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Movement of soil water and solute elements
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A —F — %t AR O IE O FK T
DATHCHEKET>TIA v A—2—
KHEINEKOBEFN LIz, 2O

Hi2 Fig. 8 IR LBV THE, 1HF+» €5 ) —DEI KDDL ¥ A—2 -0 5RRIEEA EKIH
TZY, REFICHEKLABECOAERSER N, —F, BEELE=—1 1 FitL 2 100cm O
THEF P EITY—FEDTA VA —F— 53 & DRKICHE L EKBERI SNz, COER»PD,
FrETY—ORIFODY TV iy PELBICHMEILRLNLTD A ¥ 2 —2—Tid, PEIY soil-air
interface KREBHNR T OVT, LEAIMHEINLBL-ZDICHLT, 100cm OLEF+ 5 Y
—%bDTA VA —F—TREKEENEL LT BEIERICHE LickEKkis on s,
PE=E>D2F VvERER, S, in situ OLIBICEHRTS 74 v A —F—id Coe 5D KX SIT ten-
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sion £ EVEAICIE, %O soil-air interface DREIERHIC & 2 HIFKOWEERET 5 7DiTi,
EBHIck - T surface-tension 2 Enic LTREUENSL BT bbb -1,

IR CDBEREZOEIHINVRAZLX-TEOEERT VY + VIERAE - o2 EhOKEF & HT
HRICNREDT, F4uva—7REZICLATEICXZRRLE, ED54 Vv A— 82—t 20 2EEDE
SLERICE->THEINIZKDOER LI, LR TEOREDORT VY + VEREFIN TV EKER
BB LKL ZODRBDOENEST 20T, KFETIIRIC soil-air interface TOREBNEERL &
NHIBKRT, CENBEED2FEEIC LT, ¥, FA0vo—TOEEADUBCLEEZ OGN
o KESTOBIKa—Fh RN T2HEEICOERT L LRI LEBENT, MBOLSITH
X TREFT 3BAOIBYEETRNLEFICLIZ LI LT,

EEMN in situ ORBRICRA VT vy a v 7V —54 v 4—2—3, BEELE=—VORBIOD
4384, TORBROEICHYTIEERL LTI S5WWT, soil-air interface €& 2 +8/KOBE DE
BWABNT 2 BER LTVTS, 2R Imb30R2m O 4 nvo—8HRT 2 EHEKROL
S, BEBBKITLHRETIRLEOBROHS60TIR 15, ERNITIIEEBEARERFT 5K
(Roos®? DU S EAKOHOBTA) ARELTOZEDEATE LOLABNEDE BN S,

DT LT in situ TOMARE F V¥ a V7 ) —54 v 2—2—DEKEEORBESHE, S0cc B
AR K THRRE S LRSS b EESh S, Fig. 9a, b RIBEABRRITAREE®RBEN
OEEILEMRRAK Bo M1, Z0EL OHARREREERO L/ + AT Bo B HE L%
BOFYVav7 ) =54 V-2 —CREINLFKRE, KFAFEOBRKEBHZRLZSDT, K
WTHEABRBLCZ - TS T4 ¥ 2 —2—THEINS LBEKEOREEFH L, 5, BkIKbNITL
kMRS L, RCsoh2BKOEH & LBKOEBHOBMBEERP SEXT, LTV A~
2 —THEINILBKRIZLA CHERBEARERG T EKESBTELIANNTES S, TORKD
WTRERT 28HK T CORBIIEERTIBCS, WHEBEIBKBLOBRERT IBICHELNS
zEitLicin,

F4E TRKEOSIE

EHK, BHK, HANR, KARZOKEMTRUTOHELCX -7,

1. pH:#72BEHE GEEEN 1018 pH A —42—itk3) 2R,

2. ANVY LA, =X R Yy ac Ek%e Hitachi 207 &b 202 R 303 BUEFRIES AT I X -
T Uiz EAKICIZ 1,800 ppm S EBOE/LZ o v F U L2RMUTHHFEA A VA2 <R 7 LT,

3. #Y YA EKk%E Eko Flame Photometer Model N A B T4MEETHRE L,

4. RBEBEEF L F T VESTHEIEBREBICOVT Conway DMEBMTHE® Kk THIT LI, K
BATR—RICTF » ROFBEE UTREFESA L ONZ™Y, COMETRERAOKEHZEY
BT 2 08D D, BHEAORBZHRE, 7rve=T7TERRKHMITESL Conwar O HERL X -
7o

5 VY :EKERy b4 P ETEERALS W10 SEHE LK, BERBEIBNBTERY

* HELIERIC in situ TORBRT, F1ury0—~TOEEELDHRITA VA A—2—%FRLTNE®,
we EEWBKHEERREHRB YAV Y TERKKYOLOERA N,



HRTBEOKSEIEICEET AHE B2 (B — 21 —
HMEETABDBET ek, THREY 77 V/EIKE->T 720mp O EET Hitachi 101 BV EIREEE
KE-THBEERLK,

6. FERBRRE : —WMOFEBHC OV T 0.1N KELF + ) ¥ 4T pH 8~9 K L7cik, BRLLTHER
HE &, THERBTRAG® CX-TERB LI, £DMOEEHIF /K% Toshiba-Beckman D¥ik
RESTE Model 102 it X - TEB U7,

7. &, TAI=vacRIMEE UTERKEERIKREK, BER, BREBRTERDIBRLT, BB
BE LR D0T, #3072+ v 2a ) vicks % Hitachi 101 BIREHEEO 650 mpe O

I mm 1 : Turning measure
e 11 { Throughfall
60 Il : Soil Water Natural Stand
1000 40 }s50 T
30 J0 T
soof oo [ R
; ’_,_FHJ_‘—‘ '
10 A
¥ ’_H_,-l"' o
0 0] o " .
1973 7h 12h 18h Oh LK) 12 o
Oct.13 Oct. 14 QOct. 21 Oct. 28
oo
Icc nn T : Throughfall
50 zg A Water flux from A horizon Man-made Stand
1000 o Lso
30 [40
30 A
500 20
20
10 Lo T T
0 of o » = /5 .
1973 40 6h 12h 6h 12h
Oct.21 Qct. 28

Fig. 9a AN ESEHEEBICE 2HANE KRN ORIF
Throughfall and soil water flux measured by self-recording turning measure.
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ce
1s00F |Am B
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Fig. 9b &EH# BLDEHB X3 RARE LEBURE MO RIF

Throughfall and soil water flux measured by self-recording turning measure.
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BRTITW, 7o 3=v 4 Hitachi 303 Bk & 0 207 BETFBESEDTFRIC L - THH LI,

BHAKIATICHIL > THEAHK No. 6 THRABLZNEEKE Lz,

+3KD contamination ZBHIT B/, FYYavIV—F4 V2 —2—RKANIEEHEILY
=—WEH, Y- Fa~7, FkE YIERERTNCL TERBRPCLESCBELLE, TaKE
WLcbDERY, FLEHIEL = —VEBOHKIRSCLBRESHE LTAVET S 2T —ividd
S UBHEBDTES LT, +OKEVEL, TrHHVOERLEVCEE F-v s LESOERL
oo B TR U KEERZICHBRALDICHE S LI EFLR22UBORIZF VYA B HOD
U FERPICRE L BRTaKES Lz bD 2R,

B R bR - o LK, BUK, HAN, MARZ0EMETEIRTRLASIMCHT 5L 51CL
et BRKL - TROMBELAEN L D EH -7, ZOBARKIKE, +3~5Cikayito—wn
LIt U T RBEORICEE L, REQKDICRENSAEMIIZDTINEIRE ST, Biflick
WTHITKTARIC I B KICHRSEORBITITHIE - 7,

REREF O RO % HROKBERS OB, LEH - OMEERS B edic@itt, EEE
MABEBERYEA VY UL, Bl A VY AOFRIPRERT V€ VEBEICOVTHOD, R#E
CEROERBIRCN 2—4—~ (MiAe7 v MT500) itk - T Lie pH I3 1:2.5 1% : KBEK
KDONWTH 7 AEBETHUE L,

BSE T/2aryI) =40 A-2—2& 21K SBREDIRHAER

F1H FRUBRUESRERT OBER KL LBOKS, BFERH OB
5-1-1 HEBREFH
SHEL IBP #RRZE R (REFETEFEIL/ NE, SEBRBORTE) OF 1§ 3-1-17iRL
7o REBARRED IR B % 3~ 7o AB R & & < FE—o &, Plot 1(Pw(h)m 2 +3%) & Plot 2(Pw(l) 1

Table 1. F H b A B 4+ 38 o L 2%

Chemical properties of the soils at Shigayama study area

Exchangeable Rate of
REAEAF | B pH Exch. CEC saturation
acidit; Ca M,
Plot Horizon| (H20) Y ¢ N CIN g . S

62y %) (%) me./100 g ‘Ca Mg
Ay 3, 64 24,9 17,2 0.92 19 46,5 0. 96 0.73 2.06 1,57
Plot 1 A 4.51 21,1 12,2 0. 44 28 41,7 0.13 0.13 0,31 0. 31
Pw(h) i B: 4,64 9,71 10,7 | 0.36 30| 51.1| 0.09| 0.07] 0.18] 0.14
Ba 4, 80 7.1 6.2 0.21 29 27.5 0.08 0.02 0.29 0.07
HA 3.70 35.9 14,5 0.72 20 42,8 0.18 C. 36 0. 42 0. 84
Plot 2 Ag 4,38 23,0 8.3 0. 30 28 33.9 0.07 0.11 0.21 0,32
Pw(h) g B: 4, 60 4,4 10.6 0.30 36 47.8 0.04 0.04 0,08 0,08
Ba 4,82 2,9 9.4 Q.26 34 25.8 0.01 0.02 0.04 0,08

* ZOMICERYT ZRRBICBENERERKEHE (EVBOHE) O—WL LTI bDTHZY9,
ZOBRBRRO—HIIE 84 DIKFLRETRELLY,



FHRIROKSERERICET IR FE2H) (B — 23 —

BAE) CTHBRET 7, i, i, TEONEEEREIFSI-1CERLLbOELA—THS, &
Plot O BOEZBABIOEFIIE 1 Hi5F 3EYD Fig. 7, Table 1 TR LIEBDTHS, & Plot ®
TBoOFRABIOLEM Table 1 1TRT,

5-1-2 AR F .

Plot 1 (Pw(h);m ®+38) @ A;, As, B &, Plot 2 (Pw(h)n E-+3) o F, HA, A, B, D&E
iZ, KEREOBRREHNEDIDDF VY a VIAVA—A—CHELT, 7Yvav7)—54 v 4
—2—% 3T OBRELTINIE, 192FEOWMEDE6 A0S 10 BT A CEICHEKELRREL,
zO—BEHBLF - TEHERSEER LIz, Plot 1, Plot 2 Ao 5 HT MAFEZEZPIRD 1AL
LiCBIEL, HAROS Y I HBER- THEERSEER Uiz, 1L ADSRES AL TR BEOLD
CRBRETO L EBTE N ot 197245 BICHBREHHT 2 BICIE SR ER L BES LZM o+
BERETHE LTV, HELOEMBITNTHRNDEF » v 7 LTR—EHTRBEHETL
120

5-1-3 HERohown

Z ORERI IBP SE LS Ec B0 3 FHAEBROAEYEENCET 2 RAME0—BE LT
TRHOHBOHEOENF L LTOLBKIOHE, BERSIOHEEHL AT B0, L1
BWESEICEB LKk BEORBEG LR SAR LT LU CT -0 60T, BEEUESEMKT
DORBER ¥/ MALLIBOKIBIRE, EERSOBEOBY, MUEO BN ICXZEHES FY v tlED
REOEREDLHVERE LIk EE, BERSBEOLMVCERSHILT I EEBNE LTI
bDTH D,

5-1-4 FEREEE

TYYavT7 V=74 v A—5— O LEKEHEOREMLRE Table 2 WRT, (BKEOEMERE
FEMEESRFROFROSEESREER (5K 1,480m) TOBREL IBKONERRC S ICHEL
kHOT, RREFLD 5 280m BEREEHAOBAMETH 5, ERNCRAREFHROMKEDOEE

Table 2. 7YY av7)—F4vA—2—DLERLE

Monthly soil water flux through tension free lysimeter (mm)
1971 1972
RERET | @
Plot | Horizon Jun. ‘ Jul. ‘ Aug. | Sept. ‘ Oct. | Jun. ’ Jul. ! Aug. ‘ Sept. l Oct.
Plot 1 A1 255 188 70 72 40 36 j 248 ‘ 98 508 16
o
As 243 199 490 80 75 35 600 187 | >600 23
Pw(h)x
Bi 569 255 | >600 370 40 7 | >600 418 | >600 5
F 225 203 151 182 43 55 353 73 261 16
Plot 2 HA 383 309 446 407 70 22 523 173 | >600 17
Pw(h)n Az 332 378 294 49 63 27 | >600 143 | >600 0
Bi 30 69 155 | 231 25 8| >600 68 | >600 0
Throughfall 205 212 179 162 * 85 363 135 336 37
Precipitation at ‘ ;
At ‘ 206 ’ 326 185| 245 | 120 ’ 79| 281 136 | 207 44

*) F—2&E09, Data is not available.
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NRE—VEMDICRFERATELH0D

¢ plotl EEil) ©otBKEED K
9% o plot2
% BREEIBEDS A & 4 — 2 —EHl
fE% Bt FRTE L 40T S
80 Q@ 5o

) 70 Sy, : KAMRE (BB OEBICHIE

S 60 “’a% LSO RRBOEH S Sh,
§ 50 2 2 1P 33D Fig. 7, Table1 &
s RLEBHTE v b OLEOYEIE
© 40 A, Rk Uie ENENISME 5 BB S
30 0 5h 5, KBRNEVHEOTHICS
20} A % Plot 1 (Pw(h)m i) TR’
ol B:\ HATERE 100mm LT 0 B4
L A, EROE, BBULTREERSRNE
10 20 30 40 50 60 70 80 90 7 BEL, BKICE-Thd sk
Fine Pore KD LGB S FR~NRET 2120
Fig. 10 FELFRM O L BHOTLEET T, HELFHSOLEmADE

Pore size analysis of soils at Shigayama study area.

BREZLON, BHICAsE, B BT
RANTELD BV IEKORGBESER SN, COBRE A, BIBoBKkiEnbanc & L3
FFELIEROL S ICA A, BKEOER TP BANET Plot 2 LEROKSHELZRLTHIVED
CBbidh, WhWsEEBRENEIEAD EOBAREE MFLES 2 X UHABRITR (Fig. 10) i
Plot 1, Plot 2 L TERBAREEZEEETALHOUWARMRTH 54, WHEELBTNE Plot 1 ©
FHEREIC B ETRLEOEABE L, COLIBARBBRKRO b E, #E EOMBEGRO L
TEDKAHEOEMBNE L LcbDTHS D, HENKAREYN 100mm LITOBAIEERE, TE
LHREDHTNEHELET, LrbMARNBRESTIZIZESIUTORKBE LABR AT ONEETSH
%o

Plot 2 (Pw(h)y #1480 T2 Plot 1 Li3#-7T, O HABED 3 TED B, B 5 0+8ko
WHBES—RICDIE, FZHRATREDS 300mm 223 & BXRREDP S b 600mm % 2 3 HHE S
Sh5iEd», B A BOLTBKRMBRABEANTS212E, BAKEOSEILL > TEBNBOKLE
DER—E LW,

Table 2 iR LBEELO L EOKSBIEELBICRBEL (Table 6 B#8), HE#KEHK (Table
13 ), Lt (Table 18, 19 2R) O&LEKSEES KKKT 2L, FELO Pwh) BELBoK
HKBIMEORBRID Z NIC N TEIL - T, BAKEDSV HHULRBRBOREKBZ S LD S, &
to, HORBIBOMHAKBI—RICTREREDLTVDICHL, EHLOESRIBKEDCSEI L - TEM
HOFRBRBOENFRATH S, CHHOFEITERICE 1RY TLEKIREEET 2 A TRicEE
ULTHEELIE ST, EELOBHKSE FV b BBEREIC X 2 AEERSEIICSR N &, Bk
TREMNMET 2L L IMBKROBEBS L &, MEKOBEND S C LB E L 5BEILKIE




AR TEOKSBEICET 2HE (B2H) (D — 25 —

BCHHLLERBRLTVELDEER B,

@7 ey bOLEHAEBET 2 BRKOBELE 1 Y Fig. 4, 5 OKBRECEHEHOBHMRL
BHTUS—RLEBVDE, FYva vy 74y A—2—CHEINZKIEPF 2007 v a ¥ TH&H
ENBKTHD, —FFv¥av7 ) —34 -2 —THESNIKDEILACOEANENXK (BH
K) ELTHBNARKIET2BHTAKkTH20 57T, FlAE Plot 20 Agj@, B BiikSBEES
LTidicREO HA BL Y bBHETH2 2057, BEAHK (ABK) 0B&id HA BLODR
AN

CDXIRF VY aVlFAVA—E—0,FvyavT)—F4 Y r—F—iGTBhokSBROENE
NEL-BEABEATAIFRE LTEFLTRAVONERELDTH S,

HAREEBKREEBREDBEFKEE, Wroy FOLBORBICOVT &7 08 Fig. 11 TH 5,
BRICOBMOBRMBETOLEO X S 1z, HRELHREARIED oNBV, ChidBE 5 LERITEK
FEREBAET 210D, TEPOKOHEHOH 4 OREBDORBICSEASNTARANCES L, T
FICHDO XD IKERHEOMT TCOLBKOREIR, H—SHRNTOHELRRLECLCL2b0D
TH5H5.

