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ABSTRACT

The purpose of this research was to study the

effects of different types and amount of saline-sodic waters

on the cation concentration changes in solution extracts,

drainage waters, and on the exchange complex of two soils

differing in their textures, exchange properties, and lime

content.

The composition of solution extracts, drainage

waters and exchange phases of both soils was closely related

to the cationic composition of the irrigation waters. Salt

accumulation in the soils increased with increasing salinity

of the applied water. Salts were distributed uniformally

with depth after 8 and 11 applications. Exchangeable sodium

was directly related to the SAR of the applied solutions.

The SAR of soil leachates and solution extracts increased as

the amount of salt and applied water increased.

The two soils responded differently to the type and

amount of the applied water. Both soils released some Ca

and Mg to the soil solution from the dissolution of primary

minerals and cation exchange reaction. Both soils were

affected by the salinity and sodicity of the applied

solution.



CHAPTER 1

INTRODUCTION

The ultimate goal of agricultural practices is to

increase crop production from limited areas to satisfy the

needs of the exponential growth of world population.

Therefore, irrigated agriculture has been expanded and

has become one of the most important factors in food

production and agricultural development in many parts of the

world. Furthermore, to maximize the efficiency of crop

production, irrigated agriculture is well established in

various locations of different climates. About one fifth of

the world's cultivated land is being irrigated.

The depletion and extensive use of fresh water

supplies especially in the areas of low rainfall necessitate

the use of low quality water for irrigation in those areas.

In addition, most existing water resources in arid and

semiarid regions as a result of the drought contain salts

in such amounts or proportions that are considered unsuit-

able for irrigation. The dependence of irrigated lands upon

saline and alkaline water for irrigation and reclamation has

been expanded in the last decades.
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Salinization of soil caused by continuous applica-

tion of surface and ground water of marginal or poor quality

is a serious problem facing many irrigated agricultural

lands. Using saline waters for irrigation may also raise

the water table. The problem is accentuated when these

waters contain high concentrations of Na in relation to Ca

and Mg which will cause the deterioration of soil physico-

chemical properties, water logging, and the deposition of

soluble salts in the soil profile that will severely

restrict or eliminate crop growth (James, et al., 1982).

Instances are also available where water containing high

amounts of salts have been used successfully, e.g., water

with salinity up to 6000 ppm dissolved solids is being used

for irrigation in West Texas (Miyamoto, et al., 1984), but a

serious quality problem has been raised and salinity

problems did not disappear, even when providing a sufficient

drainage systems.

Suitability of water for irrigation is governed by

its potential impact on crop and soil. The composition and

concentration of salts in water, determines its suitability

(U.S.S.L. Staff, 1954; Bohn, et al., 1979; Ayers and

Westcot, 1985). Increasing salt concentration in soil

solution is closely associated with an increase in salt

content of the applied irrigation water. Moreover, the

level of exchangeable sodium in soil complex is directly
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proportional to the irrigation water sodicity. Likewise,

water with high salinity and sodicity, expressed as the

sodium adsorption ratio, will contribute to both salinity

and sodicity hazards of soil. Any source of dissolved

calcium from dissolution of soil primary minerals and/or

cation exchange will, however, modify the sodicity hazard of

irrigation water to some extent (Rhoades, 1968; Shainberg,

et al., 1981b).

When soils are irrigated with saline water, the main

exchange occurs between sodium in the water and calcium and

magnesium on the soil complex, that ruled by a ratio law

which describes the equilibrium between cations of soil

solution and those at the exchange phases (Schofield, 1947;

U.S.S.L. Staff, 1954). Thus, understanding the chemistry of

soil solution by knowing the quantitative relationship

between major ions in solution and those on the soil

exchange phase will enable us to predict and control the ion

exchange in irrigated soils with low quality water in order

to maintain the soil's productivity and to monitor soil

salinity. Furthermore, improving soil management by

understanding water quality from the point of view of its

components and how these components will be changed during

application of irrigation water into soil system will guide

us in achieving better water management and enhancing soil

productivity.
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The objectives of this research were to:

1. Study the cationic composition changes in soil

solution and on the exchange complex resulting from

application of saline-sodic water.

2. Evaluate the resultant effect of saline sodic water

on salt concentration of soil and drainage solutions

as well as sodicity level.

3. Determine the response of the two soils under the

study to the addition of various types and amount of

saline-sodic irrigation water in terms of contribu-

tion of dissolved cation to the soil solution

resulted in a modification of the sodicity hazards

of water used.

4. Evaluate the quality of these waters and provide

suggestions regarding their use for irrigation of

such soils.



CHAPTER 2

LITERATURE REVIEW

Water Quality

The chemical composition of water plays a major

role in changing chemical and physical properties of soil

which generally affects plant growth. Many problems that

are associated with irrigated lands arise from the quantity

and quality of dissolved salts in water applied to those

areas (Frenkel, 1984; James, Hanks, and Jurinak, 1982).

Therefore, many attempts have been made to classify the

quality of water for agricultural purposes as guidelines for

interpretation of water quality (U.S.S.L. Staff, 1954; Ayers

and Westcot, 1985).

The quality of irrigation water has been discussed

in many literature reports and numerous classifications

have been proposed to assess quality standards with respect

to their use and suitability for agriculture (U.S.S.L. staff

1954; Doneen 1967; Rhoades, 1972; Thorne and Peterson, 1954;

Ayers and Westcot, 1976). The suitability of the water

for irrigation is determined by its potential to cause

unfavorable soil conditions and to reduce crop yield.

