORTLL & b ICHKREE
1R T % 720 DRARTRILTE L FETH o 7248,
FAEITERRM (RiERA ) oRwEltl B b E—
FLITL7-DHENERRLESHTHEMMICH 5,

CHhSIERE T ERIC NI R R L
DD EVD LDV TOBBATIIIEAL SN
TZhhol, FDLHDSMEMRICAY, Tk o7
THo BN FMEIERINE LD, HEH
(1981) EEMEDOHEY - FE - BEREL2 LR
WEEREEE VWO ERERREL, FKF (1989)
REKOBBEBEZER L -RAEL 2B REL
2o ZFLTEFNRICHE T2 L9, IWETORMEHL
DaAvr)— LT ARBYLHANEEY,
FREZITRBNLELIZERLAZEL TR
B5E 1 hoTER, LPLERGITVTR A
EPHYEBLZOOTHY, 2OTOLERIIOWT
BRZICIBEASBEOLPRTONTEB ST, $ICTE
BYHICOWTIEE o (IR TV, T4b
LEKOEBEICE D2 -T, 2OHOLEEYHEO &
DEICEBEL T L OPZOBRITKRBHL T E T
b, TZTNETIH, SEREICL->THELAT
BicBIr 3 EBYHOREEELIET S I LICE
by, HERNEE DBERRDEOMBLEHO TS
Lrbiz, HEREC X VSl HBoFEDFR
PREELIIE L,

AFFIEOHTH AMIBEEN X 5 R HM A Hhae
WV IbEEEROFBAILEIL (618m) BX EHFF
Mg E UTRAS (Fig.4), BILTIEEEEZ AL
EBLUERIIZBHEOEREICLD, BABIUK
B L TR - 2AmISBELRT{, ZhETH
LITUIEREIRE -2 EBBHEhTwD (JtiEd
Bik &3k, 1983),

BBIC X DR LB BEAR L BE
THEDI, BEEEERORL D 4 HFTOREN]
(A~D) %:BE L7, FNFNI19894E, 19874, 1980
£, 1973 IUETITABT ST w3 (Table 2)o T
NTCOREHATEET, KBT, BTL, ZTHFES
nTHBH, 297 (Pinus thunbergii) MPHFEINT
W5, 1980ETI I ERIIMATrY=ns/ ¥
(Alnus hirsute) R EN TV, WTFROHLRIC
BT, TREEOESBEZ S Vv F—TN—7F
% A (Poa pratensis) T& 9, IEF (Artemisia
princeps) 4 % FY (Polygonum cuspidatum) #%x
LT, HEEAOEEIIEBELR - THML
THH (Table 2), HWHE0FE*EZBL-FAEHBDT
i, FHBE6.Tm, BABEHEmICEL TV, #
F#B, CTHA—ZHHESh TV, FhidEA
WEEZTTHY, 2OBROBERIITLRNTWED-
T HMEILEE=ROMREE, HEZROKILEHY -
RO LICENROBE - KBFHRY PR - TB
D, AEHIVTNRIBRESEICR > Tz, TR
MicoWnTid, HMEE4ELPEBL TR WM
ATRIVFARBIHEBEL TV Dol TNDLEIHI
4 AMOREMAE, UEHITOBTERDIHIBTIE
PHEDEAPBELULTVWBE S s, AFETIRE
NERFERF LICESTHBELLZ b0 LHETL
A

AEFRR et E Lz0E, RE 2mll EoXkEL
HEW (33X YAFRE) BIXUEHE.2~2m
ORI TEEN (F= - PELLRY) THY, IH
TEEY (7 AN BEHL L) BIULEREY
oW TH, FHAFESERICRRZ -0, SEOM
S0 5EEN L, TEEYHORBEAEORRY ¥
FTHEMETKEIPICBEL, Thds X h#firvyd
Y _BEAXHORELSRE L7, BRI T
HAHILHEED L) 2BEFTIE, I3IXALuT7U%
FokErEEmI by, PELAYREOPEIL
BEMOFSMEZEL LTI VEBEICE-TL AL
FHISNTEBY (Takeda, 1987), FOHTLHH S
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Figure 4. Location map of the study sites

F-HHRIELOMERIZL > TROIHRIEATY
LEBEL VW2 5 (Behan-Pelletier, 1999), PRI+
R (=, PELYRE) ZDWTIE, 19934 8
H, a7% 75— (20ciX 5cm) ZHWTEHER
B 720X Y 7VERN L, Boh/-1iE
B TINEINT LV VEBICTZERPITIAZEICE
h, PR REEMD L, S h T EEYIC
DVWTRITRTE BEMTKEPIISEL, 4955
—HEBKDOVTOARBMNTHEEL:, 33X, YA
Flp L O TEE Y IOV TIE, 19934E108 1230cm
X30cm X 10em D 3EH > S % 5 oW L7z, TEEY

