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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,
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Bakker, Dmerson, and Cades (7) reported that calcium-scdium soil has
to be increased to certain amouni of these cations before it dispersed,

Rowell (49) pointed out that the uptake of solution by mixed Na-Ca

montmorillonite clay depended on its activity ratio 2 and on the total
A
electrolyte concentration. When the ratio decreased tﬁ% swelling decreased.
Barshad (10) found little ammonium effect if NH * replaced any inter-
4 Ty

layered K™ and when MgCl2 was added to replace readily exchangeable K+, NH4+
failed to replace any K+.

Emerson and Bakker (20) pointed out that water uptake is more by Mg-Na
aggregates for ESP > % and for Ca=lNa aggregates for ESP > 5. C(Ca-la aggre=-
gates with an ESP of 7.0 wetted under suction, do not disperse when flooded
with water,

Axley and Legg (6) stated that the addition of potassium with sodiuﬁ
has little effect on yields or nitrogen uptake, tuf with an ammonia source

of nitrogen, similar pctassium additions decreased yields and nitrogen uptake

from soils, Raju and Mukhopadhyay (44) put the order of the effect of dif=-

+ b

ferent cations on the fixation of NH4+ as fellowing: Ba = Nat > ca™ >

control > K+, which shows ability of potassium to remove some of the NH

+

4
fixed in the soil prior to sampling. Hanway, Scott, and Stanford (26) stated
that if a solution has 2 K™ ions per 100 wat ions, there is no fixation of

NE * released from vermiculite, They found that with small amount of po=-

il
tassium present, the amount of fixed ammonium is decreased as the K/Wa ratio
ig increased. On the other hand Agarwal, Singh, and Kanchiro (1) reported

the order for the capacity of cations for release of ammonium decreasing as

follows: Ca > K > Na, for the chloride series,
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Effect of Ca’ and Cat0 on Soil Dispersion

Ahmed, Swindale, and El=3waify (2) concluded that calcium gives high
hydraulic conductivity in soils and the same thing was smphasized by Van der
Merwe, and Burger (56). GQuirke and Schofield (43) noted small decreases in
soil permeability when the concentration of calcium was low. Bakker and
Emerson (8) studied the effect of calcium on soil permeability. They found
that permeability of aggregated soil does not decrease when washed with cal-
cium, In Egypt, Fathi, Milad, and Shehata (21) studied the effect of water
soluble and exchangeable calcium on aggregation of the Nile alluvial soils,
They found a negative relationship between both dispersion ratic and the per-
centage stable silt sized aggregates with both soluble and exchangeable cale-
cium,.

Bower and Goertzen (13) studied the following reaction:
2 Na adsorbed + CaC0; + H,0 Z—2 Ca adsorbed + 2 Na + HOO, + O™ . This
reaction happens in calcarsous soil when the adsorbed sodium is replaced by
calcium, The equilibrium of this reaction can be expressed by:

Na 4 = (K1 K, W)/ @+ Ky Na™), where,

and Na¥ are the adsorbed and solution concen-

Kl and K, are constants, Naa

2

tration of Na, respectively.

d

Bausenbuiller, Hague, and Wahhab (27) stated that changes in the Cal0y

equivalent are noted to parallel rather closely the changes in exchangeable
Ha,

Kaochkin and Molchanov (31) reported that increasing Ca.(}{};5 gives a de=-
crease in nitrogen when the pH rises slightly and there is no relationship

between amount of CaCO., and the mobility of potassium. In general, the in=-

3

fluence of high CaCQ, content in soil on its agrochemiczl properties is not

3

always clear.
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Rimmer and Greenland (48) studied the effect of CaCO, on the swelling

3
behavior of clay at different suctions, With Ca-saturated soil there ig no
difference in the swelling bhefore and afier removal of CaCO3 at high suction,
but at low suction there is an increase in swelling especially when the soil
CaCOB content iz high, but there is a decrease in swelling when the soil
Ca.CO3 content is low, At intermediate suction there is a decrease in swelle
ing with the removal of CaCOs. '

Scanning Electron Microscepe Studies

Chen and Banin (17) using the direct scanning electron microscope {SEM)
obgserved that a reduction in hydrauwlic conductivity of soils leached with
nixed NaCl-Ca.Cl2 solutions of low electrolyte concentration were related to
fine particle dispersion and the formation of a more ccentinuous network of
these particles at higher SAR values,

Thien (55) using scanning electron microscope photos found more fine
particles present in phosphoric acid treated aggregates than in untreated
samples.

Sedgley (51) studied the difference in struciure between flocculated
and nonflocculated aggregates with an electron micrcscope, When floccula=-
tion occurred, the aggregates tended to maintain their identity and shape,
and were separated from each other by pore space which lacks the character-
istic shape of voids formed during shrinkage. In the unflocculated specimen,
greater consolidation occurred, which resulted in the loss of structural pore
space between aggregates.

THEORY
Colloidal particle of clay minerals and other soil cclloids are usuzlly

charged electronegatively., Adsorption of cations are conirolled by many

factors such as, iype of cations, ion concentration, nature of fthe anion
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associated with the cation, and the nature of the colloidal particle.

The effect of type of cation has usually been studied from the replace-
ability in clays. The higher the valence of a caticn the greater its re-
placing power and the more difficult its replacement from the clay éurface
by other cations.