Hence the total amount of salts present in the water and

5
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type of these salts determine its quality (Frenkel 1984;

Sheinberg and Letey 1984; Ayers and Westcot 1985). The most

important measures in evaluating the suitability of water

for irrigated agriculture are discussed below.

Salinity Hazards

Salinity is a common measure of the total salt

content expressed in terms of electrical conductivity (EC)

or in total dissolved salt in part per million units.

Irrigation water contains a significant amount of dissolved

salts that originate from dissolution and/or weathering

of primary minerals. Thus, all irrigation waters bring

dissolved salts to the soil profile (Ayers and Westcot 1985;

Frenkel and Meiri, 1985).

Schofield (1940), Kelley and Brown (1934), and

Miyamoto, Piela, and Petticrew (1985) showed that continuous

application of water for irrigation resulted in salt accumu-

lation in soils. Salts applied with irrigation water remain

behind as water evaporates and/or is transpired by plants.

Moreover, salt accumulation will increase as the amount

of salts in the applied water increases. Salinity problems

are encountered when the concentration of salts in the

water is high enough to reduce water availability to the

plants as well as producing harmful or toxic effects to

sensitive crops. In addition, the salts leached deeper
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as a result of subsequent irrigation can become an addition-

al source of salts by upward movement of water through

capillary rise (Ayers and Westcot, 1985). The upward salt

movement is particularly severe when the water table is

within a few meters of the surface.

Gradual buildup of salts in the soil surface due

to using high salinity water for irrigation have been

noticed and reported by many researchers. Miyamoto, Moore,

and Stichler (1984) reported that salinity problems began to

appear in silty clay and clay loam soils after using saline

water for irrigation in West Texas. Tree damage was also

reported. In their interpretation, they related this problem

to the effect of salinity on soil permeability which limits

drainage and leaching. Increasing salinity in the soil

solution as a result of high salt content of the applied

water also was reported. Significant and simultaneous

increase of salts in different soil solution extracts was

reported by Lal and Singh (1974). U.S. Salinity Laboratory

staff (1954), and Ayers and Westcot (1985) suggested that

water with an EC more than 2.25 dS/m could only be used for

irrigation with special management and crop selection.

Salt accumulation in soil layers occurs as a result

of the balance that exists among the amount of salt added

by irrigation water, the amount removed by drainage from

the soil profile, chemical reactions involved in cation
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exchange, and dissolution and/or weathering of primary

minerals, water uptake by plants, and surface evaporation

that takes place during water application to the soil

(Frenkel and Meiri 1985; Rhoades 1968; Shainberg et

al., 1981a). The U.S. Salinity Laboratory Staff (1954)

published the leaching requirement concept to calculate the

amount of water needed to leach precipitated salts from the

soil profile using the salinity of irrigation water. The

salinity buildup depends mainly on the amount and salt

content of the water used for irrigation and leaching

(Shalhevet and Reiniger 1964).

Kelley and Brown (1934) were among the early

researchers who gave an explanation as to the source and

form of the accumulated soluble salt species in soils. They

also found that chemical composition of the irrigation

waters plays an important role in leaching and reclamation

of saline soils. Schofield (1940) used the mass conserva-

tion equation to compute salt balance during irrigation. He

also computed the quantity of salt accumulated in irrigated

fields in Texas and Arizona in a seven year period and found

that the salt accumulated in soil originated from the

application of irrigation water. He also found that salt

output was higher than salt input which could be attributed

to the dissolution of primary minerals in soil during

Irrigation. Thus more water is needed for leaching of the
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accumulated salts from soil in order to have a salt and

water balance in irrigated soil. For the assessment of salt

balance, it is necessary to obtain information about

composition and concentration of dissolved salts in irriga-

tion and drainage water in order to monitor soil salinity

and prevent salt accumulation in soil root zone.

One of the main chemical factors that reduces soil

permeability is plugging of soil pores resulted from salt

precipitation during irrigation. Frenkel, Hadas, and Jury

(1978), in their study on the effect of salt precipitation

and high sodium concentration on soil hydraulic conductivity

(HC) and water retention, estimated that 10% of the effec-

tive pore space at the root zone could be occupied by preci-

pitated gypsum and calcium carbonate after about 14 years

when alfalfa was grown with water containing 20 meq/L of

Ca and SO4, 9.2 meq/L of HCO3, 41.3 meq/L Na, and 3.7 meq/L

Mg. Quirk and Schofield (1955), Shainberg and Letey (1984)

Russo and Bresler (1977) found that a very low salt concen-

tration of irrigation water can decrease soil's infiltration

rate and hydraulic conductivity.

Sodicity Hazards

Sodicity hazard of water is determined by the

relative concentration of major cations commonly found in

water. The proportion of Na relative to the other cations

is expressed by Sodium Adsorption Ratio (SAR) which is
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related to the Na adsorption by soil and used as an index to

sodicity hazards of irrigation water (U.S.S.L. staff 1954;

Ayers and Westcot 1976; Frenkel 1984). Sodicity problems of

irrigation water results from the detrimental effect of

sodium on the soil's infiltration rate and permeability

(Reeve et al., 1954; Eaton 1950; Oster and Schroer 1979).