YINRLBRBTE ey PERAWANY FY—F 4
YL Y KETBREBW AR 72, BoN/- IR
P X TBREAMATRHE L7, T - RBILRICWTE,
19934108, ZRER» S T7H I TI—-%2HWT3
OFOLEY VSN ERE, £OFHELERAERO
B L7z,
HEEWOBERIC OV TIIENEY AT Y
VML, SBGHICEL Y EHEOERRE LI, T2
TEBMORE - EXRELHEET BRI, BFOR
& (Table 4-3, Petersen, 1982) X 0 fBl{E%% /N4
AREHRL, TEBY BCIIX) oBLED
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Table 2. General conditions of the study sites at Mt. Esan.
A B C D
Built Year 1989 1987 1980 1973
Direction of the slope 130° 230° 160° 270°
Angle of the slole 33° 27° 31° 36°
Planted tree Pinus thunbergii Pinus thunbergii Pinus thunbergii Pinus thunbergii
Alnus hirsuta
Invating tree - — hydrangea peniculata -
Euonymus oxyphyllus
Floor vegetation Poa pratensis. 5 Poa pratensis 5 Poa pratensis 2 Poa pratensis 5
Artemisa princeps + Artemisa princeps <+ Polygonum sachalinense + Sasa niponica 2
Polygonum sachalinense + Polygonum sachalinense + Sasa niponica 2 Leguminosae sp. 1
Aralia cordata + Artemisa princeps + Artemisa princeps +

Cirsiun aomorense + Polygonum sachalinense +

Aralia cordata + Petasites Japonicus +
Hydrangea paniculata +
Rhus ambigua +

Mean height of trees (m) 1.4 3.3 4.4 6.7
Diameter of bottom (cm) 2.5 5.4 8.0 18.5
density (/25nf) 34 too much 14 9

Fertilizer — bark bark -

Soil porocity (%) Sr=2.65 62.7 77.1 57.7 70.7
Air (%) 26.3 36.6 33.7 31.3
Liquid (%) 36.4 40.5 24.0 39.4
Solid (%) 37.3 22.9 42.3 29.3
Soilorganic matter (%) 14.3 15.9 4.7 13.7
pH 5.6 5.8 6.0 5.6

REMEL SN TVEBEEFFI0% (Edwards, 1988;
Lavelle et al., 2001; ¥4, 1978), C/NH5 (E-%&
B, 1992) #RUBZEIZLoTRD,

TR OBEER ¥ EE T B, #hL

TLORBETLIOTCIE L, LIBEWEETEE
T aMETREL=EDDINV—FIZHEL, #
DEEZLET 52 L CHEBYHOEOELEILE
L&) e L7, 2RIIEFR (1989) s THAROELE
$1E (Index of Nature Richness) & LTRELTWAS
boT, "THEOERBOREN O hoORENEH
PoHENRL SV - T %, HEESMOREME
Bl Lo TEMIL THL Iy EVIRATH L, Bk
BTiE, HEEMBRETRBRIIETVT, X {BHL
B OAMBTIH (F471), CRHEMALL
T8, LR LAEBIIHBETAE (Y (4 71),
KA TEPOSEBLEEITHOWLBREICHE
THHE (§470) O3IBICHEL, Tho 3EOH
BEERRRBZZLICLY, HESYRROENEL
R LI E L,

FEBC Y Y E B OBERKICoOWTH,

FA (1983) O MGP AT FHEICL D, WERICHT
AMETHY I V=2 KRES =007 V—TIH5HE
L, 2OEGEEELHET 5 L CHEOEANEL
PHBLA, Y FFV3EFOREICL - TKRELZ
DO NV—FIZHEENS (Balogh, 1972, T,
1983), Macropylina 7 V— 7%, 45 & L%
BELTwE, BEEHTERE G LTBY, &L
EOLERBICTFTVEEZ BN TW5S, Gymnonota
FN—TIZERP LIPS GHEL T T, S HIICER
ERERLLZVLDTH T ML LD L) ICHE LRI
HRIBONTVE 720, ERL EOFEEMIITL
TiHEd e E2 5N TWwb, Poronota IV —7
IIAFEF L ALPIASREL, X O ICERERLREDL, B
WIRICEDR TV TERLR EOHESM I LTttt
FHEWEEZ OGN TWE, 20X LRREDEVICZE
AZREECSOEENHETLLT, ¥H5F=HD
HoBLeiigysz b Lz,



84 B R AE T WA e

I. B2 HEICH T8 - LEIHEEL
HoFI SRR DR
1. FY—#FICH 3R REE
FANEBLFSonRAELR FEICHIALF
V=2 ThHY, BEZOTHHEONBEL MK —F
TAHR TR CEBIHBEL, FAEFY 2D
W R BT A 7D T HB RS E % ER L7
(Fig.5)o & & LTHIEW U LEOESEA FY — &
FHDEG LR SAFLTBY, FHhod a8
WIZZ LW Z &0 o 7z, SHEI0° DT oFHEMb I,
FU—FERLBHUSHO—NIIOAREEIN, €H
EOI0%REICEE 2, F/22ICHE220°LUTO

FelE F1%

BHREE2HDbETHLED26% 1T LE L v, BIR
iz~ U EopLagtmThh, Fhid
P - HEEEOB L1210, FU—RAER
DEBB - T TIEL AL Twiz, ZoRlisEshs
I L 2o TB Y, o LR AES A
W OSESELBIEIN,

FAHEF) —AROTEOSAF 2 WML D
Ff 2 h, BEIZBIIRSICER L-AKEB X
CFouwA PTHEEESATEY, HEIEROBE%
FETAETOTPICBABREINLE T THo72, F
) - ORBHEZ, BHHBEOER AKEBLY
Fov4 MAERTLELR, BHEIHOE->TWD

