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HYDRAULIC CONDUCTIVITY OF 30IL AS AFFECTED BY
COMPOSITION OF LEACHING WATER

8. Iqrat Hussain®, Shah Muhammed and M. Tqbal Makhdum*
Department of Soil Scince, University of Agriculture, Faisalabad, Pakistan,

The changesin hydsaulic coaductivity of a normal soil as a
function of salt concentration (EC£35d8/m) and sodium adsor-
ption ratio { < 4g) of Percolating solutions were measured. Bach sol-
tion was applied continuously and the volume of percolate measured
at constant till & constant rete of flow was ohserved.

Significant increage pccurred io the hydraulic conductivily
with increasing electrolyte concentration at a given SAR while it
decreasad significantly with increasing SAR of leaching water at
counstant slectrolyte concentration. At all the 3AR levels, good
potitive correlations were observed belween the eleciralyte concent-
ration levels and the hydraulic cenductivily of soil,

INTRODUCTION

Surface water is (the mainsourceofirrigation in Pakistan andin areaswhers
this gource is scarce or undvailable, pronndwater is used to icrigate crops. The
graundwater is generslly marginal to unsuitable for irrigation (high in scluble
salts and sodium adsorption ratio), ‘The wse of such waters causes deterioration
of soil structure mnd decreass in hydraulic conduetivity (HC). According to
U S. Salinity Laboratory Staff {1254) if HC of surface scils in an low 26 0.1 cm/
houf, lenching and irrigation may presect serious problems, McNeal and Cole-
men (1966) obssrved thart seils dominant in montmorillonite and montmorillonite
hydrobiatita showed decreass in HC at exchangeable sodium percentage (ESP) of
25.er over a conoentration range of 9-40 me/l, The swelling properties of these
solls were found to be correlated with their native HC, whersas kaclinitic soils
were indepeadent of ESF and ¢lectrolyte concentration, Rhoades and Ingvalsen
(196%) did not find decrease in HC at ESP values lower than 50 io the absencs
of mechapical and chemical disagpregation, After disaggregation, HC decreaged
in the ESP range of 10-40 at the clectrolyle concenirations of $-10 me/l.



Shainberg and Caiserman {(1971) found that HC was very sznsitive ta valency of the
ion edsarbed an tha montmorillonite elay. ‘The HT of Ca-mentmorillcnite was
9.30 x 107% cmfsec., whereas that of Na-membrance was only 0.65 x 107 cm/sec.
Felhendlar e? al, (1974) found that HC of silt loas and sandy loam-mantmorill-
onite sails droppedi o 42 sad 183/ of initial values of 10 acd 20 and respsctively.
Shainberg erqf. {1981) obaserved that when concentration of sail solution was 3
mefl, ths HC and dispersion decreassd only if E3P values exceeded 12; converse-
ly when the concentration of soil soletion was maintained at about 0.5 mey!, HC
decreased at ESP values as low &s 1-292,

MATERIALS AND METHOD3

Sail fiom 0-15 cm depth was collected from the experimental farm of the
University of Agrictlturs Faisalabad, The soil was gir dried, ground and passed
through a 2 mm sieve. A representative sample was taken to determine physical
and chemical charsctaristics of the soil {Tablg 1),

Hlite was ths dominant clay minsral in this soil followsd by vermigulies

and chlorite (Khan, 1979, For leaching purpose, 32 syathetic waters {four SALR

levels i. e, 10.20, 30 and 40 at each EC level 0f0.1,0.4, 0.8 1.5, 1.0, 6.0, 12.0 and

23.0 d3:071) were wsed. The waters were prepared by dissolving calculated

amounts of Na;50,, NaCl, CaCi; and MgS50, in tzp and distilled water get the
desired SAR and EC levels,

Soils weres packed in soil containers accarding 1o method 34 B for derermi-
ning the hydraulic conductivity of disturbed soil {U.S. Salinity Laboratary Staff,
1954). Bach water was applied to the soils packed in soil containers in duplicate,
The velumes of percolates were measured at constant intervals till a constant ratet
of flvw way ohserved. Tha hydeaolic conductivity wes measwred by constan
water head method using brass tubes (U5, $alinity Laboratory Siaff, 1954),

