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INTRODUCTION

The cations associated with the exchange complex heve a marked effect
on the soil physical and chemical properties., BSoils which contain high
amcunts of exchangeable sodium are called alkali soils, Alkali soils have
special properties such as high pH and weak structure. The effect of ex=-
changeable sodium is pronounced on many irrigated alkali soils in dry re=-
gions having both chemical and physical effects.

The effect of exchangeable potassium is perhaps the least well under=
stood of any of the cations (3C). The effect of potassium is well defined
in saline soils which have certain properties such as high salt content,
and low pH,

The effect of exchangeable ammonium is different for different soils
and sources of ammonium (29), but the effects of ammonium on the properties
of soils hawve not been studied in detail,

The effects of sxchangeable calclum and magnesium and other cations
on scil are very ilmportant because calcium influences the behavior of other
cations in soils. Dispersion and flocculation of soils are affected direct=
1y by exchangeable cations,

This study was initiated to study the effect of sodium, potassium, and
ammonium on scil physical and chemical properties, Scil dispersion is very
important in Iraq soils, with many calcareous soils., The objective of this

study was to measure the dispersion of these soils,



REVIEW CF LITERATURE
Effect of Na® on Soil Dispersion

The sodium ion has great effects on physical condition of scils, Van
Der Merwe and Burger (56) found extremely poor physical conditions in soils
with high sodium contents as measured by permeability as an indicator for
water movement, They concluded that effeects of sodium may be related to
swelling in soils especially at low sodium concentraticns (50 me/1),

Ahmed, Swindale, and El=-Swaify (2) studied tropical red earths and trop-
ical black earths. They pointed out that the hydraulic conductivity was
highest at twenty-four hours for Na-dominated soils but after that, Ca- and
Mg=-dominated scils had much higher hydraulic conductivities than K« and Na=
dominated soils. Alsc aggregate stability was greater in Ca and Mg dominated
solls,

Reeve et al, (46) measured the effect of sodium on permeability of air
and water., They found that air permeability was different for different
soll types., They explained that the differences were dus fto fragmentation
and packing of the sample, but they found a decrease in water permeability
when the sodium ion increased. They found that permeability ratio {air to
water) increased with increasing exchangeable sodium but varied with soil
type.

Quirk and Schofield (43) used a range of NaCl concentration and they
noted a major decrease in soil permeability in sodium=saturated soilé. Per-
meability decreased slowly with time which could be dus to swelling and de-
flocculation.

Gardner et al. (24) used the weighted-mean diffusivity for the entry of
water into a soil at a certain water content and related this to exchange~

able=gsodium percentage. They found when the exchangeable~godium percentage
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was above 25, diffusivity was reduced and this reduction occurred mainly at
higher water content.

Reeve and Tamaddoni (47) studied the effect of high=-salt, high=-sodium
golutions on the permeability of a highly sodic soil in the field and lab-
oratory. They reported a permeability~concentration relationship which de=-
pended markedly upon the initial solution concentration, If the initial
solution concentration was low, the range of permeability values with vary-
ing solution concentration was lower than if the initial solution concentra=
tion was high., They obtained large differences for permeability between
field and laboratory studies.

Quirk (42) observed a decrease in permeability for soils containing
high amounts of sodium, He considered the concentration which causes a 10
to 15 percentage decrease in permeability as the threshold concentration.
Infiltration measurements showed that for soils having appreciable cracking
at the surface, the level of electrolyte does not cause differences in water
entry since the main water entry in these soils is through the cracks,

McNeal and Coleman'(ST) found that decreases in hydraulic conductivity
with decreasing electrolyte concentration and increasing sodium adsorption
ratio (SAR) of the percolating solutions were related to clay mineralogy of
soils, Decreases in hydraulic conductivities were noted for soils high in
2:1 layer clays while soils high in kaolinite and sesquioxodes were not
affected by variations in soluiion composition,

In Arizona, Nakayama (39) studied three pond soils using different
sources of sodium ions, He used NaCl, N32804, Nazcoﬁ, and (NaP03)6. He
noticed that the dispersion of varicus soils was in the order of (NaP03)6 >
NaCO, > Naeso

3 4
ags effective a dispersing agent as (EaP03)6.