The sodium adsorption ratio of soil is closely related

to the exchangeable sodium percentage (ESP) and to the (SAR)

of the water applied, so, water with a high Na concentration

in relation to Ca and Mg will adversely affect soil physical

and chemical properties. For evaluating the suitability

of irrigation water for agriculture, an important considera-

tion should be given to the extent to which exchangeable

sodium percentage will increase in soil due to the adsorp-

tion of sodium from irrigation water through cation exchange

with the soil. A linear relationship between soil ESP and

SAR of irrigation water has been found by U.S. Salinity

Laboratory (USDA 1954). As the amount of Na increases in

irrigation water, the alkalinity hazard of that water will

increase.

The effect of SAR or ESP on soil physical properties

has been studied and observed extensively by Quirk and

Schofield (1955), McNeal et al. (1968), Frenkel, Goertzen,

and Rhoades (1978), and McNeal and Coleman (1966). The

permeability of soil to water has been found to be dependent
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on both the soil ESP and salt concentration of applied

water (Quirk and Schofield, 1955; McNeal et al., 1968;

Frenkel, et al., 1978). Their studies indicated a reduction

in hydraulic conductivity of soil due to the higher ESP and

low salt concentration of the percolating solution. The

concept of "Threshold Concentration" to describe the

relationship between hydraulic conductivity of soil and

solution concentration has been established by Quirk and

Schofield in 1955. Their results showed that the HC of

Ca-soil may slow when the salt concentration is below 0.6

meg/L. Therefore, they concluded that sodicity hazards

decrease with increasing salinity of percolating water.

McNeal and Coleman (1966), and McNeal, et al. (1968)

concluded that soils responded differently to a combination

of both salt concentration and soil ESP.

Two different mechanisms could be attributed to

the decrease in soil permeability.

First: Swelling of clay particles, resulting in

closing or partial blocking of the conducting pores due

to the introduction of high sodium, low salt solution

through soils that contain significant amount of expandable

minerals. McNeal, Norvell, and Coleman (1966), and Quirk

and Schofield (1955) reported that an increase in clay

sodicity resulted in an increase in swelling of clay

particles. A linear relationship between the reduction of HC
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and the swelling of extractable soil clay has been reported

by McNeal, et al. (1966).

Second: Dispersion and movement of clay and fine

silt particles that cause plugging of soil pores reduced

HC. Frenkel et al. (1978), Shainberg, Rhoades, and Prather

(1981b), and McNeal and Coleman (1966) noticed the disper-

sion and particle movement of coarse textured soils and

those soils having lower amounts of expandable minerals.

Toxicity Hazards

Toxicity hazards of irrigation water occur from

the presence of certain ions in irrigation water. Upon

addition of this water these ions tend to accumulate to

a concentration that is high enough to cause plant damage

and yield reduction (Ayers and Westcot, 1985). Toxicity

problems occur with the crop as the result of water uptake

and the accumulation of these ions in plant tissues. The

primary ions that contribute to toxicity problems are Na,

Cl, and B (Bohn, McNeal, and O'Connor, 1979). Sodium sensi-

tive plants such as avocado, almonds, citrus, and stone

fruits exhibit a marginal leaf burn and interveinal chloro-

sis when sodium accumulates in their leaves.

Sodium toxicity can also be a problem even at ex-

changeable sodium percent levels below that which produce

unfavorable soil physical conditions. Sodium tolerant
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crops can be affected by physical and chemical characteris-

tics of sodic soils that reduce water movement and restrict

aeration.

High SAR value of irrigation water tend to raise

the pH value of soil which leads to a decrease of the avail-

ability of certain plant nutrients such as phosphate, zinc,

manganese, and iron (Bohn, et al., 1979). The toxicity

problem will develop more rapidly as the concentration of

toxic ions increase in the supplied water.

Soil

Soil Type and Content

The chemical reactions that occur between a soil

solution and soil particles in contact with the soil

solution depend on the composition of the soil solution, the

kind and amount of dissolved constituents, pH and partial

pressure of CO2 in the gas phase, and type and quantity of

soil clays. The ionic species present in the solution can

react with the soil particle surfaces. Soil texture deter-

mines the surface area of soil particles, the movement of

salts through the soil, and the amount of interaction

between soil solution and colloidal particles. The surface

area of soil particles is increased with decreasing grain

size, therefore, a coarse textured soil will have larger

pore spaces that allows a higher permeability to water,

while fine textured soils have a smaller pore spaces, thus
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will have significantly more interactions between soil

particles and solution, and longer travel time of water

through their pores.

The reaction between soil particles and soil

solution is mostly a surface reaction (Bohn, et al., 1979).

Since clay minerals have a high surface area per unit

volume, thus most reactions in soil occurs between clay

particles and soil solution. Furthermore, the amount of ion

adsorption and reaction will depend on the type of clay

mineral present in soil due to the fact that there is a

wider range of surface area associated with different clay

minerals, which, in fact, determine their colloidal proper-

ties (Bohn, et al., 1979; Bolt, 1976).

The dominant clay mineral in arid and semi-arid

regions is montmorillonite with smaller amounts of kaolinite

and hydrous mica clay minerals. Montmorillonite has the

highest surface area, which makes it the most reactive

constituent among soil clay minerals, indeed, the exchange-

able ions occupy both inside and outside surfaces in

montmorillonite, while in other clay minerals such as

kaolinite, they are located only on the outer surfaces.

