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Field Studies on Leaching Models in Salt-affected Soils
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Abstract

Leaching experiments were conducted on saline sodic soil at Chiku
and Aoku plantations. The purpose of this study was to determine the
leaching curves for a salt affected soils and the applicability of theor-
etical and empirical models for predicting salt removal from the soil
during leaching in Taiwan.

Desalinization proceeds rapidly under leaching. Although the excha-
ngeable sodium percentage (ESP) of soils before leaching were very
high, the soils were still saline in nature because they contained a
large amount of lime. For this reason, the ESP decreased simultaneously
with salt content during leaching process. From the desodification leac-
hing curve, it is concluded that in reclamation of these soils there is
no need of the application of any amendment such as gypsum or lime.

Different theoretical models were tested by comparing the calculated
and experimental leaching fractions. The results indicated that there
was a good agreement between theoreical and obsetrved leaching fracti-
ons. It was showed that Dieleman’s model was the most satisfactory for
predicting the amount of water needed for amelioration and salt remo-
val from medium textured soil during leaching.
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RIFGEZESK AR REASWEE L TH
HRESH > B— » BHRBZ KM EmiE:
ZHy o BB BEBIFHEKRHM » BREMT A
' BFILEE S EF - = BSOS ERE 2T
Yedh 0 TBLISEE B o ZEyEl 5 SRR TR
REBEBREF -5 » HBRESMN L (Non
saline sodic soils) 13 o Eif3ihog B AA G
» AU RS TR i 5 %2 4 288 (mmbhos/
cm) LUF o e » LB 3R RE
RERE » BEEEREXERESD » HEEW
FTRICIR = RE - RSB W REES -
Talsma®” & » BERMZRTGHEK
#EKE (Leaching requirement) » & 300
REHAABRREELTIARBER » £EXEETZ
THERTA% 2B BmkER » (BERBEE PEALE
' B HGEEBEE20% » BAVHIEE 220 AEEK
ABREE0ARBER » ZEETRERBE B
HIBT32, 555 < B Bkt - B ERE LT

(U. S. Salinity Laboratory) 5 Utah &%
REFTEER Utah BHMERES » LaEH
5 2.7% 21 BRA% » D—IRAK#EESE » £+85
WE 0.9% LT » IZBRKHEEER » HLEBLHBE
0.6 %L T » LIMIRAKHEESE » RLHEH5H=E0.3%
EfR ERERUTZEL  QIffgEs B8
RWHAKET KBS SEHERSE - £0.7F1
%2R o Dieleman'® ZBF+ShkaEy » L
G2 B REREREERTE o £EHBAR
TR IMAER ) TERB RIS E - B

PoEp R 0 AD@EEm s FHRERBRE MR

AARZERAZEM » FbRE AR K2R
BEBHORRZHE » ANETRELZREE
B R RZEREAFRER AR ZS
PEREZRE » TH B EHRD ZEBERENSE
TEZ TEZFERBERE M » SRR K
BEE » REBEAME * KR BRI HRER AR
ZRRE o AR Z B EIERN B & ARG EhE
Meeh Wkt 2 B AR SUSRM TE AR » BB R iR e
Bk B KESEER2B% » HHEI MR E
BERREHRRT » BEREZEENE

. HHERF®
FABRENE BB LR RB165R M R

FERRE RS 5 Wit o AMBAMLIAT » Bt
B RELBEALEEE B~ #% 5
ALIAR 5.1 A5885 100cc AEHR 22T ERR
TRZERLE  FLEHEAEE  IERTR
FIBEKS MiHE%E (soil moisture extrac-
tor) Ji%E 0.15 0.3 = (bar) A THERZ &
KEEHT o LMK S (Mechanical analysis)
Lk &EE#: (Hydrometer method ) #iE » +
BEMAMKREEAT ° g o LNBRE
EUENEER pH MERNE o LHEWS A
BHEEMER (Electrical conductivity bridge
) I BT IR » L 25°C Ky mlpr
E/B (mmhos/cm) R o

HIERS W ESR LBl 2k (Cylinder method
) B B REHBAENESE FEMLR
HERAERREE @ FRBEBEART40A
7 BEG0AS » MEIEERE o RBREHESE AR E
M2 B EEATANBER R L - T
RE  EBBHRBNER L RS RIR - &5
HRESHTT » EERHER L BERE AR
B#FHEEAL » STALRESI5AS » HFEHt
BIAFEAE 100 A% LR IEEE M o % AREANSE
» EE R RRE i Ak 160mm » RELIBEY
BAEE » KT ERR o ERRABEMIEIT R
B BEOAS RERAEEB2BAT)
BRE 100 27 » PIEH AT RIS S LBAKS o
Frir £ AL 2m/m 6575818 » S EYEE
ST~ SRR o ST ~ SRS TR REEE
EBRAT P HEME o LEBHEL (sodium
adsorption ratio) fRiR BEW)EHE 9 :

