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Comparative Studies on the Chemical Composition of Soil
Solution in Land Used for Various Purposes

Part 4. The movement of the soil water and the
redistribution of ions in volcanic ash soils

Ryusuke Hatano, Hiroki Imal and Hideo Oxajima

(Laboratory of Soils, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

WIE S h e MO LIBEW A + VIBE, MUY, R
WOAF v HBELOR, ThHOEHEORE, Ebic
KM L - THIShTw 5, 5D kT
P Uil o kit 4, WL oS o 55
WA F VHEERA B YD - T, kb
BB A A VB, BB A4 v & e SOT o4
EORGOE N L h LERER AR, ¥ hEn
WA A AR OLBAS % LIBOKSBREE, BB
GBI L, RBIAERE RO BEHE Y, #
7 AERC L Y, KOBENCHE S EEBEOBEIESFlC
DWTHRH LIERTH S,

L. R B 5k

1. BELE; WY oRFNERCER LeRH
RV, Tiobh b L D @Y (Alluvial), @ik
412 E @4 (Ta-b, Me-a {84) (Wet), Bzt kil
x5 A (Ta-b, Me-a, To-c {#4) (Dry) ®
WERAELTH B, L OBILEM: &KL FiT Y
Table 4, Fig. 3 D&k 0 Th b,

2. BHEEBa, DAKEERBK; 100 cmd HAEFKM
6L OV IEEI0cm s T AR B
pF 3.5 W% Lo 8% §ijhD Table4 0 ER iz
B— L, L TERBE25cm (50 cmd) 1= KCl,
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KSOs et b, K'=10me, CI7, SO =5me &
Teh X3RN Lic, MAKIED ANKER 10 mm/
hour % B#E ##ED A K L, > A7KEE 10, 50, 100 mm
ElT, R PAKGBHIEDRDIS T A FEH lem
CIXAEDEEE, TRICIEE 2 mm OFLA R OMR
FER DO RFKOFIR % AT - oo 22AIKIR 24 15 R B
BL, 25cm (50 cm?) & &) h R H HHK D BIEH L
TORET ote ThbBRKEBHES; LW 1:5
A D pH, EC BIE#, KT #4060, Catt %
FFRNEE, CI7 v o4 v 7 vER KSR A, SO %
L3V a—E 7 F AERICES . CBEER; 1R
1:10 » pH 7-N-FeZehfili 217\, 1:5 KEHERE %
ZLFTRDA, BFERE A4V LWELL:100
500 ppm Y VERH T LAEEWTHIE L, 1:5 KIEMERS
A A VEERELFTERDE,

3. BEREERD ERMBEANK: Huiria, R
FOWHBETEIIHE2 LAETH D, EB25cm~0H
BT KY=2, 4, 10, 20 me ® 4 B & L1, HAK
B350 mm &L, »AKKEE, HAKLBOMER L
HDELHTHD,

4. EREER; 100 cmd EAHMGIEL OV
Eloem o s 5 A VR, LR EIKS &% pF
25, 35 & L, KCl, KSO, Bsiw vt Briy—r
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Fig. 1. Distribution of soil water in volume
at 24 hours after the irrigation.
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Fig. 2. Distribution of soil pH and EC (1:5; soil:
water) at 24 hours after the irrigation.
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Kt=10me, Cl~, SO} =5me &7cd X HCMEL, #4

AAEKESRY T LY —C T L, TOHh T 2%
25°C, KTFRIEEmH 1 cm/day ORMBIZEERMICHKIE L,
WREEC Y » THERRRIE L, £ LT6 QBRI
DIRLAE R 25 cm Z L §) DI b, KIS B A
DI RAT » 12

1L # R

1. DAKEBEFNEDTHBE

1) DAKERUBEHEBOLEBEKIOSH;: »AK
BoOWMMC Uk AW F i & S 8K 4 B Lz
(Fig. 1)y %&~-#8& % 50 mm /1 AK T pF 2~2.5 K4
ReeBY—REE b, AENDEEIURE SR
LTC\5, 100 mm AKX TRELIK pF18 ¥ TDIE
EHEEFABY LoD, BT LB ofilo
KOTHBENLbN 50 LA 30em HITF~15mé
Ok BRI, W TIIEBTpF18, FTE Tk
pF 13 L7c hEHAD 30 mé & %0, B C1ieiBiz
IE pF 1.8 L hEEH KD i nic, &2 AT
pF 1.8 K5 3h b pF 3.5 PIliKSR o= FRC B3
BEEKTRETHEND, FHBEOEE KT RE 1L
Table 1 @/R L7 X 5, ¥ Tik 98 1mm, @M T
96 mm MAKEE TRKEFEFL S DR LT, Wi
168 mmMAKBEECLIrEFETCER LD,
DD COWKENRS o cb D EFELERE,
F e THER R RS M DB E A RBEGEME L b
ETFEVDS, Pk % pF 23 L Lol EE~FE
IR N LR IBV D LB LB,

Table 1. Amounts of the deficiency of
the capillary water.