Furthermore, the cation exchange capacity of soils has been

recognized as closely correlated with clay particles,

organic matter content, and silt fraction, respectively.

The contribution of the clay to the cation exchange capacity
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was found to be dominant followed by organic matter and silt

content of the soils (Bhatnagar et al., 1977). They

related the cation exchange capacity of soil to the amount

of clay and organic matter content by the following multiple

regression equation.

C.E.C. = 0.751 clay + 5.69 0.M.

Mitchell (1932) stated that ion exchange sites are found

primarily on clays and soil organic matter, although all

soil materials have some ion exchange capacity. In fact,

soil is variable and heterogeneous because soil is formed

from various chemical elements and individual molecules

depending upon its nature of formation that controls its

variability.

The effect of saline irrigation waters on different

soils is not the same. The texture of the soil tends

to modify the effect to a large extent due to the influence

of texture on the moisture retention, ion exchange, release

of ions by mineral dissolution, as well as transmission

properties of soil. Generally, fine textured soil has a

low permeability, while light textured soil are highly

permeable. Lai and Singh (1974) reported that different

soils were differently affected by the use of the same

quality and quantity of irrigation water. Furthermore, they

suggested that low quality waters can be used in coarse

textured permeable soils.
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Ion Adsorption

Ion adsorption is the tendency of solid surfaces

to attract a layer of ions from the soil solution. The

atomic structure of both solid and liquid phase on either

side of the plane of contact differ from the bulk solid

and solution (Bolt, 1976). The adsorption of ions onto

the soil particles, however, depends on the amount of

adsorption sites present, which depends on the total surface

area, especially clay, organic matter and silt fraction. In

most arid and semiarid areas, where the irrigation is a

common practice, the organic matter content of soils is low,

thus, the adsorption commonly occurs between the clay

minerals and soil solution.

Clay minerals have an electrical charge due to

the imbalance of the charge, resulting from either isomor-

phic substitution or broken bond and lattice defects. The

imbalance of electrical charge is satisfied by absorbing

a charged ion (Bohn, et al., 1979). Because most clay

minerals have a high surface area per unit volume and

significant imbalanced negative electrical charges in their

crystal lattice, they tend to be strong absorbers. There-

fore, the adsorption processes in soils favors the cations

over the anions, and the divalent cations are usually

adsorbed more strongly than monovalent cations. However, it
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is a reversible process, thus, the monovalent ions can

replace the divalent ions at higher activity in solution.

The capacity of the soil to adsorb cations is a

function of several factors, which are mineralogy, particle

size, temperature, soil moisture, tension, pH, oxidation

potential, and activity of the ions present. It can be

determined by utilizing the Langmuir adsorption isotherm

(Olsen and Watanabe 1957).

Ion Exchange Equilibrium

Several factors affect the solubility of salts

such as ionic strength of the solution, ion-ion interaction,

common ion effect, CO2 partial pressure and temperature.

Furthermore, many complex reactions are involved in the

solubility precipitation and dissolution and/or weathering

of primary minerals, resulting in varying soil solution

composition in the soil profile, drainage water and exchange

complex.

Chemical Activity

The activity, rather than concentration, of the

ions should be calculated due to the fact that the electro-

static force cause the non ideal behavior of the soil

solution and irrigation water applied. The cation activity

in the solution is related to the molar ion concentration

and to the activity coefficient and can be determined by
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Ai = mi 7 i

where:

Ai is the activity of an ion i, mi is the molar concentra-

tion of the ion i, and l' i is the activity coefficient of

the ionic species i which can be estimated from the

Debye-Hueckel equation:

Log 'y i = -0.509Zi 2 A 1 / 2
1 + A /2

where Zi is the valance of an ion i and y is the ionic

strength which is given by A = 1/2Z mizi 2

The solubility of minerals increases as the salt

concentration of the soil solution increases. The solu-

bility of gypsum and Ca and Mg carbonate increases as the

NaC1 and Na2SO4 concentrations increase in soil solution

(Kovda, 1946). This effect is related to the decrease in

the activity coefficient caused by increasing the ionic

strength of the solution. Moreover, the activity

coefficient of divalent cation decreases faster with

increasing salt concentration than the activity coefficient

of monovalent ions. However, when the solution contains

another source of an ion present in a precipitating salt,

the common ion effect reduces the solubility of the salt.

Accordingly, the total amount of common ion in the solution

will control the concentration of weakly soluble salts in

the solution. Soils and waters contain ions from many
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sources, so that the common ion effect should be taken into

account.

Soil solutions also contain numerous cations and

anions which are not completely dissociated. They exist

instead as ion pairs or complex ions. Consequently, the

calculation of ionic strength and activity coefficients

becomes more difficult. Frenkel and Meiri (1985) stated

that the activity of the adsorbed cations in the adsorbed

phase is more difficult to calculate due to the non homo-

geneity created by colloidal particles which accumulate a

large number of smaller ions in their immediate surround-

ings. They also indicated that it is improper to designate

one value to the activity of the ions in the collodial

system.

Cation Exchange Equations

The estimation of potential hazard of irrigation

water is difficult to compute due to the insufficient

knowledge of the absolute concentration values of the

various cations and anions in the water, also the complexi-

ty and heterogeneity of the natural soil system which

involves the presence of different cations to be included

into cation exchange.

