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Introduction

Salt-affected soils have gained a major global-regional-national-ecosystem-farm level concern
(Hossain, 2018). One of the important options in leaching is to precisely determine the volume of
water required due to the problem of water scarcity (Karandish, 2016; Babazadeh et al., 2017). The
aim of this study was to evaluate the amount of leaching water in two continuous and intermittent
methods to compare these two methods with each other and with pre-leaching soil characteristics
on three series of saline soils of Mighan plain in Markazi province with different texture. Leaching
operations were performed using the methods described in 50 ¢cm in 5 alterations. Electrical
conductivity and soil sodium absorption ratio after leaching were measured and compared with
these two parameters before leaching. Also, in order to determine the most appropriate leaching
method, Dunnett multiple comparison test was performed in three areas and five soil depths. The
results of this study showed that, on average to the desired depth, leaching improved soil salinity
and sodicity so that soil salinity was reduced from 20.12 ds/m to 7.80 ds/m in continuous leaching
method and to 5.63 ds/m in intermittent method and exchangeable sodium percentage was declined
from 40.35 to 37.11 in continuous leaching method and to 29.18 in intermittent method. The lack
of decrease in exchangeable sodium percentage due to the decline in soluble salts and relative
abundance of sodium ion in soil solution after leaching which confirms the study of soluble cations
in the soil. It is resulted that, intermitted leaching method has better leaching efficiency in all three
areas and can be recommended for leaching the soils of the study area.

Methodology

The study area was in Markazi Province, central part of Iran. Based on available geo-
pedological map and previous salinity reports, the most salt-affected site was selected for collecting
field data which were classified in the physiographic unit of Low Land. Soils were classified as
calcic Haplosalid and Aquic Natrargid in the American method and the groundwater level in this
area is relatively estimated under two meters.
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Soil Sampling and Laboratory Analysis

After exploring the most salt-affected series of soil in the study area, a vertical soil profile was
excavated and soil samples from 0 to 10, 10-20, 20-30, 30—40 and 40 to 50 centimeter depths were
collected. Collected soil samples from different layers were air dried and ordered in to designed
cylinders in the laboratory as same as soil profile in the field. Before and after leaching procedure,
important physicochemical soil attributes such as EC, SAR, ESP, and pH were measured. The
actual soil's specific gravity was measured by pycnhometer. Permanent flooding method was applied
on the cylinders for leaching salts from soil. In order to simulate reality, required leaching water
was provided from the nearest well in the area, which was routinely used for irrigation. Chemical
properties of water sample were analyzed.

Results and Discussion

Desalinization and desodification in the two methods of permanent and intermittent leaching in
comparison with before leaching are shown in Figure (1). In all areas, both leaching methods have
reduced soil salinity but this reduction is more frequent in intermittent leaching, therefore
intermittent leaching is more efficient than permanent leaching in this area which confirms the
results of Behbahanizadeh et al., (2016) stated that leaching efficiency is more higher in
intermittent leaching than permanent leaching method.

As shown in Fig. (2), both leaching methods reduced soil sodium content in all areas, but this
reduction was more frequent in intermittent leaching and therefore, it is more efficient for
desodification than permanent leaching method in this region which confirms the results of Cote
et al, (2000) stated that leaching efficiency in unsaturated methods was higher than permanent
waterlogging due to unsaturated conditions and water passes through fine pores.

Then, in order to compare the significant differences between the three zones, different depths,
and between the leaching methods and the pre-leaching methods, with respect to desalinization and
desodification, Dunnett's test was implemented. The results in table 1. show that desalinization and
desodification have significant difference in all areas, all soil depth. Also, there is a significant
difference between leaching methods and with before leaching method.
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Fig.1. Comparison of desalinization of soil samples by two permanent and intermittent
leaching methods in three areas of study
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Fig.2. Comparison of desodification of soil samples by two permanent and intermittent
leaching methods in three areas of study

Table 1. Results of Dunnett’s test between three zones with respect to desalinization and
desodification