BEFVYavI4Avs—3—CRALEBEOBEIBRONE 197146 AOBERE CGF1HES
=9 BR) RTBKOBIEICS S pbsZ s, Table 2 KA 2 X5iT, 197146 H& 7 HOKRSBEE L
~BEHAEBRIZELOHARETH 20K 6 HOF BN KEEBLT RS OOE, 5 AORTOEE
LHELONE, '

AT OBERSOAHTRER, ABOEE%E Fig. 12, 13 2777, pH i3 Pwh)g >Pw)1 TF
THNOEEIEN—ET, BUNCE—EOE—BHELENIPBL B, Efc Table 1 IKRLK
188D HiO—pH OfE L ZAT LEFAE LIS, RICHRBMBOFTAE T O EKICH~T pH BB E
Wi B,

#ITBOLBANOTKDOEESRIBEDOFRIZ, FBMICEZELAHEDTA VA4 DK%

© Ahorizon
Plot 1 A horizon Plot2 e Bhorizon
.
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= = .
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Fig. 11 Fvvav7)—54 v xA—4—0L8kKEBESL
ARAROBEG GEILREL
Relation between throughfall and soil water flux through
tension free lysimeter (Shigayama study area).
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Z2WNT, 2DHEKORIBELENFLOREBERLLLOEEBNCLICEFH L, ThEhORE
fLieBek L7z 54 v A — 2 —ORKBOSHTHRLT, WERSELE LTRT LT %

AT T L, 2SR YY A OLEKEFRBER—RICT, 8, 9 BICIHEL, 6 AFIE10 ACETH
F2EALL ONB, FHABEOERTKBOZOROFRHRIRELIN S, Fig. 14, 15 L& 3
X3 2OHRIIB T VAR TN, BAAliCE Pw()n B3 (Plot 2) © A3 B, Pw(or #t
# (Plot 1) ® As BTEESETFRLIDENCTEBENS, ChiRBKEEOBRRIBRETRLO
T, L LARMESE P b boHBE OB, B, £ SN bEERLTRRAITH ST L
ERTHDTHAH I,

# )Y a3 Pwh)n (Plot 1) @ 1971 FOBREMSEEE bEFICEHL, AEB->THRL TV HER
BPHLT, 54 vA—2—HBEEOHROMIANFERESEL SN 208, Pwh)p (Plot 2) TRZ DA
MIRZNEERBRTEN, RELTTRTIMORME TOLEKOBRFRIOBEEALTE 7L VA~
2 —HRE L ERASEREAONIBRBIELALS ONGE b 1%, 188197248136 A, 10 B

e plotl
o plot2
61 67 ‘ A,
A,
57 AlAB] J f f f H 57 A,ﬁBx f- J
I P N o Fﬁ
] B, %d ] Fa_sB,
4 Ffﬁ P A jJ 4‘13§. Lf |
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4.0 4.0 T
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Fig. 12 HEURBHO A DB RS BED I BIEE)
Monthly fluctuation of element concentration at Shigayama
(pH, Ca, Mg, and K).

* BRICRRZEABREOBFRABERTIVTN L ZOHEICE 572,
o REIABEHCRIBBANERE Bbh 3RS ohic (5-3-4 BR).
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FESETRENB ANV Y &, <7 %y 5L AROBNETRT
WSS (WRELT Y E=TEOLR) ORER 1972464, 10 ORETOBEDEE D 25
SHTHB, 1971 FERFBILBEAE, Pwr (Plot 1) TRULAH ) v ADEA & Fkk-LiE
HOBEN DA 5, WRESROHT HREERE 7Y e THEEXO 5D 3HAR, £79
MO ANEHTRT L Fig. 16, 17 0B D THB, Plot 1, Plot 2 3tk AR, &EAIFLICHELLE
OFBT 7 2=THRIDSREFOHAVSZON, HELT, BICi-T2BHEbT VE=TEOLH
BREICEBCEPDHD, ERBRICE - TT VY E=THE, HBEEENSGETIRANHE, COLD
IR CHRBT 2 LU R F « v/ 3, HUOH T =Y » £/ FELSHO L D ICECHBESE
EOEAEER DI LA LE GHFBALHBES DT H55, UL MEHEO LR THELE
BOFvYavT7 ) =74 v A—2— THRAEBNLOEHL K/ v Pl OREF®, wWBOHIE
PR K0 Pw(i) 1 OIEPIO® TR ORELOBA LA, HHEKRORBESEONIC 5H5T
v &= TSR BREEEOAD AHARNE LTHET 52 E08 ) —E LIV, ChEEEHMO
HHEOWEN T 0 5 & 2 DEREBFAO LROBALRIEBCE, BAVEE PV LLEEATOR
| BER, $BVEETEEL - BRI E L OBE TR OE MY ORI OB —IE L b DT
N ERFRLTNESDESENDY, KAPIETHLDAE TIUA > BRI TES - 70, HHAR
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Fig. 13 SERRHO T HBKOBIERSBED A NLH
Monthly fluctuation: of element concentration at Shigayama
(N, P and Organic carbon).
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Ammonium and nitrate nitrogen concentration of soil water
(Shigayama study area Plot 2).

FERXOEELMOBRERS L OBEIC O VW TRATORBIIERTERLNS LTS, XB)IE
OEWER /D A BT 8 AORELIZKIKOMBEERBESEHET IERSED OH, Thid
HRBLLO UIREEZZ SN LMY, BERFVAVTRIOXSBHEOL L O THEBEERDE
Eoaf 3@ o,

) Y RMDORIT K SRTLEUKP OBERSMRER 100 30 ppm L&, AREHIT6 BicEHiE
EEZRTLOBDIENIE, HEVR- 2D LBFHIRIZN,

HBEEBERIWA 0y PEORBLTHTELLEBSLONIBENEL, RBTEEBETHECE
RBEHKOEBBOER, Y1 AF—BERELTV2ZE053IpL5, HicERLcioRBIIZ
RO ENBOLFEKPOFBRRABEDOR —THEMEANTOARIC OO TRFEUWORFET 2 2 =X A
BEZONB, TIEhH A, BICHRT 2 KIEHEERYA pH OBNRET (Table 1 iIL/RF & 5 i Plot
1o 13D Ay B HiO—pH 3.64, Plot 20 HA BT 3.70, +3/kd pH i3 Fig. 12 KK ;R XS
Plot 1 © Ay BT 4.3~4.8, Plot 2D HA BT 4.0~4.2) TR <A F R4 %V L1 > TRICHEBLT
BY, TNHTBARTTBICLAENST, PTNI=TARBAE T FRARF +— V0 LI EREICE
LCHRAICERT 5. COLSUNERHOERZ Table 1 HBO/LZ2EED S B 5 patbil, Plot 1,
Plot 2 OltiEE b TEEITRESENE{, Rw)1 BHtE TR B BETOEBRYOERNH LT
5L, $ftEE b CN BB TR TENEERT

72 L, THKEFEFBEROIRBNRNOBREARELHICZ Ol (BB RARLZUTHERI L
RBTEIINEEZD, Table 2 IGRUAEZET 0y FOLBAOERER ST, i< Plot 1 TR TEOWR
HBUBEOHOFRORBELON S, ELBRICBREIEP L kELICBHT 2HERS BN
kg/ha B TR LI Table 4 i£4 2 X951, Plot 1, Plot 2 & 3BT B TOEBREOBHBRITE
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ppm
oF lay.
ppm
o F lay.
® HA hor. © A, har. 1.5} © A, hor.
® A, hor. 9 A; hor. ® A; hor.
A B, hor. @ B, hor. ® B, hor.
ppm PpPmM
0.5} 0.5 1.0F ] .
0.4F 0.4}
0.3F 0.31
R 0.5
0.2F 0.2F .
0.1F 0.1F :
ol—, J 0

| 0 —y—T7 G — e fpe—y
1972 Jun. July Aug. 1972 Jun. July Aug. 1972 Jun. July Aug. 1972 Jun. July Aug.

“Plot2 . Plotl ) Plot2 ' - Plot1
- Pe " Fe “Al ) Al

Fig. 18 FHEURBHMOLEKOHKLET VI =T LOHBE

Fe and Al concentration of soil water at Shigayama study area.

Al BEOWEFSE* WY LR RS 5 L BMICRRT 5 C
Weighted mean value of Fe and Al <3t
concentration of soil water at Shiga- LHTER, LREYICLVZEN, IR
yama study area (ppm) WRILESNELONELSOND L, % 7 Plot 2
Plot Horizon Fe Al DOKABREL DEEEIND L iC, TAROFEKR
Plot As 0.16 0.90 BRERZLTAHATICH - TEREZRTTSD
ot 1 - s (
Pw()E g“ gg gi DLEXLNBEBHTH B,
- : - B, THI=YAIIONTIR 971 EOREHC
3 o4 0.7 SOTRMFAFTD D7 L, 197288 9/,
Plot 2 HA 0.35 1.25 :
Pw(1 As 0. 41 1.19 VADH YT VRBDIESAHTERL D b
By 0.18 1.10 H0F— 5~ DRABEOOTE, 7, D3
* 197246 H~8H 3»RM ADLOIRSNT, 79 v F OEBEIID A2

In three month from June, 1972,

) ZE% Fig. 18 I, £OWEFMEE Table 3
KR Lk TP 3 rAOMTERTEBECEGOBYEIANAT I L@TERNG, LTz
VLADBEENRTZILEET 0y b OFBOEREST AV I= T AOBENEL 2~ 3D 5 105K
ETHEENDD, ZORKERIE Povovareva® ORI TH B0, FU, RASPDOLBEOA K
Y TORRL G —RL, BEER VS VOLBKOBEL KL TS, Table 3 ka5 3
kK@ T ey ik, BOBEOREHERTETOBTHEELVORMLT, TAI=YATRZIEE
BETRILNZENPwlIE D Ay, BiE, Pwll)n © Ay, B BESRLTAZEMARETE, o
T&iz, COBDIBEHTOHE TAI=TAD BEOENERETIEDTHS, MRIEAIHE
REDEALFEM Plot 1 HXU Plot 2D BiETORDHMBEL SN, —F, THI=v AR TEIC
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BNTHEZD mobility METFLBNEDEEIONL,-ZDEHREL TN I =V LAOEHDENG,
FRREROBEHEEZ - TCCOBEOEBYR FYV VOARERRIHICRAO%XEZ2b0EEZ 5N, 0T
YVav7 V=34 Vi —-BLEEROSBOREOFEHEL LTORIULBEIZEEFELTNE D
DEEZ B, : . : ‘

1971 4%, 197240 VWIh b 6~10 AD5 »2EORBREMDIc, & Plot OKBA% 110k & T HE)
LI BRADKRES, A5 4 ¥4 — 2~ OEKERD» S kg/ha BAric#E LT Table 4 iR L7,
BFEP«HEN U REREKBIEKRE Y 224 — = LIt DR ERRHBITI b7 bDT
ENSHVTROIEKS Y7L YOO LTEHE L, Licdi-TERICE 21 5 0MEU LDOFS
DHERD 122 TH B8, Table 2 OKAREEEKEOEZEL AT, k2 V704 —1—RI
RN 2ETHS I EBALT, EBORIBHBOFROKEDA — 4~ M BICHIBENEST,
TROLHIUHEEERR LI EDTH 5,

I oD EIL Cork and GesseLl® 247 T2 7 3 —DHRD R FS WVELEET, vy vavyIFAf VA
— & —Z RO TEE Le gt 2 L B0k & ICHEN T 2853 B0 10 » A DR (Table 21 ) Ll
BLTAHTH, 2OREH (14 v FE) TORHEEIIELOF -4 —THB, 7272, Coe St
HWOLTFRA7 7 —HTRBRLTHEY, 14 VFEL364 YFETOHMBELE LT rooting zone (36
47%)HTKuﬁﬁﬂ&&AEﬁw&f,E%Kﬂmén5#i$¢wﬁaiéébfwéw,%%Q
RETIIAVFETRHRTNENEDOD Plot 1 51U Plot 2 D B, BTOHEERSO BHLEZ
T, Wil ay b & BERAE rooting zone L& EF S THBICHBINZ T T, fEICH->TL
BheR T oKkEHEE, PRYOBETENRFTE800K5THB, ALY, FIFKE-T

. Table 4. 5»HORBRBBPCHBOLBA RS LicRoE

Release of elements from the soil horizons during

the 5-month study period (kgfha)
Study | REAERT | A iInorganic Organic
Soil P K Ca Mg
year Plot horizon N : c
Ax 8.7 0.15 65.0 8.4 3.6 —H*
Plot 1 Az 27,4 0. 26 149, 2 9.1 4,5 —
B; 30, 2% 0.21% 117, 1% 11, 5% 5, 0% —
1971 " F 45 | 014 16.8 12,1 3.4 —
HA 7.7 0.31 32.2 | 23.9 6.4 —
Plot 2
Ag 6.3 0.15 .5 9.0 3.8 —
B: 2.3 0.02 .0 4 1.9 —
Ay 7.7 0.14 58 |. 8.2 4.9 193.0
Plot 1 As 3, 2% 0.15% | " 17.0% 6. 0% 3.4% | 132, 0%
B: 7.3% 0.12% 12, 8* 10, 5% 6. 1% | 120.8%
1972 F 3.4 0.12 3.8 9.5 2.7 | 2135
HA 7. 0% 0. 19% 12.3% | 16.9% 4:4% | 303, 8%
Plot 2
As 4, 3% 0,17% 1,9% 7.3% 3.1% 244, 3%
B 3. 8% 0.15% 8, 8% 10, 4* 3. 0% 130. 7%

* More than this level.
#* Data is not available.
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£7uy FOBHMOKERABICISLT Ub—EDOEMIIRD SHZD, THEMNOKLENS LB
REDHBNBEME Ty POREACOOTLELERED OGNS iEh, TRTRSHRHUBHRD LT
V3508, ZORPOEAZLERD Coe LORBBRIEIETE LIBVWEEBELAETHS,

Z O &S RAETORBRS OBAEI OB, Table 1 KRLAKFS 1 » b Ot BRBIORK
DEROUBLRMBTLE—KLE, COCLRMELEILS > TR, THPICHBEINS 3V IZIEY
KRILENB C LR TFREANRAT I2RABEDPLVEVEEDH 5 C L2 YE-TV B, ZHITEIR
~fc Core SHT~IEEHLBTCORERAIOBELLIRLBLIAHATH S,

FRRZOMHBI >V TR ECEMMNO T BKPOREAR LBEL TEHET LN, M2y O
TECHHNTS, 5»AMT100kgha DL FRREANFN T 2EHRT, REUATIGE~Z EBK
HOMOFERTFTOLBICRH SN NEDTH S, FMIC litter fall & LTHMICE b3 h 2 BHY
(REB) BZoWMEHROEBS, 4R 3.9ton/ha W bh®, FhicxthThid ® 100kg/ha %2
THHARBLZELEVELIZVLALOLLS LREOY, EBEBORRTOLEKCA SNTNC OB
2, BELEBHO BBV LIERIONMEBROLNNCE S 0T, EHUHEEKTTELR
HERBESERING &5 TEBRDIROBETE, AEHOFBREL LTEE/o PEREOES T
DBEBNBLIEOOR, tHBKEKTCHKBLTWICEBEL NS, —HEBEOEE LT AR
DOFERING &5 UHEYHEGER TR, HEEEETT TSRS KEIBRKBEE TETLT, XK
BYHERREE LTEEKPICER LT 3800 MECETOBL D EEZ SN S,

FYVavI7 -4 Y- —TREIN I TWKOKEREBRRAOELFE B LI L »ThE
BRYOMRERE, BEtOBEEHOPRTAVEDDROELTEELEDTES,

5-1-5 & # _

EHEW IBP BEIMEHIRICE T2 F v a V7 ) —F4 v A —2—HRICX 5 2 hEHO LEKTE
BLEFRSBROREERL S, EFHUFHERRTORRER F/ VLR TOEN S OHEOKHZE
MBTEMTEI,

FERLOBHELR MV b LETR TEC BXRRBUEMNET 572D, LREBAOD KIERBTER
T, ZHRBKICE - T ZNBKDEEBILL - THRBAICENT B, TH L THBEHEKRR
BEZH ORI UEBER FYVELETH, BHEOBBOICE-T, ELLBEREOBEROLTHIEE
PORE ST, Z20LBKSERICKESEEELD D, 2Lk ELCHEIT2BERDIOEHEE D
EEL, HENERRE BEHCSEENRBR LTS, TEKBAERSOBEE LTIBICT V£
=T ERREDER, #, T I=vis, BBREKOVTHAB LY, ThoBnThbEERbO
BHRTOLETEA SNITVEENEEHELRT,