The effect of ion concentration on the replacement of a cation follows
the mass action law. When the ion concentration increases as charge of ca-
tions increase,

The nature of the anion asscclated with the cation has a great effect.
When an anion is strongly adsorbed by clays, the cation adsorpticn will in-
crease,

The type of clay and its effect on cation adscrption and replaceability
have been studied by many investigators, The results show there is nc one
crder of replaceability of cations that holds for all soil clays.

The effect of ion on Zeta potential is related to the ion charge, ion
concentration, and its hydrated size, For equal size ions, when icn charge
is increased, the Zeta potential is decreased,

Domnan gave the following relationship for the diffusible electrolyte
Alls

("), (@7); = (), (A7),
This constant ion product is usually kmown as the Donnan membrane equilibrium
expression. A clay particle, may be considered as a micro-Donnan system.
The surrounding diffuse double layer and the attractive electric forces be=
tween the particle surface and cations interior act, and that causes a non-
uniform distribution of cations in the micellar solution {11,33).
Krishnamoorthy and Overstreet (32) considered two phases in clay suspen=-

" sions which contain free electrolytes, These two phases are in egquilibrium.
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The first phase is the adsorbent phase and contains the adsorbed ions to-
gether with small but finite quantities of free electrolytes. The second
phase contains the free electrolytes only but this layer does not contain
appreciable amounts of the adsorbent particles because of the very low
solubility of the adsorbent in water.

Helmy (28) stated that trivalent cations have more dominant adscrption
when present in mixture of mono and di-valent cations but if the mixture
has only mono and di=valent, cations in equal concentrations the divalent
cation is adscrbed more.

Agresinger, Davidson, and Bormer (5) provosed the following relation-

ship for activity ccefficient, mecle fraction and equilibrium concentraticns:

v v u u
X = N a . & a_ . . b . b
u u v v
B b ¥ b € a T a

where Na and Hb are the equilibrium mole fraction of the two components,

F and F. the corresponding activiity ccefficients,
g b = ) Y

C.b and Ca the equilibrium concentration of ions b and a in solution phase.

and Y, and Ya the corresponding lonic activity coefficient.

b
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MATERTALS AND METHODS

Description of Soils Used in This Study

The soils were collected from Western Kansas (Colby, Garden City, and

HaYS)o

The scil tyrpes are:

1., Keith silt loam Colby
2. Richfield silty clay loam Garden City
3. Wekeen silt loam Hays

These soils are calcareous (high amount of lime).

501l Preperties

Analytical methods used for this study were:

1. pH, organic matter, CEC, EC, soluble Nat and exchangeable catlons (Ga‘+,

Mg2t, Wa

+, K+, HEA+) as determined by Kansas State University Scil Test-

ing Ilaboratory as:

e

b,

jolal

Weigh 5 g soil, add 5 ml distilied=deicnized water, atir approx=-
imately 1 minute with a glass stirring rod, allow tc eguilibrate for
30 minutes. Stir sample and read pE immediately on the standardized
7H meter.
Organic matter

Measure 1 g soil into a 250 ml flask, add 10 ml of normal potas=-
siwm dichromate from 100 mm burette, add 20 ml of sulfuric acid rap-
idly, swirl to mix and allow to stand at least *C minutes, Add 100
ml of distilled water, mixz and allow fo cool, filter to £ill funnel

tube half full, Set photometer with distilled water in tube, use

wave length of 5620 nm and read,
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Place 2 g of soil in a 100 ml centrifuge tube, treated 3 times
with 50 ml of 1 N sodium acetate adjusted to pH 5.0 (because of cal=
carecus soils), suspend the soil in 50 ml of 1 N calcium chloride,
suspend the soil twice in 50 ml of 1 N calcium acetate, suspend the
soil in 50 ml of 1 N calcium chloride. Centrifuge twice with 50 ml
of ethyl alcohol, centrifuge as many additional iimes with methyl
alcohol as are necessary so that no test for chlorides is obtained
when AgNoS is used as a test. Suspend soil 4 times in approximately
50 ml of 1 ¥ ammonium acetate, save the supernatant liquid, Deter=-
mine Ca in this solution by Perkin-Elmer Model 303 or 603,

EC and soluble sodium

Weigh 300 g soil intc a 800 ml beaker, add sufficient water to
the soil to bring it to the saturetion point, filter the saturated
vaste through a Buechner fumnel with suction after allowing it @o
gtand for at least 30 minutes. Measurs the resistance of soll ex-
tract by electrical conductivity meter, and use the following equation

to get ZEC.