Soil m{/soil column mm/soil column
Dry 196.2 98.1
Wet 1920 96.0
Alluvial 136.8 68.4

ii) pH, EC 057 ; MAKEBOR M Lizh T
FZEHEED ECoOC— 73 THEH - T % (Fig. 2),
PH 2 EC ¢ — 7 B TIKL, FRDAKENBELT
EC DETFT Lkt T kR LT HEAH S, 0
ZERFIHOBEMBAR O L - LT 5B,

iii) 1:5 KBUBS DDA, AKEDOHINCHEL
ZHESTDE~ 72X TH~BE L (Fig. 3), B/ 4 vic
DWTHBE£KLHELL ClT oY — 728250 o
C— 7B XD SEL, Ba4 vz KN A kED

WmEic 0 e — 273 8F LT EE Ca2t h a1
d v ESHEERRT X 5 1cie b,

L THIEEDA A D ¥~ 7B OVT R O
W ARRE A AVl Lich o8 Fig. 4 ¢h s, F
YA e X b B R B WTESESECH B,

_ 12 12
z = Z xi-zi/z o
Qo1 i=1

T PHLIRE o (EROREC ST 0 &
23 iFEHON S AL OEHEE i BED

201
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Fig. 4. Relationship between the mean
depth of water soluble Cl™ and
that of water soluble Ca?+, K7,
SOf~ after the irrigation.
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Distribution of adsorbed anions and exchangeable cations at 24 hours

after the irrigation. {(Symbols are the same as Fig. 3)
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Fig. 6. Relationship between amounts of
water applied and the percentage
of exchangeable K¥ to total K*.

Clm g ol SRV TRMTH b, BTk
Vo SOCLI & Cat izt LB L: 1 e T
5723 SOF, KT 3 L 1UFTh b+ BfEd K E L,
SOF 13 C1™ g, WREHSEROME L R-T
WHED, BT LR, Lrb rolfFE D Fig. 3
DEIRE LMz SR Tn5, W8, B TCIhAKE

PEINT B o T L L esi 3 < B d - 7eo K¥ g
T >SEHE SR O {, BRI, Bt
DrAKBEOBMC X bELET LT (Fig. 8),

iv)] RBEERAA 2 ETREERE; BEEBR A+
3EPETH < (Fig. 5) & SO oWERSE L, K
B SO ovr— 7B L& —HLTV5, B TiEDL
THTHDH, HECHED LR, -1, HMEERIT
AKEOBINCEC KT EE AL MM LTE D,
Calt B LT3, ZORE I TREL, 50
mm 22 AK T KT O FHADHPA DKL b AZ SRS
23 100mm A K TIHIE LA ETL Licw, 8L o h
CHLT LTG0, BT AKBDOEMC L v Fh
~BEHRELL, TOSMEETF T,

L X s KY i oxy, & KN ki 2 o K
DW0HBTAS &, FIME L AREOWIITIE
st K o#la il LTy 55, 100 mm 2 Ak ¢
VPR T 93.7%, BIET 87.7% i L TEEK TI12 63.7%
LABEHIC R IR T b, ko K¥ RN 1
SERWZ &3 hhiz b (Fig. 6),

2. EFMBEZDOTHRE

i) KBERSOSE; H1BELERNE ORI
L D KBRS — 2 R HED, L Qi KT oge
»3E L (Fig 7), BPEERE C17, SOF- iR B i <
TR EetkCcH Y, SO Witk Tl LB~ 0B 1 i1
DL TR T B, Zhick UM o+ vigigttco K
WD L @V, KT =20 me JRMIK i bt & B
BB LT, COKY O v— s BB TE S
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L7 AN

i) BEERAF/ETHEERE; THORER
SO% 12 KT=10 me % i X CHAT HLOME 2 AL R,
WERDOBRNEZ 2 HN B (Fig. 8), sk K™ ik
B OB LT 505, Bl TEEATH D,
WL TIE A Lo LIRS S KT =20 me MK
DBAT EBTRELER -k abhs K g