Angles of slopes
w0 ~

0 200m

5 FOMEFY XM

Figure 5. Angles of slopes at longshitun doline
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MREEEK, T EBIR L) oo - AKX,
TEXO 4 KIS (Fig.6). KR EHEZH
EMLOAKAETH LR ED, EHED65% I
b o7z, REMEXSTE (Fig.6) &EidOMERIX
5B (Fig.5) 3L HBLTEY, HERIEF) -
AEMREF/EOFHABIZFIZBELRTWESE, THEK
F10% I ESLT, HIE - ERX L EbE TH30%1E
EThol,
BbEEMOBHLR TR HEIZLACHESR
T, FIAEBLTwAHEIAIL, EE0OMEICIREE
DAFTETERHEPPABIIRBTEELTY
7oo 13 - BB T RTHEEME LTRHESRTWY

™) 85

72, FRIZIEZOD5 A4 THEBY, FOFATTE
CHBOER YR > TV, —2Id S EEHICIH
WIZFEA EIFCTES N AT EEFETH Y, 1)
—ORBEAOHBIZEE>TwATEXZ0 T TAH
L7z RABTERPEmCTHL (T, 2003881), AL
BICAZ A LITONZZRETIE, AOFIZL o TH
EAENVIBREESNRTWE LD, A CHESE
HFIHITHER TETEDNTWA L) IR A, 118
EIE25em ~65em P L L BT E 0 E X H o725, T
TEEIE60em Ll E & Bbh (WEOKE, FR% 652
BELT), HEMNECHEL VDI LT oT:
(7T, 2003), —F, RALEMOFECIIEAONE

0 200m
| IS I
B Rock area

Talus area
VZZ4 Soil and rock area
Soil area

H6 FAEAFY-—FORBHERXT

Figure 6. A distribution of surface layers at Longshitun doline
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EVEBEHLTBY, ZOBEAMICHERL-b T
LRESE L CRH SR T, HIERIZ4O0mE
B25b5013% <, FH20mEt Eh o7, THBEIC
(ORTHEOGHHBEIVETH L 720, PHERHR
ELTREVENFERLTVWALICR L, F
) —FEEESES LM ENTE LIRS 55
THh, 1mBEOTENELSHFLTRDbDE
Abhiz,
ART-FICL DL, 1997 BEFES FICE
Mol b Sh, Hi19994 8 HICIRAHBKE
126mm - BEROFEEA7. SomDACERS D B (BE S, 2000)
L Lads, 20BROBBALTLIH1Z, EL0B
BRHROENIZBEE SN b o7, BEHEEYIIF
AP =2 AAFHEOTHE HREBTIZOADT
PICBE ENT: (Fig.6), ABOHEMBVE L KE»
HE LT, PREBTOEHIIHS PICEEOERT
BiokagteEiohs, Fo0ulisimERY o®
RERSCEHIIOWTYS, EETHE (1965%F) oHk

THbDEEDR, EI5~20mBEOHKEARPS

HR ST, BEZOLASEO Z#EO—EIZ5
I Do THEBEOHEE (BHS5m - BX
15m) PRHOND, BTERH, S OB IWY T3,
COXRIBBHIAEORMBFICREL-LEhTY
bo (7272119984 L 1999E N FEMIC & 2 BENIEE
ENMG o) TLIOBATIE, BITEEFEE
ARTAWCEHEOEERL, 2 CERRLDE T
TG TTHIETHBEERL &5 LRAA TV,
20024F 9 ARERTH, BHERESCTEORARIZLALY
BEINW o, ThEDT LG, ESEHEMS
BT, ENHOBKICHET 2 HRKORKEL
H50D, THBENIIEALREL TR WEFE
Zbht,

DEn ki, BriBoEEL L UHESR
DZLEDPHEL ko7, FRVHEHERLITCEDN
TWhHHADIL#EEL Y, FEANY - XT38
PEETLZ2OEKOFRBLBHFOATHY, 208
BOTEIERICHE NS ENFHESLNE 20T, BRI
LY EEAIRT LSS, REFEEZLEZZ60E
A, BERMEOF 7 2Ic L h HERTEIHAIO N
TWVEZEFHEHL D E %72,

2. M - HIWF L THFIARS
FEESES X CLALEBIER &40 HFR g EE
X, 1970FERBED S IIFEREIW LRI LR LT

61k H£1%

Wwa (AHS, 2002 7T, 2003888), TOELE
Hizsrk e, HUFRLIIN 2 FHRBERBEIICE -
THWARREN LB AL LZEL 2D TH D,
ZORMBILENT, BREIFELETL6.4%F T
FEL, EELERBEBXICW > Tid34.4% b OFH
EEEo> b, —F, LAFBOFHEREERIIAE
40ER D HIC44.8% B 56.6 %~ E /T TFICARBL T
Wb, FOF2ERIE, 1960480 KBRS
RER & L TREDHFRPERIN DL ST
5 (WEEEAUBEEERARBUF, 1996 7T,
2003),  F 7 AOIE, 1960ELIESRHL, 0ELLT
DA BIZLEU EIC o Tw5B, %L TI9804EMHK
PRI -7 ILELBREIRA R ERECH B,