Treatments Treatments
Soil Zones Leaching parameter Soil depth Zones Leaching parameter
depth method method
31.46" 30.09" 29.18" 10.27" 8.88" 5.60"
33.93" 3259"  37.10" 9 10.67" 10.75" 7.81" g
8 wn
35.54" 44.08"  40.49" s 11.26" '13.717 19.94" %‘J
* gl * g'_
38.44 - - = 11.52 - - S
S >
38.58" - - 11.86" - -

There is a significant difference between different soil depth and three zones with respect to
desalinization and desodification. Leaching in this area is a good way to improve soil salinity and
sodicity. Intermittent leaching has higher efficiency in all three zones and it is recommended for
leaching of soils in the study area. Although a decrease in salinity and sodicity is observed in the
continuous leaching method. The reduction is not as effective as intermittent method.
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Table 1-Some Physical Properties of Soil Before Leaching
q _I?ulk/ 3 Soil moisture
Zone Soil Soil To_tal ensity(g/cm) Permanent _ Saturated
depth(cm) texture porosity(%) wilting Field percent
P 0oint(PWP) capacity(FC)
0-10 Si-C-L 50.9 267 131 16 33 51
10-20 Si-C-L 51.7 265 128 19 36 52
One 20-30 Si-C 53.4 266  1.23 25 41 53
30-40 Si-C 53.4 266 124 25 41 53
40-50 Si-C 65.2 266  1.26 22 39 53
Average - 54.92 2.66 1.26 21.4 38 52.4
0-10 L 46.1 260 140 12 27 47
10-20 L 46.6 262 140 12 27 47
Two 20-30 C-L 49.0 265 135 16 29 49
30-40 L 48.7 269 138 14 27 48
40-50 L 48.7 269 138 14 28 48
Average - 47.8 265 138 13.2 27.6 47.8
0-10 Si-C 51.9 256 1.23 26 43 54
10-20 C-L 49.2 258 131 21 34 51
Three 20-30 C 50.7 258 127 23 38 52
30-40 C 50.5 255 1.26 24 39 52
40-50 C 50.0 270 1.26 24 39 52
Average - 50.4 259  1.26 23.6 38.6 52.2
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Table 2-Some chemical properties of soil before leaching (soil samples were without gypsum)

Exchangeable

Sodium

. . . Calcium Soil
Zone q Soil Sodium Absorptlon Carbonate pH salinity
epth(cm)  Percentage Ratio (mg/l) (dS/m)
(ESP) (SAR)
0-10 39.24 44.64 44.30 8.4 10.4
10-20 42.63 51.25 53.50 8.3 12.8
One 20-30 43.83 53.76 50.80 8.3 15.4
30-40 44.47 54.31 52.50 8.3 20.0
40-50 43.05 52.12 61.50 8.3 23.7
Average 42.59 51.21 52.5 8.3 16.4
0-10 33.49 35/0 21.25 7.7 25.3
10-20 30.02 29.94 19.50 7.4 26.2
Two 20-30 27.71 26.85 20.00 7.3 30.2
30-40 28.69 28.05 32.25 7.2 27.0
40-50 29.28 25.93 17.75 7.3 24.2
Average 29.23 29.15 22.15 7.4 26.5
0-10 50.88 71.10 38.75 8.1 23.0
10-20 50.72 70.65 38.25 8.1 21.0
Three 20-30 50.28 69.44 39.25 8.3 15.0
30-40 47.68 62.66 38.75 8.3 13.0
40-50 46.66 60.17 41.25 8.3 12.0
Average 49.24 66.80 39.25 8.2 16.8

Fig. 2-Physical Designed model for desalinization and desodification
(2213 9 (5255 29k 4 U i K13 Jke-Y

gl o S g g5 w0l 905 WLl o )3 o s
3 o] Jos cpn a5 ol JLE Slo Ml 4V aw
Sikew o 9,0 5l ondz, s Uloj o claids Ve b oo
SAR(Sodium 5 pH  EC pslie uw 9 &yolae>
Lepatwe py D)5 (6pSojluil bl > Absorption Ratio)
b (Bl w0 A8 (s Sojlul jegiSy (g, 4 i

b dlen S 0lash dlayl ) o3lizl

~100(0.01475 SAR—0.0126) 0)

ESP =
1+(0.01475SAR-0.0126)