FTRASHEEF T 5, Zhike KY ikt 53584
# K B 100 PR TH5 &, WE T KT =20 me I
MTRPEFToRETHDA, BHTIELIUETL
Tw5 (Fig. 9),
3. MWK ROBOHERICKBHED
tRICREIRE
i) BRERETEKAOIG; £ LUHMASE

TRUNE
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Fig. 7. Distribution of water soluble ions at 24 hours after the irrigation.
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Fig. 8. Distribution of adsorbed anions and exchangeable cations at 24 hours
after the irrigation. (Symbols are the same as Fig. 7)
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&5 CERAERRERE S -7 (Fig 10, Lo L6HM
DFEFEDRD LHK G DA IR G BD LV whh
bOTEIHE BIIEERE L e -7 (Fig. 11),

ii) KBMRZORH; S LT KD BN
WETRE TR LERBA~ERT 22355 (Fig. 12),
a4 viigtEl b C oEX - LR ENSL, SOi-
A, B A vkl LT Kt o SR 2

100

K

0
e

exchangeable

24 10 20
me of K added
Fig. 9. Relationship between the increase of

amounts of added K™ and the percent-
age of exchangeable KV to total K¥.
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R, WETIL Catt Tho7z, ZNHDORFDRBER
BTFEHSBETAKDBECEAGEINE EZEZLRD,
FZCHERSyORVE @K EEL 6 BROKSG R
DFE) WOWTHIROFEI X 0P HREE R RO
BeRREOIEE & L, £ OFEHRRE & OB AR
Atz (Fig. 13), @K B & VBRI K G OFH51Hh
FEGEL o, ZhefbuFKEEs O PTG
Buamliesd, ohidfsc ClI7, Catt TEEETHY, *
ORI TR &V, Tich b IRBA KD O
DA KLY X DRV b b TS O%
BIHKE VLT ERRL TS, SO 3 Cilg & A
Eoeed, Wik, W TIBE LAV, KTkl
A THE L v BEH LYTVWE, B F roBBkE
WBH O BB RIS,

1I1. & &=

D T, &R A A VIRERROER e KLk
LD A 4 VEENMEL T b, FKAEDEL L
TRA A VBREREE DRTVIEREHLL., LAL
B35 & BN R TN R b, RS0 s
BIEETHD, 4 vFa—v 1 VERTIEELEL
e BEAEND 5T, ZOMHEYEE LTKGOLETEE)
OHBLEEEFRDOINA VF 2= 5 VOERR I
LD EHER LD, TOEFROWTEL I ERY
b LTHRicimg gD\,

+HFOBFII X 5KOES EHBOIBS M
BXhTw5B28D, zoZ ki Fig. 1,11 Y hEM X
ha, TihbEEILEED %KL BT O R

207 Alluvial

Cumulative evaporation.

Alluvial
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Fig. 11.

pF4.2

Distribution of soil water after the evaporation for 6 days.



134 el R R WM IBAL K134 #H2 B
- - 81
cl S04 K" Ca’ mo/p s om — .
0 1 2 3 0 1 2 0 1 2 0 1 2 3 o 7] e~
ﬂ; U&/A},o ({},,o f .s \\\A
23 oﬁ 3 kn Dry o 6
ik i # g
> ] | S
zog ﬁ ﬁ A S 54 Dry
. 8
” 1 L/x, 0 ] T tgv 44
gg Qﬂ ?#' o — T T T
54 @ @ < 3 4 6 7
£3) %4 : % 5
6| éa &
c ,
e z 8
N £.0 5 A 3
3] 2 e |
=3 O‘N 4 qﬁ %i Alluvial g
k. S L N
6| al g a &
5_
O pF25
A pF35 J
- initial 4

Fig. 12. Distribution of water soluble ions
after the evaporation for 6 days.

Bixsun, BREL I, —~HETIBED K
WA R ORFFR A e £ D 1 FBAOHEK
BN LT, £ L TERRIA v, LkdisT
B H B & L OBIRIE DK Cl7, NO3 S«
FVIEL TR CEidh, g i
% (Fig. 2), Uh UL EREAD e & s
bbHT Cl7 OEBERBRIRSE &k - T (Fig. 12),
B L B ORBERC OV, HIERLE 28T
DKOBT I WVELASND Z ERZEDLR TR DS, £
oW DBEGREPIS 5 ThH - 1o (Fig. 13),