. . - 3
- , 3 Cell constant x 10
u.C.25JC x 10

(millimhos/cm)

E) 9 . Q
otvserved resistance in chms at 25°C

Determine the concentration of soluble scdium in seoil extract
by the atomic absorption 603,
Exchangeable cations

Tlace 2 g of dry soil into a 100 ml centrifuge tube, suspend the
seil in 30 ml of 1 I ammonium acetate (vH 7.0), repeat this step 4
times and save the supermatant liquid each time, Repeat the last

step one additional time and save the supermatant liquid separately.
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Evaporate the soluticn for the 5 centrifuge washings and the addi-

tional time solution nearly to dryness and then make a final volume

of 100 ml, Determine the concentration of each cation separateiy

by the atomic absorption 603,
£, Exchangeable ammonium

Add 20 ml of 2 M XC1 to 2 g of soil, shake for 30 minutes,

filter, and run NH4+ on Technicon,
Determination of CaCO5 percentage

Acid neutralization method was used to determine CaCO5 percentage
(57

Flace 5 g of so0il in a 150 ml beaker, add 50 ml of hydrochloric aecid
(0.5 N) by means of a pipet, cover with a watch glass, and boil gently
for 5 minutes. Cocol, filter, and wash all the acid from the soil with
water, Delermine the amount of umused acid by adding 2 drcps of cthenol-
phthalein (1 percent in &0 percent ethanol) and back-titrating with
sodium hydroxide (0.25 1), Determine CaC0O, percentage by the following

s

equation:

51 3 - H =
CaCO.% = (m.e, ACL added - m.e, JaQH used) x 5
g Wte of szoil sample, g

lMechanical analysis

Hydrometer method was used to determine the mechanical analysis of
soils (56).

Weigh 40 g of dry soil, add 100 ml of calgon scolution, stir approx-
imately 10 minutes with electrical stirring, allow to equilibrate for
24 hours, Place soil solution into a graduated cylinder, make a final
volume of 1000 ml, 3Stir sample and take time as zerc., Take the hydro-
neter readings for 1/2, 1, 3, 10, 30, 90, and 720 min, Calculations as

following:
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C
P = o x 100
s
where
P = 3Zummation percentage

C = Reading of hydrometer

Co = dry wt. of soil sample, g

Bt

" %
Gorz. o = o [ —EgB tem.
30

where

9

I

Sedimentation parameter

n

(]

Viscosity of water

7= corr, 8
\/ T
where
X = Diameter of soil particles, u

T = Time, min.

It

Flot L vs. P on semitogarithmic paper, and then teke X = 2 o

r

get a percentage of clay, take X = 50 as percentage of =ilt and clay.

% Sand = (% 100) = (% silt + clay).
X=ray diffraction

Clay was taken {from soil by centrifuge method., The patterns of

clay for untreated, KO0l = treated, Mgll, = treated, and ethyl glycol

2
treatments were prepared., The X=ray diffraction for soil samples were
taken by Kansas State University = Geclogy Departument.

The clay minerals of soils are listed in Appendix I,

The scil properties are shown in Table 1.

Treatments

The soils were dried, crushed, and passed through a 2,38 mm sieve. Two
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Table 1. Chemical and physical properties of soils used in this study.

Keith silt

Richfield silty

Wakeen silt

Property loam clay loam loam
pHE 7.80 7.80 7490
Ca003% 4435 4,10 30,96
0.M.% 1.50 1.40 1.50
Exch., Ca®¥, me 20,72 21,38 16,37
Exch, Mg2¥, me 2.45 6.91 0.66
Exch, Na¥, me 0.20 1.38 0,17
Dxch. K7, me 2,29 1.47 0.57
Exch., NI-I4+, me 0,02 0.00 0.016
C.E.,C., me/100 g soil 22,092 27,64 13,92
% sand 1 24 51

% silt 54 51 34

% clay 15 25 i

% exch. Na 0.91 3461 1.34
Sol. Na me/100 g soil 0.033 0.60 0,033
B.Ce e 1T 3¢37 1424




hundred grams of soil were used for each treatment, packed in the polyethe=-
line tube (4.2 cm in diameter and 15 cm length), saturated by distilled

water for 16 hours or more, the different salt solution (200 ml volume) for
each treatment were added, and left over night (Table 2)., There is no rep=-

lication for this study.

Methods Used for Determinaticn Soil Dispersion
Many methods have been used to measure soil dispersion, Hydraulic con=-
ductivity and scanning electrcn microscony (3SEM) were used to measure soil
dispersion in this study.
1. Hydraulic conductiviiy
A constant head method was used to measure hydraulic conductivity
in this study (56). The equirment used is shown in Figure 1. The water
as leaching solution was used, Collect the amount of flow {volume) and
get the length of scil column and height of water over soil surfacs,
Flow was collected at differsnt times because the time factor is consider=
ed in Darcy's law. Dercy's law was used to calculate the hydraulic con=
ductivity:
X = (q/at)(L/aH)
where
% = hydraulic conductivity, cm/hr

2
volume of flow passing through column, cm”

a3
]

A = cross sectiocnal area of the sample, cm2
t = time, hr
L = length of the soil sample, cm

AH = hydraulic head difference, cn
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Table 2, Treatments for siudy,

Ha K WH
Treatment 4
No. me/100 g soil me/100 g soil me/100 g soil
1 10 10 0
2 10 30 0
5 10 50 0
4 30 10 0
5 30 30 Q
6 30 50 0
7 50 10 0
8 50 30 0
9 50 50 0
10 10 0 10
11 10 0 20
2 10 0 50
13 30 o 10
14 30 0 30
15 30 0 50
16 50 0 10
17 50 0 30
18 50 0 50
19 0] 1C %
20 0 10 30
2, 0 10 B
22 0 50 10
23 0 30 30
24 0 30 50
25 0 50 10
26 0 50 30
27 0 50 50
28 10 10 10
29 10 20 2
30 10 50 30
31 10 10 50
32 10 30 5C
5 10 50 50
34 30 30 30
35 30 50 30
36 30 30 50
37 30 50 50
38 50 30 30
39 50 50 30
40 50 30 50
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Table 2, Continued.

o Na i TH
Treatment 4

Yo, me/100 g soil me/100 g soil me/100 g soil

42 0 10 0

43 0 50 0

44 0 0 10

45 0 0 50

46 0 0 0
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Scanning Electron Microscopy (SEM)

After measuring the hydraulic conductivity by the previous method
a sample was taken dried coated with SEM materials under vacuum, A4
scanning electron micrograph was taken for each sample using the proper
magnification (500 times), The micrograph was taken at Kansas State
University = Entomology Department. The distribution of particles was

studied in the micrographs.