B (20000 OREICLAE, TREAEFY—%
TIILISSEDHFMEIRIC L WV KEDOTBEBRAHIEE,
FyETIY, HEEEEE L TV HHAT19604F 12
BEHERRBIC o7y LENT WA, 72 T50ERID
FAMEF) - XOEWICIKELBIRALD D, AH
20mPLED AB T LATTELS, 1970EMKICITLRIC
BINTLE o7y LOBEVDL, T/ TEYEH
HIZonTiR, EEFB—FIIT150ERE TR T,
172y, ¥, +FH03, BBLREFERL, &k
LEBEEB o TV, ZOHOTEMEIILY b3,
FAHIRERL, A/ VbIEEAERLRRLE:
o7, FWVRILAEZBZALEFHEOF) —2D)
b, LoltZOoDO FY—RATLPROAE o)
LHREINTWE, ThHOHENDS, »OoTIEED,
LHEMRBF CH o2 LEFBD, T IS50FEIEILOEH
T AHHEI L AT UM L, A E
SR Z LG D 5,

—@i 5 (1999) Asferk L -+ AAR (1F, 2003
) [CXbk, BEMHITF) -AEOBERIZH-T
2AFHFICHTPNT W, THFAFOIZEA L IIEBL
LTOFMATHY, FASBLRZBRW TR L
Az EOTWS, FEPICIIRENTHRVE,
FU =3IV o DRHHIRE ST,

FAH N - R 2B 5 L HAHIZF 0P
BMIZI D KRE(HBERTVEZEPBEIN, -
AR (—HS, 1999; T, 2003) kAR
X5 K (Fig.5) B L UKBHEX S (Fig.6) * M|
LLAELETAZ L, Bl L EOGH LT HMFIHD
SEVHRII-HLTWBILESh2, ThbbE
fEih & HibiE Y — AEOES I LT OF B4
BL, BEMNAFRZEIRATHS, SETFHICHET S
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BARZEFERKOBPLLE L THE->THY, BEROBE
HihE CEAKZR, Fxoh T, HEHEH0°~35°D
SEIXIZLAEN I ETIVME LTRASK TS
D, FORLBAELRERICIZ 5 X 5 BEHH 10°
~25°) ICIEARLEB L RITBEERILL, 35ICaEs
# (20°~35°) TREHZOEBICETobTHERL
BEEFOTIHHAL TV, £ L TEHN ~45° 0
BEaEsbiEEsd, =5 0@ N EoREES
BHFEKRELTHHSATEY, FHICEIBIIEEA
LERETH- (T, 2003BH).

ZOEHICHBTIE, BEHICR LA RT
WREPBE SN, FRESVERZLE, AXDE
fEid TRESH SO RBERICL o TRECHIRS
RTwalwn)Z itk s, BEFHIERICLEOS
HEBFHIITICHIBRL, BENLKFEEZL6LT
B, EhoPALOEFERE(HBELTNS, £
ALBEEREHEORT, A4 3T S LK
LTBY, TESHFROIFLEALTTEELLT
Wiz, BETIRAEI0EOHIE T b EF R LT
NBA, 2 TIIM0BEE 2B F Tk h
Tz, FREBFHRETEZVNAFEHO»» 2 1EE
ThHh, FREPFTALXDEFBIIABI LV L2 ER
LTwa,

3. HEENEEESS &/ LiRERTR
PLERART & 2-REN SO ATIORN, FHHHE
SoER, ML TER EOEARSE, BLUENC
WMIE LA DEFER NS, UTOX) 21loE
BRI, 2F W EEFE, ody -7
BheHRICEDRTWLELEDbRS, 85 (2000)
B E, 400EIZLRIAP DAL DPFALFY) —FIC
EELIED N, TORRDLL, §h6T0EHICH
>TH4~SEFOERLPEFL TR0z, £0
LOBEOREILE L, AAEIBELF)—RE
WoBELTBYHMLT S L TAFBTE WAL
BEbhsd, LELEFOBROSERADNM (19904
1212285, 128A) WX WP EIAEELE LT,
SEZ FVW L THBINES, FRFEAS LT
of, BIELIAEES L UES (20000 @ THEHA
BERBRIC R o /2y, TEARPIBICE I N, 2
OBEFPLEBR LT, BEIIHFROBI - TED
DI FEREVRELLTEEEH L, £ TALRA
BATRE I AR EBHBELENEEREL, 20
BRIETRIERAVBEI N VKRR Z> Tw

%,

ZDIXHIBENEIFIEDABEHCL-T, B
BEBRIEELBESI TS LIS NS,
— 5T, ZORBRENT HEEOBELH VLB
FOERBE I, AHES L IEZO L VB —
VOKSVWHRBRIZLZbDLEZONS, Thb
LRI LT A, HaMmEREL, #
HFEICHR L B EL ICBfLSh, RWER
EFPTTCHEAL T oD THELEDbNS, A
JKE D EHFE L 10004EH T 2 mn A 5 500mm 2B & B
FELONTHBYH (Bogli, 1990; Jennings, 1985; H&
5, 1989; A, 1996), F72100m DEEIHEIF TR
> 10D HBEHFERINZESEbRATVE LD
2, AKERTEOHEL L TOr A BESEY (5 A
FLT7NVIZTLDL R HBBEHEMHPEL Dk,
F0-OTIBOEBHEERIBOTEL, F0LH%A
JREDOEMRS, HIVA e dE L THiEOM
ENLE, $AMbBH L FRICOARLND &
VWIBREDRREFAEoTWBEELZ OND, 2D
RELESE, 101~1024E4 — ¥ — D ARIEE 751712
BETALOTIIRL, EELSOTERRLEVI D
< H102~104E4 — ¥ — o - TEER ot
AHNEBERL > TWAEWVR B,