Na*
SAR:VW .................. (1)
2
+E M E S 2 (Exchangeable sodi-
um percentage ) FRIZBE A KRB E AT
FIRAR P FHE - BRARYARASEHEEL (sa-
Ited Sandstone-mudstone soils)

__100(0.0312-+0.01187SAR) _
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% 0 CIRGRERERT2 » RIE68Y » KBS

18597 » I INE65% » LB TEZ B+ 5
o WRIBEE  MEENYET » Freedkikik

TRZAKERD » LEPEPERRIUES o REE

BHRZEEME 7 (Capillary rise) @4 »
WULRT LRI R A pR T W R #2405
EE 0 DTN R AR 28 3L IR
ZH » {8 pH B/ 8.1 8.3 2/ o I
B L EsE R 2 AR MR B R E R ER

TRE L% pH £ 7.6 8.0 2/ WAREZ
HRIVKBRRE LR 9 ZoREE » &
BiEMeR 1 ( Saline sodic soils ) o ¥k
ZIGHET S MABRBLDMRERE » $#Rk2  ERA
NRZ o BT P D EHET RRR R 28R 0 R
SRR » BIRIR RIAFAE o 7 R BT S
HIEEE  DIRLAR X fishkz o BEE
FARERA » AR RKRMIER BREFHEARMR
PIRERTKAL 0 B5 LB B/ » TR EZ i
AR B o

F-RBRELBIEERLE®

®OE|BBRY K | BRE %@E] | BT (mel) B T (me/l)
B | -

= (A% &ﬁgzﬁ%ﬁg@% B {(g/cm®) (%ﬁﬁ@()}pﬁ ca*+ | Mg++Na*| K+ |Hcos™| cl~ |sos|cos
+ B 0—20({22 68|10 | »EEL ) 1.50 | 36.6 |7.6 35.90‘ 71.79] 3203.50| 2.40 446.85'23.0 0
20—40 | 18 | 72 | 10 | #yEmL | 1.63 | 27.9 | 7.8 30.77| 46.15 230:3.00 2.20 327.69!20.0 0
40—60 | 20 | 70 10 | ML | 1.59 | 44.5 | 7.7] 61.54 71.79) 380/4.50) 1.00 [536.2244.0| O

60—80 |22 |72 | 6| ®EML | 1.52 | 42.0 |7.9] 46.15 71.79) 360/4.50! 0.80 |496.50134.0| O

80-100] 6 {68 |26 | Bt | 1.48 | 39.6 | 8.0 39.90, 41.02] 2553.50| 0.80 |337.6226.0 0

% gk| 0—25[28/65] 7)mEmE | 1.58 | 40.5 | 8.1] 45.52| 60.70, 365(3.50 1.50 1426.99/41.0, 0
2550 |26 | 65| 9 |#Emt | 1.63 | 29.5 | 8.3 35.41] 65.75| 2652.50 1.80 357.4821.0 0
1507534 |59 7|#Em+t | 1.50 | 31.0 |8.2]35.41] 75.87 250/2.50| 1.30 [332.6622.0] 0
75—100{ 32 | 61 | 7 | 3t | 1.49 | 28.0 | 8.2 és.4i 65.75] 2352.50) 1.30 [327.69] 20[ ©

— -~ g8 (Desalinization)
bt -3 » HRTIAZHESRERK 2T
B o EPRIGEMEE R R o R LEERET
BZREER o ARBIGRL LRI AR _

DW sungms % EC-ECeq/ECo-ECeq 2

BUCRIREE— o B—RR * B LT Pk
SIS EN A I BRI SO - IRBEET AR
HBRERBL r=-0.9169 3% 1 %RIEKEE » LI

BEHERWT ¢
EC-ECeq/ECo-ECeq=

0.47 42é—1.5258(%) ........................... 3
R
DS =iREZEE (A9)
DW =@z kR (A7)
ECo =i tMmmmmmms (En
B |