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



Water table

] Constant hydraullc
head systenm

S0il column

Flask

EHE AP eV
.‘\).\'l.il.-b ° é

l,/li

onstant head apparatus,

A

=
=]

4
Iy



27
RESULTS AND DISCUSSION

Different concentrations and combinations of cations were compared for
effect on soil dispersion, in these calcareous soils.,

In general, application of potassium and ammonium ions increased hydraul-
ic conductivity and soil flocculation in most treatments with Keith silt loam
and Wakeen silt loam soils. On the other hand increasing amounts of sodium
ion resulted in soil dispersion,

In this study hydraulic conductivity gave a more guantitative measure-
ments of soil dispersion than examination with a scanning electron microscorpe.

Permeabiliiy begins to decrease at the same ion concentration as clay
begins to swell. Changes in permeability are directly controlled by the
swelling of clay until clay dispersion and movement begins. The concentra-
tion of a dispersive ion at which clay dispersion begins depends on the me=-
chanical stress applied, Yhen small mechanical stresses are applied, the
proportion of the clay which swells and disperses depends directly on the
exchangeable scdium percentage, but large mechanical stresses may disperse
most of the clay even at low exchangeable sodium percentage (50).

The varying effects of the different cations are ascribed o differences
in solubility and dissociation tendency of the colioid=-caticn combinations
and to consequent differences in the density and diffusivity of_the Helmholtz
double layer of the colloidal micelles, The influence of a cation on =z prop=-
erty seems to be in direct proportion to its percentage of complete replace=
ment (4). The data do not indicate this with certainty.

Resistance to water flow through saturated soil pores generally devel=-
ops with time due to microbiological activities, gradual mechanical break=-

down of the exteriocr of soil gramules, or the desitruction of the granules
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due to the chemical nature of soils and thelr interaction with percolating
water (2),

The charge=density of the clay alsc has some effect on the relative
amounts of adsorbed cations. A clay with higher surface-charge density has
more trivalent and less monovalent adsorbed cations than the one with lower
charge density. This effect increases as the concentration decreases (28).

In this study, the sclutions which came from the soil colurms were dark
colored with sodium treated soils., The dark color is from dissclved organic
matter (30).

The exchange rate constants K, although of the same order of magnitude,
is larger when a goil is initially saturated with Ca or Mg than when initizl-
ly saturated with ¥a. Moreover, under corresponding conditions of initial
saturation, the constants are larger for coarse-textured than for the medium
or fine~textured soils. While the factor that controls the exchange rate is
not definitely known, the available data suggest a relation between the rate

and the permeability of soil aggregates (12).

Keith silt loam soil

1, Hydraulic Conductivity Method:

Increasing potassium levels resulied Iin greater hydraulic conductivities
(Figure 2)., The highest hydraulic conductivity, was obtained with the 10 Na™
+ 50 ol treatment, Increasing hydraulic conductivity with increasing potas~
sium level is due to ion concentration and hydrated size, which effect zeta
potential and soil dispersion (10, 33), also fixation of potassium between
clay plates may bve involved.

The highest concentration of potassium resulfted in a high hydraulic con=-
ductivity while the two lower levels of potassium resulted in scil dispersion

when sodium was added at 30 me/100 g scil (Figure 3), This is due %o a large
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amount of sodium present in the soil to cause dispersion,

it highest level of sodium (30 me/100 g soil), there was no effects of
potassium addition on hydraulic conductivity because soll dispersion sccurred
(Figure 4) due to high sodium ion concentrations., Sodium removes more organ=
ic matter than potassium (15), which explains why the soil treated with sodium
was more dispersed than when the soil was treated with potassium,

Soil dispersion cccurred at the highest concentrations of ammeonium at a
constant 10 me/100 g soil of Na (Figure 5). The soil did not disperse at
lower concentrations of ammonium,

The soil dispersed for all treatments when high concentrations (30 and
50 me/100 g soil) of sodium were present (Figures € and 7). The replacing
power of sodium is much greater than ammonium {52). In this case the sodium
replaced the ammonium in the soil and dispersion occurred, Ammonia loss by
displacement is affected by sodium salts, it is increased with sodium and
Caco3 (16).

The effects of potassium and ammenium on soil dispersion in The absence
of sodium is presented in Figure 8, Again good flocculation cccurred with
treatment B (30 me/100 z soil). Higher concentration resulted in lower hy=-
draulic conductivity, while lower concentrations resulied in very low hydraul-
ic conductivities. Ammonium ion readily displaces exchangeable potassium
ions from clay particles. The extent of this reaction iz greatly influenced,
nowever, by the degree of potassium saturation of the clay (29).