ARFZE R HIZ DOV T, HEOKLL ZORED
BELLTLHEBL, UTOLIICRE, $bbA
WA e HEERD, 2SR TORVES, B
TRBVWHEER, SHICOATHT AL VWLESTE
EVIHLVBARRGEERE- TS, EF2ICHDT
DX HHEMER, HERFEREE L Lo FRAE
T5E, REHHPHROEENET 2 &%
PRZE, —FT, BEOTHMAD L), BEA
PRHWTHAILT I AMEEThIE, ELIEEEER,
HENOMRTEL, L2 LAY SMART2AOE
OrHIcStEEm AR LY, BELEMES 2 E
#7203, FORORBRENIBMIGEL, D)
Fiet s, EBE, E5 (20000 oBICL3L, FA
MR —2D—D0BEKIERBEFEEIIEL, £
NIEDERY L ORBRBH LD EHELT
who i, BERKICEDATVWAELKICE, &
BERLAIICHBIIEALEELTELT, b L
SBEFNS OFMFER SN, DT P LEOR
HEBHCFRII R, HBEREELSHELT, £
OBIIKAFEDOE L B EIbT s eE LSRN
b, DL BE L BREFORT, BHERIETS
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At HWFREICL ) RALPEREHERL TV ERE
PHALP L2072, ERTHLIRIZBRICGEL TS
D, SEAOEFEIE, REFEBLLLTV(ZE
BEFEEEDLIE, ThIBEHRSEHFERL T
HEBEOWRE L Bbh b,

I #HERFELREORDDBX - FERERD
AR '
1. BRELTMFIAICL 5 LINES) DML

ARVE XD 20 = IR G oF - 7 1) : Pl Nl ot 221503
E-BEEFHRELLER HLPCENRDONT:
(Fig.7)o RELEEDLZIZA—ERMERL, FHE
Ty Y aTEOMENE L, P, BT H L R
14— —VEErok, TOLITHEHPR Ty V2
L LOBREETRIBWELRT LERS, A8
BRI > THERLTWAZEFHALLLE
272,

RCHHR R TIRBRIIRED 2 (¥R,
TEEGOIFLALTBRLESOTVWABILERLT
Wiz, ¥ T VERIL 2108 BRED LEFOB
T, b1 EEPODMERRICY > T, B
BTOMEMDICLBE, RROALBIIHBICKS
FFREHERL TVES Lo by, NHD
DEEIZIX, ZhOBHEOBESITITL A LELICH
KLTwhZbizhd, ThRBAFREORLPLE
BYS B EREOLTHLBERICL2BRERL T
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Ho1E F1E

LrLBbh, FERRICIRSOHICIE, ¥5 T EHE
BRELTBHEEECR VI EE2REBL TV,
TR Ho TIEHESBTHELTBLY, BFEICK
BZESHE I TEETELED Y, dHVIIEER
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Figure 7. Soil total carbon and nitrogen contents of different land use in Niger.
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AEvbhTws (Eswaran et al.,, 1993; Mann, 1986;
Detwiler, 1986), KREFFEDKERIX, Fbh7— & L8
HF— 7 DEIERDLD L Y RE L, HHDRE
BHROB L F1/50, BFIZL/250 L BHICHRH o7z
(Fig.7)o FNRBET 7Y 5 OER D72 E B 518
E, BELZIBFHAZI(CRL VWS LRDLRD, &
DEIEFEMR Ty Va2 LOBRRETIE, B
TEAICRF IR TV D, FHPKERICERSA
BECARINEZLTREIIERLTLE) 2 LA
Fhb,

2. THFIEE S O7 UIROTINEN R

THFE @K Ty 2, By LT IE
PoOERE (OF, Fae, BAEIE) 02o%2ERL
LR BO T 2 To R, LBRE -2
FOWHIZOWT, THFH, a7 )IE»LOMHER,
BLUFNLOREERIC L AEELEENALNT:
(Table 3),

RE - BEOTHOBEIIOWTH, BLFLE
DM CHBLZEZBRES LT, WEIL LD 2HS
HMBEETHELTVA I 9h5% (Fig.8). L2 LAEAH
TBLOMIZIZHERELESD D, BHRLT v v ailB
wTit, Yarygih b ARLEORSRE - 8%
CEATEY, BCBBTRIO7VRICEARLD b

C
100
o d £
< 10 c
s c )
£ 2
3 b b T
'05, 1 ab ab Té
ab
ab
a
0.1 .
nearby surrounding
mound soil soil
O0m)  23m) (GBm)
8

ZLDRE - BEIEZ SR TV E W) REERAN
BEISN, bbbl a7 VR TIREENXBL 2
0~1.3%DFH, BFEH0~0.15%DHHEICHS
7o, BEIEFFERO LS ICBEKRLBEICH, Kid
FRECEFICZL R Y, FICHEIFRO LD %
TEOBE L, FITHENMICERIC R o Tz, K
KEBEEFRI OISRV ERTEICH - T, BERED
EEFBICEZTIEARL Y BAELLBRE - 2FH
BEEIRTVEBENREINS,