= NaCl, %When the Ca content in a soil is high, NaCO3 may be



Aldrich and Martin (3) studied the effect of exchangeable cationz on
s0il aggregation from a chemical and biological standpoint., They found that
when Na content increased aggregation is reduced. The kinds and numbers of
microorganisms were not affected by cation composition but were influenced
by organic matfer content of socils. The only cations which affected the
numbers of organisms in the soils were exchangeable sodium and hydrogen
which increased the number of organisms. They reported addition of CaCO3
reduced the aggregation of soil,

Bakker et al, (3) found two types of flow rate~time curves, For the
first type, after a veriod of constant flow, the flow rate slowly decrsaged
with time, For the second type, again after a period of constant flow, the
uppermost layers of aggregates were observed to start dispersing severely
and the flow rate rapidly decreased to zero,

Bakker, merson, and Oades (7) pointed cut that the relation between
SAR and the ratio of amount of sodium to calcium or sodium to magnesium were
nearly linear. This relation is true 1if exchange follows the Gapen equationé/.

Rowell et al, (50) studied the effect of concentration and movement of

solution on dispersion and swelling in saline and alkali soil, They measured

porosity as an indicator for swelling and they used the following formula

to find porosity.

l/ Gapon equaticn

. -
Exch, Na% = 100 kg lio —
Total solubli cations - Na 3 B Na+

(44

where kg = 0,01 - 0,02



—_ V=5ba _ 1

H

= 100 T

where:

3}
]

porosity in cm’/g dry soil.

volume of the soil pad in cm5/100 g dry soil,

vV =

b = clay percentage in the soil.

p = density of the solid particles of seoil,
a = swelling value, g water per g clay.

They stated that three aspects of these resulis need to be considered,

(1) T™e application of mechanical stress to a clay has been shown to

effect the electrolyte concentration at which dispersion occurs.

(2) When the exchangeable sodium percentage is reduced in a soil, *hen

not only is the magnitude of the clay swelling reduced, but also
the amount of clay which disperses is also reduced.

(3) The amount of clay which dispersed varied with the mechanical stress

applied to the soil,

Rowell (49) zave three explanations for deflocculation when the amount
of HaCl decreased, The explanations are:

(1) The use of a < 2u fraction of clay may have given higher swelling

values than a fine fraction,

(2) Packing method.

(3) Solution may have remained on the surface of the aggregates.

Some studies show that the use of high-salt water for reclamation of
sodic soil is possible {Reeve and Bower (45)., They found a decreased
exchangeable sodium percentage after adding 2 high-salt water for all treat=-
ment dut differences were found for length of time and amount of water re=-
guired for reclamation by the various treatments,

Martin and Richards (54) pointed cut that increasing sodium reduced

aggregation and conductivity, but increasing hydrogen at a given sodium



level increased aggregation and conductivity.

In Pakistan, Hausenbuiller, Hague, and Abdul Wahhab (27) studied the
effect of irrigation water on the soil properties in the field and under
controlled irrigation. They reported highly significant correlation between
exchangeable scdium in the soil and residual Naaco3 content, scluble sodium
percentage, and sodium adsorption ratios in the water.

Eaton and Horton (19) pointed out that the moisture aquivalentsg/ of
soll partially saturated with sodium were higher than those of the same
solls treated with calcilum.

Kelley (30) studied the effect of exchangeable sodium on both physical
and chemical properties of scil. He found that a certain amount of exchange-
able sodium produced a dispersed system and low permeability in that system.

In Egypt, Fathi, Milad, and Shehata (21) stated that the dispersion
ratio and stable silt sized aggregates are positively and linearly related

%0 both soluble and exchangeable sodium.

Bffect of K™ on Scil Dispersion
Ahmed, Swindale, and El~Swaify (2) reported that the hydraulic conduc-
tivity on the tropical red earth soils were less with potassium treatments
than with calcium or magnesium treatments. They concluded that a heavy
addition of potash fertilizers without a certain amount of lime could lead

to a deterioration of scil structure.