(1) FHERLUOBHR ¥/ 2btBO L BKTREAEEBESEROPTT VE=TRIMBRED 5D 2
e, MRECHFNESBECBANSLS VM, AR, BRICHTHEOBRESSET 2H58HD, ¢
NEBEZSOB B UL BEEHEOBRTORRLILBET 540 TH D, ®RT 5 biul, ELOBEE
EROBMELRIZLCHTH B, 3 ’

(2) BEEBRROBESMBOBHETOLBKRICHATEDTE, Bl cEE Lo PR
OEBMPIBKE KT LT B b0 LEL N, BRI TOEEBESOERYDIMROREN,
BEFRAOZNERIIDTH BT LY, LOFBRRECHRBILIRBLTVWEbDLEDNS,
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(3) LEKDORETVI=V LOBHFERELEETZLE, 74129 A0KH mobility H1E &
BRI TORE OB LE LN T IFMRLDMN, COFM vV A—4—-DFELAVE LK
koTHEONAC LML D,

(4) HBAELKCRBT IS OBERNERYLYD TREL TAHIER, ARRARINE LTZOM
DA ORER I MOHRKE T OREE L BRI B O TRV o, R OBERFY
Wb L DO HS, rooting zone LIFOTE~bHRYDRGVBHEHTL2dDLEH LN B,

H2l MEARELTHTYRREKTORBEKLOKS, BHERS OEHAE*

5-2-1 HEBRE

BEIRRIH, BEERCEEARNOIKERREOE 1 35 3 Y 1B LAokBRECERESE
WEF - B & & B—OfF, ®HEEN 15m ORNEAEOELR (Plot 1) &, HMEQTFH (Plot
2) O2EHTHBRET 720 B, HH, LBONEREIL - TEIREIFCTBLILbDL
F—T® 3, & Plot OLBOHEEM I 1 D 3-2-10 Fig. 10, Table 2 IKRLIE BV TH B, &
Plot O+EDOEBRBIDLEME Table 5 iTRT,

5-2-2 KB FH

Plot 1 (Bo(d) #+1%) DAB (WScm &), B BT (B 40cm ) & Plot 2 (Bo Hii%) © A
B G5cm &), Bi B (W 40cm &) OZLBICKBIREO BRESOEADIDD 7YY a V74V 4
— 2 CHELT, TYvav I =54 v —2— &33BT OREL 197145 A 10H» 5 H 1972
A4 BETIITIEM, BBUCh1LAMBTEKEEZRMEL, Z0—H%2HbR-- THERSE
ZER U, BHERBRHBPLATLS 10 A OREHBMET T &3 MEM 1 2ROV BEH 21
Hoto IR OKBOTEL S NG LS5 CORBREFRRB T YRER > THHKRTTER
EQeHAFPY I TFOBEEBBOLECAT, RAROBNRIEETH >/ TETLEL -7 #
IS SN B BB RERENIGEC B ERERRE TOHRRT -2 —ERE L TRN .

5-2-3 REBONLHN

ZORBRIBHMOLIERKTOLBOKSBE, BERSHEBORBERNSIHEO—REILT, H#

Table 5, #MEEGLLXBRBO T EDLEH

Chemical properties of the soils at Hamakita study area

Exchangeable Rate of
KBRS | B Exch. ) CEC saturation
Plot Horizon (II{J:-(I)) acidity ¢ N C/IN Ca Mg @8
62} ) | (®) me./100 g Ca | Mg
Plot 1 A 4,75 14,1 2.3 0.09 26 Q.94 0.96 0.36 3.66 3,62
o
Bo(d) B: 5.06 17,7 1.1 0,05 24 8.93 0.21 0,12 2,35 1,34
D
Bg 5.00 17,7 0.3 0.02 16 6,05 0.12 0.08 1,98 1.32
Plot 2 A 4,92 10,0 3.3 0.13 25 | 14,90 1.72 0.40 | 11,54 2,68
B B1 4,62 13.5 0.8 0,04 21 7,96 0,11 0.06 1.38 0.75
D
Bs 5.08 13.7 0.4 0.02 20 6. 34 0.12 0,12 1.89 1.89

* CZOFEDO—HIIP 84 B B ARFELAKLTRELLY,
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HOBLUMOFBELHFRBTES T h= Y RAEKENRE L, COTH7 Y RRERT OREHRKLOD
FEAKSOBE, FERSOHEER DT, ERBOBHTOZENLEKS, BERSOBBRLE
DXL T IOV THHEET- 7,

5-2-4 $¥REER

FYYavI7) =54 vi—s—OrEkiihBONEER% Table 6 KRT, ZOBMEIRIERESIHE
D74 YF—2—DERABEEAEMICHENTEE LI b DTH 5,

Bk BEOMEME THUKNHES W LTA%E, Plot 1, Plot 2 3tic A BTI2 33trhBARD
17200 L 1/3BEOHBET, AAKC AFE 250mm %2 3 X 578 KEF KD b Sh KLy
75% ZCTHBBNEHEINS, B1 @ (W 40cm B) TORMEL Plot 1 & Plot 2 TAI KRN TE
MEBTEELD 2ORHERSZOK, FEFEO BETIREALIEKOFERNL ONTERLE
LB EBOBKNS - BICRONE, 2LT, BREASTTIE> SORBERSENERN ST
bEZORRBEBUTRBKEONESTH D, TOXSBLEKOBRBIINEG TR L EELOERLIF
HEMKTORBMSR F/ vbBozh B BRBERICT 5,

LOXHSRTBRABEOEELZETIERE LTIE, TTICE 1EBAEY THEHBLECEDSEL
T, ZOHBEEIBHRIOLIEOKEBRED bR ELBOYBEEDOSBONEZL SNL 5, # 13 Table
6 DEEETFHLAHT, ERKBRDULAHFELOFMDLONEREE S DTN EELLN, C
NB—DDOREIRER LT - TH 1480 Fig. 4, 5 & Fig. 129 a3 X5 SKEREBOEEAT
%,

ZOKBREOEMNNEZNER L STVIVE>OHEAFTH AT HBOBEMED B, & UTAM
MO bR BLBKORHBRELT %,

TTIHE 140 Fig. 7, Table 1 & Fig. 11, Table 29 iR LA BB LS Bl oLEOILRERD B
BOERKT B 7201, —2DFRILT EHT Table 7 KR LT

FEOTF Va7 ) —5A YA —E—RKREShBLBKBEL LTCORTRTEEEALRTED
B350 EBL 5N 20, DEPICEB UokRBEABPIC RSN, pF 2.7 B4 EDOAE IO
LR T, EBEBHKSRBT20L a0 5%, COEEREKORBNEL SN ZILRESE, L

Table 6. FY v a V7Y —54 Y A—F—D+HKKTE

Soil water flux through tension free lysimeter (mm)

HERERR | B I é?zé 6/15 7/21 8/24 |9/23 |10/30 [11/30 %712 3/1 4/14
Plot  |Horizon ~7[20| ~8)23| ~9/22|~10/29/~11/29 ~1/3 ~4/14 ~6/24

~6/14 , ~2/28

Plot 1 A 60 105 80 342 57 0.1 25 43 102 284
Bo(d) Bi1 147 127 102 417 102 _ 68 64 160 | 260
Plot 2 A 44 64 . 82 439 86 0. 4 27 46 258 206
Bo Bi —ddk 18 — 519 — 0.0 —_ 0.1 — 70
Precipitation 288 260%H 204 452% 206 21 112 177 333 734

* BR2B5iICkB 8/23~8/24 280mm 24, Including 280 mm by the typhoon No. 23.
** BREI13BICE B 7/6~7/7 115mm 241z, Including 115mm by the typhoon No. 13.. T
sk T Lo No flux was measured.
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Table 7. FELRBH, ELEBRMOIROFLBRARK & FkiE

Volume percent composition and water permeability of the soils
at Shigayama and Hamakita study area

P & K 7 # BX  Volume percent composition (%) & &k ¥
Fi B E T 2y 7 3 Z Water
R e | T e o Hipermea-
Plot Horizon Soils Water Porosity [Fine pore| capillary | capillary bi.lity
phase in situ pore pore (cc/min)
Shigayama A1 12,5 57,7 87.5 54,2 17,4 15.9 354
Plot 1 Az i 21,4 70,6 78.6 64.3 11.3 3.0 I1
B 14,5 79,2 85.5 66,7 15.8 3.0 2
HA 25.5 44,9 74,5 44,7 10,5 19.3 60
Plot 2 Ag 24,2 72,8 75.8 66. 8 8.5 0.5 7
Bi 19,5 74,1 80.5 65.9 12,0 2.6 1
Hamakita .
Plot 1 A 33.2 47.0 66.8 48,0 15,0 3.8 29
34,7 25.6 65.3 26,9 15,5 22,9 58
Plot 2 A
B, 42,8 24,6 57,2 23.6 18.9 14,7 42
¥ EE LMK £ ® A M
Non-capillary pore | Capillary pore
H =N f il A 64
Coarse pore Fine pore
Ermam | oo E W E B L M
Non-capillary pore poré) Fine capillary pore
pFoO 1.8 2.7 ' 4. 2%

Fig. 19 + LB o K 4+ & pF &

Classification of soil pore and equivalent pF value

+ pF GHREBOBRE LTEL: (LRYERNEERASE LRY
ERER, BEE B 1972 2R

Roughly equivalent pF values are given.

RS> THFRORSICL ZHABOHBT, BIEKRBEUOLO CGEEEAR) 2 LIVEBITS
3, AT CTRRBELMEIRIT 5o LM, BAK, FEELR X5VICABETLMORS &
WY T 5 pF it 0BFRE Rk % & Fig. 19 0k Iic’i3, COREBAKIREISN I KIIFEEE
TLRAERBT 2K ERBRD, —BHICE X EEPCEEBSh, ReKTARET 523 3 %R8IC
Yo ThbND, (2 OHEELMES EROKEERE, AEREBEERRET 5.) £ LT, BEILMKIC
RSN 3 AORETEOKBREGEE) ICX > TREE B, HEBTLHMOKES T TRERET 5B
RES BN, DF 2.7 MU T OB b KEEEROERRES S 5, EEUOEHRE ¥/ Vbt
BT TIEO~T &SI, R DRERR LHIC A~ TEERTREICS Y, HICTETRE 2T
HEETLH OB bRFRKDHE LTOT, £ CIHRICBKIC & > TRED S KNRELTETHHE
BILMICEES N BHRDTHT, ARIRFBEMERDT 55, FBELMSDI S TEAIE
CFE~BELEREOKE, LHBENECR > THTT 22 L1855 —HEILOHE T2 Table
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6 ICRTKAIFERSHT, Plot 2 TRBEKIZE - T b b shicKIEBELEE KRBT 5750 TE
<, HEELBIC LRI N S, 2 DRBEETLRIOKEBEICRER L TOWROKEREBCS DL
BoND, FELOTE~ZOHBEIMY, RELTA KX >THRESA TV &7, SR80
ZEUNORBLDITEOFN, VWHYBEK (BEHAK) &L LTHRBLTL 5KBD1IEL1E5, £1L
TZOHEBEARICERINKE, $1HY TE VAP BEORRES B 1# Fig. 12) »5EL
T, TRKET 2K, BRBICL-THHEEEN, TRFLEBKTERELTRIABLEET R
2EZBLETNB, COLIBLBASBED A = X LREBICHT 2 HEHKERDLRICONTS
HPTHREZDDEELON S,

7B EID Bo(d) Mo (Plot 1) THRORELRIFET 3 LEXKOHESSL SNZDIE, B EL
TORRERIFFECE CHERRBRRTE TYEEOMTT — 2 2B 5N h - 0 TEL OfHR
K50, ZOWEHEOBEI AT GELIBY E3EBR $75< B BUTHEKRRUIBER
+IBT, BiBUTAFEETEROAN B BERTT2LLEL 0L D,
BEERSBEORBAMNOHEFEEE Table 8 iIKRYT. ERADEEIR A BOLEKkOHHBEX
DBENBENEZOY, FELTBBOLIBKOSBEHBRECTIBEAICE->TLELES OGNS, T
D& S BRRTRCO~FEHLOBRER VM tLETHS ML, Fhihd bl 2REEKIE
w, ZRELUMLOBBTLHD SN, ZOXI K TROBSBESRICL > THEMICRBLOE]
%0k, REOIBMAKHRNS N L XIFRHE, RBICL DS AHT 2ERD» S OEBE~D
BN, ABE BEOLEOA & vBHBOBHED BB, LHKNERLH O TRARETAMICIEART S
BABERINDI L E, W OLOERMBEZ SN L BEMITRN LcbF TRIEHOTHR DS
H780, |

BERSBEOCARMEH * &7 0y b @ A B> Txikk L Fig. 20, 21 iR, BEEOER
(ER, TVE=THEDOAE) RORSLERYD, 1AL L2ACEROSLORED LRRA LN
10 9 ARMOBACIZS SNTOBABEOE L V8L N5, CHOORRCBLEPOLEMES
OHEELOBERBELOND, HlE, TYE=THEOBEIBRIEEONWEANE L, FoMBE
STVE=THOBA6HY, TOFDHEALH > TR AT, RBT 3HFHEAEN,, LLoRHBRHD
TBCHBENE X, WRESESERERFEROABIEED S LV ->BHREBA SN T,
FRERBEOLVAVRERBREELOR FYAMLEO b OIZIZERL, HEOEEBRKAEOHERT
OLFKOBEICHNTED, TH7YyRTOBERKLIOLBEERORES, MOBEHIALESL

Table 8. EILAEBMO LFHKEFROSREDOHETIHME

Weighted mean element concentration in soil water

at Hamakita (ppm)
RERET | & A N | B
Plot | Horigon | NH«N — NOyN P K Ca Mg
Plot 1 A 0.17 0,18 0,016 1,1 1,2 0,27
BD(d) Bi 0,11 0,19 0, 007 0.3 0.8 0, 26
Plot 2 A 0,14 0,22 0. 008 1.4 1,4 0.35
Bop B 0.19 0,18 0. 005 1.3 1.0 0.31
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ppm Total Inorganic N
1.0 o Plot 1 Ahor. -ppm
0.8 o Plot 2 A hor.
0.6 2.0F
0.4 1.8}
o2} Szt 1.6}
12
u L L 4 L L Il 1 r 1 L 1.4 L
5-6 6-7 7-8 8-9 9-10 11 12-1 3-4 46
ppmy 1971 “\ 1972 month g o)
0.08 P05 l‘ 1.0}
0.06 -~ A L8f
,/ \
0.04 \ 0.6}
0.02 T ) 0.4F
L ' ) I I | 1 I L A 0.2}
" 5-6 6-7 7-8°8-9 9-10 11 12-1 1-2 34 46 N s
191 1972 men 5-6 67 7-8 8-9 9-10 11 12-1 12 3-4 46
1971 1972 month
Fig. 20 EAZBRHOLIHKOER, Vv, IV L0BEDARNEE
Monthly fluctuation of nitrogen, phosphorus, and potassium
concentration in soil water at Hamakita study area.
rpm Ca 2
-
2.0f
Mg © Plot1 AHorizon
- g ppm ® Plot2 A Horizon
£ 1o} g 1.0
8
g 5
L 0
© 2
5-6 6:7 78 80 510 11 12-1 1-2 3-4 4-6 56 6-7 7-5 89 9-10 11 12-1 1-7 3-4 46
1971 1972 month- 1971 1972 month
Fig. 21 ELXBHOLBKOANVY I L, =72y ADBEDHNES
Monthly fluctuation of calcium and magnesium concentration
of soil water at Hamakita study area.
Table 9. 1FoRBREMPICLEBRNEARET IHRIE
Element release through the soil horizons during the 1 year
study period (kg/ha)
RS | B _ _

Plot Horizon NH-N NOs-N P K Ca Mg
Plot 1 A 1.8 2.0 0,17 11,7 13,6 2,9
Bo(d) B: 2.6 0.19 4,8 11.3 3.8
Plot 2 A 1.8 3.0 0.11 19,8 18.7 4.8

Bo B: 1.5 0.03 7.0 5.3 1.7
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Table 10. 197146 A5 6 P AMcLBEN A HET 2R

Element release through the soil horizon during the 6 months

from June 1971 . (kg/ha)

HEEs | B M) NH-N | NOeN. P, K G| Mg
Plot 1 A L6 1.8 0.09 | 7.4 7.5 CL6
Bo(d) B: 1.3 . 2,3 ° 0.07 o3 5.5 1,9
Plot 2 A 1.5 2.5 - 0.06 11.8 8.9 ©2.3
Bb | B 1.4 1.4 0.03 6.7 5.0 1.6

REBLOZNERNE LN PHLSB, L o

) Y iMORS & D 1/10~1/100 BB TH 25, BEUICEAVI DA, =532V v A, AYTA
L LRERBOEBERT, BEVT OB b LHRBOLMKEERER, ERMOMNE ST
TEWTHKREERI,

