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Transportion and-Accumulation of Sodium and Calcium. in Aridisol

Satoshi Matsumoto
Faculty of Agriculture, University of Tokyo

Summary

More than 30% of the surface of the earth consists of arid and semi-arid soils, which are generally too
dry to produce good yields. If enough fresh water is available and the soil condition is suitable, these
soils can be irrigated and used for arable land. These regions are therefore thought to be new promising
lands for food production in the future. For this reason in past dacades, much attention has been paid
to arid and semi-arid soils and more agricultural development projects are being planned and carried
out. However, many projects have failed in the past, and others fail even now, because some years
after irrigation the salinity or alkali hazard increases.

The soil profile investigations of salts accumulation related to the depth of ground water level, some
field experiments using lysimeter and model experiments in the laboratory to clarify the mechanisms of
salt accumulation are illustrated in this paper.

From field investigations and lysimeter experiments of irrigated lands in Khuzistan State, Itan, the
author presents the following cases to clarify the essential processes of soil salinization.

Case 1 was caused by the formation of shallow groundwater due to seepage from earth canals and
intensive irrigation such as basin irrigation. This case was the most dominant to soil salinization
development process in arid irrigated lands.

Case 2 was caused by the logging of irrigation water at the extremely hard pan formation under the
plough layer caused by the compactness of tractor loading. This case was usually found in desalinized
fields with clay-like texture. The hard pan is apt to become an impermeable layer logged with irrigation
water, and provides a secondary site which functions to supply sodium salts to surface horizon.

Case 3 was caused by the addition of salts to the soil irrigated by water with high electric
conductivity. Chemical analyses of the irrigation water applied to arid land in Iran, for example,
showed that about 1.8kg of the total dissolved salts were contained in 1 m* of irrigation water.

Case 4 was caused by cultivation under the low leaching fraction resulting from the extremely high
evapotranspiration of the dry summer. The lysimeter experiment revealed that cultivation during periods
of high temperature and low humidity reguires much irrigation water, as calculated by the leaching
fraction, to keep soil salinity below a specified level.

The mechanism of salt accumulation in arid lands was also examined through the experimental
pedology view. Experiments were carried out by using soil columns saturated with salt solution which
capillarily provides from the constant groundwater level. Most calcium and magnesium ions in the salt

solution are adsorbed rapidly at the cation exchange sites of the soil when the solution contacts with
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the soil. Large amouuts of sodium ions, on the other hand, still remain in the from of free ions which
moves easily with the soil solution. When the cation exchange sites adsorbing calcium and magnesium
ions are dried out, there ions are detached from the sites and deposited on the surface of the soil

column as salts. Furthermore sodium salt precipitation occurs directly from soil solution when the

evaporation at the surface portion of the column proceeds.
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Bl xRt EROFT, R L SHBRTERE
B o4+ 5 AR, it (Aridisol)
bbb BBECEREY LTEBPAFLTV S5 LE
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+TRACEFEER TV I0RKERBERTH B,
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BHRTER. L, HEEMLOERIVLHET, Hs
DA * v OBRBIC 2\ T OFEM BRI ST ES
PP, BRTIE, RRHMEREY CEEEREE
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WHT5b0 Tt BERZZIBELTR &,
ERHABOBBER L, VADILTHEDIZERED
IOMBHEELDZBDTH S, BKRZR T o 2 — 52—
PHMERCHRE LT, FOoENEZORAYRIE, F2
DML TH D, X2 INITTSSBE»LHE L1 »
AHElcERC L LBz Shi-ER(A)RSKTS
AVA—2—XOFRBLALEEB® IDIE -, 2hE
AHEHBAA Y, B/ AV ThB L, TEFCRPLDR
Tuh, HRELPTLHAORERASAA VEL L - TRE
HBLENREDHND, BMiEREZB)/(A)THE5EE
W, 94 v A—2—1Bhii, 7YY ABIUHER
BB, ERBE EBX ~/xvvakk
VANy Y sRBRETAEAZTRL, L CEREBAA
VRBEFER SRR ENRE R,
3) HiKkEE4 (Leaching Fraction,LF) #3138

BECS 2 HE

v 5 EEKCEEh 3N LB ORERE Y
OHEBRIFT L, TORBOBREIIREE» LR
THEBE L > THREIND Z &2 L) TR, &
D L EEBARBLBKEL DL (BKEES) OEW
REEOEEEE DL > BT LDV A —
2—THHFHLE (K4) .