Many cation exchange equations have been proposed to

describe the relationship between the distribution of

cations in a mixture of soluble and exchangeable cations at
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equilibrium between the exchange complex and the solution.

There are two theoretical approaches used to derive cation

exchange equations in order to permit an estimation of the

exchangeable sodium percentage of soils from their SAR

value and to predict the changes in soil ESP as a result of

application of the irrigation waters of known composition.

1. Diffuse double-layer theory.

It describes the molecular interaction and the

coloumbic force that operates exchange reaction.

2. Statistical thermodynamic exchange theory.

It is based on the law of mass action that states

that a reversible reaction will proceed towards the direc-

tion that produces equilibrium. It also suggests that both

reactions will occur simultaneously in an aqueous soil

suspension. However, it gives no direct information about

the molecular mechanism and the forces that take place to

operate the system (Shainberg and Letey 1984).

Several efforts have been expended to describe the

exchange reaction in soil solution and exchange phase from

the calculation of the equilibrium exchange constant as

follows:

2 Nax + Ca+ 2 m=L't Cax2 + 2 Na+

where X is the exchanger phase. Therefore, the exchange

equilibrium constant K for the reaction is given by
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K = (Na 2 ) (Cax2) 
(Na) 2 (Ca)

Where parentheses represents the activity of the chemical

constituents, and X is the equivalent of the exchange

anions.

Kerr (1928) pointed out that cation exchange in

soils was governed by the law of mass action, and the

exchange equilibrium constant characterizes each component

involved in the reaction. From his investigation of calcium

and magnesium exchange reaction of bentonites, permutites,

soils, and natural zeolites, he concluded that soils and

bentonite are very similar while zeolites and permutites

differ from soils. Vanselow (1932) stated that "it is

exceedingly difficult to make accurate base-exchange

measurements on soils because of their extreme heterogenei-

ty." After comparing cation exchange in soil minerals with

different solution of the same or equal cation valences,

Vanselow found that the base exchange of soil constituents

and bentonite were similar. Vanselow treated the cation

exchange as a chemical reaction that required activities for

all components. Furthermore, he proposed to treat the solid

phase as a mixture, and assumed that the mole fraction of

exchangeable cations equals their activity. Thus, the

Vanselow selectivity coefficient can be represented as:

Kv
. NCam 2Na T 2Na

(NNa) 2MCa Ca

where N is the mole fraction.
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In contrast to the Vanselow equation, Gapon (1933)

developed a theory for cation exchange in soils based on the

kinetic process. He treated the cation exchange as an

adsorption reaction without interaction between the soil

surface and the exchangeable cations. Gapon assumed that

the activities of the adsorbed cations are equal to their

equivalent fractions rather than their mole fractions as

used by Vanselow. Hence, Gapon's equation is

KG = fCa+2 ] 1 / 2 [Nax] 
[Na] [Ca112x)

where brackets indicate the concentration of the ions

instead of their activities, the equation is derived from

the reaction of the form

Cal/2X + Na+ !mgiak 1/2Ca+ 2 + NaX

The concentration of the divalent soluble cations are taken

by their square root, while Vanselow squared the concentra-

tion of the monovalent cations.

The U.S. Salinity Laboratory Staff (1954) adopted

the Gapon equation to include Mg which assumed to behave in

the same manner as Ca. Thus, when the data are in milliequi-

valents per liter, the Gapon equation becomes

NaX	 = KG' 	[Na+] 
(Ca+Mg)X	 [Ca+2	 mg+2/2]1/2

where KG' is the modified Gapon selectivity coefficient.

The sodium adsorption ratio (SAR) is defined as
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SAR = 	[Na+] 
[Ca+Mg/2]1/2

where the concentrations of soluble cations are in

milliequivalents per liter the units of SAR are (mmol

L-1)1/2. The ESP can be calculated using the slope and the

intercept of the ESR (exchangeable sodium ratio) and the SAR

of the saturation extract relationship as follows:

NaX/CEC-NaX = KG'SAR

where NaX is the exchangeable sodium in Meq/100g of soil and

CEC is the cation exchange capacity in meq/100g. This

equation can be expressed as ESR = KG'SAR.

From the analysis of a large number of soil samples

from the western United States, the U.S.S.L. (1954)

developed an empirical equation relating ESR and SAR.

ESR = 0.01475 SAR - 0.0126.

and	 ESP = NaX	 x 100.
CEC

Gapon (1933) found that the exchange constant was

similar for all soils which indicates all exchange reactions

in soils are governed by the same law. Bohn, et al. (1979)

and James, et al. (1982) emphasized that the Gapon equation

is preferred due to its simplicity and has a practical use

at lower range of ion concentrations.

Sposito and Mattigod (1979) showed that the selec-

tivity coefficient for the exchange reaction of Na with

trace metal cations was constant and independent of the
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exchange composition. They also found that the clay's

affinity for divalent cations increased with increasing

fraction of divalent cations. Levy and Hillel (1968) also

found that the equilibrium constant for Na-Ca exchange was

nearly constant for the three soils studied. They concluded

that two soils preferred Ca twice as strongly as the third

one, and the long range electrostatic interaction was the

main force controlling the interaction between soil exchange

complex and the exchangeable ions. Oster, Shainberg, and

Wood (1980) explained this phenomena by a demixing model,

when the ECa (equivalent fraction of exchangeable calcium)

is more than 0.7 complete tactoid formation occurs which

increases the affinity of the internal surface for Ca+ 2 more

than the outer surface. They concluded that the KG is not

expected to be constant, but depends on the mineralogy of

the soil, the composition of the exchangeable cations, and

total electrolyte concentration at the solution.