ZV - VKRBWTIE, a7 ) EFLERGTOR
BEL LTEELRBRHALHoTWL Z ERE S
(Fig.8), AFFFEEM#IC, 7 UE L BHELE (-
Z TV 9 Surrounding Soil) & DHBIZ L o T, &S
BEOLTE L ) SRR &) »ERET L 2#E L
ONdb, FOKRRITLILTHEA, £k

£3 2TEEBESBOEREEX
Table 3. The results of the two-way ANOVA.

a7 ESLOERS I CERABICL 5 HIBRE - 2FEOKE)

Land use
Land use Termite X
variables| (df=2,62) (df=2,62) (3‘2‘211?16"-;)
F P F P F P
Carbon | 31.11 <0.001| 49.61 <0.001} 35.82 <0.001
Nitrogen| 9.40 <0.001| 17.42 <0.001| 18.95 <0.001
N
10
c
1 ab
a ab ~*- forest
0.1 . =&~ hush
a ab =+ bare
0.01
b
0.001 S
nearby surrounding
mound soil soil
Om)  (23m) (mo)

Figure 8. The fluctuation patterns of soil carbon and nitrogen with the results for Post Hoc

Tests between study plots.

(Values followed by a different letter differed significantly (P<0.05, Tamhane’s T2)
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TUBORFERLEFRIABIBOERI NS VELT
W3 (Pomeroy, 1976; Lavelle, 1997: Lavelle et al.,
1997; Arshad, 1981; Anderson and Wood, 1984), L
HLa7VREEAETE L ERCETLIRICE
ATWBEREZZVEWVWIHEDL DS (Kang,
1978; Pomeroy, 1983), Th6DIEL2ENDERIZO
WTiE, Y7 )OROBVEEESIFLS LLTY
2EELHAD, FNREICHBLREVIREATH,
v, #RE  OEE R, BMICROBRSZENRDOTT
BMOEBLB(ZW TR LERFTI TS
(Hesse, 1955; Kang, 1978; Matsumoto, 1976; Pomeroy,
1983), LAL, ZhooBRETIRVINRG T VED
SAAE (AN, EE, #i) sERISRTBLT,
FD-DZHLRIFAEI YBKICL Y, HDHRHIE
HINBGHVELLVIFTLDEPFELTVEDDL
EZ5NM5b, Pomeroy (1983) i3, BB HRE
FRZLWEY a7 ) RIENEIICRRIZZY, #i
Y OLABEKZEL a7 ) FIHEFEICEFSICZL
K LBEEBRLTBY, TRIFTROGRE—BL
TWwh,
BOEMME, 0T bR L 72% D REM
FOBLHFEINTHIRTTHY, EBREFETH
EL=Vz2— 0o u7 VRETNTHICRES L
1230 THotze YOTYBRVERL ol EH
ERTETHRT 200 %51 L - BHI 0 5 v,
BOFH LVERG L BERTICES -G L TiREDE
R IZZD % { (Pemeroy, 1976), ¥ 07
PEBLTVEREE, BIZVOTUIERL TV B
EDETHEOBFICKEIE L (Hesse, 1955) &
e, —BEONABREIPZYSBEINRIIVLD
LHIBT &N B, Ratcliffe et al. (1952) &> T 7Y ?D
a0 =3 A% LA0ERTFRTILLTED,
Grasse (1949) B8OBDEAZHEL Twb, 2F )
a7 ) OFICEE S W HEESX, £ OH504ELL
LEPFTHRACIBIERSINLZZ LI 5,
a7V BOFEICOVWTIIEL OF— ¥ s
ENTVE, ZRHDEIEIZVANAIRSDVTEDY,
TV AOHREZTENY EIFTAHATS, 2-3/ha
(in Congo. Bouillon and Kidieri, 1964), 5-7/ha (in
Kenya. Glover et al., 1964), 3-4/ha (in east Africa.
Hesse, 1955) e viol:Ahwdb o, 534/ha
(in south Africa. Murray, 1938), 875/ha (in Congo.
Maldague, 1964), 8-550/ha (in Congo. Bouillon and
Mathot, 1964) L\ o728 THATH D, Zhbd

He1E H1F

OEmLZBEOZII O 7)) 2u=—DFBEICEEL
TEY, BEBBREROERZRIEEZOEI %
{10/ha LT TH 525, EHRBBTEEDONILED
BE131000/ha iET B2 b H S (Lee and Wood,
1971), SCTRIZVOBTVRORE - BEEYL, €
NEhAERROFHETHH0.74% £0.06% & L, F
ROERLEELYREFA V) 7TOREMELERE
ENTV:52500kg X 5 /ha (Lee and Wood, 1971), &
DERAEEE1.3m'/ha (Pomeroy, 1976), +DHEL.2
Lt nk, =V x—VTiE9200kg/ha DRFE, 690kg/ha
DEFEF VT VRIIACINATE), ThoidEE
ZhZ#h880kg/ha, 60kg/ha NHIE CRABTEICER
ENBIEIRD, COL)ERELBEFTIECS
2Tk, YATVERFESEEE: L TEELBEE
HLTwWAEEDbRD,

RO LA HER 2, Ft) Rk
=Ty vaFERlwIEBBLALTYE, YuT
VR ESBENHIC B TEELRBREZE-LTY
BILBRBEND T LbbEREOBRIIBVT,
a7 VISR CEAL, BEES, BEbhbd
BLCLAB LRGP HEDEEZREL, 208
RIBEEFIW1F-V—-13LB|& TR, T
2 - FHROLBIEOWTW b ELI SIS, &
FRZLVWEFOIEICH - T, Zoa7 g
L2 ESEZEIR, BOCEELBELFMI LS,