ECAHT, §CIT oA T L R REER S
HEZTTHEMLL CI” R SBRCEECEREL, ¥
KRB LBKOBEH N TN THEK T ebh b &
HELT, 2BHE»S6BRTCORyHAIR & 44
B0 Cl” OBMBE»SEEClU HHELE M5 &
Table 2 D& 7e v, SERHEOFHEME R 3 1ML bz
Wkt LD, TibbRELIRBE Kb oo+
PRWREGE L, S ORBERES ERCGETR S -
DA ORBHEREI LKL E TS b D &
%, Lo LEBERRLR D & 5 wibfidc% <, &k
TRPIcv, ThiEMEOFEMCT 2848 & LT
FFE, HIARSBEOS . pF 25 ORE itk vz
WHEETEED 78% L A7 <, M, W Tt FhFh
109, 129% L@ fn o T\ 5,

T O LR OEFRNERTEO R Sic,
M TIRBE A A YEE RGN B b IR O
DExbh, —HEM, WETRARERISC T Y

8-
N
7 =
' Y
6.
1 Aluvial aK?
5 o catt
A 5042_
4 e Cl~
| o T L L T -
3 4 5 [ 7
cm

Mean depth of
the decreased water

Fig. 13. Relationship between the mean depth
of water soluble ions and that of de-
creased water after the evaporation
for 6 days.

FREChBERE IR ECLIbEBbhs, ¥4
pF 35 Tk, HHEDOFTEMH T2 H& A LmLE 3
ETL, coETOESRMETAREVIOTH -,
COT &6 AROEROBRIC IS T LS ¥ V2K
R E LTKG B BT 5 AP IR S T %
Wb Th B EEHbILD,

THRY OB € Ak L o LSRR o 5 75
Tk, NO7 OFRBHERK AL IS - 1223, & hid—E
BEIZ & - T X VBT GEREh NOT 350 # o
WIHREET T EH~DKRGBEHID » € dAEL BT
BT THCE WD Ehicid & Bbhs,

Fhd 5 —0DEERA A+ v TH D SO 13 Cl™ el
NETBHINEL, L SO REERA SIS
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Table 2. Comparison between the calculated values of amounts of
accumulated CI” into the top layer and the measured ones.
Water volume Amounts of
Initial Concentration | decreased from accumulated Cl™ Measured
Soil pF of added CI™ | 2 to 6 layers me/50 ¢cm? Calculated
me/£ cm?/250 ¢cm? Calculated Measured (%)
Dry 25 494 - 32.81 245 191 78
3.5 66.9 12,15 1.65 1.15 70
Wet 2.5 437 29.43 212 2.31 109
35 62.2 541 1.17 1.06 91
Alluvial 2.5 83.7 17.05 2,26 291 129
35 110.7 6.45 1.55 151 97

T L BEIG ST ie, WBEC 3 B ©H
U L 3 e AEOERIC X b LBRR B ARORE M2
B3 dCTOBBHRIIKSIEND L BECT X
DT e BN D - 7o P THRMIC LT HRE)
IR LB EHBETE LB I, &
T ERERECORSE L, BRETREILCAERD
EROWEFAEEL 2T SO DEE, ik & ik
D OMER %R LT 7,

LA RBET v = AEROREE Y ARBRT
PSR Uit b+ CRRAE L, BREBIRIER 2 ERIR X
DAFEMEAR W EFEDTVBEAD, o bikk
b~k 7 SO & Cl™ o HBE R CoORILDE
CEBb0EELLR, B, L b FEORE
HTEX Y,

WA+ voBmy, HEOBA F R EESh
B LRk <SR TR DD, Fig. 3,5 254 KV {3
HEEBEHROIMAZEIR &V #E L AT kLS
DML HIIERETH Y, KT BRI HIFE-b0TH
B0, Eikir CEC 208X < (12 me/100g) # fof£0
AP Ca2t B3 /00w LT, By CEC 2%k
% ¢ (36.7me/100g), [+ achutt Ca2t B %\, HK
I+ K g0 oo KT L 2ol cx 5 Calt
BEoBWC B Lz AkEVEBDRD, ThizdL
TR L S g 71 b CKY BRI <o,
CEC 1111 me/100 g £/h& 235, acffaph Cal*t + Mgt
B3 10 me/100 g & %\, - CHBAHESR KT G
BIfET 5 Eant 5 onT, KN EEOE LUE
Tk 0 » T Ca2t BNEIBEROE 1 7+ v Lig
5T BLDEEPIRD,

F D I 5 R A A VRO K E BT, B
A4 F v OFEFRC X 5 THA o VIR w447y NHE o
fREEREs b h TV 5239, Fig. 5, 8 ¢ EHic SOf