A plonl glize By (byy 4 (29d] Slles g

dilizea Y 15 (1Ske @ 2095 b ogdol O (3es
MwwdmuTW&)f)b)agw)mdb
ol b gl iy > eadlaio o sl 3] O Bos g
J9r e g S (BL L dw 5 Sy bl o) 90 Sl
olesi 3 &dl3)S Jloel bawgte (3L L pg> adaie 4l
b aBS e gl CBE gy 4 wald algid S
gzl s Galojl 3,90 lsial ez 5l allate o sl culbe
o Gy hgy @ Wyl S oglie ol By
S s 055 5l 65 gl pslaions ad )3 435 gdec]



DOI:10.22055/JISE.2020.31775.1895

OA

"'6)."”'waéPJhéﬁJK:bb&*ﬁ}@ﬁijt“

2050 9 45 W dido s Joxo 4 oly 0 5005 3l (pdl
J9A> 0 L;a}mj LgLQwu] @LM.J uo|9> &S u&)f )l)B osléswl

Cawl 003 02l UL‘“’ (Y’)

o g b

a8 5 oyssl g9aome b pafituns sgboay (S Sl Colun
llid glp cwlie padls plyea lply cwl by
SB bl ojlas g l] Gl 3 290 (lackas JS olio
5 Sopd dmlie (F) 5 (V) b Ss 0 25 00 Coume
B L oglite g mals CBe 5b0] (B9 99 )3 (2l e
(¥) U5 oS jeblen ol oas ooy ol ogsol
Ol el gl gy 95 o blie plad )3 wunl Lasuie
ol sdl gy o il ol S Wlead SB (508
dilaie ol > b (2gdal gy 4 Comd calpli g 0392 Sk
Al el (bjis)sd sl

a x5,8 )5 (2016) Behbahanizadeh et al.
5 gy SBSE Ees | Jslore soSad gl pslaitess
B9y oliwjs Slhe (o)l (S (e 5 59 CBL (35U
OIS Oz Cunl 4Bl ogllas 15U oglite CBjE o580
Gl b S Fyes o slaaY 5 als ol el 00
SB Cugb lie oglite S8y Sl > 4 () (e
samgy b oS (2009) Rajabzadeh et al cul o395 350
2 et en ol

A dwlxe (Y) A]a;l) )I oalaiwl b @9’“’“"1 uLc.\Jb oo

r.ECw

= (v)

ECeq

0B Ges 4 posol Ol LAl ses cuns @ dlaly oyl 5
Oioman bl o yia Bl canss (s Slgly) pgaial
(ECeq g (2o p (uinrj d)sipdel o ()9 e ECW
T S K Y51 S5 R CH S A SYPR T I R JYe-
sl (20 51 o (o03) 5]
ol ) e 31 030zl b o5 o5 s o o

Na
adjRna = ——— (¥)
Cax+ Mg
2

Cax 5 Jsbxo pujpio MO Jsloxo puis NA cala)y ol 5
P eVly (ST e sy opelS (e 008 b <l
b e
aw S paw Gl Cans g (S5 colaa coleg
b opal 5 S8 el 90 cnl e by (opSoluil g
sokaieds pined 0,5 dwlie SPSS 20 li8le s I eslatul
oSle auslie ()bl (ygejl gtl Uhgy o mlie s
ot cpl 3 .c8)S pbul S Ges gy 5 ddlaio duw jd Sl

20T S alodT 53 B pan 350 ST (2lond 4 325 @ T Jyor
Table 3-Results of chemical analysis of water used in the leaching experiments

Water  “Water  adiRw 0% SO HCO; CF Ca Mg® Na* pH EC
sample  Classification (meg/lit)%® (meg/lit) (dS/m)
Stoatr:g“ C3-52 86 080 80 20 60 25 15 12 71 15
5?\23“ C4-S3 11.9 052 149 21 120 40 30 22 73 33
Sth]t:é’e“ C4-S4 112 003 227 03 270 80 40 38 75 59