2/ Moisture equivalent: Percentage of meisture remaining in 30 g sample of
soil that had been saturated for 24 hours drained for 30 min. and then
centrifuged for 30 min. in saturated cups in a standard moisture equiva=

lent centrifuge drum operated at a rotaticnal speed of 2440 rpm.



Reeve, Bower, Brooks, and Gschwend (46) studied the effect of exchange-
able potassium on air and water permeability, They pointed out that a soil
treated with potagsium has less air permeability than a soil treated with
sodium, but differed for soil type. They showed that potassium had little
gffect on soil stability,.

Quirk and Schofield (43) found that exchangeable potassium decreased
goil permeability when the solution of potassium is replaced by more dilute
solutions, They concluded that potassium has a low thresheold concentrationi/
for decreasing permeability.

Brooks, Bower, and Reeve (15) reported that increasing exchangeable
potassium decreased the permeability ratio of some soils but not all soils,
They concluded that addition of sodium and potasgium both cause organic
matter to be removed but the effect of sodium wag greater.

Aldrich and Martin (3) said that a high percentage of exchangeable po=-
tassium may or may not reduce aggregation depending on soil type.

Martin and Richards (34) mentioned that increasing exchangeable potas-
sium slightly reduced scil aggregation, but greatly reduced hydraulic con=-
ductivity.

Barshad (10) studied the fixation and replacement of potassium, He
gave many factors which affect replaceability of potaszium such as:

(1) Magnitude of interlayer charge of crystal lattice.

(2) The fixed potassium is replaced much more rapidly than the native

potassium,

{3) Replaceability of native potassium was affected by nature of

i/ Threshold concentration is the concentration of salt which causes 19 to

15 percentage decrease in soil permeability.



replacing cation,
(4) Replaceability of native potassium was affected by particle size,
Barshad (9) found that verious amounts of interlayer Mg ', ca’™, Ba',
or Na¥ in vermiculite were trapped in the interior of the particles and
rendered difficulty exchangeable upon replacement of the most accessible
portion of these cations by NH Y or K+. Variation in particle size of wver-

4
miculite strongly affected adsorption of NH * and k7,

4
Kelley (%0) said, the physical properties of montmorillonite are affect=
ed by exchangeable potassium in that ifs degree of dispersion is increased,
but not to as great an extent as is caused by exchangeable sodium,
Stanford and Pierre (53) pointed out that the calcareous soils have

more capacity to fix potassium than acid soils, but that acid soils can fix
N )

potassium,

Zffect of NH4+on Soil Dispexrsion

Fox, Olson, and Mazurak (23) studied the effect of ammonium on soil
properties. They reported that scil permeablility decreased as the amount of
ammonium applied increased. The degree of dispersion, soil structure break-
down, and visible crusting in the field was in proportion to the rate of
ammonium applied. Nitrification of ammoﬁium applied might promote a greater
stability or flocculation in disturbed samples which in Surn could increase
permeability, They noticed a hard surface crust in the field caused by the
ammonium,

Gifford and Strickling (25) studied the effect of anhydrous ammonia on
water stability of soil aggregates from 1954 to 1957 in the field and lab=-
oratory. They found an increase in soil aggregate stability after they
added ammonia in the field. The scil aggregate stability increased greatly

in the laboratory when they added ammonia, However, Martin and Richards (34)



found a slight reduction in soil aggregation and a great reduction in hy~
draulic conductivity after they increased exchangeable ammonium.

Jermy, Ayers, and Hosking (29) studied the influence of the ammonium
ion on water penetration is a laboratory study. They noted that no general-
ization was possible and the penetration varies with different soils, but
increasing ammonium ion gives more water penetration than distilled water,
and was different for different ammonium ion sources.

Barshad (10) pointed out that a decrease in particle size brings about
a large increase in total adsorption as well as in the total fixation of
ammonium ion. He explained that by increasing in the places for entry into
the interior of the particle and therefore to a greater completion of the
exchange reaction between the adscrbed cations in the intericr of the parti-
cle and the replacing cations of the sol;tion.

Fern and Kissel (22) studied the effect of c.-;v.ce3 in soils on the wvelatil-
ization of ammonium compounds, They found that ammonium nitrate reached a
meximm NH 4*'-}: loss at 1.3 CaCOs, but they found some loss at 6.1% CaCOs,
but resulis were different for different sources of ammonium. This was
emphasized by Steen and Stojanovic (54).