PEE PP OME LS K L %L, RER
SO~ ettt KY oAz sl L<s 0, KF off
P bAFORKIEHBESE L Twb b0 EBL bR, L
7L Fig. 3 0 X 5wtk KT 13S0 e L TR
Bl co K fGHENIHVL0LBbh S,

Z o KT R B ed, EEBR O
KV i s o B E s o Lo, F cEmm
BAS 4, Fig. 7,8 © X 5 KT @0 i
Feb EBTo KT EBERF-REik b, BNEOHS
BRE T LB bR KT o5k e K 5 2o,
R THEBED Ca?* HMELBINT 52 Licins, WK
i, BOKEEAVN Xt Ca2t B & h, Fhasin:
EOBERC /b, fo TRERFREDRIF/LEE
Wz LRI S ERIEATT S & LT A RETH
5 LEbhs,

LD X 5 gl T oo-LB i w4 A+ v i B R
VL BERIZERICAE 5 it T oK O L TEBIOA ¥
cEAFvOLFEEO R A EEIND b D THS
», Kook TBEHEEARLEOIMEC AR
DRG0 ETFBEC X5 AR ER R oS
Fre B L OB O/NE A+ VORI ERL I h D
bOLHEIND,

v. B #

TBEHT O B L Tk B Rtk kil (Ta-b,
Me-a, To—c {&E), @t kiLt+ (Ta-b, Me-a) 3 L ¢
WEEO TR L2 7 28 & HiEOBE)
REEE IR, MMM L 5 LB A 4 RO+
EHTOFIREYEE Lic, BOhEYEHNTS &
WRDEBHTH B,

1) SAKEOHIMCHE - TKBRERS D E— 7 X F
FBE LI B+ v &L EL Cl o — 2 {7&
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2SO Drh X b BIEL, WA+ v TR KT imAK
Bofme e ©— 73K TF LEr Ca2t RgA A v k&
SHS &R T

2) WREHE SOT kil ciRodbhED e~
PIAKEME SO D=7 E—FK LT\, FRERE
SOF o ¥ — 7 3 EHEMEOHINC X v s5,

3) MAKEDOHEIMTE-TH T 4 EBE»5 HK
K" 2 hid g h Ca+ pificidhs, K im0
M P K a5, Bk caMmrTH
D, WETIRS, FOMBEETIZKY o B
BTt Catt oBRIE b,

4) WK B S GBI GAE E TR T s, 2D
EREOFRBEFBIMNT 5, B 4 vixBEHERR
BCU BB LT, B4 vz KV 2, if
i Ca2t 2BH LT,

5) ZhboEREd &SV THSEHT ToLBER
A VBEERAROZERER I oW CHRZERRIC AL 5 Ko
DETBEE KA A VO EDBFIME O H B L
L1z,

51 A 3
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Summary

The soluble salt transport in soil was studied
by the column experiment in order to estimate
the redistribution of mineral ions of the soil solu-
tion by the water movement accompanied with
precipitation and evaporation. The soils used in
the experiment were dry, wet volcanic ash soils
and alluvial soil, typical of the soils distributed in
the Tokachi district.

The results obtained are summarized as follows.

1) Salts applied to the soil surface moved
downward through the soil column as the amount
of water applied increased. Cl~ movement was
more than that of SOf~ in amount in all the soils.
The distribution pattern of dissolved Ca?+ in the
leaching process nearly coincided with that of
anions while the peak concentration of soluble Kt
decreased when accompanied with an increase of
applied water.

2) Adsorbed SO was observed in dry volcanic
ash soil. The peak position of the adsorbed SOF~
coincided with that of soluble SOf~. The peak
concentration of the adsorbed SOF~ increased with
the increased added salt in amount.

3) Exchangeable K¥ increased in the upper por-
tion of the column instead of the decrease of Ca?t
as the added K% was increased. The amount of
increased exchangeable K* was greatest in alluvial
soil and was least in dry volcanic ash soil. Con-
sequently the leaching of ions was greater in Ca?t
in alluvial soil and in K* in dry volcanic ash soil.

4) Under evaporation conditions, the more the
initial soil contained moisture, the more the soils
dried out deeply. Consequently the salt accumula-
tion in the top layer was more in amount in the
instances of initial high moisture. Generally, CI™
moved more easily in the soil column. However,
cation movement depended on the soils; for exam-
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ple, K* in dry volcanic ash soil and Ca?* in allu-
vial soil moved more easily, as they also did in
the leaching process.

5) On the basis of these results the principle
factors controlling the chemical composition of

soil solutions were considered from the aspects of
the up and downward movement of water accom-
panied with precipitation and evaporation and the
affinity of the soil with ion.