The effect of concentrations on scil dispersion is shown in Figures 9
and 10, High concentration of potassium and ammonium resulted in good flceccu-
lation (treatment C). Treatment A resulted in lower hydraulic conductivity
than treatment C but hydraulic conductivity remained higher than for the un-

treated soil. This is due to the high concentration of potassium (30 and
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50 me/lOO g soil),

The effects of scdium, potassium, and ammonium combinations on soil
dispersion are presented in Figure 11, In general, low levels of sodium with
increasing amounts of potassium and ammonium resulted in a flocculated soil,
but the degree of flocculation varied for different amounts of potassium and
ammonium, Again 30 me NH4+/IOO g soil combined with high amounts of potas=-
siwn resulted in good flocculation, Even with high concentration of sodium
(30 and 50 me/100 g soil), various levels of potassium and ammonium resulted
in a flocculated scil (Figures 12 and 13), FEigh concentrations of sodium
(50 me/100 g soil) with medium levels of potassium znd ammonium (%0 me/100 g
soil) did not have a great effect on soil dispersion (treatment A, Figure 13).
This is due to fixation of cations in the soil, In the soil scluticm, NHi+

is more effective than K+ in blocking the release of fixed MNH The block-

e
4 [ ]
ing effect of a given fixable/nonfixable ion ratio in neutral solutions in-
creases as the amcunts of galt extractant per gram of mineral is increased,

This is due +to the preferential adscrption o

Hy

the fixable cations. Higher
K/Wa ratios are required to block the release of fixed NH4 in neutral solu-
tions than in alkaline solutions (26).

The effect of potassium and ammonium concentrations on hydraulic con=
ductivities are shown in Figure l4.

Low concentration of potassium or ammonium lons resulted in flococula-~
tion. High concentrations of ammonium or potassium resulted in soil disper-

sion,

2. Scanning Electron Microscopy Method:
Low sodium concentration resulted in some soil dispersion (Figures 15

and 16) as compared with untreated soil (Figuwe 28),
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Soil dispersion increased when the concentrations of scdium increased
(Figures 17 and 27). As the concentrations of ammonium ions increased st the
same level of sodium (Figure 18), soil structure improved somewhat.

Soil structure changed with levels of sodium (Figures 23, 24, 25, 26 and
27). More dispersion occurred with high level of sodium (Figure 27)., Some
dispersion occurred at low levels of sodium {Figures 23, 24 and 25) compared
with untreated soil (Figure 28),

No dispersion occurred with potassium and ammonium at the zero level of
sodium (Figures 19, 20, 21 and 22) compared with the untreated soil (Figure

28).

Richfield silty clay loam soil

The type of soil is a very important factor in soil dispersion. The
results for this soil were very different than for the two other soils,
This soil originally contained more sodium and had high clay content which

could influence dispersiomn.

1. Hydraulic Conductivity Method:

All treatments resulted in lower hydraulic conductivities compared with
wntreated soil (Figures 26-41), but there were some differences between treat-
ments, for example, Figure 29, treatment C (10 me/100 z soil Na¥ + 50 we/100 g
soil K+) resulted in less dispersion than treatments A and 3,

Increasing concentrations of sodium increased dispersion (Figures 29, 30
and 31). The hydraulic conductivity went to zero (Figure 31) with high level
of sodium (50 me/100 g soil} at all K levels., Dispersion of soil occurred
with all sodium and ammonium treatments (Figures 32, 33 and 34).

Quicker dispersion occurred with high sodium treatments, 30 me/100 g

soil (Figures 33 and 34).
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Treatments involving potassium and ammonium without sodium decreased
hydraulic conductivities (Figures 35, 36 and 37.

Potassium and ammonium treatments at low levels of sodium, resulted in
vetter flocculation (Figure 38), High sodium levels (30 and 5C me/100 g
soil) resulted in dispersion even with high levels of potassium and ammonium
(Figures 39 and 40).

The effects of potassium and ammonium additions without sodium on soil
dispersion are shown in Figure 41, Application of potassium gave less dise
persion than addition of ammonium at 50 me/100 g soil, but all treatments

resulted in more dispersion than in the untreated soil.

2. Scanning Electron Microscopy Method:

Dispersion occurred with this soil for all treatments (Figures 42, 43,
44 and 45) as compared with untreated soil (Figure 46)., High concentrations
of potassium and ammonium did not improve the structure of this soil (Figure
45). These results are due to high sodium concentrations originally zresent

in untreated soil and high clay content.

Wakeen silt loam soil

This soil contains approximately 30 percent CaCOa. The high CaCD3 con-
tent affects ammonium losses by velatilization, pH, fixation of cations, sol=-

ubility of compounds, and activity of ions (16).

l. Hydraulic Conductivity Method:

The changes in hydraulic conductiviiy with fime as influenced by the
various treatments are presenfed in Figures 47 through 59. reatments in-
volving low sodium with either low potassium or ammonium (10 me/100 g soil)

resulted in low hydraulic conductivities (Figures 47 and 50), Increasing
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the level of sodium at the low levels of potassium or ammonium resulted in
severe dispersion and low hydraulic conductivities (TFigures 48, 49, 51 and
52), Increasing the potassium and ammonium levels resulted in less disper-
sion with ammonium being more effective in preventing dispersion than was
potassium, Some dispersion occurred with all treatments at the high level
of sodium (50 me Na/100 g soil).