EC =WERLEQATHMHREEE (ER
59
ECeq =HZ 14 » K+ 5 AF AIMEKR
ZEEE (BN
B B AREER 0 LB 2R R ERBE K
B2 » BB LB TR RES 1
B 0 AIOH90 B85 Bk » B) 100 A% L@ s
B ZHALBTEIEREM o L LERETR » DR
WP R B A S MR EZRE )
EW# o Khosla ® £ ARBIERIEH » B+
E?%ﬁ%%@ﬁﬁﬁ%gﬁﬁﬁﬁﬁﬁﬁﬁﬁ » AR
BEERKBHEZ & o Nielsen 9 SRBHREIRH
MR 2R ERZ L EEEREE » KA
KIZEERRE D BN R ZIR o Khosla
® FRZHFRNFEE » KRG LR ZH TR
80% » H/E 0. 4852 KBBHADZ LB - Die-
leman © ¥ AEFRNIEZABREER Dujailah

— 43 —



WEELOATZEL BT S RNEZHINTE
10% ¢+ RESSAZWTEZK » {84 Annanah #15
190 /42K » FEEREREBREMRRER o
Van der Molen @ 44 H—EFLEE ( Pore
Volume) ErI##:50% 2% o Gardner F1 Br-
ooks’ " FERSHIAREH 1.5 FLIRERS » (#9580
%85 B kR - Khosla ® &R » LIOZE 90
DT HEEEKE 0.35cm?/cm® HE—EILE
B+ BISZE5 B e - FRBRE L 0-100 25T
BEESKE 0.40cm?/cm?® HE—EILBRNE
75.5% 85 Bk Ut o — R 7E RS ok Bk 5 BRI 4
BHEERBK (Continuous Ponding) Bk
(Intermittent ponding) 5= » # Niel-
sen % s Miller 42 » Talsma " % Dahiya %
FARMERNY  HBHGEZBBERNERBRK » 7R
BB K SRRENERESREAKES 2R
Ko SE-REAERGHE  KERAZHERR
HEo
10k

04f
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¥=0.4742¢°15268%
Rk
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Fig. /. Desalinization leaching curve
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=- ﬂﬁﬁ‘ (Desodification)
Bt EBE RSB THRIEN  ETH
B THMNE S ARG LA ATELERR
EERER I RYEEERS » HRZRIERIE
o FaBA I ShRIRER KA M IR R RE T BTG EY

B - AR HRTRRTRENE 5 FELS
PlEERRRL » BERR IR L 2 R R
o ERBMEAR B BEBRATWHRR
R RS RELARE » EEHREHFITE
R AR RERHERK o

A ERBRER A &R R R » M
% ISEA T BAGHIEKE DW/DS REHZE
#i48hE 3 ESP-ESPeq/ESPo-ESPeq 2%
ko EAEBR S HTRS RAnIE — o B RRRR v Ut i 4R 1B
BRI o B R M SR TR SRR A B o
B AR ER AER » BRI SERAL » BHE
AV RLERER RN T ¢

ESP-ESPeq/ESPo-ESPeq=

Dw
0.898¢ S €0 E RN 4)

FIBRGRBL r=0.8899 MEEEAME o HEFHR
FREMT :

ESPo =¥kl LMACHMAE 2 o

ESP =W HBic e 52 o

ESPeq =HI5 854 » %4 5 AHHMN

EAE o

LB RESRREEMHTE » SRR
BN 4 N RREER 8.5 TR
WSV E S ARG » B4 » LA
HMERNERE 4 ENEUT » RBREHENE L
Friss o BELE 85 LT » RRMMEHEREE
15YLT » BEEE TR E TR Z R TR
REREEEFRET  HESRRTRS @
BT ~ BABOREER @ SRFRSEH
A o EHE O SE0ERRERY » XN
5+ A RSN E S A R R R R 2 R 0
WL o RIS » LA R RIS
SR R ENE » BREEERR 2% £
i S R RN R L S L B R
ARBT o BHRAIL © §4% » AEWSHLBEST
SRR AR E » EOEER 2 LR AR
By SRS » TR L » KA HERE -
EEEAR B MBS ERSERYE » FRE
i REREEEE T RES » IR RIEAE
SHEYFEZ L o Leffelaar 1 Sharma o 3
SRR R AT B R sk s Hansi B2
BRI A LB RMMER - Dahiya
® @A RETHSRERAR » RLHENEE
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BB MEN T AT M RR R o RARBBAER » "R
EAEPEBEEN L HR  BARNER » &)
TSGR » -7 i S A B S 12 W]
o
M~ S R RERRZ 8