K4 DEIZFH2 » ABK760mme 5 DEBDHEK
Pokicbbhhrbb?, ZoROBKEEHAS DT R

F—1 EREEKEBAOTIKOKE-RED—F (FAAK, 1988)
Cations(me/ £ ) Anions(me/ £ )
TSs$ EC Sum of - _ Sum of I‘\)Ta
sampling place (ppm) (gS/cm) Ca** Mg** Na* cations OO+ HCO:™ CI” SO 7. %
Nov.2,” 77
Hail Abad dam 1,000 1,260 6.0 5.0 4.5 15.5 tr. 4.4 6.0 5.0 15.4 29.2
Inlet 1,800 1,280 9.0 4.0 4.5 17.5 tr. 4.8 5.5 7.2 17.5 25.7
Main canal 2,000 1.270 6.0 7.0 4.5 17.5 tr. 4.4 6.0 7.1 17.5 25.7
Secondary canal 1,800 1,230 6.0 7.0 5.0 8.0 tr. 2.8 6.0 7.1 15.9 27.8
Karkhe river
Transparent solution| 1,200 1,250 7.0 3.0 4.5 4.5 tr. 4.0 5.5 5.0 14.5 31.0
Muddy water 6,000 1,280
Sendai river(Tottori pref., Japan)
May. 10,77 — 71 0.3 0.2 0.3 0.8 tr. 0.2 0.3 0.3 0.8 37.5
Oct. 1,'77 - 66 0.2 0.2 0.3 0.7 tr. 0,1 0,4 0,2 0,7 42.9
Jan. 10,’78 - 60 0.2 0.1 0.3 0.6 tr. 0.1 0.3 0.2 0.6 50.0
-2 BEHBEBTOIAL v A— 22— XBENE (K, 1988)
s water g watee Tl e — S eaip e ol
Input(A) 680 681.6 2,130 4,686 2,471 1,874 2,769 4,643
Output(B) 55.2 443.7 1,208 2,404 2,435 338 1,364 4,345
(A)—(B) 238.9 922 2,282 36 1,536 1,405 298
B)/(A)Y (%) 65.1 56.7 51.3 98.6 18.0 49.3 93.6
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1% dEhhvbnd 2D TERERENAZTVRED
L &T, FEEEET S LB LEA M EEICETL
Ll &EBRLTW3, ZOBE, HEROLBES{E
Lo TETAEY (ZOERTRTAT AT v 26
L) OBMBITEER L WBECHE S h 5 IEO#H25
BB Bie bz EBfEEIREY,

—7, BORIL, HEMLLTEREO®K 2 » AR
C170mm DK & 15.2mDEXK B2 B2 0T, T h
LORHKED 7 R HYT28kBRE S 2RHL,
HEh2HEERELSENLEZ Le k> THEDEE
feridEEh, Lo EHELE (LEDECH DAL
BEREHEORLRER, +BEO KIS 4 mSEL LD
BAVHEELEL LTw3"®) CBEBEIRLZIEEFL
TWw5,

LEROSERIT 7 A30E A 5108 3 HOBERE®RIC D
AR &10H 3 HAH12A 3 B coREREHE 5
BRE CIT- b DTHL, ZhbDIFA v A—5—
EROEELZHD TRTETLRL, ERRE T2
BB, Thbb, KAKKEOFIFA77—3 v
7 (dry farming) »4 B ThEENCIHEIh TV 3
TR, BRERECKT A EDHZER VI EEE
BAEREEPT WA, FLT, FOEREET LD
ik, WHESBROBEMASRLETHD, T hoEFY
EEVUHETELERDTHENEVIBEERD S,
5ThHAHY,
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R—-5 ZFERENKCRO S IEERLERGERA, 1988)
3. IE¥EEHLBIED experimental pedology

TEOARRRII-BRCRAABMEET S, LiL,
H4 DERER, ez, TEDOISA{ERHLRED
Lo, ERECHBECETMETES DL DB, +
BOEEL L AREREPHETHE, =7 L TEl
Rl HEERAR LB CE 5, $hbb, —EHTK
P HHEKRDOET ERANLEREORIEL X - THKE
Eh5EFVERET RS, ERBEBOEE 5%
DIEDFFULOBEELERNBERLMHTEL L E LR
DTH b,

53K (21D secondary canalic/® Lz KE
CRIERE WA A YEAREIECER 2oL 5 cHRORESR
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PRAVCTHRELL) %, —EOKMETLECETREX
VCHEETHENTELIEBEL LTO< VA4 v MK
WL LT A RRLTWS, 2EH 5 20FET 5
THCRENELREOHLE (oL, HEtEwi
hAY VEREEEELTV3) CHEWD BLEER
110.5% & 2D TEW) O 2&EHE2HV, EBOEX
i124cmé& Lz, vV A v MEKEBRAEEFREZMTL
Ko AMEER AV, COEBR 1y bELT,
40T, HEXBEBX+ 2%, EAOER - EERERER
24ty FEBBEL, 17 LEBOFESSACBELE
Rk OB & LT, L2 ~4BHZ & ERiER
BrIn1EHSL2EPMOHEL, £B%4enZ LWL
BB oW T4 DO RIT - o