1971466 S5 19724 6 AT # 1EMIC &7 0 » b OABROLEDE HB L7 RAOKERS
Table 9 iz, %71, MOBRHMOBRED BHOEDLDHICI7IE6 A1 511 BET6e LAMORE
% Table 10 iR L1, BRUADEDOHBER hOBKR T oL EPORBECK~AT RLTLI
NHDTRILL, Table 5 ICRTHEORASARICH 5 & 51T DORBILHCH > T, % DLHUKAE
ERH ORBEALIE TR, BEDICET A ¥ 4 — F —ICHES BRI LREED 5 8D
BT HLOTHAC L, Fic Table 5 DLMOLZMEICSH 3 & 5 ICHLERERMES , BRI
@mw&mvcmiﬁmﬁﬁmb.iﬁmﬁﬁmﬁwiamwﬁﬁénactmmmm&woc&@%z
bniooiﬁﬁ&%miﬁ%@biofbr//a/7U~74// 5 TR S 1 B K DT
:x7w@ﬁﬁwik%@mmc&ﬁomﬁzagcmt&momt@&ﬁ%ﬁ%%%@ﬁfﬁﬁ&né
cawtéu' '

5-2-5 Ev # o

Eﬁ%@?hv/X%iﬁ?@@éﬁﬂi@iﬁmﬁﬂ% RS OBIEO R AE DI S 1e LTz,

(1) EELOEMR ¥ RO AN BEE X LT, ERHOBEMRH-ED K Biiht 2 O+
DY & HRKBICEA SN B T EEYSHIC Lo COLMAABELST SERIR, ERBOK
WY, HEOTHE LEORBASTOLHARBOBIELLLTEDOTHEECLBNLL TS S,

(2) HELOBEA /bt ME R LoD, HEPERET 5 KOBAE LROFBMIR G
mﬁw,ﬁ%ma%,mﬁﬁoﬁm>eimmﬁﬁﬁ%géﬁﬁtammﬁ)@&ﬁ@%@vm;ora
IV

(3) HIZ 1 EBICh > THEKBERFBEOEB LTI, ANvv s, =020 056, #
Yon, VVERILA, 12 0EBOSEBEOREDNB ORI, gﬁmana¢ﬁﬁammﬁ%m
9 AIBEDRNE D BB SN, EYEHDIE S OBFITE SN, .
RON: ﬁmm%§¢@¢m&@a7/% 7%@5%6%AHB%,EtﬁL%Ekfﬁﬁﬁﬁwﬁ
@ﬁ%ﬁ,ﬁaﬂmﬁﬁ,tkmmabnéxommﬁimﬁ¥%ﬁb5&wa@mum@?to&Lﬁ
FBED L~V REBEEOMO R T O LHKIC N TIES , HEILOEBER Y L IC#T 5,
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(5) AERSB—EHMICRET I8, MOBAETOLBPERETI2RCHENTHAT LD

WHODTIRIS,
FIMH MEMPKBHE /¥ - 557 VIRTHE BRLIEHOLMKS, FERS OB

5-3-1. # B 8 B '

1. /%552 VR

B ILBESETEREI LA 17 KB, -~ E RSO R O/MNROBKRT 5 #/ME (]9 0.5ha) i
HROFE LMEMRIE ORI (Plot 1) &, C OB/NAHOLRMUMEOBERICY 72 585 (Plot 2),
M OMEE Fig. 22 ITRY,

Plot 1, Blc #4-#%

IR 1 32°, H: S25°F, HE: 49 1,300m, LESH : TEMBIRE & ALK

TROWERAE

L:#lcm, #5%Y, £/ F+OKE

F:#4cm

A;:JBE 10cm, 10YR2/2, A@SL, DERY:, ER#EE GEAERR), & MET 52
%, FTE~WZ

A3:10~12cm, 10YR2/2, AL, BESL, BRRE GRS B, /MITH3%E,
TE~OHEBHR

B::15~20cm, 10YR3.5/4, A7 L, BWEK
+, BEORRREE, B, ML, TEEE

By : 25~30cm, 10YR4/6, Az L, BEKL,
BEZL, B MEL, TR WE

BC:25cm*, 10YR5/6, AL, BEHL, #
B L, B, Rl

Plot 2, Ble B+ %

1A% 1 20°, 51 : S38°E, EE:#91,250m, &
B : TEHBIRE & kK

TEOWETRE

LF :2cm, #3<Y, b/ FOEKE

A:BE 10cm, 7.5YR2/1.5, LGRS L, HES
+, FRREE LXD, MRED, TREAWZE

Ag:15cm, 7.5YR2/L5, AL, HEKL,
R - BEOMREE, & dMEal, TE
~HE

Ag:14~18cm, 10YR2/2, AL, HERL,

SROWRHE P OE, BEE, TE~OEBUR Fig. 22 HULORRBORT
Topography of study area at Enzan.

* ZOHED—ITILHE 85 [ A ARELRETHHRER L.



— 40 — HESRBMARE H38E

B,:15cm, 7.5YR3/3, AT L, HEHES, #AET L, BERER, BELL, TEHE

Bs:20cm*, 7.5YR3.5/3, AMIL, MEEY, B&L, B BRLL

ML 2 Plot 1, Plot 2 StiZHM 60EDH 5 =Y & &/ FDFUREAIMK, KM Plot 1, Plot 2
FEICHRRIBEOLDICDIIL, DINETHZIT, THIANALTF, 2A) Y AREBE DRBRET 3,

2. EHELERRAK

B ¢ ILRRSE TR ILER A A 16 SR8, TEOARRFEBO LEPEEEFE (Plot 3), MP ORI
Fig. 22 iKRY,

Plot 3, Bp B 415

15} :28°, 51 S58°W, B :#01,600m, iR : IERRARE CKILROBARDE)

TiBoMEEE

L:f#2cm, F, HiZEAETL

A;: BE 10cm, 7.5YR2/1.5, F/NEAST, EAR, HEERT, HARES - REE - ik
B, L5~ /MBTCHAED, TR OEBYR

Ag:10~20cm, 10YR2/2, /NMPEA®MHY, HEST, BRREE - REE P98, /MRETC
32381, TE~OHEBHR

AB :5~10cm, 10YR2.5/2.5, /Mpfamsb, HERL, WiREE, B, NMEED, TR
E

B;:25~30cm, 10YR3/3, iaMs v, WESKL:, BREE, B, dBESl, TEFE

By:20cm*, 10YR4/6, HAMAMEL, HEEKD, BERLL, TTH2E, PESD

WE: VI VeI RRBUAERELESRAK (3XF+7, 7+, VFVuEl, 1AHzF, U5
vapvN, U9IA¥2 5, Yav s, anvFuhxT, HeXI, ARXEY, TATRFFHILE),

Table 1l. RERBKEREZBA T BOH A E

Physical properties of the soils at Enzan study area

S . 75 & # X Volume percent composition (%) ﬁvv 7j<t 3
z e
’ . B 8 RS 'R AR *ﬂc%oﬁ}s'{épﬁ 35%1\%?‘% perrr?e_a:r
Plot Horizon Solid Water Porosity |Fine pore| capillary | capillary b1]1ty
phase in situ pore pore (cc/min)
A 21.5 34.9 78.5 31.9 23.8 22.8 87
Plot 1 As 24,9 39.1 75,1 35, 4 26,0 13.7 112
Blc B: 28.6 40, 6 71.4 34,8 30.5 .1 56
Ba 32.1 40, 4 67.9 33.2 28,5 .2 38
Ay 16,0 39.0 84,0 34.3 29,2 20.5 52
Plot 2 As 20.1 47,7 79.9 42.2 29.8 7.9 81
Bl: As 18,2 56,6 81.8 49.8 24.8 7.2 94
B 18.2 65,6 81.8 55.3 21.8 4,7 25
Al 15.1 33.4 84,9 26.2 26,7 32.0 151
Plot 3 As 15,8 49,9 84,2 44,9 27,0 12,3 255
Bo AB 17.0 55.2 83.0 47.4 28,0 7.6 57
By 18,3 61.4 81,7 53. 4 24,0 4,3 53
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Plot 1 (Bic #+3%) &, Plot 3 (Bo H+ti%) OERF, TEKEZEMUT S0, Plot 3 M LA
ZREPOES ABLO BE~NOBBEE HOOKM LT Plot 1 324BARESZTABNILOBE
OBV HRELTVWE L, L BRREBEEL L OCEP S Plot 113 Bl &L Plot 3i3Bo &L
o

379y rOTEORBOYTEM% Table 11, Fig. 23 ic, {t¥#:% Table 12 &5k 7,

5-3-2 RABR Kk

Plot 1D A1 JE (AcBET), As/B (Wlscm &), Bi B (W 30cm %), Plot 2D A1 JE (A8
ET), AsE (W 20cmiE), AsBT# (9 35cm &), Plot 3D A & (Ao BET), A: B (¥ 20cm
), ABJB ({y35cm %) DK IBMICEIBEITOF Yy va v 7 ~F34 v A—2—%BBLT, 1972

Percoration Rate

Solid Water Water max.  Air min. cc /min
A, "r’: ,”/
Plot1 A, 112
Bic B, E A 56
8= " PP IT I TP 38
Al LRV a4 592
Plot2 A, s 81
Ble A3 L7 L’ 94
, T %
Plot 3
Bp
X
-}
B
S
=¥
#
2]
g
@]

0 . —
T 20 40 60 8 | 100

Fine Pore %

Fig.23 fhoB B OITHEOHAEHK

Physical properties of soils of study area at Enzan,
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Table 12 HE A KEKR B LB o LFEH

Chemical properties of the soils at Enzan study area

R | E ' c N CIN CEC ex. Ca | ex. Mg pH
‘Plot Horizon (%) (%) me./100g #t (Hz0)
Aq 0.6 8.9 0. 47 19 | 36.14 14,18 2,20 5. 86
Ag 2.2 7.1 0.39 18 | 27,49 7.94 1,35 5, 44

Plot 1
B 6.6 3.7 0.18 21 16. 55 1.17 0.43 5.55
Ble B. 7.0 1.5 0.07 20 11,60 0.34 0.18 4,96
BC 7.8 0.6 0.06 10 8.71 0.46 0.33 4.96
A1 4,8 11,1 0.70 16 42,20 8.05 1,11 5.33
Ag 2.2 8.9 0.51 17 37.00 7.48 0.81 5.73

Plot 2
Bl As 2.8 8.2 0.54 15 34,50 4,30 0.56 5,70
B: 1.2 5.3 0,39 14 25,39 1.11 0.22 5. 60
Bs .2 | 48 | 037 13 | 2447 | 087 | 0,17 | 5.63
A, 15,2 14,7 0,97 16 45,07 .0,97 0. 60 4,62
Plot 3 Aj 12,0 14.0 0.89 16 | 42.16 | . 0.59 0.40 4,77
Bo AB 5.3 10,6 0. 60 18 33. 67 0.20 0.11 4,95
B: 2.7 6.5 0.36 18 |- 28.44 0.19 0.09 4.80
Bs 1.4 - 2,2 | 014 16 16.11 0.20 0.11 4,99

5 AL BETE, 197354 ADS11HET, BRZ1IHATER 54 ¥4~ 4 —DEKBEEHE
L, BESNIKO—BEHBR > THRERDOAFEIT- 720 FARICHF Y - £/ +BZHK, RABK
3 EFOMBHERELT, 12 1587 L ORFHATREIML; 2o—BIc o\ THERS
DT 120 19724 12 B> 5B4E 3 A 3 TS, REOLDRRENY Uiz, NHHEKED
7—# LBEKR AR RO 17 %3 e o ROFBKRTTH 3 H4 (FLEXKE) TOERNT— 2k
>to TOBRAAI Plot 1, Plot 2 A EREMICHHMRAROT — 52— L LTHERATEL DEHIL
1o

5-3-3 HEOhL,

CORBRBKILRERM & T2 RATROKIYEERANLCE, HT<Y - £/ FOBIRKEN I &
FO—BUTROBRARBETOBEERDOBRLMECE, TLTNOEAEFOPPLRN 5IREHELRIER
HTOEEEKLOKIBEL LI L E2BNE LTT-72bDTH 5, FicEs:, Plot 1, Plot
2 FBELAHEofUCRBEKERNSD, BRKOSFHBHARERTELC LB EEHA, FRIZILHNE
BB L THEBL KDL EROYEINEATS C LB TS S TREOS BBFHE LT, LHADOHE
HRBOHXBRHICBAKE D TH 5,

5-3-4 RBEHRE

AR, WIE, 74 ¥4 —F —ICHBES NS 1H0KO A BIZE % Table 13 iR T, ATH (Plot 1,
Plot 2) ORATERATENHT 5 &, RBREMZEE U THRRRIZHATED 197247 89.7%, 19734
T74.1% TERABRICK - TE SR> 0 ERT 530 —HREBHR LS - THRRICHET 5,
Lz - THHEHRICHB I N 5K E LTRARROELICEHBRSS 20, COREOLHERUTOR
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Table 13. LTERZBNUOLBKREE, KARE, BAKEOKE

Fluctuation of soil water flux through soil horizons, throughfall

and precipitation (mm)
1972 1973
. =
e | 8 i
Pl Tl V| VIV X | X | X |33 Vvivi;v v XX | X
ot ic e ~ |~ |~ I~ - ~ |~ |~
prE |~ ~8.1 ~ |6, 5[~7, 4~8.3~9,7
6.13 7.16 8,31 10.6 11,7 12,7 4,26 10.8| 11,1| 12,1
Plot 1 Aq 51| 223 106 12 171 2 1} 197 4 25 8 18 12| 28 0
0
BI Ag 28 104 39 7 64 (¢ 1 85| 5| 6 4 17 5 20
¢ Bi 0 89‘ 13 0 110 0 1 5 o0 0 0' ¢ 0O 0 0
Plot 2 Al 65 205 121 321 149 17 3 280 20 33 6 80 31 37 3
0
Bl Asg 20 128 33 6 107 0 1 51 0l 11 2 14 0 38|
E

As 7 79 42 o 79 0 1 60 0 0 0 0 0 10,

Throughfall 157] 806| 199 86| 278/ 37 21| 162 78/ 159 39 158 119 93 16

Precipitation* | 175 287] 234] 113 303 68 30| 144] 123 188 47] 212/ 146| 123 ¥*

A 7&2@\%6 31| 156 8 5 2 10 82 8 74 26 51 2
As| 33 140 96 7| 1190 o 3 132 25 63 o 52 8 49
AB 4 59 38 1] 18 o o o o 6 o o o 8§ o

Plot 3
Bo

Throughfall 143 253‘ 2011 106 215 49 40, 212 115 192 44/ 165 106/ 68 29

* ELIPEUFHOT — %
¥ F—Z—ILL

BRTROTNGBBRBORERT O -/ MAHRLIHANNEOLS, EREH cHAFOERAIE
DE LN CDBRICDONTIE GRS,

PR B EIBALE T » 2 HERBROKEHEI L hi, HERRRROES 1 EROBFHOES
EREREICH UTHEE 21. 1%, B#®H3.6%, HAMRT5.3%B1c25E0 5,

WIRICHB I N2 KOPIED ZHARR S HBRRECE P 5FA T, HANENE Y2 LBKEHE
EHE I THRBEVEDEZEZL T ORBREED 1,

AIIBED FBKFHHBEMS 1972 EOFNIIBELDENDE, FAOBKOREREN 19724015
B NE» DY TEL, ABRRETRINIBMOBEIOGHTS, 197240135 BEOCHNO
BENED D TH S, 197345126 ~7 H OMHRIFIC # 7 R TREICRASLBRNED, £AL
HETEIC AR TR 5 F2o

19734 4 Bir Plot 1, Plot 2 OAHAKHBISEICEBTENDRE, EBTOEELEORMBOEE
ZLEbhb,

LBk OHHBOET =LETIRT, FBRSEED A K =X LID0TIE, H G-2-0 KRB L
fzo Table 13 RTE T oo rOLBKOHKHBORTERREG /1, COBAETHTIEOTH S,
Table 7 & Table 11 R LAZRBH, £7 0y FOgEMJOLEOHENROGT, LiotiEK
SOBED A = X ACEERRT 5 LB 2 HEEARE L EREE2 5 &, MBIRICIKERD
370y FOLBFHIRRELLTWT, EEBE, BRELOS vy O LEOABMERE BHSHICE
2%, 2NERELUTHENICIIKERO=>D7 2 » FOKSEFHRBIZELUL TS, =207 2y b0
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HEOKDBEOHPOEER PR VEIEE, HEELRE, KEBRED BBV - TEELMETIK
FEINTHWEKORIZELESNS,