All combinations of potassium and ammonium without sodium resulted in
increases in hydraulic conductivity (Figures 53, 54 and 55) compared with
untreated soil., Treatments involving all three cations (o™, X™ and HH4+)
resulted in increases in hydraulic conductivities at the low sodium lavel
(Figure 56). Increasing the sodium level decreased hydraulic conductivity
(Figures 57 and 58). Increasing potassium and ammonium levels improved hy=

draulic conductivity to some extent (TFigure 59).

2. Secanning Electron Microscony Method:

High concentrations of potassium (30 me/100 g soil) with low level of
sodium (10 me/100 g soil) (Figure 61) resulted in less dispersion compared
with untreated soil (Figure 71), but low concentration of potassium with low
level of sodium (Figure 60) resulied in some dispersion.

High concentration of sodium with low and high concentrations of potag=-
sium resulted in weak soil siructurs (Figures 62 and 63).

Medium concentrations of sodium (30 me/20C g soil) with low concentra=
tions of ammonium (10 me/100 g soil) as shown in Figure 64, resulted in less
dispersion than high concentrations of sodium (Figure 65).

High concentrations of sodium with low level of ammonium (Figure 65),
and hizh sodium with potassium and ammonium (Figure 59) resulted in a deter=-

icration of soil structure compared with untreated soil (Figure 71).



70

1.6

SOIL 3
1 meq. Ha meq. K
i AR 10 10
. B 10 30
] C 10 50
D 0 8]
1.2+
]
1.0+
G
<
g D. 84
&
xz
0. 6
U. Il" 8
=G
o e
D. 2"
A
0.0 T T T T L] T T T T T T
0 10 20 30 %0 50
TIME (hr)

Fig., 47. Hydraulii conductivity measurement for Wakeen soil treated with
10 me Na*/100 g soil and different levels of X7,



Tk

1.6

S0IL 3

1,14

-

1.0+

(em/hr)

K

Dn 6

0. ¥

0,2 — _ _

i

U . U T T T T T ) T T T T T
D 10 20 3 %0 850

TIMNE (he)

A

Mg, 48, Hydrauliq conductivity measurement for Wakeen scil treated with
30 me Na¥/100 g soil and different levels of X+



72

1.B

loqb'

0.2+

SOIL 3

5.0

Fig. 49.

h 10 20 30 %0 50

TIME (hr)

Hydraulig_ conductivity measurement for Wakeen soil treated with
50 me Na™/100 g soil and different levels of X,

60



73

1.6
SOIL 3
1 Na meq. MHy
10
icq" 30
510
B t]
1.27
§. 0
T 4
o]
£ D.B
..
" )}
0.6+
0.4
1
0. 2-*
#% ’ e | =2 30 4o " ss €0
TIME <(hr)
Fig. 50, Hydraulic conductivity measurement for Wakeen soil treated with

1C me Ha+/100 g so0il and different levels of HH&+.




74

SOIL 3

102‘

i.04

0.2

K (ecm/hr)

n' 0 L) [} v 1 L L] LI § L L)
0 10 20 30 Lo 50
TIME (he)

Fig. 51. Hydraulic conductivity measurement for Wakeen soll treated with
30 me Hat/100 g soil and diffsrent lewvels of NH,™,

4



12

1.29

.0

{em/hr)

K

0. 6

D-l}'

Fig. 52,

<

.

@
i

1
ppre—

T T T T L T T - T Y L

0 10 20 30 40 50
TIME {h.-)

Hydraulic conductivity measurement for Wakeen soil treated with
50 me 1at/100 g soil and different levels of H,™T.

4

60



76

S0IL 3

©
&
g 0.
2
bl
0. 64
0.4~
D, 21
3.0 L2 T T T T T T T Y T T
9 10 20 30 4o S0 80
TIME (he)

g, 5%, Hydraulic conductivity measurement for Wakeen soil treated with

10 me K1/100 g soil and different levels of NHd+.



77

K (cm/h:)
[ ]
b

0. 29

0.0

Fige. 54.

i io =2 = 3g 40
' TIME {he)

€0

Hydraulic conductivity measurement for Wakeen soll treated with
v

30 me K¥/100 g soil and different levels of XH,T

4‘ [



78

1.6

}.Q'

0. 24

SO0IL 3

C.0

Fign 55.

LI 1 T L] T T T T % v

10 20 30 30 50 80
TIME (hr)

Bydraulic conductivity measurement for Wakeen scil treated with

50 me K+/lOO g soll and different levels of NH4+.



79

‘.8
S0IL 3
- meq. NHy
L 3
. 30
S0
50
1.2 20
N 0
1.0+
<
P
\\
g 0.B4
2
>
0. 6
0.4+
0.2
-
ﬂ-u ¥ 3 * ¥ 1 1 3
0 10 20 30 40 50 §0

TIME (he)

Fig. 56. Hydrauli% conductivity measurement for Wakeen soil treated with
10 me Ne¥/100 g soil and different levels of KT and MH,¥.

4



80

1.6
SOIL 3
7 meq. NHy
30
icu'" 30
- SD
5D
1.2- 0
1.0+
LT 4
£
g 0.8
£
X
0. 6
0. 5%
D. 24
U.c 1 L3 1 ' ¥ L] S -
o 10 an L (1) S0 60

TINE (hrl

Fig, 57. Hydraulic conductivity measurement for Wakeen soil treated with
30 me Mat/100 g soil and different levels of KT and 3H,T.