N LS P RGBS L 2 RORR » 7E3R
EPHERBNAHSE LR ERRRAWEAE
eEAH DA ERSRTRRESRB I B
FBE L EETERARTABEHZER - AR
BRI T B2 ER Rk AA Van der
Molen » Terkeltoub #1 Babcock » Dieleman
% Reeve %pufEiE= » s EM%AE (Leaching
fraction) B2 RDR RIMDEZSHELLED » HIRREERE
SAG PR LRI ZRR ) RS RET
W RESIEE ~ BAZ3% o LIFAEAMERM
T

y=0g98e"09847TX

r=0.8899™"%

o2}
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Depth of leaching water per unit depth of soil
B ~ BRI 1 AR B

Fig. 2. Desodification leachingcurve

(1)Van der Molen's ¢4 ® ab jg-k -

Van der Molen #XFER#B Glueckauf
FE o BRBERS IR GRTSR0E) o
BEBAT » X EE L BEMEKZRT (ser-
ies of reservoir) - EREEZKELAEES—
B RREAZE_R  FEE_BBAS=R &
HEF=BBALNE - R LHKFREHZE
- BEBSEEMAKE ( Field capacity) WY

A BERIEASTLEMER  (constant)
o H—BIEE S TR STATARS HRAER
7L
Vdcie=(Ci—Cr)Qdtreesesesesenseasee )
 V={gKkE (&7)
de,, =7EHBEAKER » THZEHSB
B GERED
Ci =HEKkZH@BRE (ZHRE
Cr =ghkZzEFRE (ZEEEO
Q =iE (&ZFA/®)
dt =3 (&)
T=V/Q={g1wHE (Time of residence
) (B
s B LIAEBKZRER

A

Cr=1Ceet (L1 —f)Cirrerrecssorronarcrracss (6)
1 6)5R(E)ARZ HBRALMRRQ)
C_f‘}%&f= - f_%_ dbeeeserrosssencrses (7)

f B wheisZs (Leaching efficiency) #F
&R (Boundary condition) ##T :
t=0 12C=C;
t=t 2 Ce(e=C;
BArMARERE)
Ci=Ci+(C,—Ci)e-tHT wevserrrarensiannnes (8)
A C=RE—BIHEBAL _B LR @S
REE -
HRBEETESE — s S=RFNUBZHTR
B o RIRTRR 5 ER) '
=N-1

Cn=Ci+ (Co—Ci)e -#/7 "+

( 1 +_nf_;%-_) .............................. (9)

R s
Co=1EMBkaizHTRE (ZRE)
Cn=% n BIEREERZHETRE (X
Wk
— g 52 B4k » 7] AWk EEZS (Leaching fr-
action ; LF) #R o Pl il &
BREEEE2E4E (The actual fraction
of applied water that passes through the
plant root zone) o ARERHMERAZHI;EZ (
observed LF) 8¥if Van der Molen #5%5}
H2RmEHoEE (predicted) ZRBHERE= -
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E=FT » FERERZ A » B o
| BAMRE r =0.8024 EEFEEK¥E o Van der Mo-
len @V HERK » BRMIEZ KR BREH—TF
#5 (equilibrium) R8> B 2 BB R bR
F (lonic) BH4F (Molecular) HEHZEEE -
Gardner F1Brook ¢ BfesE&igiEFRao T
WHCKS - TEES BB I ERTFREEKTE
HHEABRDZEE o ARBMGEZ RET &
0.2 &% /> W\ RE 52 %8 » 5#k (Disper-
sion) REEHEZRTF o Khosla ® &R R
DEHES2BE  SBEDHEEACREIABRER
BERIEEF o
@Terkeltoub F1 Babcock 98 jsf; :

Terkeltoub F1 Babcock #isX/RE3E ks
Kk (Numerical model) o RERHREBERE
3 (piston displacement model) FRE;R I
B4 o HEEME RSB RE S T4 (salt bala-
nce) MFEE - BRHE—BLEESBERS CS,»
EEAZHSBES Cir BEETE LR EY
B CX, o RITTEROOR

10
i 5 Van der Molen’s equation
% os} ¥=-0.020+0806X
# bk r=08024"
% osh
= R
¥ oaf ¢
E.' [ J
a o Ao Ku
. g‘ ‘v
- 02 = ChiKu
E .
o I N N —te L
02 04 06 08 10
BB BEER
Observed LF