Plot 3 K##k Bo BT RIED HFLBEAATH Plot 1, Plot 2 ® Bl B tiE0EREIC T S
IEL, HMAREL SHM L TRKBICIAENIVWEEALN 2012, BEDSORKMKIZ Plot 1, 2 &
DM SHIZEN, INM A EOHRBBICOTLER LT B, TBRMHAD Ay, Ay BT HEEICHO
Tuy bEDENLEBN-TEENIE ABBETRE LTS, HERKBODOLSI O 19724 Tk AB B
SOWHIZ T O Plot 3 THRT, Lkl ABBUTCIIHAMARE T2 24120 T, FEAED
EFBREKE LTHE LcbDEEbN D, ' )

Plot 1 & Plot 2 235 &, REOEEHIME Plot 1 03> BRALHhIKEL, ThERKELT
BEOHKNE - AIRBEOFHMKS Plot 2 X0£ 7828, —BMICRERED DKL Plot 2

DI S M KN £ >T WD, 243 Plot 20D A,

R . &, B BOREILEEHAEL, Ui b KBRESEET
E J HBDITHEEIES Fig. 220 B Blca s X5l
£ 2007 / EIKTHEHINTVZCENBEFV LA SN, LHKHER
§ E L5 Plot 2 DRBOMTETLMIL Plot 1 D&BIC
3 ] y HATHEPICKCHIEN, £ 0% OABKFL S 5
Low ' ‘ | NBEELOND L, ABOHRCE~LH ST v bOAL
100 Thri“u‘;hfa“(si") 400 BEFES S LTH, NNEROBROMILDERicdH 5 Plot
- 20154, HELEFSSORBEILM, FEEILHMENR
£ BY 5 LBUKOBBRIEL SNEDT, RBIEL D Plotl
2 2001 ED S LHKOWHBHE LEORBRTES o
k VWi LTs, Plot 1, Plot 2 /RO HTOME
= 100 o DB BT, TEHD TH~ EREHOKNLE
wn
Wﬁﬁ;ﬁfe' _ ROBZAUMHEENMEHET S ENKES SNA)
o e o REBLLTOT, COBAD»SLTHEE5Lid B ALY
R . THTREAKORDRAUETHEHABL TEEA LD -
B TbDEBLNE,
2 200 «/° T & 572 K BB D B BIAE B D 45 K 13 L IR
5 /; LD Plot 2 TH AN (5-2-4) —MBHE LTEEBRICE
= 100+ VA IKABEREE EE Lo Plot 1, Plot 2, #EjL® Plot
“ w—%zj(/ 10 k5i2) LI B¥D, 8 50cm BLEEG R
100 200 300 400 i, TEBLOORBKBENCERBBVEDSTELXA
Throughfall(mm) 20 &¥U%§ na.
Fig. 24 #ANELT@KHEHED
BEi% (LB M) HIKHIEICHIE LTV B KiEHD Plot 2, &EJtd Plot
Relation between soil water flux 2THTE (40~50cm &) T HEFBANBRLE D

and throughfall (Enzan study
area).

BOBMEO »2BAUAR @BETDITINE ST E
3, BExpA+3LBKOREBEEZEL 2B, HEFHL
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B* AHBIT AEEKKERTALERD S EEPFE-TV 5,

HRLIRPEFRET 50D EEHAD, LEOTEEESTNENDS LR, HRICHKAN, BB
& UTHHA I IR, —FRCRRICHRIBLTLE SO TR, KBSMEEKE UTHETALHE:
2 CHB U TRIRIKKEET 5L 0D ET, WHWAIRKIMO S DHEKEE - BB & Bk
BiEE, COTBEHKOBHKERELSIPBOMB T EMNTES, RICONHBARRO A H =2 b
(6-2-4BR) HOELT, HNRTBOFIKBIEELLTSOREEONDLY ZHEEAMEE &ML
BOFHEILENVZ XD,

IEAKRHEB—RICTEEE DR w3 iR B L, BERETEINAN, BMBKORBOEED
BEEES T ADOTHANE, HBRECRBICROEERICHE LRHBOEGH NS ON 5, ASlO E
KB EARPRBOEFREZE 70 9 PO ABIZOWTAHSLE Fig. 24 X505, EESIkiCH
EUR DR FE « £/ FRIIBOWTORERA FRL) THEKEMAREOEBLEEBAER
WCHBELKD, COFTREMB—REBETREVWCEEI b E, MAREBDRLOEAICIZEE
MAEEEFRET 2K, BRBICK - THEDNEKDEENEL, HANEBN—ERBLI EIC/id s, i@
THP OO BB A EHT KO LD - T, RANBUEOLEAMSHESNIBAb5200EE
bhz, £1E0 A B LOLEARLIE, RMAREBRS2—EBUTTREC 50, WARBLR
WA, TOKRTEOEELRERET i LTy, FEFILREBH T IRERZE ST L4855
PE B,

WAFRE - 1EB/KEOBZRR Fig. 24 K42 LD IKHS LI MBBEHENED SN 3, O,
KIBARAE, MOMTY, M EICX > TEDOEIEIL Plot 1~3 DEFESRTH B LB 3ME B, (LT

NH,~N
+
gd NO.-N

74 @Plotl Ahor.
®Plot2 Ahor.
64 ©Plot3 Ahor.
& Stream Water »
X Throughfall

1 ) A A M J 3 A & 0 nn Fig 20 HEUEBRMoOLIEK BR
ppm 1973 K, MANOBHEIRSBE
Element concentration of soil
water, stream water, and
throughfall at Enzan study
area.

) nEaR

Habirosawa watershed

M M
1972 1973

* EEORFR, 5-2-4 BR
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TRCOFDOBHITR /e LS EMtD» &, KRBT 2 KRN BEE S €702, ERICER
WEZ LM TRIEREINE SN, BH, AT BBKBICXZPEROMEDL S, HREBTRIN
B ZABOMICHEET 1 RADBEMELL2E LTS,

RICER I IHAKADOEED A H = XL 5AHTH, THKFHELBKE RRHE) &OBRIR—
ROBFETIRIEL, HRBRLEHELLI0MFLUTHS D, 08 T OMBBRAMLEKO T EMEE
#d Wrckorr and Botser? DEBRBEE—KTEHDTHE LI LRDVTHE, RICKHENHSER

OETHBT BT EILT B,
ppm
0.1 1 P ® Plot1 Ahor.
) ® Plot2 Ahor.
0.041 O Plot3 Ahor.
X\x A Stream Water ¥
0.02 % Throughfall

Fig. 26 i\ LR LEK, Bl

0.0 . K, MNHOBREY VBE
Phosphorus concentration of
1 soil water, stream water, and
0.061 _a throughfall at Enzan study
0.04 A area.
] o ke aiR
2 “ Habirosawa watershed
e S r
M J J A S O N A M J J A S5 O
1972 1973
Ca
ppm 4
10 1
@Plotl A hor.
4 ®Plot2 A hor.
OPlot3 A hor.
g 4 AStream*
® Throughfall
6 1
4 -
2 -4
0 T —r—¥%

Fig. 27 MNURBMOLEK, BE . e p o O

K.%ﬁﬁwﬁﬁﬁwvﬁlﬁ_mg
Ly, TRV NBE /f

Calcium and magnesium con-

centration of soil water, stream 12
water, and throughfall at
Enzan study area. 0.8
k~eafR
Habirosawa watershed
0.44
0 "—""’/ W

>
z
—-d
e
-
e
o
z
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KR ORBERTBED ARNOEEELELEO A BicoW\T Fig. 25, 26, 27 iRL7c, XM,
Plot 1, Plot 2 0 & 2/NRIROKRFICHE BN € 2 ROBIKDAEERDIBEASRRL, THHATFOR
SBEDRUI,

TEAKDOBBEZRIZIZEA ERBIVHERIET, COBEPRICETIOKIVY Y L EBEEDHE
BEhE, LEKPOERBEOANEHRRATIRTAEL, RRIEAVY I A, 72 TLBEDAR
AEEH S ALKRDO LK TRED, BFK HAFROBBEERORER THKDOREICL~TEREE
, ANEHbL—ETHE, LEREERNIKOBEREORBEERMRIKCE > TETFT 201,
HEHiC X 3B, LERTO RESEICLIEE, MTRKCIXEZFTREENANLLERBEZELOND
28, Table 14 R LS BARIO LE/KERBBEERBEOHEBEH 5 L, TREOILHBKKHITEL
AFEEBONLOBERSOY, BLUOEA» AR TERREORBENT T FETHEDE
FLTORHEENPD, CREBMTRKCKIFTREELZLDIEZ, MPHCLIBIR, H2 0 BEHPTOR
EELELDEMEYTES D, Table 12 iR L LEHOERSEOBABNOKIE b L7k D R R
BEXRBREORNMANOBEARLEET v LGB LTHT, LEHERTT 2 BETOEEEREL
T b,

#Y U LDOTBKEFRERMORSICHRTAROESSDE L, BEKAHORES—ELTV S,
HARTRARL > TEBEOEZDMBALNEY, 2hEORBERTREZOBECEEAAR—KLT
WIiSe 4, 5, 6 AR BEEMBEVARR—HKLTVWTS, THIUKD BEOEEORMEIL FICK > TER

Table 14. E AR CRESMKENR) OLBKEFERD BEDTEYSE

Weighted mean element concentration in soil water at Enzan  (ppm)

s = Total
Study HEtEF | B : ,
year Plot Horizon Inorganic P K Ca Mg
Plot 1 A1 1.3 0. 009 0.4 2.6 0.55
Ble As 1. 0. 006 0.2 0.75
B: 0. 0, 009 0.1 0. 56
A 2. 0. 009 1.0 3.2 0. 49
Plot 2
1972 BI Aa 3. 0. 009 0.7 4,1 0, 61
E
As 1 0,015 1.0 2.8 0, 47
Plot 3 Ay 1.3 0, 007 0.7 1,0 0,24
o}
B Ag 0.4 0, 00% 0,5 0.9 0. 30
D
AB 0. 0. 009 0.3 0.6 0.37
Plot 1 Ay ) 0,016 0,3 4, 0, 86
Blc As .1 0.013 0.2 4, 1.27
Ba .8 — — 2, 0. 80
Aa 0, 009 1.3 0.86
Plot 2
1973 B As 0. 006 1.4 0.85
E
As 0, 006 0.3 0.29
Plot 3 A1 1.0 0. 007 1.2 2,0 0.53
B Asg 0.8 0. 009 0.5 1.0 0, 47
D
AB 0. 0. 00% 0.4 0.9 1.00
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L
ppm
14
Plot 10 A horizen r 0.66 {N=31®
4 Ble @ B horizon r'=0.78 {N:=21,
w124
v
=
3 -
2 104
s
=
8
§ 84 . -
i ° Fig. 28 ﬁmﬁﬁ%@iﬁﬂ(@m&%
o . > - .
g * . ERBEI VYT LEEOHR
S 6
: . % (Plot 1)
£ Relation between nitrate nitrogen
f 44 concentration and calcium concen-
K 0w %, tration of soil water at Enzan
h=] L]
Z study area (Plot 1).
24 . °
. °.°
[ ]
-4 P ®
S0 - SRR
0 Mgy T T T T T T -
0 2 4 6 8 10 12 14 ppm
Calcium Concentration of Soil Water
ppm
£
E 64 Bo A Horizon
2 r=0.81 (N=238}
]
g
O 44 °
5 °
2
Z 24 °
e w0 %
o L]
b J © o0 B
z el . ,
0 2 4 -6 8 ppm
Calcium Concentration
ppm ° 8°
104 ) oy .
Bl © A»A: Horizon r=0.93(N=41! °

*A; Horizon r=0.96(N=24} o ®

L]
o

Fig. 29 3 LB O HKkOHEEIE
WHRBEELAVY Y LBEDE
% (Plot 2, Plot 3)

Relation between nitrate nitrogen
concentration and calcium concen-
tration of soil water at Enzan
study area (Plot 2, Plot 3).

=3
1

IS
L]
[ o d
*

Nitrate Nitrogen Concentration

°
%0

=3
ot

6 8 10 12 14 ppm

Calcium Concentration

o]
S




SR LBEOKSBERICET AHE B 28 (B — 49 —

2, 19724 L 1973 ETHRAGR Lt k5 KBHROLEHORMENE BRI 2 EH—20RET, Bkick
YT LAOERROINFICEFELLBDTHS D, COZERKATOY I v ABECET O MHE
KEDHY v AEEOEHIICRIEERBCBNTEB TV VUDLLNT LERT,, WERRNOL ) ¥ A
BEOCANEHD F —VBHRRNHEOSEL ZRFLAOCBERICS 2, HIF « ERDHRAROMTER
THHENCRRBEIVEOBERIREOSHFELALT, HRODED > ARBSRESENE L
T3,

) v OEERMOKMITHAT 1/10~1/100 ENBETH 543, AL HABEFH RSV, ok
TREMCH T DEFHORNEKKT S HEMNICREBHRIRE N,

tEKPDO IV Y ABEOEBIRICE LN I D CHBEEROBE LG L EHERT. AL
MOIZSBRAKID bBESE-COREEhOBRKE VY Y AOBEDOEICTHIE LT 5 (Table 12
BR) BRAKPDO AN Y Y ABERBII—ETHIVERICHONIBELBRKOBELVERE,
HEDSSOBREBPREOOBHIELEDENLTHS D, Table 14 OBMNMNOBELEHEHTETEID
bRk (Fig. 27) OBENEL, COXIRBLAELHTIHRICE TS,

FEKBO= SR vy ABECEIMIIZIZA VY Y AOZNEMET 3 BETHEENREL S, 7B
Ay s Be>Ble>Bo T30 LT, <% Y7 Akt Bic>Ble>Bo Tk, Plot 3 (Bo)
OIBKDHN YT K, w7 % ¥ T LEED Plot 1, 2 £D{ENDE, Table 12 1R Lz RO B
ANYT b, TSR YT LOERBIIHIELT S,

FEKTOWBMEERE ALY AOBEDORZE Fig. 28, 29 KRY, Bl TREBE LEN—R
DOHBNED 5N 5, Bo TRBEEOHANE BFKIISH T L WP TIVHHEBEERRIZ0.81 Th -7,
Blc Ti3 Ble £ D 3 —ROHERETEN . COXINHEBEERL ANV LO0BEOHENRENC L
13 Likens 539 BHEMEIRBEORFKHOBRERIBECE T DO THDTEY, BERENELED
DORF LB D population O E D & BE-S T, WEBRGRESEMNTNIEKPORMBEZROREN
TED, TNICHE-THL Y Y AOBEBRELEELLE LTV S, ARROBEZO X I iHthaL

Table 15. B CREEAEMN) OTBKEEERRADORE

Organic carbon concentration in soil water at Enzan (ppm)
1972 19738
: =R
PREN SV T T (w X x (x| V| v vi|va|e x|x|x
Plot H 5,11 4,3
B |~ 70 ~8 1 i T A T ~ 18, 5~7, 48, 3~9.7] T T T
6.13 7,16 8,311 10,6 11,7{ 12,7 4,26 10,8/ 11,1} 12,1
Plot 1 Ap | 12,2 10.7] 6.7 7.0 L4 12,2 — 11.5] 4.7 6.6/ 7.9 10.9 9.2 10.9 —
Bl As 0.9 7.1 3.0 4.0 6.2 — —| 5.6/ 3.9 4.5 13.0] 12,6| 6.6/ 9.4 11.5
c
B1 —* 1,9 0.2 — 2.2 —_ — 7.9 — — — 16,1 — — —
Plot 2 Az 2.2 6.4/ 3.4 4.2 5.9 5.9 — 6.2 3.3 3.5 6.7 4.5 4.1 3.6 6.5
Ble Ag | 50.0 2.5 0.7 3.8 5.9 — — 2.6 — —| 6.9 2.8 7.2/ 1.5 —
As 0.2 1.3 1.2 — 3.1 — — 2.4 — —_ — — —! 0.7] 26,0
Plot 3 Al 1,9 2.9 2.7/ 3.0 2.77 6.8 11,11 2.6 7.7 2,3 7.2 4,6 3,0‘ 3.4 8.5
B Ag| 20,00 2.3 2.0 5.0 3.5 - —| 7.0, 3.5 4.5 3.3 — 2,7 1,4 1,8 —
D
AB 11,5 2.8 0.4 9.4 7.0 — — —_ — 10.5 — —] — 5.0 —

* F—AIL
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DOHEEE TR T 5ICRV ST 7, LBKhOBREREBEROEE, MOBERS - OBFICD
WTHBICRENZROHTHICRIT T 5,
HREROTBUKPIARBED A BIZESEBAIC Table 15 ICR T, AEE 1 i TR~ 7-BHH FY
METBO T KAEABRREBEDO LD CBBERIEAC EIZIZEA LR, BET W0ppm 2243
TERIEEAERN, 1972485 AiC Plot 2, 3 D Ay BTRENEBES BT201, 549 A—4—
REROTEHEAOEEND L ELOND, FENOBEARIST UL TRIREERELEBOL
120, 4512 Plot 3 Ti3 AB BOLBKMEBBHO S OL D SBEDCBEBLILEHY, CE3HFR
BRHOBREARTCLEOTE LY, FRYSEBEORPIMOERCIELAINSLEL N, FML
B ELBTNERERTERLY, Plot 3 0LEPORREGEBI TFTEE T Plot 1, 2 Oofigich# L
TH (Table 12 ZR) ¢ &8, LBKATHRRZOBHCEBLTVICLEELLNLL, F1t
t3op pH i (Table 128R) 45 Plot 1, 2 X9 & Plot 3 TEW\ C & WKBEERIRED mobility %
EHELTWECESEZ NS,