The application of cation exchange information

obtained from the use of pure clay minerals cannot satisfac-

torily predict the exchange behavior of soil, because soils

are composed of heterogeneous materials such as sesqui-

oxides, amorphous materials, and organic matter which tend

to modify the soil's cation exchange. Moreover, the ion

exchange between Na-Ca in montmorillonite is complicated by

the demixing model (Glaeser and Mering, 1954). Also
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Shainberg and Otoh (1968) indicted that montmorillonite

crystals breakdown as a result of increasing Na ions in the

exchange sites.

Salt Movement

Cation exchange in irrigated fields takes place

during movement of water and dissolved constituents through

soil profile. The mass conservation law and the law of ion

exchange equilibrium have been used in order to identify the

changes in soil solution composition and drainage water

during irrigation (Levy, 1984).

Several differential equations have been proposed to

describe the transfer of water and solutes through a soil

column as affected by microscopic flow velocity and distri-

bution and molecular diffusion. Many approximations and

suppositions have been made. DeVault (1943) developed a

rate independent theory. Hiestor and Vermuelen's rate

dependent theory (1952) is based on the reversible second

order reaction kinetics. The Lapidus and Amundson theory

(1952) takes into account the effect of the velocity of the

fluid on the dispersion and diffusion.

Rible and Davis (1955) used the equilibrium theory

developed by DeVault to predict the distribution of cations

with depth after applying a solution to soil columns to test

the validity of the theory in experimental work. They found

a good agreement between the Na-Ca exchange and Mg-Ca
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exchange in the theory and the experimental results. They

concluded that both Na and Mg can replace considerable Ca

from the soil profile and they are deeply moved into the Ca-

soil. On the other hand, Ca readily replaces most of Na at

the surface layer of Na- soil but does not penetrate deeply

into subsoil. Bresler (1981) recently reviewed the transport

of salts in soils and subsoils. Bower, Gardner, and

Goertzen (1957) examined the equation of Hester and

Vermuelen to describe cation exchange in a flowing system

and found good agreement between the theory and experiment.

However, Biggar and Nielsen (1963) in their comparison of

the DeVault, Hiester and Vermuelen, and Lapidus and Amundson

equations with the experimental results of interacting

cation (Mg) and non interacting anion (C1 - ), found a

lack of agreement between theoretical and experimental

results under saturated flow conditions. They concluded

that the shape of the breakthrough curve depends on the

characteristics of the exchange isotherm mixing with

microscopic flow velocity, ionic diffusion, and the

interaction between these three processes.

Mineral Weathering and CaCO3 Precipitation

Soils of arid and semiarid regions contain CaCO3 and

several unweathered soil materials such as simple soluble

salts (e.g., soluble chlorides and nitrates), that are

always present in soil in a distinct degree, slightly
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soluble salts such as gypsum and carbonates, as well as

complex salts such as silicates and aluminosilicates. These

minerals upon contact with water release soluble species

into soil solution as the result of chemical weathering

(Rhoades et al., 1968; Shainberg et al., 1981b).

Many attempts have been made to quantitatively

measure the amount of soluble speeies released from the

dissolution of soil primary minerals.

Rhoades et al. (1968) reported that arid soils can

release 3 to 5 meq/L Ca and Mg to the solution as a result

of dissolution of plagioclase, feldspars, hornblende, and

other minerals. They also pointed out that mineral weather-

ing takes place by a simple hydrolysis and carbonation that

changes the soil solution composition. The net effect of

the change in solution was a 30 to 90% reduction in the SAR

value of the applied solution. Finally, they suggested that

water with high Na content can be used to irrigate soils

that contain easily weathered minerals such as CaCO3 and

soil mineral weathering should be considered in water

quality evaluation. Loveday (1984) stated that the need of

CaCO 3 in soil is not so great. Only 1% present in soil can

dissolve and provide 20 meq/100g Ca to the soil solution.

In order to calculate the solution composition of a cal-

careous soil at a given ESP value and placed in contact with

distilled water, Shainberg, et al. (1981b) presented a
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theoretical relation between SAR and EC of calcareous soil

solution at partial pressure of CO2 of 10-3 - 5 and 10-2 Atm.

They found that mineral weathering determines the electro-

lyte concentration of percolating solutions. Soils which

contain CaCO3 and high mineral dissolution rates such as the

Gila soils of Arizona will release soluble salts and

maintain high enough salt concentration in their solutions.

They determined that these soils will be less affected by

exchangeable Na, and the same situation applies to noncal-

careous soil where Ca and Mg are supplied by dissolution of

aluminosilicates.