RESULTS AND DISCUSSION

Results achieved on the hydraulic conduztivity of eoil a3 affectad by total
clectrolyte concentration and SAR of leaching waters are presented in Table 2
and Fig. 1. Thete was a highly significant increae in HC with increasing salt
concentration at a given SAR while it decraased significantly with increasing
SAR of leaching water at constant EC, Since increase in ESP causes swelling
and dispersion of soil parlicles, therefore, increased SAR of leaching water regyl.
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ted in gecrsnsed HO. At all SAR levels good correlations were observed between
the electralyte coacentrations and HC values {Table 3), These results agree
with those of NcNeal and Coleman (1966), who obscrved appreciable reductian
in HC of soil dominant in 2 : 1 layer siticate clays, when salt concentration dec-
reased from 600 to 55 me;l ata SAR of 40. Tho results are similar in respect
of BSP to those of Rhoades and Ingvalsen (1969).

Tabla 1, Physical and chemical characteristics of the investigated sl

Daterminations aitn Values
pH, — 78
EC, at25°C (dSm-1} 1.1
SAR (mmoles1)? 2.2
CEC {me/100g) 33

Saturation extract
HCQ, me/1 1.8
Cl . 18
Dy e 54
Ca + M3 ” 6.1
Na i 3z
K " 0.9

Exchangeabls catione

Na {me/10Cg) 0.05

Cs + Mg i 4,97

EsP o 0.87
Ssturaticn percantage 843

Soil texture, lanm (18% clay)

Many workers have given critical values of electrolyts concentration and
sodicity levals of jpaching water, Donesn (1961) abserved 353 reduction in perm-
eability of montmoritionitio Yolo soils whea electrolyts concentretions were lesy
than 3.5, 8.5, apd 10.0 me/l st ESP values of 0.6, 34, and 2.0 respecitively.
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Shainharg ef al, (1981) sugpested that an ESP of § was determinantal to physical
properties of soit with poor quality water, However, whea wators of higher rali-
nity (mora than 3 me/1) are used, an ESP of 15 is required to damage the phynical
properties of sail,

Soil HC generally decreased with increasing SAR and dscreasing alectrolts
concentration (Fig.1). Dispersion and swelling of clays gra interrelated and either
of these can reduce the soil HC, Dispersion can occur at lower ESP (10 to 20
if olactrolyte level is less than 10 me/l (Felhendler #f af., 1974), But swalling is
nol generally appreciable unless the ESP exceeds about 25 or 30 (3hainberg and

Gaisermar, 1971,

Table 2. Hydraulic conducthvity (cm | hour) of soil as function of SAR and elect-
rolyte concentration of applied water.

SAR
EC Y,
dSm=1 10 20 30 40 Averag
S S T 0.7 0045 0.044 0.079
0.4 0,152 0.1913 0,050 0051 D112
0.8 1262 G200 0.050 0,051 0.141
1.5 0.191 0.211 0.055 0,058 0:154
3.0 0,353 0,242 0.085 0.074 0.I8E
8.0 0,406 0.266 0.131 0.0896 0125
12.0 0.470 0,270 4,167 0,121 0.255
£5.0 0.520 0.28% 0.172 0.141 0.380
Average 0.3zl 02323 0093 0.0Ea —
L.8 D, at 512 1%
S5AR 0,023 0.030
EC 0.033 0.044
SAR z BC 0.654 0 0R7?

Table 3. Correlations and regression equations between EC ond salinity fevely,

x = Salinity ¥ = RC
AtSAR10r = 0.824* and Y = 0236 + 0.014x
AtSAR 201 = 0.715% and Y = 0,195 + #H.0045 1
At SAR 30r = 0,892*% and Y — 0.0597 + 0.005 x
At BAR 40r = 0.939%* and Y = 0,055 -+ 0.0030 ¢
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