19724ED5~11 D 7 HAM, 1973404 A5 11 A TO 8 2 AHORBBMGIC, & Plot ©&
BfrE Lk & ShicHE L RO DREE, AV 54 v 4 —2 —D%EKEH#D» S kg/ha BirichE
LT Table 16 {TiR L7,
BRREELREBSLORBLD O TREK CEZFTORSBEESBIHICLILIL S, ThiRE
FEREOETICLZLD G, RHKBOLINCLREZODTE D, WMHKBBDZ TOERRED
XICEDBENBINIHBRBORLRE LRV, HEHEEIKERICRBT2RSBEF=E
DT TREBICIASTE DR BEZENCOBRPLOANZ D, BEEBEKE L TR ICERKICH S
THERBIRHTH B, IR UABIKPOERFBEDL > Thid, EBREZRCOVTREBEEBEHKIC
X BRFK~DEASEBRBEBICRE SRV ESITHY, Ay VL, 772 YVA, #)UL YVTR
EEBHKICEIRAIFE 2 ERT ILEBBVZITH 5,

5-3-5 B #

P EDORFMARERS 7 =Y » b/ FEZATORELE, FEIFEMIRKRTOREHRHLOKIE

Table16. & L E BN O R SR & &

Element flux through soil horizons (kg/ha)
semy | B May~Oct., 1972 Apr.~Oct., 1973
. Total Total
Plot Horizonimnorganic| P K Ca Mg |Inorganic| P K Ca Mg
N N

Plot 1 Al 7.5 0.05 2,3 14,6 3.1 4.5 0.05 1.0 12,4 2.5
Aa 3.0 0.01 0.4 6.9 1.8 2.9 0,02 0.2 6.5 1.8
Ble Bi 0.7 0.02 0.1 2.5 1.2 0.0 0,00 0.0 0.1 0.0
Plot 2 A 13.6 0.05 6.0 19,2 2.9 20,1 0.05 6.2 31.9 4,2
As 10. 4 0.03 2.1 12,2 1,8 4,3 0.01 1.6 6.9 1.0
Blz As 33| 0ot] 21| 59| 10 0.6 0,00 02| 16| o.2
Az 4,0 0.05 5.1 7,2 1.8 3.0 0,02 3.7 6.2 1.7
Plot 8 Az 1.6 0,03 2,1 3.6 1.2 2.5 0,03 1.7 3.6 1.5
Bo AB 0.6 0.02 0.5 0.7 0.4 0.1 0. 00 0.1 0.1 0.1
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¥, BEBRSBEORERE, SENLUTOCLBELAICEN,

(1) &7y rOZBAROTBKKRIEES, BKE KAREOEDLHLUER, LicEsn
b L7 (5-2-4 BR) LBKEEHO 2 h =X 28 CORBOZ T2y FOLBIC>VTHBTHRESC
EMFD oI,

(2) ALBo+BKkRBEEIRNTELE OMICIE linear 72BE TIZ7L { curvilinear 72 f8{HEHH b,
zhEhotBo A BOEELBMRICEARELAST S,

(3) TBKDCEETHBERESROXENICORBHO T RKOBAMSRELTH -7,

(4) FEKhOBRENBEERBE LA VY Y LBE & ORICIEEICED —ROMHEBEHZD
2% 4 5N

(5) HBAkhOBRGFERREOCREL LEO pH, RESE, L8/Kko pH & LM ERRZD
mobility [CEEE U7 BHb S pdibiicd, —FTRAR-BEOHRLLELEL SN, KiEWHRR
FICEL THICKRST T2 HERNFD b,

(6) HEBEWRMbIzET oy + OFLFEMNEEDKE LTHRE LEERSOKEE (kg/ha) 23E
U7, RBICHANTTE GB=ZR) TORLMERELTRD THEh- 10,

(7) FRAE, T3k, BRKORAERSBE, HERKLZRSHEBEEEEIH TR L
R, MAROKRIBEOENIEKORAIBEOEGEZELRT AT ERIZEALRL, Ttk
BAEESEHRKORIEECESEEATACEBBREAERNIOLEDNS, £7 0y FOLHD
FE» S OFLKE, RAoWNEEERARO RSRELFEIETAT, LETOEEBHICK KT
BE), RoRBLEETINENS D LD SN

FAM FBRESLURY - £/ 2Hb X CEOKREO T RKS, FERS OBRE*

5-4-1 3 Bk 8 Bt

BT ZREEFH LN RO AFANFEOROLEEMH O ILE R E, 5 FiciiBT 2 A ¥
« b/ FOHEK G5EE) EENICHBHET 2 2 F » b/ M0 RIFROTHEN (1969 F£4IE, 1971
D) CHRBRIER 1,

L EBOBGWo e / F4k (Plot 1) & 2hicBET 3 v/ +REKEOE / HiEH (Plot 2), 1l
W EBFHA DR ¥k (Plot 3) & ZNicBEET 5 ¥ HiEM (Plot 4) T a€7,

Plot 1. t / F355ki

1R : 35°, A S65°W, i : 4 850m, IR HAEEEUE

O AE « Bo #Hig

L: b/ +%&E BETIHEL Yy FRICKE, SEBEXBORINERG S 2,

A:EE 18cm, 10YR2/3, /NARL, MUEEL, SRREE - BOMWCOERESE, L, /M
B, TRAEE

AB :20cm, 10YR3/3, thaEts, NARE, MPEEL, RIS - BoricBRREE, &,
HiREL, /MRat, TER~OHEBH~H

B :50cm*, 10YR5/4.5, EARIC 23 EL, hAaRSt, MBEE L, #a&1L, B, hilEFEh

* ZORBRO—EIIE 4 M ARELRETHRRZLLY,
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Wi b/ + (HEH 15m) o&E#kl, HEEERaL 279 YF, 775F v, Y7459+, &
YhE, ¥T=9h 4, VEI, vIFIVOHY, F4FT, s0ed, FFIFY, FIFET,
AKTUVE, ¥ T L7 EOBREESDPEN,

Plot 2. b/ FFiEi (1971 4 3 BHEH)

A 40°, 51 S3°W, £HiE: 9 800m, LIERHTEL : A EEpE

TIEOWERAE : Bo I L%

Lt/ FDEEED 3~4cm HiFE

Ai:BE 10cm, 7.5YR3/2, EME, h@dc k28l HESt, FRREE  ROREE - 5
WHEEDRE, &, MRTC 338D, TRE~TE

As:10cm, 7.5~10YR3/3, E@Ed, s 255, WMESL, HRESLBEORERE
&, PPE, MIEDL, FTEEE

As:18cm, 10YR3/3, EEL, PEETI 255, W, HEORERMEE, B, DR,
TRER~OHEBHR

Bi:12cm, 10YR3/4, EfTC 3055, HMEHRT, WEORKEE %, PRAT, TEEZE.

By:20cm*, 10YR4.5/4, ER3C 258, MHIES, #EQL, B BRIL

b/ A 1971 ERIRU 1972463 A, T4 ¥ 4 —4—%B 1 D ARICEHREZT - 728 T, &£HicH
HZ DD OISO A BEERNOIS SN 5,

Plot 3. =F#Ehkits

A% 1 34°, J7I) 1 S65°W, #EiE 1 44 700m, LROK - HEEEDS

TIEOBTE R : Bo 8 +ig

L BERMICHERE, F @ Vv XRIEETHEDLNG, HIEEAEALDONT

At EE 5cm, 10YR2/3, Rfypgats, EESY, BROREES, & /DMRICHEL, TE WL

Ag:28cm, 10YR2/4, hfgmdC 25Es, HMERL, BEREE - SUREE B PREU, T
B~

AB :12cm, 10YR3/3, Kfa@hAM T C 22Ee, WHEL, SUREE, B, DMK, TE~0%
FHIR

Bi:15cm, 10YR3/4, K- hig@dc aEl, #HEELE, HEL, B, 0BRE, TE~O#E
i ~*

By:20cm*, 10YR4/4, K- hA®TC 258, WAL, kL, 8, BREL

MR 0 A F &M 55 FAME 22m, HEHEAR (AT Y VY BRKOKBIE B IHTHY,
EIVHY, TTS5F vV, a7 0¥, FFIFHENLOLNG,

Plot 4. =¥ HriEH (1971 42 3 A

15} 1 30°, HM: S5°W, W 750m, IR FhEERE

TEOWEIEE : Bo B4

L RA¥, b/ FOHSEM 3I~4cm HHE, A BEXKSEFHRLH 5,

A;:JEE 12cm, 10YR2/3, Hfm - EREL, EEEL, FREREE - SEONRENE, & /MR
B, FEAWZE

Az :40cm, 10YR2/3, rh - Ef@ET, MAE L, RS - BOMIODREE, P8, diR -
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Table 17. E Jb i & B # + % o b ¥ #

Chemical properties of the soils at Kamikitayama study area

‘Exchangeable Rate of

REATHTR | B Exch CEC - saturation
Plot  |Horizon (I-II)BI({)) acidity | C N C/N Ca ‘ Mg

&2 @) | (%) me./100 g Ca Mg

Plot 1 A | 5.11 17.1 6.4 0.35 18 | 23,65 | 0.4t 0.23| 1.73| 0,97

I

Hﬁ&d AB 4.38 10.7 4,2 0.24 17 | 16.82| 0.07 | 0.13| 0.42| 0.77

stand B 4,56 11,1 1 0,07 16 | 12,37 | 0,04 | 0,04 | 0.32| 0.32

Plot 2 Ax 4,90 48| 10.3| 0.61 17 | 35,92 | 4,39 | 1.24|12,22| 3.45

Bo As 5.08 6.2 6.8 | 0.42 16 | 26.27 | 0.85| 0.33| 3.24| 1.26

Hinoki As 5,32 5.4 5.8 0,33 18| 23.82| 0.38| 0.13| 1.60| 0.55

clear cut| g, 5, 40 3.0 3.6 | 0.23 15]16.32| 0.15| 0.06| 0.92| 0.37

Ay 4,33 13.0| 10.2] os59| 17 |3%.09| 3.10] 1,03 7.93] 263

Plot 3 | ). 4.73| 66| 65| 0.44 15 (23.48 | 0.36| 0.20| 1.53| 0.85

Bo AB 5.12 5.5 5.9 0.38 16 | 22,28 | 0.15| 0.11] 0.67 | 0.49

Sugi B: 5.13 3.2 3,5 0.24 16 116,12 | 0.10| 0.07 | 0.62] 0.43

stand

Ba 4,95 2.9 1.3 o.10 131 9,18 | 0.15] 0.10| 1.63| 1.09

Plot 4 A1 5,15 6.0 12,2| 0.80 15 (34,22 3.40| 0.96] 9.94| 2.81

Bo As 5.12 6.9 7.2] 0.39 192521 0.26| 0,13 1.03] 0.52

Sugi B: 5,22 4,7 .6 0.24 15(19.87| 0.22] 0,09 1.14] 0.46

clear cut| g, 5,27 2.8 .2 o017 13| 9,72 o0.18| o0.12| 1.85| 1,23

MMEEL, TH~OHEBRA

B;:15cm, 10YR3/6, rh- EM@EL, HEH
4, BB oBRIREE, B, HEZ LY, THE
~OHERSWIZ

Ba:20cm*, 10YR4/6, EmBEL, HMEML,
B, HRZ L0,

b/ &, AFEHMZE 1969 Ficfkk L, Plot 2 &
BT A ¥ A —2—RE 1A ET - 7B
T, HHRICHEZ OO OB S BEERAVICSH S
N5, COBEMIAFEHKRMD Plot 3 LT 5iC
BRELBICCPR-TEY, £/ FELAFOMELD

TOBEFRNETH %o s
i, T - H o &
Plot 1 (& / &i&Hi) & Plot 2 (& / +ikEH) Fig. 30 FdbLstERMio L
i3 Plot 3 (R&#iH), Plot 4 (AF¥FHfEH) X Topography of study area
DHELEICH D, LHEOKTILIEDSAT bV, at Kamikitayama.

STl > TR B, WFRo Plot O4iib € OWELEDHEIR Bo M A HORMEICA B b0 &
Shte. % Plot O-LROAB DA Table 17 105 Lco % Plot 0LHE b HMAT, 4
FI R DRI T B - 72 72 b {L DB TH - 72 & S 1 BB DAMFIZ 015 0 » 720
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REH O OWIE Fig. 30 TR,

5-4-2 HEBRF %

Plot 1 (k& / $:&bH, Bo M%) O ABE (¥ 10cm EDHBA) & BE (W 50cm &), Plot 2 (Bo
T4, FiEH) © AL G 10cm ) & BB (W 45cm ), Plot 3 (£, Bo B+ o

Table 18. LitilEBR#+ 18k, HMARBEORMZED (1972 4)
Monthly fluctuation of soil water flux and throughfall

at Kamikitayama study area in 1972 (mm)
19 7 2
moglth 6 | 7 8 9 10 11 12
® A F
Precipitation 225 466 469 457 | 470 197 205 214
Throughfall 184 | 344 | 267 ‘ 445 | >470 145 160 189
g Rtemgining A 157 299 194 612 | 600 46 46 102
stan
g Bo B 72 205 66 304 310 9 10 75
)
Ctlaeagcut Aj 42 189 131 532 | 600 —H — 37
starn
Bo B, 185 429 360 660 | 600 — — 215
Throughfall 204 417 294 446 | 470 154 150 230
Remaining | 4, 119 461 253 571 | >600 96 96 192
‘%0 | stand
3 Bo B 18 33 10 84 | >600 8 13 9
Ctleagcut Ar 171 340 243 586 | 600 145 146 308
stan
Bo B: 27 118 100 552 [ >600 — 11 —
x KB
Table 19. EAtiLEERMEK, HWANEORBES (1973 4)
Monthly fluctuation of soil water flux and throughfall
at Kamikitayama study area in 1973 (mm)
1 9 7 3
m°;1th 4 5 7 8 9 10 1
% 88 i
Precipitation 244 336 399 87 | >470| >470 171 253
| Throughfall 142 250 285 67 369 | 470 113 169
=] . .
8 | Remaining A 69 160 156 16 465 373 25 108
@ stand
5 Bb B 19 63 75 tr. 115 118 tr. 22
[+
£ | Clearcut Az 21 182 180 tr. 149 165 4 30
T | stand
Bp B1 86 125 208 tr. 510 577 58 215
Throughfall 170 284 349 57 | 470 | 470 120 204
o .« .
g izrrrllgmmg Al 126 226 302 17 318 467 59 135
8
2 Bo B tr. tr. 19 tr. 63 49 —H 20
o
& | Clearcut As 226 411 279 41 455 578 52 305
stand
Bb Bi tr. 8 29 tr. 80 200 — 129

» KB
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AJE (W5ecmBE) & BB (J950cm #E), Plot 4 (RFHfEM, Bo 1) © A /B (W 10cm )
EBE (50cm ) RENTNEZRBOTF Vv a v 7 ) —FA4A v A—F—% 2@ VLU IETIREL
fro HREKMBEL DR COBBRMOIESIERICEMWETT A v 2 — 4 —DIERNELELBD /20D
TH5,

197244 A 23 HICFA VA —2—ZRELTHS 1973E 10 AL TIRIZ 1 L AEIR, FA Vv 2A—%—
OEKEEIHL, WEINIKO—HEELIE > TEERIOHMHTEIT - 2o ARCKATE & #HHH
BEMORBHICAV LSO LEABROHEBHMN T, PR 1»BEOMEEE LTI L, 1973414,
2 B3 EBKEED 7B thil Lic,

5-4-3 REBoORhSW»

ZORBEOPEOEMMWRTH 2 ERE LN TERAROEFRLMORF « £/ FHTORE
BRLTOLBKDBIE, HAERDIOHELTE L DIT-7bDTHY, AMHICAF - £/ + 2R
L, HEZ L, BURY - &/ £ %28 LB a0 LEKS, BERSOHBOELER S EERS
WELebDTH3,