The changes in dissolved cations and anions found in

soil water at different moisture content was studied by

Reitemeier (1946). He pointed out that Na and Mg were

released from the exchangeable phases in the presence of

lime and gypsum in soils. Furthermore, soluble ions of all

soils changed to some degree upon dilution. He reported

that the release of HCO3 and CO3 by all soils was almost the

same regardless of their CaCO 3 content. Reitemeier

explained that these changes of ion composition are due to

both cation exchange and dissolution of aluminosilicates and

other soil components. The release of Ca and Mg from soil

CaCO3 into the soil solution and the exchangeable complexes

has been also reported by Mondal (1977).
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Bower and Goertzen (1958) indicated that the amount

of sodium liberated from the exchange sites by dissolution

of CaCO3 can be determined by the Langmuir equation that

takes into account the dependence of liberated Na upon the

initial Na content in the soil. However, the amount of

dissolution will decrease if the same cations are released

from the exchange phase due to the common ion effect.

Moreover, the amount of released Na by soils was found to be

dependent on both mineralogy and salinity of the soils

(Levy and Feigenbaum, 1977).

In contrast, the precipitation of CaCO3 in soils

during irrigation will increase the sodicity hazard by

decreasing the soluble Ca concentration and increasing the

soluble Na concentration to a similar level.

Eaton (1950) related the deterioration of soils

along the Nile River in Egypt to the CaCO3 precipitation as

well as sodium carbonate accumulation in those soils during

a prolonged use of this water for irrigation. He also

assumed that the precipitation of Ca and Mg carbonate salts

that led to the increase in the ESP and pH value of soils

resulted from the residual sodium carbonate (RSC) which is

the difference between alkalinity of the water expressed by

HCO3 and CO3, and divalent cations. In his discussion,

Eaton pointed out that a low sodium water can raise the soil

ESP only when it contains higher amounts of CO3 and HCO3 to
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precipitate Ca and Mg as carbonate salts. He concluded that

the bicarbonate content of the irrigation water should be

considered and RSC should be included in its evaluation.

Kovda (1946), and Loveday (1984) emphasized that CO2 is an

important factor which controls the solubility and the

amount of Ca and Mg carbonate and bicarbonate in the water

and soil solution.

Water exposed to the air will dissolve CO2 in

proportion to its partial pressure. The CO2 will react with

water producing carbonic acid (H2003) with a pH of = 5.7 at

CO2 partial pressure of the atmosphere. This acid can

dissolve calcite and dolomite rocks. The concentration of

Ca and Mg bicarbonate increases with increasing of CO2

partial pressure and decreasing temperature. The precipita-

tion of Ca and Mg carbonate from the solution occurs as the

pH changes and water loses its dissolved CO2.

Wilcox, Blair, and Bower (1954) noticed that the

amount of CaCO3 precipitation increased with increasing

bicarbonate concentration in the irrigation waters. They

also observed that a significant raise in the soil ESP

occurred when the concentration of water was 5 meq/L or

more, and that the soil pH correlated well with the bicar-

bonate ion concentration of the irrigation water. No

significant relation between pH and ESP existed when

nonbicarbonate water was used. In their conclusion Wilcox,
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et al. classified irrigation water according to its RSC

content. Langelier (1936) also developed the concept of

saturation index for predicting the tendency of water to

precipitate or dissolve lime when water flowed through

a closed system.

The precipitation of CaCO3 in soils upon irrigation

is, in fact, not complete. Rather its content depends on

the composition of the irrigation water, the leaching

fraction, the partial pressure of CO2, the pH, and the

weathering of soil primary minerals (Wilcox, et al., 1954;

Bower, Ogata, and Tucker 1968; Rhoades et al., 1968; and

Oster and Rhoades 1975). Suarez (1981) pointed out that Ca

and Mg are not identical in the carbonate precipitation, and

that pH for all calcareous soils is not a constant value.

He proposed an equation to calculate the SAR of the drainage

water taking into account the CO2 partial pressure, the

composition of the irrigation water, the leaching fraction,

and the bicarbonate over calcium ratio.

The solubility of CaCO3 in soils was found to be

higher than that of calcite minerals (Olsen and Watanabe,

1959; Doner and Pratt, 1969; Suarez 1977). Furthermore, the

solubility of CaCO3 increases with decreasing Mg content

(Hassett and Jurinak 1971). In addition, Levy (1984)

stated that the solubility product constant has to be

evaluated for soil minerals rather than equated to the
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calcite minerals. The higher solubility of CaCO3 in soils

may be related to the nonequilibrium reaction that occurs

between the weathering of Ca-silicates minerals and the

precipitation of CaCO 3 salts at the same time (Suarez and

Rhoades, 1982).



CHAPTER 3

MATERIALS AND METHODS

Two different soils which are commonly found in arid

and semiarid regions were selected for the study and

collected from different locations in southern Arizona.

Selected physical and chemical properties of the top 30 cm

layer of these soils are presented in Table 1.

Gila Loam

This soil is classified as coarse-loamy, mixed

(calcareous), thermic, typic torrifluvent. The Gila soil

series is formed from mixed water-laid parent materials on

flood plains and alluvial fans. In general, this series is

0 to 3 percent slopes, loamy to sandy loam textures,

moderately alkaline, and calcareous throughout the profile.

The Gila series is also well drained, moderately permeable

to water with low runoff and a frost free season up to 280

days (USDA, 1972).

Samples of this soil were collected from the upper

30 cm surface from the University of Arizona Experimental•

Farm, west of Campbell Avenue, located at T135 R146 sec.19

SW 1/4.