=~ TG RE RS
Fig. 3. Comparison of observed and
predicted leaching fractions

amm #EFK XCi+bmm 1Ay XCS,
= (@FD)CXjrrrrrrrernnesessarssssesnnnsensunsascuaonnas )
BRE—E-EEY cmm Z2KEAlE(a—c)
mm ZKEBAHR_ELIE  HRES CX, &

“ELEIESRERE—ERAHSREAR

ARG AR TA ¢

(a—c)CX;+dece=(a—c 4 d)CX; - Q)
FRBEBYEERE ARG S LEESZ
Tk ZE S B P RS T 2 A PR A R B o RARET AT
» HARBRERE r =0.8934 B ET ¥ o Van Al-
phen 9 ZEFAES B » BRERR

Bk TERESELER  FIHRERER R

SHESRAAIR Z kg » TR PR INR
B 2 WA o (AR R IR SRR -
MR LR TERAEAKBEARR » WA » BB RIKE

- BFiapE T4 LB 28584 - Khosla ©® &

WERUR » BUER AL TR M SE AR SR I AR

 BREREARE 0.920

(3Reeve’s K a0 :

I o Y 0 Hhk o B 0 B TK
HRATRESHLYEHES AR EERE - 8
Reeve's S2H5E » SKTEEA BRIEES 2 Ll
s EZ IR © HH KBRS E0AS LIBER
300 AEZ WA » ERAWBEHRT » Mok
ARATRER o

EC—ECeq/ECo—ECeq=0.062 (-]])l%)

ASNERIG MR BN » BB RARI2
BT SR 15 & - JB TRAG #h 2h 25 5 FE B I SR AR L
7 » F B HERRE r =0.8808 BERET A o

(4)Dieleman’s #5 © @

Dieleman’s % FGHMFHRL O 5 s Bh el

s #4535 Dujailah B S L A EE L MIER
AEBA » T Annanah HEDERLHETEK
E#4% o Dujailah hE +BRERBO0A S 13
BRI EMRERT210% » ERIBAGZKE 2
Annanah i +# I 190 A5 2 BEK » HE
ERATEERE LRSS  EENL
HEEE » KERATRBZKEHABBA » #Ek
BAREFHK o RBBOHE 2R > Dieleman’s
BERHERMAL3

EC—ECeq/ ECo—ECeq:expl:

_({{DW) ]
(6DS)
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- ‘_ : PSR R 5855 o Khosla ® %2 #i4:

Numerlcal model BT » TS T L BT B T S AERN5R0.92 »
10} Y=0005+0928X ‘ TR » Ll Dieleman’s BRBBERR
i ' rmogoss™* ‘ ¥ i FE B B > BRA R RIS 5 0

R4 5B 7e A% g - M ER 5 > Whik » SRTAMGER
Sz MRS EARE ¢ HFTHA Dielem-
an’s HABEE -

o
@

JdTpejrwpard B ¥ F oor W
&

10} Dieleman’s equation
o4 —_— =-0006+1201X
t o8 r=09814¥*
2
© e
% os
0 : &
H Rk BEE o)
Odserved LF F‘& 04 ® Ao ku
e ' = Chi ku
B ~ TAMMERE RIS Z B a
Fig. 4. Comparison of observed and o 02
predicted leaching fractions =
, \o 02 04 05 08 —ib
10k 2 Reeve's equation .
- , E Rk EE
m F Y=0030 +0691X . Observed LF
) _ Kk
s osf- r=08808 M~ RSB e
W 2 - Fig. 6. Comparison of observed
and predicted leaching fractions
% oe
b i aa
o]
g or KPP BB R RSB R R
S T B EEK B TEMBE  EREERARREE
3 o2} % ' ERRER * BEFERLC o ZFT LB LBE:
L]

Y MIERE > ARBmHR 2B ES » RS
il , to
0 02 04 06 08 el '
A 2 ¥ X K
Observed LF
LEfErh - BRIT » 1958 » KR F{LHEEBEE
BlE ~ TS R R s e BEBERBR B EH R FTH R R H1517-47
Fig. 5. Comparison of observed 2.EE® B~ BEE - 1980 » BEEBERMZHE
and predicted leaching fractions KEZEHE » RS T 884126:2:66-80 o

) i 3. BEETT » 1961 EEEE AR LR R 2R  EERE
» KRR ST S AERRNAR B r =0. 9512 mRHE K % ERRFTHC RS 24:73-117

o Leffelaar 1 sharma ® g7 Hissar {EE§id: B 5 1977 ERES T ARG (1) =2
SAEMBEABRB IR Dieleman’s 57 R Bk Tk » BT T R MT7:13-25
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