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ABSTRACT

A laboratory experiment was carried out at the Department of Soil Sciences and Water Resources, College of
Agriculture, University of Baghdad. Silty clay soil was treated with three salt solutions (NaCl, CaCl, and mixed
NaCl-CaCl,). Homogeneously packed soil columns (10 cm, 40 cm) were leached six times using tap water.
Effluent samples were collected to determine ion concentration CI, Ca™, Na’, K" and Mg*". Breakthrough
curves were used to estimate solute transport parameters (retardation factor, peclet number) using an analytical
solution of convection-dispersion equation (CDE) by CXTFIT program. The results showed that relative
concentration of chloride was increased rapidly with calcium chloride, which increased sodium leaching rate at
starting of breakthrough curve. Sodium chloride increased water requirements for calcium displacement.
Results indicated a good fitting of convection-dispersion equation with breakthrough curves data. The best-fit
were used to calculate peclet number, retardation factor and dispersion coefficient. When soil was treated with
calcium chloride, Peclet number of chloride was increased from 3.13 to 6.48, while it has been decreased for
calcium, sodium and potassium. Sodium chloride decreased peclet numbers of chloride, calcium and sodium.
Also mixed salts increased sodium peclet number from 1.01 to 9.02. Results showed, calcium chloride decreased
retardation factor of chloride from 1.59 to 0.50, while it has been increased from 1.39, 1.58 to 175.00, 493.36 for
each of sodium and potassium, respectively. Retardation factor of calcium was decreased when soil was treated
with sodium chloride or mixed salts. Dispersion coefficient was decreased for chloride, and increased for calcium
and magnesium. When soil was treated with calcium chloride, dispersion coefficients have been increased from
24.29, 25.56 to 40.51, 40.89 cm?hr™* for sodium and potassium, respectively.

Key words: Breakthrough curve, Convection-dispersion equation, Analytical solution.
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pomalislly agsall (oY AleV) dlee 3aL) Lagl LS
Ge B! dile 33l asadlSl 35K wle Al de
pmgall o IO 49336 <175.00 A 1.58 ¢1.39
ol i 85 L il e asanbisll
G Il Jolae (8 anulislly amagall dpals
Bl () (18) Joshi  u -4st assllKll dlad ¢ a3
Ll b Jalal e e sjied) cligh1 AY dapd)
ORI (e (€ad Jlagindl 5al) A8l Cajas Al
(pspatiaal) a5l 5 V) G Sbasl 2l
3al) A8l ad & bl o) (5) Al-Samarai i
Adled G dall il pdle JS5 Gl Jlagudl
it Al o gninally asaudlSll (e S Allady sl
Al cliall el e Al Jlae Ol gk sty
Al Goall Jelae a8 D) 3 Jsaa e LD
Gl idee Jalaall 138 (ay cCiliaall lally o5
Al 3ol Jido oda e & i)l 4l & 00 iyl
daudaly Gl Jsaall ey 3 QL) &) e Gyl
Galiai) Laadl LS g ynall ciligdU il Jalas 8
psallSll e JS (8 aclii)ly B)IST Gdll Jalea a8
A 3 Gl A paliad) e Js 13y o sl
s Gl Jalae g i) Jaadly 4l Jeall 440 52l
3 psaallSll 3)dlS mle ALl e agalinlly a5 seall
4051 ) 2556 24.29 e Goill Jalaa 2l
asaslisally agmseall ilig) (e JS Tdele 2o 40.89
2 adal) ol (29)Garder sYule Sy 3 ccdlaally
JEY) ules (o Jiast L alusall Gaal) dvia dla sy
O s WS gl 8 i) AS)a b Cadlial clilia )
b ol e ASal o2 8 il Giliadl 2l gl
gl Al Gailadlly 4pt) Al
REFERENCES
1. Al-Azawi, K.M.N. 2010. Effect of Organic
Matter and the lonic Strength of Equilibrium
Solution on Phosphorus Behaviour and Its
Mobility in Soil. Ph.D. Dissertation, Dept. of
Soil Sci. and Water Resour. , Coll. of Agric.,
Univ. of Baghdad.(in Arabic) pp:167.