#Classification for irrigation water was done using Wilcox
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Fig. 3- Comparison of desalinization of soil samples by two continuous and intermittent leaching
methods in three areas of study

e 9390 dilain dw 33 1 9 9lko (29T (95 90 4 T SAIgN (21535590 duylio-T CH

50 50 g Before
Area (2) leaching \ rea (1)
40 4 -je——mm— ntermittent
—_ g leaching
N .
§30 . _ < 30 - ontiny
= / === Before leaching ‘e
] <)
2 20 - _ A 20 -
[0] Intermittent -
o l leaching 'S
5 10 4 w— CONtinuous n 10 1
(2} leaching
0 T T Y 0 \
0 20 40 60 0 20 40 60
Exchangable Sodium Exchangable Sodium
Percentage (meg/lit)%-> Percentage (meq/lit)%>
50 1 g Before leachin
? a(3)
40 A
’E‘ el |ntermittent
o 30 leaching
L ]
g_ el CONtiNUOUS \
) 20 - leaching
= /
S 10 |
wn
0

20 40 60
Exchangable Sodium
Percentage (meg/lit)%5

Fig. 4- Comparison of desodification of soil samples by two continuous and intermittent leaching
methods in three areas of study

@)ﬁe,ym«)em!egggm@yzﬁjpgageﬂéshéw@|a56qmqlan-iJ:.S



DOI:10.22055/JISE.2020.31775.1895

[

"'6)."”'waéPJhéﬁJK:b‘JmﬁﬁﬁjJt“

@il Ll as LIl L gy98 oSy dibate S ol
8 @ g gl Aoy 93 )0 xsd il Ny, (al &
ke Spegile YooBe Bes )3 aS(5pbdr 3> 92
05 Gl b 4 dsgr bl ool 5l (gyed ials
Conl 01 plosl Lglis gy 50 (o gain] 4l > 4 48 5,8yt
BoS ) (S (e LiblS (Cawl 03,87 bl o 1y oYL
Jb ol odlidl Bl LY plo 4 Cous (g yio Sl O--F-
Ol d9800 pasude (gl Sl dn (6)98 ol o b
Goe Ol b adhate a3 (oadal (Do) 93 2 53 5yed
Gos 4 il lbSad (i dinds cle 4y oS conl Bl i)l
il e Sk

5l i3, (2006) Mohsenifar et al. jsagh zls
OrFube S e U 5 lejes gl 308 g (S
@ byyo oglite gy & gl 1 U3 (KUl clan ke
039 yo p guied) (owd YAIY - )Jl)J Sk d).mwalw Yo B
9 65 L ol b o Bl YO Gas b (gl | g &
3 )l & bugle jobody e Bae D yio p ulen) (o
Lol 03)8 oo ialS o uios )

2 @bl plod 3 wad o oL (F) JS3 3 & pobolon
ol 0sd 35 S 39 esdwr ialS el gl by, ¢
olnly 5 035 St wglite (sl (B9 3 Sl cal oS
bime sy ailie ol > @b gl gy 4 Cus
25,8 ks 45 (2000) Cote et al. guls b 48wl o 5l S
@l QB L anlie )3 il slagtg) o (gl Gloly
ol St g2y Blie Sl O g g gLl Lyl sl e
gy Sl it e gel o) Sl jlaiods 2l Slson
e ot Ipj 8l gldl cagby 5l jeS sy SB
3385 0 Doge il iz Sl Jslowe sloSas ]
Lideh 5 omixeb (Behbahanizadeh et al., 2016)
Coams lme LsalS (2008) MosatafazedehFard et al.
Glosl )2 2o YO 3905 U b5 modws dioyd g o ol
OIS Glie QB (gl B9y 2l B > SB Gl
b cislls pils imghy sbaaidl b aS” Cowl odds
VoA dl (ke b ST oland G Shy (wizen
25 S35 slize 5 mald g, 93y 50 gl e
Joax L (V) Jo> gls awlie b cawl oad 4l (8 5 ¥) Joli>
oasude &5 jgblen b e SB6)58 il (e (F)

o B £ 594 29T Dllos 3 e - ¢ o il (Y  Sboud ST 39 S 2 S

(b 0 5 dus (ySbo Jgerer (5o B)
Table 4- Some chemical properties of different layers of soil profile after intermittent leaching method