V. BHERIEO R HEEGEEORR
1. THREHPOESNEERIIHS
WMTERDORER D 4 HFTO L THET 4% B R5)
THET A2 & T, BUMICLEEYHOEEAEL
WAL XD &L, RERHEEWICOVTIE, 24T
4 DOOMEL2ZOBH A VIFHEEN Y V7L Y EBIZX
D Ens, BEV—FEIELAVE, YHT5S
~¥H, MY ZEEH, F¥-HBTHY, PYLY
B F=HTEEDO%LEE DTV, ILETH
IH4AEORERAIIB T, FETEEYOLESE
B, FALEBE VYT Y@L EOEER
PROD L ko THY, PEBEIC LY EEE—
BEMRL-ZL, FLTEOBROBMERICE> TH
BEAHHML T ZEFTHNHLE (Fig.9).
KELEHYIcOWTIE, BBTHONY FY—F
1278, 4008100 EH B \VIZE HAHRILE
hiz, BESN—TRTSTVLIER, HEM (33
X), aarVER, FREHH, BEE7EBTho7,
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Figure 9. Chronological fluctuation patterns of soil fauna with the results for one-way analysis

of variace between study sites.

Values followed by a different letter differed significantly (P<0.05, Tukey's HSD)

KL EEHYORMEEKE, PRTEBWRKETLS
4 ETEGHEIGRID L, 20BOBAERLLE D
N A AR SN, BLBEISEDORLE A
FROBEEFEL, FLEL28b K&,
(Fig.9) o TORMNIIFATRM COMAEREE DRI
HBLBEDNE, THbbLTRTOPERAEFALT
WHEARI 7oy THEY, CRIRFr Y~y /&
WREEN, FL2UDYE, vYNF, 45 FY,
THZ EDLERPLECRALTED (Table 2), #
WP BB ECRELRIZLTWDIbDLELS
ha,

ZZCHERW A < A% Petersen  (1982)
IhEtET L, Fig 0Dk, 79 7DK
Bz A EEWHROEIZE | > BONBFIC R - T
WEY, RRELLT BIBRBEOBHTRE
300kg/ha, ZEF60kg/ha HFHIBEM AL < RELT
BEENTWSE I LIZ%R D, Pimentel et al. (1980)
12X 3&, 1ha DKL TEICIZI000kgiZ L 3 3
X, 1000kg 2 EOFHRBYFERBLTVEEREDL S
hTBh, ThoDEFt2RE - SXBICHRE (8%
BAHEI0%, C/NH5 (- K, 1992) ¥5LB
X # R FE1000kg/ha « BFE200kg/ha & %= B, AL

SHHPHBTHIBEORERELIZHE LT LI EDS,
BULEFELEZIONS,

2. TRRHEORMMERERIES

BREMR ORI EBICOWTIE, FA (1989)
O TEROBEN S $BIE (Index of Nature Richness)
v BEC, HIESMEREERET T AT TRE
(E2DTN—TIHEL, 208G HETLZ L
THEHYHOBEOENZIBEL L5 L L, 208
B, BETCREOSL A TMIZETH4IEISK
TH0FEOAEDBACEL T THBEL THAL TV A
A, BREE~NORENFVY 1 71 3B LEZBES
LELIRAICHMT A2 EHEBA SN (Fig.11),
BLE0EOREMD 2 EHEL LG, MIK6E
DBIZBWTERICSHULEFHBBL T Z Ligh
5, $-FAEMA, BEIZ2EM LB TVERWS
LEERTDE, HNEADMBRRE BT LEEY
HORBEDEESIME 5,

ZZETCRIRTCOLEEWE HEAICHEL,
ZOEBERFLCELA, TATIRL ENEVE
CEOHTCHOBELEREL E2IERBT 22012, 34
SEY_HEBOARBMNTTHEL:, ¥ 5 =D
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Figure 10. The chronological trends of increase in soil faunal biomass reservoir at Mt.Esan.

The calculation is done assuming that typical nitrogen contents of animals is 10%, and C/N ratio is 5.
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Figure 11. The transition of the species composition of soil faunal communities in Mt. Esan.

RHIEBIL Fig 9lR Lz EBY, BERAE LD
BT A2MEmAERL T, HEICOVWTIZER
(1983) @ MGP T Tz & b, BRBEEIINT A0
BTHH I Y2 RELZEDDTV—TIZHHEL, #
DIEEHEIS * BT 5 2 L THEDENEL & iR
L7z MGP TR, HMLE4FORMEME TR
BHEIE o0 L TRVt & B o PN &EOT0% Ll -
EHO TV, 20ROFEEEI - TEZOEE

AL, Fhicfb o TEREE IR L TRHE0§5
MERGHIBRLAIIKREREEE 502 L)1k -T
W EW S R ERASSR SN (Fig.11),

3. TRAEREEAE

Yl koo, 8 - KB EEYLEBHEA S
EDICEAEHLREL T CERABEBRICR SN
(Fig.9)o FZOMBEROE/LEYR T, HERE
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®|4 AREMT -5 LR R T 5 OB
Table 4. Comparison of Mt. Esan data to other forests in Hokkaido Japan.
Figure means individual number per 1000cx (10samples)