2. Al-Azawi, K.M.N. 2013. Effect of different
water qualities of leaching efficiency of saline

Gkl Gy DAl Ajed R AdleY) dale auny
eyl dale af DAl 3 Jsia e b (gl
dale o (alidsl jelay ) cAalidal) Dlalaally culisdl]
Osdd Adlall Al e Qs g alyglKN Y ddle)
Ay @lldy yhslsll gl abedind ddee Jpan s
Wierenga s VanGenuchten gl ALl dasil)
Ol aaly e Ji AleY) Jale dad ()5S Laxie 43l (25)
Alagal) ) aamds Akl sald) (€ e Jia el
P )[R R PO | R PRt g PR PO
Agpannl lsSally cpdally 43580 Aiaidll ALl &gl
il dndll Gl hISY sl o) 3 L(17) ke
((1dsaa) Cplal) At 5ol Ayl 8 Abal) ~slaud) ae
Al (8 ALl slisl) sae 33y (A ga g YY)
oYl Ll #OLY) ddlialy s dlein) dglee a3
G159 e BleY) dile (minil 3 g€l o)<
Ales 3gae Copal 38 ()Y GO Al ) .0.50
@ A Al e G sAls s O laylate alia) d3le)
sl A3y dale (it ) agigeall 25K 2l
Olre Olisd Baly B oLl laa Laly ellyg Ay
psagall gl o) (1) Al_Azawi S5 3 «clig)\ll
6 Al Y asdH liplS cpalee i3 e Jess
GlaS (@Uhaly Al Jolan (& asaadlSl ) a0 30k
& s Al Jolae (4 sl Gligl (e S
s dee Jadly mdbll U Yseas dalY) Jslas
dle) lae aid o sl 20085 apagall 318
GV s a5 31,63 1 232,69 (e asasdlSU
Lalall 138 0S5 b bae €l agaseall ol sag
S3 A gl & Ll 8 ol O Dleny o)
@sbiia JS8 agllll 35as ob (23) 0als Singh
lad) 8 asosall bl V) Jli asoseall s
SV asmsall g ale dila) dle ¢l WS LA
s rassall AleY) dale 8 Aoy 3045 I 45
Clisyl€ Golea ) 3 agageall @l 86 ) el
Allawi e JS oS0 Lo ae 13 Gy asaullS
¢ (3) Cookson s Al-Busaid 5 (4) Hammadi s
sl ligd Jaw Jad asmgall lsl ol ey

212



raliy dag

2017/ 214 -202 :(1) 48 — &) al) &) ;31 2 glal) Alaa

soil and some of its chemical properties.J.
Iraqgi. Soci. Soil Sci. 1(13):110-121.

3. Al-Busaidi, A.S. and P. Cookson. 2003.
Salinity-pH relationships in calcareous soils.
Agric. Marine Sci. 8(1): 41-46.

4. Allawi, B.J. and K.B. Hammadi. 1981. Soil
Reclemination. Univ. of Mosul.pp:294.

5. Al-Samarrai, U.A. 2005. The Status and
Behaviour of Potassium in Soils of Protected
Agriculture. Ph.D. Dissertation, Dept. of Soil
Sci. and Water Resour. , Coll. of Agric., Univ.
of Baghdad. (in Arabic).pp:174

6. Al-Zubaidi, A.H., and N. El-Bassam. 1992.
Rapid measurement of potassium activity and
energy in soil. Iragi J. Agric. Sci. 232: 98 —
108.

7. Al-Zubaidi, A.H. 2003. Potassium status in
Irag. Potassium and water management in
West Asia and North Africa (WANA), The
National Center for Agric. Res. and
Technology Transfer, Amman, Jordon. 129-
142.

8. Aydin, M., T. Yano, and S. Kilic. 2004.
Dependence of zeta potential and soil
hydraulic conductivity on adsorbed cation and
aqueous phase properties. Soil Sci. Soc. Am. J.
68: 450-459.

9. Bahia, M.H.S. 2014. Modelling of Nitrate
Movement in Soil and Its Contamination of
Ground Water. Ph.D. Dissertation, Dept. of
Soil Sci. and Water Resour. , Coll. of Agric.,
Univ. of Baghdad. (in Arabic).pp:132.

10. Barbosh, M.S. and S.Y. Hassan. 2008.
Using of rain water into leaching of saline soil
and description that by first order equation. J.
Kerbala Univ.6 (1) (in Arabic):33-37.