&



(em/hr)

K

Fig., 58,

81

SOIL 3

meqg., NHy
30
30

50

D. 4+
0. 2
°-0% & . 2  a s 58
TIME (hr)
Hydraulic conductivity measurement for Wakeen soil treated with

50 me Nat/100 z soil and different levels of K and NH

+
4 L

80



1.6

8o

SO0IL 3
1 \ meq. K meq. NHy
R 10 0
1.4 B 50 0
c 0 10
T D 0 50
1.2 E 0 0
1.0 -
T -
£
g 0.8+
=
x5
0.8+
. D\
: D
0.4+
. \ g £
Baa— ‘
n-a T T T T L] 1) Ll ¥ L\ 1
0 10 20 3o 40 50
TIME (he
ig. 59. Hydraulic conductivity measurement for Wakeen soil treated with

different levels of KT and NH, 7,



83

*1T08 8 00T/, A
sl QT pue BN auW QT UITM
pajeax] TTOS UaaxeMm JI0J WHS

*09 814

*TT0s & 00T/4X
8w 0§ pue BN au QT YITM
pPelmaIl TTOS usexeM IO KIS

*19 *Ita




84

g 0 pue
paTeary 1Ios

*TTos 8 00T/, A
+EN 8W 0§ UITA
us:Hel L0 WHS

*29 *31d

*TTos F QOT/4X
suw QT Pue ey oW 0§ UITA
Peleal] TTOS UsoxeM J0I NHES

-MW ﬁ.m.ﬂ_m




85

*TTos & ooH\+vmz
aw QT PuE BN oW 0f UaTm
peseedy TTos ussieM J0J S

*1T08 & ooﬂ\+¢mz
oW QT Pue _®Bl oW QO UITM
relEall) TIOS USSHEM I0F WHS

omm Gm.ﬂr_w




86

*TTos & OOH\+¢mz am 0T
pue ‘.¥ sw QT * BN Sw QT UITM
pejesI] TTOS ULeYeM I0F WIS

*l9 *BTd

*TTos & ooﬁ\+¢mz
sw QT PU® L} oW QT UITh
pojeax] [TOS USSNEM IOF WHS

*99 *51d




87

*TTOS & ooa\+¢mz ew Qg pue
‘.3 ew 0f ‘BN oW OT Y3t
De3edIl TTOS USaeM IOF WHS

|®®

*3Td

*Tros 3 OOﬁ\+¢mz amw Q¢ pue
‘43 sw 0¢ f,EN W 05 UM
Peleadl TTOS U=23¥eM JI0F WHS

.mm o.m.wu_w._”




88

“1ros § 001/, HN om 06 pue
$.1 89U 0G ‘L eN sw 0§ YjTM
pe3ead] TTOS UseXeM I0F WHS

*TroS

usoyEN PeIBLILUN IOT IS

*TL *3td




89

Treatments without sodium (only votassium and ammonium) resulted in
vetter soil structure (Figure 66), than sodium treated soil (Figures 55 and
69).

Low level of sodium with low levels of potassium and ammonium produced
some dispersion (Figure 67), while low level of sodium with high concentra-
tions of potassium and ammonium (Figure 68) resulted in improvement in soil
structure.

High concentrations of sodium with high concentration of potassium and

ammonium (50 me/100 g scil) resulted in some dispersion (Figure 70).
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SUMMARY AND CONCLUSICNS

Soil dispersion was measured by two methods, hydraulic conductivity and
scanning electron microscopy. There were differences beiween the two methods.
Scanning electron microscopy is a quick method for observation of soil disper=-
gion, but it iz not sensitive for measuring small differences in soil struc-
ture, The hydraulic conductivity method is more sensitive for measuring

small differences between treatments, but it requires more time,

Hydraulle Conductivity Methed

Applications of potassium and ammonium alcne or in combinations increased
hydraulic conductivity in most treatments of Keith gilt loam and Wakeen silt
loam soils compared with wntreated soils. High sodium (50 me/100 g soil) at
a2ll levels of potasgssium and ammonium resulted in dispersion of these calcare=-
ous soils. Low levels of sodium (10 me/100 g soil) with different levels of
potassium and ammonium resulted in scme incwrease in hydranlic conductivities,
for most treatments with Keith silt loam and VWekeen silt loam soils compared
with untreated soils. Richfield silty clay loam showed dispersion for all
treatments because of high sodium concentrations present originally in this
soil and because of the fine texture of this soil (siliy clay loam). Keith
3ilt loam and Wakeen gsilt leam soils showed varied hydraulic conductivities
after applied ammonium, This shows the influence of ammonium on hydraulic
conductivity in artificially prepered soil columms varies with different
soils.