5-4-4 HREER

TYVav7Y—74Yi—2—OTEKRLE, WAFE HANEOW1»A L OBREROHE
#%HA Table 18, 19 TR,

ERHRICS 2. DICEAOBRKBEERIIMLTEL, Likd-T e/ +3 (Plot 1), X¥FHK (Plot
3) LHICHKATECEA D BHIED 3BT 100mm 22X, ZhERBRLTINSO Plot OLEXRE
AR »oltiT2Kk08d, chETWBR~EL BLOFRRERICHRTEN, LLLEKSB
B 50 EHUKM BRI BT ERO ASMRZNEESIRBV, HOBKEN 400mm 22 754
The/+HD BET 100~200mm, AXHO BETE 100mm PIFOKEE L BRI L
NBEV, CNICH LTENTNORDOREFEMTIE B BH 50RO NZENZENORERS* X
DHEBRBLRELNLYD, £/ +HORRFHTIZI ABLDS BELSORMBNES KL ->THE, LK
BROREMCT—RHLT 2 ERITEIRVY, Plot 2 OIIRWEHAET Hic LM B EDBKARB
DPAETEEN -7 EREDSNIEVL Plot 4 R FRRHHD B EH 5 DRHE & EEBRMC T
BARBOEZVRZESE L -T2 EbHETEL S L, COBRHOBAEEAMMBOERELETS
BT, ALARDER, Wb, WEZOBICHPIPIBLBELT, HEOHILBHY, TRREBED
TREND D > TLEOILBMRICENLTEL, EEAMENRD UTHBEBEILREMS LA L Ltk B
HOLFERT I LDTETH D, ZOLHICRERSTIE BEBOEELRICITRINS KO—BrMK
R TRFEEEARERD T2 LRI LMATELEETES, ¥, CORBRAPSRATHS
7o, WHRIE Uicht> THRERS EOLEOBEPEMH LT B TERh -7 edlt, 20 KH2
WRERELETE2CLRTER D7,

ULHL, b/ :+BREFHOLIICABLIDS BELSORBKSBENERIT EROTBOWELICK S
BEOHEEIMOBME D SHROATRERTERVHOT, B2 o BRIk 2EMILE LA
ORI DIC, SR TREBNEFICIEREDL OBE L TOKLS, RFFIIKE (35) 2
3RELTARACREL, EFOEETR A BAORRAUIRHIBKOBRBEERICNL I ENTER

* RREMICH UTBET 52 F - £/ FHERBRSEOI T LT 5,
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MDolcbDEXEZ BT EDTEL, FHFAKNLEAKE (3B) »OEFMEAICEE LK Lo X - T
HEinL7: BBOELELEE KN, ChRBEOX I IKFHEA O TR EHDOEBICK - TEHA
ENibDEEZ L EHTES,

Lo L AFMRIEPHTR COLHBBRR A 50T, Table 18, 19 B2k 51C A Bh DR
HERHIC BELSOFHMBIOEE N, Litt-Te / +HRBBHTASNE LS5 BEILOK
HEH ABHISOZNIDIBVLEVIRARB BERMNLIDNLELESL B EHBTESL, TDXITK
SEEO BN E . B BOMALIC X 2 BEEROE LD £/ R E R FREPHTIIRLZC
EEJUTVEENAE D, TRHOHLBRBFTRMBIEK BREOLERLICX ZHAKBOBMIEL
(o tcbDElbild,

WENIZ LT S REAMOS BB DM T, IARORERE, H50IIHFEL RS LKL -
THEMBHETIL SN, FLBEERSEM LTI SBBICERBLE L E8ELoN5, TETLHEES
%wmﬁﬂéh%bmﬁﬁbfwt&&énémﬁ,&ﬁ&u%%ﬁ%%%ﬁﬁbfﬁﬁiéiitﬁo
2T, FNRABERRT 2 C L0k > THILO & ok rmlie, T720b BRRERBEEET
LB Litiid,

ZOXINRHFMRERICL 2 TBKRABEOEL, HEHEIANEEGRBECDE, XIRERRE L
W, LEKOEBIC K BEEIDIELRY, ZOLHITIARDS BB XD & 1IN FITRERIT HEHF
INTHT, LRPERBT2KOPTEERBICHBRINZRANDUWA0, AdickBELRE
RETEKOBWBELILZLEZZCLETES, YROEBCE > THBOTREVERREBILIIE LS
SHAHEFIR, BICEIWY TFvvavi4vi—2—RBck-T, &t 8, BRUEETEDT
BY, RICHB XD ICHFHRSOIHERM, BAMENE L TERMO TRES BRI TERT
BHEBEAD TN S,

TIEEBEIC X A IBABEROE L EE L RTNE, FROBFICL > THENBEIKZD, 2070

6001

® Hinoki Stand
O Hinoki Clearcut

5001 5004

® Sugi Stand o
© Sugi Clearcut

400 400

300+ 300

200- 2004

%
Soil Water Flux through Lysimeter

Soil Water Flux through Lysimel.er

IOOJ 1004

r T T T 1 0 Or T T T T
100 200 300 400 500w 100 200 300 400 500mm
Throughfall or Precipitation Throughfall or Precipitation

Fig. 31 A BoLBKKLEEHANE, BKEBEOBEFR (kLM
Relation between throughfall or precipitation and soil water flux
through lysimeter in A horizons (Kamikitayama study area).
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KEBAKFIHEMSEMT 2L 0L THE0 0, EEICE BRMBRBDIL LI - 720720 LEOKFRHE
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n
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P2 TAVY ADBRFRENEE S LTS, AMEOES, BEMHEOBEEI THET S LET
o1, FRILEGEN, HRIFEKGOBRERRESRBEBRA U Avy v A BEICEENE
WCEREETHES S, 1, LURNORFHK, b/ +RORITETIIAERBRESREENET L
RICh, AV T LABREOEELELON, COBAIKRMOBERNSEL bhdd, COMKTIRER
AXY, TABA LY, HBAA VB EMBORA F VOREEREIEE L -70T, Chillok
HRITEEh-T,

(3) BERSORHE

ERBRHO T EOL B ERE T 4RI OHBBELE T2, BERLHN (6 A»206H
HRG, ALZELIZS »H) OWBiE% Table 21 KR Lz, SERHEORE 2 RHOF—4 2RAC
FHTRYD > THET20R8EAbH 50, BENTHBEETIDKBELTL1bDTH %,

Table 21. 6 A 50 6 AAMICTBEBLHE T 5RO E

Element flux through soil horizons in 6 months from June (kg/ha)
Study area soil type | @ £r | Inorganic ‘
Forest cover Horizon N P K Ca ; Mg
Shigayama HA 7.7 0.31 32,2 23,9
l?w(h) I Az 6.3 0.15 6.5 . .
Subalpine coniferous B; 2.3 0.02 6.0 6.4 1.9
HamBakita A 4,0 0,06 11,8 8,9 2.3
D
Pinus densiflora B: 2.8 0.03 6.7 5.0 1.6
Enzan Ax 13.6 0,05 6.0 19.2 2.9
Ble
Mixed Cham. obtusa As 10. 4 0.03 2.1 12.2 1.8
and Larix leptorepis As 3.3 0,01 2.1 5.9 1.0
Enzan Az 4.0 0,05 5.1 7.2 1.8
Bo
Deciduous broad Aa 1.6 0.03 2.1 3.6 L2
leaved AB 0.6 0,02 0.5 0.7 0.4
Kmn%gumma Al 12, 4 0,07 2.8 24,3 9.6
D
Cryptomeria japonica B 3.0 0.01 0.2 3.0 0.7
1in 3.5 0.75 6.6 10,4
Douglas fir* .
36 in 0.5 0.03 0.8 3.6

* Ibjacr in 10 months, reported by CoLE and GESSEL!?,
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Wi, TBMORZAET o0y FORSRBEE, TNENORERBICONTHNTA S L, A—HED
FTORNBOENCEZEZDEIIBASVEESLHD, BENCRE 0y L HALOA—F~DHES
ENHELTHAEENZ 5, CoLe & Gesset™® @ 10 0 HOREMLERNICRELO BEES DT L3
TEb, A—7 0y POZBUNIICETERERIRBEBLZNOB—RTH, cOLDL—RITTE
DORSIFEHBBPIEVDR, &L LTFERERBKBBIENCEICEE6DT, 2ORMRERKLT
LA TRTEVWEVZRTNEASDD, BICTEORIMPBEESENEADS S (Table 14 BF), Core
& GesseL™® (3REH O OFHEIC KT ‘rooting zone’ O N 5ORHBMBIRICLITVLDIRE, £h
5 ORESTHY ‘rooting zone’ THEMIICHRIX SN, HAVRIBIREDCEFNILHERLELTOEH, ER
ORDBE» LD L, EREOBBRRETRATLLEZIMRTERVESYND 5, ki, TOMRETE
EEBHICE 2K, BERSOHEIZE I THWIROOT, AERSORE2 I hD HIFRCE 3 C &
JTEEN,

FERMD 3 L N DB MR I BT BHT5E T, MR, MR8, FEECL > ChEPIcitish
EE, BEAZEINTRETZRIELZHELT, # VYL, Ay vas, w7203 8~0
HREOZNZN 20%, 38%, 45% HUOEMSHEAKCE TN TEEROANKTL, VY, ZRRBL
BAOHBBOThEN 13%, 4% KCHYTIEMRTT IR TELNEL, ) v EERhoRSCH
N LR INbOORR Y ORSBIERITE EE s, EBERICBI I D LTEER
NEFERLTO L TEESENE LTHE, L LEZOE~/c LEFOLRSTOBE)Z, Table 21
KHBEICLEOEEI STENORDBOEBI LA T, ROV VY ELERBHI Y VL, Ay
Yh, TRYYTACHENT, BBRESHEDRICBRENID BRI EEE L0 IBERLESEN
LODLITHB, BEOEZBZLZAHTR, AROWULHICLLY Y EXEOBEL, EHXOFE~ L
BHORBSORHEL SHT, BZ L SHED S Lt shtighr ks ick#d 283
BERAETRAREBBNEDEEbLNE, BROBRTAHV VA, ALY T A, <74 Y ADHRTEMN
£ 01}, ThoRAOHTEOIC LB ORLBRETREL» SEE L THEbsSh I boaEh
ZHhoTHAHIERDNLS,

(4) BHREROBE

HRIE ERLFORFH, /2K EZORBBMAIE LT K, BERSOBBERIERT
i3, TOBEERIDOI D, WRESTOBEMERICE > TEZ2EKM2 5N, Thid Likes 580
BRE—BITBLLATH N, 1o, BHORBIRREZRL IR UD L DT, RiFK 24
BERBROMREEEOR TV OMETIRELERLELKEET >k, TORERBEBREICKA
THELEPLBT, RRCLDBFHRBEEHROREORI VDV 2ELTREL L EEI LD TH 2,

Lixens 5% @RBIC K 2BKOBERBBEEO ST 0L, HBhOBREREORE 2L~V 4
VOBKIREETZ20E LT 38, APETRBEVHOBRE L OEEERNTIICELE L7,

LA 13 e SRR M ORES L ER T, Ao BRMMRBOERSHRIC K » THIRHE
PERREIETHERT DL LTS, 2LARVONBRBEVMERCL 2D THS25, St
ERBESRLUBERCRBEDENDOETHTERINI(LE®)ELTV S, LEORBEEROME
L B BEERYONEOBRLE THICH I MAEMBHOHRCELEINE LHTINTH A S, K7,
BEERRROBER, WREESREERREOEENS ONEEEDNIKHTS, REKSOLEK
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SROBEICEARTET LHE B0, RS TR BRI LT LE - TV a & RTT
EBTEXD,

Z DIBIBIE R IR 2 BB Lckid, RER2OHBKSICH~TE L BREICKSC
&3, AFHRRBHD A Y 7L ARRBERD SN, B LAIVY YL, =/ 2V Y A REBEDOR
BENLOR S, RREK 2EET, RIEFCHICB SO S 28D A BO B MRIEE B b5 8
Eh, BBHEAFHRCL O LAL b ELONS L, ERIRAIICIIEEESIC X 20 DUt &bk
RKOBIRE DT v RBHRHIN T bR, RIRICE > TRADOBILHE ML 22 - T, —BIICIETE
IRABEPEE > S OPEEELICE R UB OB L DI, ZORECET O BER LW
LBHBTELTEERD,

WIFNIZ LTS, RREZD KGNS EEOS T O A—BET Uctkid, LEBRERET 2855
BRABKRSICH~TRLUTE 80, ZAFRRIRSHO LB RIGED ) 7 ABENEOOR, T
PHIEZ DBROHZOHEADELREEZ 5,

REIRIC & B TBAKBHFIRFBEOETD O AT, Al BV RIFHCHIITE ST oS ot a ik
s, RIREIERIC RS LT3 I T ORA ORI D, BAREARYAIEIEL, RIRICK -
THREBIC R BIRIPHE B LB TR T OB ENERRE, 7)) v 20BEREORET DI
D oN BRI, REASICHSNTREROD, T LUAEBN, Lk THRREROEEBRIEELB DK
FEBICETERBCLRINTIZITHD. BV 1EOBRRICK - TP OEEYE, MBS RN
WoItEPT 5 ERENE LTS, Table 17 IRT A FRRFEHLE RBERIOLHORS G E
ZREUTOREDZ E03) HBZ 5,

BHEOMNIT v v a7 V=94 ¥ A—2—3, FRWEBROPTOYEOEHED—2DIGTH S
& UTHBEARLRE I 5 L8RS & KB 2 S8R5 0BEEERT 2 2v0, WERFEREL
T in situ TRRAWESHHEFERTHILELSE, COFEERN D LTk - THHEERRODE
OEELHRHOMKRIE, BT, TN, Fk, BREARGEOAARY, TOPEOWECEIIT 20
W%, TEKERICHESTIVHORESZVHEE LTHKT 22 L8 TE S,

| L3

COWEEED BILHI-T, FAX #HE, HBH FREDITA VA -2 —DFKBRICOVTOER
LEFRPL ORREBHICESZ, ZOFRICLIMRORTORP AL -7z, ThEH HRIC
TEKBER S O DN THRB AN &, REAKEMORBIREIC S IR0 20,
RABKBTICREABRMOREE, LEASHEOME, HKkOH+Y 7Y 7, SFIC>WTERCH L%
Wictinde, xR IEKOMT, ILREETE, NARABRKICILEMTOBICHE DK
2 feo

MHRIEEINCIIC OMFEDFE, RITKEL TEICTEREN &, FLARRICEFATOLED
TELDUEEBD - oo, BABRELIHMREL, HESKEHTORBROBLEEL T,
2B BHETIEEEFETORBOBAEELTEED, MHLORKEERIKET 2EXBNERA
MAEEDBHZ LI oo WTEANLREZOMERTICEOEREFZ TS o1,

ZOBRICAN L HRBHOETE, LEKNHEORFICH > Tid, FHARTRHNSRITE, 7
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AATRK, EMAEARBEROLL, BHERLTREBEZRRZ>BEREAERBEON 4, KRR
FAb T R ER AR B o R SO AL,  BOREKIEMA TRKEHREBEROSMIC W%
NhtlE, EEESATORR O, T, ZORXELEDZED IS, ROMFHICEHEKER
DRI,

COMERLULEDOL I BE S OF # DI, BE, BAERTEDIDELLBETELSDT, T
HEHT 5,

Fto, EERVEGEELSEERE, B MREABREBIORNERATOLN S, FRUECHEER
Hoti, WUTHEBOBERT 5,
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Studies on the Dynamic Aspects of Water in Forest Soils II

Movement of soil water and solute elements

Kazuto Armvitsu‘?

Summary

In the first paper of this series, attention has been drawn to a role of the soil water as
a geophysical environment of the forest ecosystem. The changes in soil moisture status
with the passage of time were measured in situ with the tension lysimeter and the charac-
teristics of the soil moisture status in various forest types were described and studied.

In the study of this second paper, the movements of soil water and dissloved elements
were investigated with the tension free lysimeters which were devised by the author.

A preliminary test was made on the effects of capillary contact with the lysimeter. The
author’s tension free lysimeter could eliminate the stagnation of soil water at the soil-air inter-
face of the contacting face of the lysimeter by applying the capillary of the soil material in
the lysimeter trough.

The movement of the soil water, which was measured by the author’s tension free
lysimeter, coincided with the results of the pioneering experiments which had been done by
Wrckorr and Borset®? for the theoretical study of unsaturated gas-liquid flow.

The tension free lysimeter studies were carried out at four study areas in different site
conditions as follows.

1. A two year study was done in subalpine coniferous forest at Shigayama. The Wet
podzolic soil of the study area had a horizon of poor water permeability and the soil water
moved irregulary in the soil horizons. Even similar Wet podzolic soils, which have horizons
of poor water permeability, have great divergences of soil water flux according to differences
in the micro topography of their site and slight differences in their physical properties such as
the volume composition of their porosity. These great divergences of the soil water flux swayed
the solute elements flux and reflected the morphological feature and physio-chemical properties
of the soils.

Among the solute elements flux, the flux of ammonium nitrogen, nitrate nitrogen, iron,
aluminium, and organic carbon was studied and was found to be quite different from that in
the soils in the lower altitude area. The flux of the elements were,

1) The proportion of ammonium nitrogen and nitrate nitrogen in the inorganic nitrogen
content was mostly dominated with nitrate nitrogen but the reverse trend was observed in
some horizons in some months. These tendencies coincided with the results of the studies
which had been done by the author in similar subalpine forests but were inconsistent with
the results obtained in the forest of the lower altitude area.

2) The concentration of organic carbon in the soil water of the subalpine area was ex-
tremely higher than that of the lower altitude study area. The soil water in the subalpine
coniferous forest contained much organic matter which was in the intermediate stage of

mineralization and ready to dissolve in the soil water. The difference of the process of organic
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matter decomposition among the study areas of different environments reflected the difference
in the flux of organic carbon in the soil water.