In Sweden, Hans Nommik (40) did a very good study on fixation and de-
fization of ammonium in scil., He listed many facters affecting the fixation
and release of ammonium'in s0il under moist conditions such ass

(1) Effect of the concentration of the added ammonium solution.

(2) &ffect of temperature,

(3) Effect of pH and different caticns.

He reported the following equilibrium:

NH4; ey BA ; e NH4; where

NH4; is fixed ammonium,
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¥MH, 1is exchangeable ammonium, and

&
de
HH4; is water soluble ammonium,

Caw and Knowles (18) said that 92.5% of added ammonium appeared in the
exchangeable fraction while Singh, Agzrwal, and Karchiro (52) point out
that the release of ammonium depends on concentration in goil and the length
of incubation. They found the crder for effect of cations on ammonium re-
lease was: Al > Fe > Ca > Mg > K > Na in order of decreasing ammonium ree
placing power.

Brown and Hitchcock (16) stated that nitrification in alkali scils is

increased by adding a small amount of CaCO,, while CaSO, has no effect.
rd

4

They stated that CaClO, becomes toxic in alkali soil at 6,0 percent. The

3
addition of CaSD4 with N&gCO5 and NaHCO3 prevents any toxic effect from the
largest amount used, Agarwal, Singh, and Kanchira (1) pointed out that the
addition of Ca812 * 2 HZO results in the greatest NHE-% releage, followed

by XC1l and NaCl., The exchange reaction depends on, nature and valence of
the cation concentration, length of reaction, and the anicnic species asso=-
ciated with the cation., Broadbent and Nakashima (14) reported that nitrogen
mineralization is increased by solution of XC1, 0&012, and ALCI, but not for

:

all soils,

Pathak and Jain (41) did a laboratory study to test the effect of alkali
salts on nitrification. They found that increasing concentration of various
salts in goils, nitrification was promoted by Ca.OO5 even in high concentra=-

tion {(up to 1.6%) and by (aS0, and MgSD4 up to a certain concentration, and

4

wag inhibited ewven at low concentration by HaCl, NaZCO §a2504, and NaHCO

5! 3*

Effect of S5Salt Mixture on Soil Dispersion

Ahmed, Swindale, and El-Swaify (2) studied the effect of combinaticns
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of Ca, Mg, K, and Na on hydraulic conductivity. They found that these cations
produced intermediate effects with Ca saturated scils and were more susceph-
ivle to deterioration by K or Na than Mg saturated scil.

In South Africa, Van der Merwe and Burger (56) reported that the combi=-
nation of Ca«Na and Mg-Na affected the physical properties of soils but that
Mg=Na gave poorer physical properties than Ca=-Na, The same results were re-
ported by Guirk and Schofield (43).

McNeal, layfield, Nerwell, and Rhoads (36) showed the affect of mixed
salt solutions and soil texture on the hydraulic conductivity. They Zocund
when the same minerals were present but with different clay content that hy-
draulic conductivity in the presence of mixed-salt solutions decrezzed mark-
edly with increasing clay content, particularly at the low salt concentra=-
tion. The same thing was reported by MeNeal (35). McHeal, and Coleman (37)
reported that a high vercentage of 2:1 layer clay in soil resulied in a de-
crease of hydraulic conductivity. Mcleal, Norvell, and Coleman (38) showed
that for soils centaining expandible minerals, the swelling of extracted
soil clays in mixed NaCl-Ca012 solutions was well correlated with relative
nydraulic conductivity of the soil in the same solutions,

Aldrich and Martin {3) reported that the combination of exchangeable
Ca, Mg, and K with a constant exchangeable scodium percentage and increasing
of exchangeable potassium did not influence aggregation, but inecreasing ex-
changeable sodium percentage decreased hydraulic conductivity.

Rowell, Payne, and Ahmad (50) reported that the threshold concentration
was the elecirolyte zoncentration at which the swelling values begin to in-
crease above the value for the basic member of the series, and the concen-
tration for aggregate dispersion is the maximum electrelyte concentration

at which aggregates disperse,