M6 HL07ZIGEMCH 2HAOEEHE « LA
LR 2HRBORAM KREI< VAV 2V IO
HADUVRAUETEIhRDONB) & LEXRHR (LB
0~4emBoE D) CEIHEEBBRPBA VOE
BLLTERDELDREROBELETALIDTH S,

WEBERD 5 LEERCOEERRER, ARHER
CRERACARTERLTED, FR1GEM2BUTE
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BxlEmEcBERL, FEKOBELZEFTLTAA
VOBIEARIDBIEERLTVWE, LEKEMA VD
TBRBIEALAZ2— v THBTIEHBEL LT, 14
VIRERE LTOBERBPBDED TN EVWCEEDB &
EZzbhic,

ChiEX LT, BoHKEL TR, BEMMENE X
BLoBHBRERERL D LEHVEMETERL TV &,
FOBEREIELD ZCIXETRAIOEREZRL, WAL
P EBOEER A2 -V ERRE T, ZOZ &I,
i LR TO A 4 v OB £ A LA i R
FERECRTEA 4V ORE - WELBEL, BHEHOE
BEICHEA A VE—HEA A VBIERTEELD
hi, LER-T, COBRREEAGEThEREZN
boTEBLWET 310, FOEFBEOMINEIIE
FBIVLEL DL EELZLR D,

BEEATUSCRAD L A EERROEES B W
BEOWHIILERTOEBEECLZ 77 X FBR
(crust formation) M58T L, 7 5 A bR LEEEREH»
LEIEE o TEE RSB e —B LT 5, +#
KEH HRE LI LR & O 3~ 5mm
DFHEBHBERT HRdE, HH5VIE7 I X AT
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TEME TR EBEAD b, FOMBNERK
FThAbL2mmBEDOEIDE S 5 A b LLhIEFHELR
HES, EberOTFTOHERFIER2 ~4mmBE
DKL Lo D BROREEE S RE L T 5 BRSO
L2 AN o N P G A

K8 IXEDIH L H 5 AR I2ERIC b - TRRRI
AT O L, tRACEXOERARLEHLILD
THbBo B, soil depth 1, 2, - , 6E£DBD
BEHorEBrLAmI LGB LB E2RTHO
T, 1R0~4cmO+EBESEERL TS, ¥, &
HHE & IEEN LN TEREC S A Y RELTHFELT
WAIHED & D%\, IN—KCIIAH % 7idpH 7, IN—
CH;COONH.BER CEABIH I EEEZERLTY
b, b, WHEBEITEEN LT &M LTH
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ELTWEH0T, £LLT ] Lik->THELTY
0, HERRFCAAYELTEELTWAEED L
DE LT\ 5, EHEEEI BB A A VST
BHZh23 D% b - TllfEE Li-,
R8hbHEbLMRLIIE, ALV TABIVTT Xy
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NTREBCHEREBO HD 2HEBE L fnoTWBOIEH
LT, F MUY ARBETH»LREASLSENEEE
THOBLhTW3, 2BLT (8cmlT) o+Bcit
ANV T A, TTRYTALSGERERED LD HELH
% e BB AER T B I D h TE T HRERE A RN
THEAERL TS, 7 b U Y A TREBIISTE
TRARSEEN LTV 38, KESMERE LCERER
TH5bo )
ZhOLDEEMD, +Hh T Ak bh bR
RS MOBR>ED L 5 KHBETED, <V 4 v b
BED O —EKRMN TEBEHSS S h ik ot 5

NG LEADEBRETDORE LD SRR -8
RFOHF 4 VBREBCREEND, ZOBE, BED
JEFi3Ca>Mg>»NaTH B DT, hivy ADREHE
TRID, 20T IRV T ARBEINDN, ALy
T AT DREDRD LE DD THEBBOFEENDLRINT
Lo NNVYI A, ITXRYY ACHRTEE~DRES
DBELLESZF b)Y L EREL LCHEET 2ES )
EHM &,
TERNFRE IR I ERE R ¥ L
WKGERIC L 5 EEORSHERE L 5T, LERE
IGEWERALD DI S L TREEED SRBICHE 2T LD
Lo BEOERC X VBUOBREEEYEE LIz 4+ V7T
BETIREORENBUOERLTS, Z0ok512LT,
THED A A VBT, BRE—BE-—BREDOYAL I
EROELENS, BEPHEORE L EEOER T
DHERE LB A AV E L BEADBRENREA + VI ENT
—BIFHWEA 4 VY LD TCHRBOEIMERENRE LD
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FLEOERC 2bD TERCHEET AR TH DN,
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FOLBORHERTTEIPL L > TREZTND ZER
£\, —7, WO L L COREEEY ZBATR
HOMEE X H b HERKROECL pHEEE A B 5,
WELEOHR TS, bok b HHHRLEWLEREY
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2 hHCERECEELERL, TEYPERNCL-THE
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