3) Comparing the concentrations of aluminium and iron in the soil water, it was found
that the mobility of aluminium was higher than that of iron in the subalpine podzolic soil.

The movement of elements in the Wet podzolic soil could be detected and clarified by the
author’s tension free lysimeter.

4) The amount of elements flux moving with the soil water was calculated and the
amount in the Wet podzolic soil was not greatly divergent from that in the soils of other
typzss of forest ecosystem, except for organic carbon.

A considerable amount of the elements moved down beyond the rooting zone in the Wet
podzolic soil.

2. The flux of soil water and its solute elements in the Brown forest soil under a natural
Pinus densiflora forest in a hilly zone at Hamakita was studied.

1) The soil water flux in this study area was investigated in comparison with the flux
of subalpine Wet podzolic soil and it was clarified that the flux was mainly controlled by the
factors of the physical properties of the soil and evapotranspiration.

The difference of these factors brought the divergence of soil water flux in the micro
topography of the hill, i. e. the toe slope and upper concave slope of the hill side.

2) The movement of soil water in the Hamakita study area was described by the compo-
sition of soil pores (non-capillary, coarse capillary, and fine capillary pores) and the moisture
condition of the soil (the amount of water which was spent to fill the capillaries of the soil).

3) As the result of about one year of study on the fluctuation of the solute concentration
of the elements, calcium, magnesium, potassium, and phosphorus concentrations were found
to increase to a high level in November and December after a dry period but the concentra-
tion of nitrogen rose separately in September and the results suggested a presumable relation
with microbial activity.

4) The proportion of ammonium and nitrate nitrogen in the solute inorganic nitrogen
varied with the sampling month and the horizon and the tendency of being dominated by
nitrate nitrogen was not observed in this study area. The level of the nitrogen concentration
was lower than that of the soil water in the subalpine podzolic soil.

5) Element flux through the soil horizons in this study area in a six-month period was
not less than that in the other forest types.

3. The flux of soil water and its solute elements in the Black soil in a mixed Larix lep-
torepis and Chamaecyparis obtusa forest and in the Brown forest soil in a natural deciduous
broad leaved forest at Enzan were studied and the results were,

1) The mechanism of the soil water movement which was described by the author was
found to be reasonably applicable to each soil of the study area.

2) The water flux in the A; horizon and the amount of throughfall had a curvilinear
relation and this was controlled by the capillary pore composition of the soil horizon.

3) Most of the inorganic nitrogen in the soil water of the Enzan study area was nitrate
nitrogen.

4) The concentration of nitrate nitrogen and calcium in the soil water had a very high
linear correlation.

5) The concentration of organic carbon in the soil water was presumably affected by the

pH and carbon content of the soil and the pH of the soil water, and related to the mobility
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of the organic carbon. On the other hand, a diluting and concentrating effect worked out the
divergence of organic carbon concentration in the soil water.

4. The flux of soil water and its solute elements in the Brown forest soil under Sugi
(Cryptomeria japonica) and Hinoki (Chamaecyparis obtusa) forests in the Kamikitayama study
area which is notorious for having an amount of rainfall of more than 3,000 mm, was studied
and the effects of clearcutting, land preparation, and reforestation on the flux were also in-
vestigated. The results were;

1) The water flux from the A horizon of the Sugi and Hinoki forests was much greater
than that of the soils in other study areas reflecting much rainfall but there was not so much
flux from the B horizon except in the event of extremely high rainfall. It is considered that
most of the soil water flux in the A horizon was owing to the non-capillary flow and the flux
in the B horizon was attributed to the capillary flow.

2) The amount of soil water flux from the B horizon increased under the influence of
clearcutting, land preparation, and reforestation. The increase was attributed to the decrease
in water loss by transpiration and to the increase in non-capillary water flow in the B horizon
which kept a higher moisture status after tree removal and did not require much water supply
for capillary flow.

The increase of soil water flux in the B horizon was also presumably attributed to the
increase of coarse pore composition in the B horizon by the disturbance of the gravelly soil
during clearcutting and following reforestation work.

3) Through the disturbance of clearcutting, land preparation, or reforestation, the infil-
tration of water to the surface soil was thought to become irregular and in such a case the
lysimeter measurement could not be done accurately. However, these marking phenomena
occurred locally in the Hinoki stand but did not occur in the Sugi stand on the same slope.

4) The curvilinear relationship between the amount of soil water flux and throughfall
was recognized at the Sugi and Hinoki stands but the relation became obscure by clearcutting
which caused a great change in the soil moisture status and in the pore size distribution of
the soil.

5) Most of the proportion of inorganic nitrogen in the soil water of the Sugi and Hinoki
stands was nitrate nitrogen and its concentration had a very high linear correlation with the
concentration of calcium in the soil water, The potassium concentration was almost constant
over the study period.

6) In the clearcut site, the increase of nitrate nitrogen concentration in the soil water
sharply fell two and a half years after clearcutting and the concentration stayed at a very
low level in comparison with that of the remaining undistubed stand thereafter.

Calcium concentration had a similar trend as long as the nitrate nitrogen remained at a
high level. After the nitrate nitrogen concentration sharply decreased, the calcium concen-
tration varied with no relation to the nitrate nitrogen concentration.

7) The amount of elements flux (kg/ha) of the Hinoki stand at the upper part of the
slope was more than that of the Sugi stand at the lower part of the slope. The difference
was thought to be due to the soil features related to the ion exchange and the difference was
reflected in the element contents of the soil. The differences in the humus decomposition
process and the amount of elements absorbed by the trees were also related to the difference
in the amount of element flux in the soil. The amount of slolute element flux in the clearcut

area was different from that of the remaining stand affected by the change of element concen-
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tration and the amount of soil water flux.

At the clearcut area of the Hinoki stand, the increase in the amount of element flux with
the increase of soil water flux in the B horizon was remarkable. A similar trend was also
observed at the Sugi stand whereas the potassium flux in the A horizon increased with the
increase of potassium concentration in the soil water,

5. Summarized discussion

1) On the soil water flux.

The factor which controls the water flux in the soil is the composition of the soil pores.
The amount of non-capillary pores and coarse capillary pores, which are tentatively designated
by the author, and the amount of water which occupies the capillary pores control the soil
water flux.

The water which has infiltrated the soil fills capillary pores which are not occupied by
water and also runs through non-capillary pores. When it rains heavily and a great amount
of water infiltrates the soil at once, the water fills the capillary pores and moves downward
in the non-capillary pores simultaneaously and when the infiltration rate of water is less than
the rate of water filling the capillary pores, the water does not move down through the non-
capillary pores. When the amount of rainfall is small, the water is spent to fill the capillary
pores and the non-capillary soil water flux is not observed at the lower soil horizon. In case
the soil has a lower horizon of poor water permeability, the water flows through the upper
horizon along the slope.

The water which is stored in the capillary pores is spent by the evapotranspiration and
some portion of it goes slowly downward through the coarse capillary pores. Consequently,
the soil pores which have a direct relation with the soil water flux are thought to be non-
capillary pores and coarse capillary pores, and the water which is retained in a fine capillary
pore of an equivalent pF value of 2.7 does not move capillarily in the soil.

The tension free lysimeter which was devised by the author and used in this study was
preliminarily researched through the capillary lysimeter test (cf. Charpter 3) and the self-
recording test én situ (cf. Fig. 9 and 10) and as the result of these tests, the lysimeter was
considered to collect the water of non-capillary flow but not that of capillary flow.

A very clear curvilinear relation was observed between the amount of water flux in a
surface horizon and that of the throughfall. The curvilinear relation was similar to the re-
lation of the air-water mixed flow of Wryckorr and Boresté? who gave the first experimental
explanation for the non-saturated flow of soil water. This fact lends support to the author’s
view that the lysimeter collects almost precisely the non-saturated water flux iz situ. Yet,
when the soil had great changes in moisture condition as in clearcut areas or when the soil
had a horizon of poor water permeability like a Wet podzolic soil, the curvilinear relation
was not clearly observed, and the water flux in the lower horizons did not have a clear curvi-
linear relation as the flux was controlled by that of the upper horizon.

The mechanism of soil water flux described by the author is situated among the series
of theories of unsaturated water movement by capillary potential subsumed by the soil water
movement theories; the idea is especially close to the capillary model by Krisuer®®. However,
the author does not intend to study the theory of soil water movement but aimed to clarify
the case of non-capillary soil water flow in situ because the theoretical study of capillary po-
tential soil water movement has to have many premises and hypotheses and has many dif-
ficulties for practical application.
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According to the author’s experimental studies on the soil water flux in various types of
forests, the amount of soil water flux generally decreases in proportion to the soil depth, unless
the soil has a horizon of poor water permeability or is shallow, as the lower horizon of the
soil has a smaller amount of non-capillary pores. .Even in the area which had a great amount
of precipitation (Kamikitayama), the amount of soil water flux lower than 50 cmm below the
surface was very small. In the Kamikitayama study area, the disturbance of the soil by
clearcutting, land preparation, or reforestation practice extended to the B horizon. The dis-
turbance presumably caused the changes in the soil water flux. A greater amount of soil
water flux was observed in the B horizon in comparison with the A horizon at the Hinoki
clearcut area and the results suggested that the amount of evapotranspiration decreased after
clearcutting and the soil moisture status became higher and the soil water flux changed.

The water budget of the whole forest ecosystem or a watershed cannot be studied only
by the tension free lysimeter which was devised by the author. However, the instrument
can be used adequately for studying the details of water flux in the soil although it has some
limitations. It is a simple and effective instrument for measuring the soil water flux in non-

capillary pores which have an important role in the water budget or for the function of water
conservation in a forest ecosystem.

2) On the solute element flux.

i) The form of solute inorganic nitrogen.

The proportions of ammonium nitrogen and nitrate nitrogen in the inorganic nitrogen
dissolved in the soil water were different among the forests studied. In the Sugi and Hinoki
forest at Kamikitayama and the mixed larch and Hinoki forest and the natural broad leaved
deciduous forest at Enzan, most of the solute inorganic nitrogen in the soil water was in the
nitrate form. In the subalpine coniferous forest at Shigayama, the concentration of the am-
monium form of nitrogen in the soil water was mostly higher than that of the nitrate form
but sometimes the concentration of the ammonium form was higher in some months and at
some horizons. In the Pinus densiflora forest at Hamakita, the concentrations of ammonium
nitrogen and nitrate nitrogen did not differ in general. Sometimes the nitrate form concen-
tration was higher than the ammonium form and sometimes vice versa.

Bourceors and Lavkurical® studied the element concentrations of the soil leachate and found
the nitrate form to be most abundant in opposition to the result reported by the author and
Marsui? and Cote ef ¢l.1®, However, Core ef al. Teported that the soil leachate of Rongelapatoll
was in the nitrate form in the alkali soil of a warm climate and the leachate of Fern Lake
with the acidic soil of a cool climate was in the ammonium form. Bourseors and LavkuLich
presumed that the production of nitrate nitrogen was connected with biological activity.
Iwarsuso and Tsursumi®® reported that the soil leachate of both a Hinoki stand and a mixed
evergreen broad leaved forest were dominated with the ammonium form of nitrogen.

According to these results reported by different investigators, the form of nitrogen in the
soil leachates is dependent on the bio-, geospherical environmental conditions of the forest soil
ecosystem, i. e. soil moisture status, soil chemical properties, microbial activity, etc. These
environmental conditions differ in each forest and even the soils in the same climatic zone or
forest type have a different form of nitrogen in the soil leachate.

i) The relation between nitrate nitrogen concentration and caicium concentration in the
soil water.

A very high degree of linear relation between the concentration of mnitrate nitrogen and
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that of calcium in the soil water was found in the experiments at the Enzan and Kamikita-
yama study areas. Almost all of the inorganic nitrogen in the soil leachates of both study
areas was in the nitrate form. When the ammonium form dominated, the relation between
the nitrate nitrogen concentration and the calcium concentration was not clear.

Likens ef al.® reported that the regression analyses for Catt, Mg, and Al# concentration
on the nitrate concentration in stream water from the cut-over watershed showed extremely
high correlation coefficients. They also reported that dilution and concentration effects on water
discharge were the principal mechanism controlling ionic concentrations in the undisturbed
watershed, while in the deforested watershed nitrification was the more important controlling
factor.

In this study, calcium concentration in the soil water of the clearcut area at Kamikitayama
maintained a high level even after the nitrate nitrogen concentration lowered and the cor-
relation of the both ions was obscure.

The microbial activity and the concentration of other anions such as chloride, silica, sulfate,
bicarbonate, etc. were not investigated in this study and the author cannot discuss this matter
further.

4) Amount of element flux.

In order to compare the amount of element flux through the soil horizons among the study
areas, the flux in the study period (from June to December) is shown in Fig. 21. Although
it is somewhat inadequate to compare the data of areas in different climatic conditions in the
same period of a year, a rough comparison can be made by this manner. Comparing the
amount of element flux in the surface horizons in the study areas of different forest types
and different soil types, the difference in the amount between the upper and the lower parts
of the same slope was sometimes bigger than the difference among the study areas and the
amount of element flux in every study area was of a similar order, in general,

The ten month cumulation of element flux in a Douglas fir forest studied by CoLe and
GesseL!® showed a similar flux in general.

The lower horizon had generally less element flux than the upper horizon in a plot but
when the soil had a horizon of poor water permeability like the Pw(h) g soil at Shigayama
the amount of element flux in the lower horizon was more than that in the upper horizon.
The amount of element flux was generally controlled by the amount of water flux and the
concentration of the elements in soil leachate was not always smaller in the lower soil horizon.

Core and Gesser® reported that an extremely small amount of element flux below the
rooting zone compared with the flux in the surface horizon was attributed to the absorption
of the elements by the trees at the rooting zone or the adsorption of the elements to the soil.
They used their tension lysimeter for their study whereas in this study only the flux of the
soil water and of its solute elements was investigated by the non-capillary flow, and the results
of this study are not always consistent with their results.

5) The influence of clearcutting.

The rising of the nitrate nitrogen concentration of the soil water in a clearcut area of
the Sugi and Hinoki stand at Kamikitayama was consistent with the results of Ligens ef al.¥,
However, the author’s experiment was not started immediately following the tree removal
and only the decreasing stage of the nitrate nitrogen concentration could be observed two and
a half years after clearcutting.

As the nitrate nitrogen concentration remained at lower level, the high level of the concen-
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tration was thought to have decresed two and a half years after tree removal. Likens ef al.
attributed the rising of the nitrate nitrogen concentration of stream water by tree removal
to an increase in the population of the nitrobacter. However, the realtion to the microbial
activity was not investigated in the author’s study.

Yamava®®) studied the annual change of the soil after the clearcutting of a Hiba (Thujopsis
dolabrata) stand and reported that the A, horizon underwent vigorous decomposition after
clearcutting and readily decomposable organic matter vanished in three years. He also sug-
gested that the microbial activity decreased after the readily decomposable organic matter
was lost.

The above mentioned results of this study also suggest that the fluctuation of the.nitrate
nitrogen concentration was influenced by the process of organic matter decomposition and the
accompanied changing of microbial activity. However, the organic carbon concentration of
the soil water in the clearcut stand was not always higher than that in the remaining stand
even in the period when the nitrate nitrogen concentration increased under the influence of
clearcutting, The readily decomposable organic matter was considered to have been changed
to inorganic substances.

The other inorganic constituents of the soil water of the clearcut site, except for potas-
sium in the Sugi stand, were not in markedly higher concentration than those of the remaining
site two and a half years after clearcutting,

Calcium and magnesium concentrations of the clearcut site were rather lower than those
of the remaining stand during most of the study period. One reason for this phenomenon is
that all of the readily decomposable organic matter which had remained on the forest floor at
clearcutting was decomposed and soluble elements were leached away. Another reason is that
the balance of input and output of the elements was disturbed when the trees which absorbed
these elements were removed and the concentrations of the elements tentatively rose, but the
high concentration was not maintained as the supply of soluble elements from the forest litter
ceased.

In any case, once the high level of the solute element concentration resulting from the
clearcutting was lowered, the element flux of the soil leachate at the clearcut site was not
always higher than that at the remaining stand. The high level of potassium concentration
in the soil leachate at the Sugi clearcut site was considered to be due to the weeding practices
and slash deposit for the land preparation.

The elemet concentrations in the soil water were kept at a high level as long as the
readily decomposable organic matter was vigorously decomposed, and once the supply of the
element by the litter ceased due to clearcutting, the readily decomposable organic matter was
lost from the forest floor. The concentrations were almost similar or even lower than those
of the remaining stand thereafter except for when the organic carbon and potassium concen-
trations rose higher as the result of weeding. Consequently, the influence of clearcutting
seemed not to extend to the mineral horizon of the soil. Tsursumi®” reported that the amount
of organic matter and inorganic elements did not decrease by the single event of clearcutting.
A similar trend can be recognized from the results in Table 17 which shows the elemental

composition of the soils at the clearcut Sugi site and its remaining stand.