Exchangeable
Soil Sodium

CaCOs3

Zone depth(cm)  Percentage adjRya (mg/l) pH EC(dS/m)
(ESP)
0-10 17.21 13.86 41.8 8.3 25
10-20 20.30 16.99 51.1 8.4 3.1
One 20-30 24.47 21.61 49.3 8.4 3.8
30-40 33.35 33.37 54.0 8.4 4.9
40-50 33.18 33.11 60.9 8.4 5.9
Average 25.70 23.78 51.42 8.4 4.0
0-10 17.16 13.81 19.0 7.3 4.7
10-20 20.79 17.50 19.1 7.4 4.9
Two 20-30 24.29 21.40 14.6 7.1 5.7
30-40 26.91 24.55 16.6 7.1 5.8
40-50 28.36 26.39 16.5 7.3 5.8
Average 23.50 20.73 17.16 7.3 5.4
0-10 34.59 35.26 34.7 7.4 7.1
10-20 37.52 40.05 34.6 75 7.2
Three 20-30 38.13 41.10 34.8 7.8 7.5
30-40 40.20 44.82 38.7 7.6 7.6
40-50 41.37 47.05 41.6 8.0 7.7
Average 38.36 41.65 36.8 7.6 7.7
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Table 5-Some chemical properties of different layers of soil profile after permanent ponding method

Exchangeable

Zone Soil Sodium adjRna CaCos oH Ec
depth(cm)  Percentage (%) (dS/m)
(ESP)

0-10 19.45 16.10 422 83 38

10-20 23.65 20.65 511 86 47

One 20-30 29.93 28.48 492 87 59
30-40 38.42 41.59 545 87 7.5

40-50 35.98 37.47 60.7 87 89

Average 29.48 28.75 516 8.6 6.2
0-10 30.71 29.56 190 7.7 7.9

10-20 34.90 35.74 193 78 83

Two 20-30 37.82 40.56 153 7.7 98
30-40 40.61 45.59 163 7.7 99

40-50 41.97 48.22 164 74 101

Average 37.20 39.93 173 7.6 9.2
0-10 40.43 45.26 348 6.9 7.8

10-20 44.87 54.26 345 80 79

Three 20-30 43.71 51.77 350 75 80
30-40 45.89 56.56 386 76 81

40-50 48.36 62.44 420 7.7 85

Average 44.65 54.05 369 75 8.0

2103mo § (2193 (G953 dilaie du Cyu SIS dwglie Gg03T Il -1 Jgu
Table 6- Results of dunnett's test between three area
with respect to desalinization and desodification

Treatments Treatments
Soil Zones Leaching parameter Soil depth Zones Leaching parameter
depth method method
31.46" 30.09" 29.18" o 10.27" 8.88" 5.60" o
] 3
33.93" 3259"  37.10" ] 10.67" 10.75" 7.81" “5—’
35.54" 44.08"  40.49" 2 11.26" ‘13.717 19.94" 5
<t} -
38.44" - - 5 11.52° - - s
38.58" - - > 11.86" - -

*Significantin 5 percent
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Table 7- Estimation of leaching efficiency coefficient

Leaching method

Intermittent leaching

Permanent leaching

Zone  Parameter
Soil depth(cm)
40-50 30-40 20-30 10-20 0-10 40-50 30-40 20-30 10-20 0-10
Leaching
efficiency 0.76 0.63 0.48 0.61 0.31 0.57 0.55 0.43 0.31 0.23
coefficient
one  Average 0.55 0.42
Soil . Si-C- . . . Si-C-  Si-C- . . .
texture Si-C-L L Si-C Si-C Si-C L L Si-C Si-C Si-C
Leaching
efficiency 0.73 0.60 0.48 0.42 0.34 0.61 0.56 0.45 0.38 0.31
coefficient
WO Average 0.50 0.46
Soil L L c-L L L L L c-L L L
texture
Leaching
efficiency 0.91 0.54 0.45 0.45 0.50 0.69 0.62 0.45 0.42 0.38
coefficient
Three Average 0.56 0.51
Soil C-L Si-C C C C C-L Si-C C C C
texture
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