11. Black , C.A. 1965. Methods of Soil
Analysis. Physical and Menerological. Part 1.
Am. Soc. of Agron. Madison , Wisconsin.

12. Bourrie, G. 2014. Swelling clays and salt-
affected soils: demixing of Na / Ca clays as the
rationale for discouraging the use of sodium
adsorption ratio (SAR). Eurasian. Soil Sci. 3:
245 — 253.

13. DeSmedt, F., and P.J. Wierenga. 1979.
Mass transfer in porous media with immobile
water. Water Resour. Res. 20:225-232.

14. Dikinya, O., C. Hinz, and G. Aylmore.
2006. Dispersion and re-deposition of fine
particles and their effects on hydraulic
conductivity. Aust. J. Soil Res. 44 (1) 47-56.

15. Ghadiri, H., and C.W. Rose. 1992.
Modeling Chemical Transport In Soils,
Natural And Applied Contaminants. Lewis
Publishers. Boca Raton, Florida, the United
States of America.pp:217.

16. James, D.W., R.J. Hank, and J.J. Jurinak.
1982. Modern Irrigated Soil, Department of
Soil Sci. and Biometeorology. Utah State
University. New York. pp:248.

17. James, R.V and J. Rubin. 1986. Transport
of chloride ion in a water-unsaturated soil
exhibiting anion exclusion. Soil Sci. Soc. Am.
J. 50:1142-1149.

18. Joshi, D.C. 1992. Relationship between the
quantity and intensity parameters of labile
potassium in Aridisols of Indian Desert. J.
Indian Soc. Soil Sci.40:431-438

19. Schneider, A.1997.Influence of soil
solution Ca concentration on short-term K
release and fixation of a loamy soil. Eur. J.
Soil Sci.48:.513.

20. Seyfried, M.S., and P.S.C. Rao. 1987.
Solute transport in undisturbed columns of an
aggregated tropical soil: Preferential flow
effects. Soil Sci. Soc. Am. J. 51:1434-1444,
21. Shainberg, 1., and G.J. Levy. 1992.
Physico-chemical effects of salts upon
infiltration and water movement in soils. In
Wagenet, R.J., P. Baveye and B.A. Stewart
(ed.).Interacting processes in soil  Sci.
Advances in Soil Sci.pp:37-94.

22. Silva, L.P., J.H. Miranda, L.A. Oliveira,
and J.V. Jose. 2015. Effect of companion ion
on nitrate displacement through transport
parameters analysis. J. Brazilian Assoc. Agric.
Eng. ISSN: 1809-4430 (on-line).

23. Singh, A.P., A.Singh, H.L. Tiwari and P.K.
Dwivedi. 2011. The effect of salts of the
hydraulic conductivity of the saline alkali soil.
Indian J. Sci. Res. 2(4):117-1109.

24. Souza, A.L., E.E. Matsura, J.H. Miranda,
and A. Colombo. 2011. Adjustment of soil
solute transport parameters with Matlab 6.5.
Eng. Agric., Jaboticabal, 31(6):1064-1074.

25. VanGenuchten, M.Th. and P.J. Wierenga.
1986. Solute dispersion coefficient and
retardation factors. In: Methods of Soil
Analysis. Part 1.physical and mineralogical
methods- Agronomy No. 9 (2nd edition):1025
—1054.

26. Walker, P.J.C., and S.T. Trudgill. 1983.
Quantimet image analysis of soil pore

213



raliy dag

2017/ 214 -202 :(1) 48 — &) al) &) ;31 2 glal) Alaa

geometry: Comparison with tracer
breakthrough curves. Earth Surf. Processes
Landforms 8:465-472.

27. Wild, A, D.L. Rowell, and M.A.
Ogunfowora. 1969. The activity ratio as a
measure of the intensity factor in potassium
supply to plants. Soil Sci. 108(6):432-439.

28. Yonan, T.F. 2008. Effect of Salinity and
Sodicity of Irrigation Water and Their

Interactions with The Soil on Some Water
Characteristics of Different Textured Soils.
Ph.D. Dissertation, Dept. of Soil Sci. and
Water Resour., Coll. of Agric., Univ. of
Baghdad. (in Arabic).pp:224.

29. Yule, D.F., and W.R. Gardner. 1978.
Longitudinal and transverse  dispersion
coefficients in unsaturated Plainfield sand,
Water Resour. Res.14 (4):582— 588.

214