Study site Type of forest Years aft.e r Colle*mbczla Oribaﬁi mi_t_e reference
reforestation (FEALY) (HHF 5 =)
Esan (study site)  Artificial (Pinus thunbergii) 20 2412 266
Sunasaka 1 Artificial (Pinus thunbergii) 21 536 467 B, £®BEF
Sunasaka 2 Artificial (Pinus thunbergii) 37 204 427 B, RBER
Tomakomai Artificial (Picea glehnii) 30 362 726 B, 1993
Sapporo Artificial (Abies sachalinensis) 44 1510 290 B 5, 1970
Sapporo Artificial (Picea abies) 48 2360 550 FiF 6, 1970
Nakagawa Natural Forest - 560 216 iR S, 1985
Sapporo Natural Forest - 1830 460 i 5, 1970
Hidaka Various type - 931 785 Tamura et al., 1969

BEABBMECHEOD LB L PERL TP o0
XL, BREAR L & ICBIE ISR O % WiE)s
HRANEDYHEL T 3 L) BEFBEIR:
(Fig.11), 2 ¥ D XFEE# T, BHHOZBL L BIC
TEEWHESE - B L ICESLTWAE L W) RS
Boht,

ZhE CIlEBENOFRKO LIEEY 7 — ¥ 2R/~
HEITENIES L 2V, FOWL oh LEHE
WOF—F B L THhI (Table 4), AT, S
1, BbEVvibs (T%204E) % RAFMEE LTRY,
R EEHOO% U EE EDD LV EYY TS
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KIEE2 2R KREVDI DD, KEEROT—FidfhD
JLiBERFHKRT — 7 (RER20R L) LHARTHRELZ
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bic X 2R A TIZ, ZOEEEEE ABIED
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V. BHR{ERICE T SR HRED S R /- 1IN
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WEIKEDOBHREE TR LT, JIS50E0R8R
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BEAS, RIYEEORLICL Y BFPRITE o7
BV BREREERE LT, AD - KEOHM
2X b, PR TRE ISR, TR
B25WEAL, Bl Gihi) MRAT2HKLE2
LB, POTHOHETY, WHHBRFERR XL -
WEEHEZEREL LT, EEHFFERRICI ) RipH
AL, TERCEREL:, ThoBEREHOMR
LI BEL L ROBELEE X 154, BE1l
(HHgk) v BRL2EKE, ERLELLLD
BETUTOL ) ICEBEND (Fig.12),
FAABEDAVENFE ) B3, BEIL &P SH
£ () PHBLEATVLZLETERTHS
(Fig. 120 B EEF)) . BERHEL 13, BRGH (Fhes
i) OBEREENREY RS, BAROL Ty
b (R ES) TRAKBOTY My b ()
2BESLLAEVATFLATHY, HYLKEE (EE
M) 2RI 6E, FRITEKAMICYS IV E
MRTAZILIPTELIEHENLERETHS, TRIZH
ETLT7) 2 LOMRPTCERERTVLER
BEMORETHY, RAELF)-AOERRKTH
2% (v) EL, o TREECBET AERE
LLTHE&THo7 (FF, 2000), Lo LBEHEG
BRI HMELELTZRETH), AEOAORRE
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AL EREHET, 505 ELBEOREIATS
ZIBIICERVEBELIMET A LICh B, HRLLTE
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(Fig. 120K 25|H), AP OTHOHERLETRS
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Figure 12. A conceptual image of the process of desertification.
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2. B EMEEOREMFY & LIRFE
AHETRHr—AAF 74+ 28BLT, 30201
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I - HIBAERBGEE S L3k { L B 10P~10ME DR



WEALRIC B 5 HERSIRRE (1) 95

MATr—nNThbh, FEBZEAr—NELTHHEL
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2V = WTRo72 U T VBRI L LR R EGS
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Figure 13. The mechanism of natural ecosystem concerned with accumulation of nutrients.
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Figure 14. A conceptual image of the succession of soil nutrients reservoirs corresponding
to the vegetation succession.
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Figure 15. Diagrammatic representation of soil degradation from the point of views of nutrients
flow and soil reservoir system.
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Summary

The causes of the desertification are various, but all the results lead to the land degradation. There, however,
are many points that are uncertain about the complex mechanism of land degradation, and no countermeasure has
not been made yet. So the objective of this study is to show the mechanism of land degradation from the point of
view of the soil degradation and to make countermeasures against land degradation. 3 case studies were carried out.
First, the Karst region in China was chosen as a study site for the problem of the limited soil volume. Soil degradation
occurring there and countermeasures against it conducted by local people were investigated. Second, Niger Africa
was chosen as a study site for the soil nutrients problem. Soil nutrients losses form various lands were measured
and the nutrients that had been retained in termite mounds were measured, which means we evaluated termite
mounds as soil nutrients reservoirs in natural ecosystems. Third, Mt. Esan in Japan was chosen as a study site for the
problem of the soil movement. Using soil faunal communities as bio-indicators of the soil quality, the land degradation
that was caused by land failure and the recovery process of it were researched. Those results suggested that land
degradation is the collapse of soil nutrients reservoirs, and the most realistic countermeasure against it seems to

be the reforestation that restores soil ecosystems there.

Key words . Desertification, nutrients retention, termite, soil fauna, soil nutrients