From this study, the differences between treatments depend upcn: cation

type and concentration, soil type, and scil minerals,

'
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Scamming tlectreon Microscopy Method
High scdium =t all levels of potassium and ammonium resulted in soil
dispersion in all three soils as shown by Sill observations. Low sodium with
high levels of a potassium and ammonium did not produce soil dispersion with
the Keith silt loam and Wakeen silt loam soils. Dispersion occurred with

Richfield silty clay lecam soil for all treatments,
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Table I, Clay minerals for Keith silt loam =scoil,

o}

Treatment A Minerals
Untreated 2«35 Quartz
2] Kaolinite, chlorites
4,98 Micas, chlorites
Te14 Kaolinite, chlorites
10,06 Illite
11,21 Mont,
13,84 Chlorite
15.43% Mont.
Mg 012 1.99 Chlorites, illite
3 . 34— Qf,uar'tz
3457 Kaolinite, chlorite
4.26 Tllite
4.97 llite
T.20 Kavlinite, chlorites
10,20 Illite
13.22 Chlorites
X Cl 1.99 Chlorites, illite
3.02 Calcite
3.13 Illite
55 Kaclinite, chlorites
4497 IMicas, chlcrites
7.08 Kaolinite, chlorites
10.08 Iliite
13,14 Chlorites
E. glycol 5455 Quartz, illite
3455 Kaclinite, chlorites
Tel2 Kaclinite, chlorites
10.04 Micasg, illite
13.18 Chlorites
17.65 Mont,

20.43 lont,
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Table 1I, Clay minerals for Richfield silty clay loam soil
Treatment A° Minerals
Untreated e 34 Juartz
3.58 Kaolinite
5400 Muscovite
7420 Kaolinite
10,06 Mica, illite
12.58 YMont.
14.28 lont.
Mg Cl2 1,99 Kaolinite
3,33 Guartz
357 Kaolinite
L2 Suartz
A.57 Illite
Tel3 Xaolinite
10,04 Illite
11,94 Mont.,
KCl 1,80 uartz
1429 Kaolinite
2,22 J1lite
2482 Illite
T D Micas
3434 cuartz
3458 Kaclinite
4426 Guartz
540 Muscovite
7.16 Kaolinite
10,04 T1lite, micas
Ze glycol 3.33 Guartz
3637 Illite
4,24 Quartz
4437 I1lite, micas
Teld Haclinite
10.01 Illite
18.78 IMont.,




Table 11, Clay minerals for Wakeen

+ 7
SLL

t loam soil.

10

e

Treatment A Minerals
Tntreated 3.05 Calcite
50 3‘4‘ Q.'Llartz
3.58 Kaclinite
T T Kaolinite
i o] Illite
13-54 N-Ont.
Mg Cl, 1,50 Quartz
1.62 Quartz
1,87 Calcite
L4591 Calcite
2409 Caleite
2el8 Calcite
2,49 Kaclinite
3.02 Caleite
333 Illite, muscovite,
quartz
3457 Chlorite, kaclinite
3.84 Kaolinite
4-25 ::}mrtz
Sefad Mugcovite
Tedn Kaolinite
10,08 Illite
1237 Mont.,
kK 1,91 Caleite
2409 Calcite
2.27 Calcite
2,48 Kaolinite
3,02 Calcite
3.13 I*E.C-a,
3433 Illite, muscovite,
quartz
3.56 Kaolinite
383 Xaolinite, calcite
Ted3 Kaolinite
10,04 Illite
Be glycol 3402 Oxlcite
3e34 cuartz, illite,
muscovite
% Xaolinite
285 Calcite
4426 Illite
4498 Illite



Table IT1. Continusd.
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Treatment Ao Minerals
Ta16 Kaolinite
9.92 Micas and illite
17.58 Mont.
20,82 Mont.,
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Soil dispersion is very important in Iraq with meny calcareous soils.
The objective of this study was to measure effects of monovalent cations on
dispersion of calcareous soils, Calcareous loess soils were collected from
three different locations in western Kansas == Colby, Garden City, and Eays.
The soil types are Keith silt loam, Richfield silty clay loam, and Wakeen
gilt loam, respectively. Treatments of sodium, potassium, and ammonium at
different levels and combinations were used. Two hundred grams of soil were
saturated with water for at least 16 hours and then treated with solutions
containing the moncvalent cations, BScil dispersion was measured by hydraulic
conductivity (constant head method). Soils were dried after measuring hy-
draulic conductivity and the scamning electron microscope was used to ob=-
serve soil dispersion,

Differenﬁ results were obtained with the different soils. Soil disper=
sion cccurred with high concentrations of sodium (50 me/100 g soil) and low
concentrations of potassium and ammonium {10 me/1C0 g soil) for all treat=
ments with the three soils. Low levels of sodium (10 me/100 g soil) with
low levels of potassium and ammonium (10 me/100 g soil) resulted in lower
hydraulic conductivities and weak soil structure for the Keith gilt loam
soil and Wakeen silt loam soil, and very low hydraulic conductivities and
severe dispersion occurred with Richfield silty clay loam scil., Low concen=-
trations of sodium (10 me/100 g soil) with high concentrations of potassium
and ammonium (50 me/100 g soil) increased hydraulic conductivities for Keith
and Wakeen scils and good structure was observed on the scanning electron
micrographs, The Richfield soil was dispersed with the combination of high
concentration of sodium {50 me/100 g soil) and low concentrations of potas=

sium and ammonium (10 me/100 g soil). The Richfield soil had low hydraulic



conductivities and weak soil structures for all treatments. This soil con=-

tained appreciable guantities of sodium and eclay in the untreated soil,
The hydraulic conductivity method was more sensitive for measuring small
differences between treatments than was the scanning electron microscopy

methed,
This study shows that cation, cation concentration, soil type, and soil

minerals influenced dispersion of these soils.