33
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Mimbres Silty Loam

This soil is classified as fine-silty, mixed,

thermic, typic camborthid (Advance information from Soil

Conservation Services USDA 1985). Mimbres series soils are

formed in sediments derived from igneous, metamorphic and

sedimentary rocks on flood plains and alluvial fans.

Typically, these soils are deep, well drained with 0 to 3

percent slopes. The frost-free season of these soils is 180

to 220 days with an annual average precipitation of 10

inches. Commonly, these soils are characterized by low to

moderate shrinking and swelling potential, moderate alka-

linity, and moderate infiltration rate.

The samples of this soil were gathered from the

upper 30 cm surface from Buckelew farm at Three Points,

north of state Rt. 86, located at T.15S, R10E, sec. 33.

Experimental Columns

Plastic, cylindrical columns (10 cm diameter and 50

cm height) were used to conduct this study. These columns

contain a bottom hole which was covered with glass wool and

sand in order to facilitate water movement and prevent hole

plugging. A plastic tube was fitted in the hole to allow

free drainage and leachate collection.

Soil samples were air-dried, well mixed and passed

through a 2 mm sieve. An equal amount of soil (4.8

kg/column) was uniformly packed inside the columns to a
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depth of 40 cm and a bulk density of 1.53 gm/cm3 to get

similar conditions for each soil. Bulk density and pore

volume were calculated using soil weight, volume, depth, and

particle density.

Three different types of saline waters were prepared

to a constant sodium adsorption ratio 15 (SAR=15), at three

salt concentrations (9.6, 19, and 36 mmol L-1) corresponding

to electrical conductivities (EC) of 1.0, 2.0, and 4.0

dS/m. These waters were made by adding appropriate quanti-

ties of sodium, calcium, and magnesium chlorides to

deionized water. Calcium and magnesium were mixed in the

ratio of 2:1. Properties of these waters are given in Table

2.

The control (deionized water) and the three saline

waters were designated as WO, Wl, W2, and W4. Deionized

water was used to simulate rainfall for comparison.

Four irrigation treatments were applied to the soil

columns at a rate of 500 mL per irrigation (63.7 mm). The

first, second, and third applications were added every other

day. Following the third irrigation, the water was applied

only after drainage from the previous irrigation had

stopped. In terms of total water given, each soil was

treated separately. The Gila soil columns received 1, 3, 6,

or 8 applications of 500 ml each. The Mimbres soil columns

received 1, 3, 8, or 11 applications of 500 ml each.
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Leachates were collected from the bottom of each

soil column every 24 hours, recorded and analyzed for EC and

pH. Drainage of the third irrigation was also analyzed for

Na, Ca, and Mg daily. After the fourth addition of water,

the combined leachate from each irrigation was analyzed for

EC, pH, Na, Ca and Mg. Finally, the columns of each soil

that had received the least and the most water were divided

into three sections (0-10, 20-30, and 30-40 cm). The soil

from each section was air dried and a 1:1 soil:water extract

obtained. Extracts were analyzed for EC, pH, Na, Ca, and

Mg. Exchangeable Na, Ca, and Mg of soil samples were

extracted by ammonium acetate as well.

Analytical procedures used to carry out this study

are those routinely used and described by U.S. Department of

Agriculture Handbook No. 60. Some samples were analyzed by

the soil, water, and plant tissue Testing Laboratory at the

University of Arizona. Na and K in the soil extracts and

the leachates was determined by flame emission while Ca and

Mg were determined by atomic absorption spectrophotometry.
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Table 1. Selected physical and chemical characteristics
of soils used in this study

Soil parameters
	

Gila	 Mimbres

pH
EC	 (dS/m)
TDS (mmol L-1 )
Soluble ions (mm)a

7.8
0.62
4.0

7.6
0.78
8.6

Na 1.3 3.3
Ca 1.0 2.0
Mg 0.7 2.0
K 1.0 1.3

CO3 0 0
HCO3 1.0 1.0
Exchangeable cations (mmol kg-1 )b

Na 16 30
Ca 140 75
Mg 5.3 4.0
K 8.82 4.96

CEC (mmol kg-1 ) 76 78
SAR (mmol L- 1)1/2 1.0 1.65
Texture L SL
Sand (%) 40.8 21.3
Silt	 (%) 48.6 62.6
Clay (%) 10.7 16.1

CaCO3	 (%) 6.34 1.47

a1:1 soil:water extract
bAmmonium acetate extraction
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Table 2. Properties of water used in this study

Water Class* TDS SAR EC Na Ca 	Mg
mmol L-1 dS/m mmol L- 1

WO - =0 =0 =0 =0 =0	 =0

W1 C3S3 9.6 15 1.0 9.2 0.25	 0.13

W2 C3S3 19 15 2.0 17 0.89	 0.45

W4 C454 36 15 4.0 31 2.9	 1.5

*USDA Handbook 60 classification of irrigation water quality



CHAPTER 4

RESULTS AND DISCUSSION

The concentrations of salts in soils and drainage

water are a function of several factors, such as salt

concentration of irrigation water, quantity of water

applied, salt dissolved from soil, and salt precipitated

(Levy, et al., 1983). The application of low quality water

to soil adds considerable amounts of ions and alters soil

physical and chemical properties. However, soil texture,

mineralogy, exchange reactions, and the composition of

soluble and exchangeable cations tends to modify the effect

to a large extent (McNeal, et al., 1968; Rhoades, et al.,

1968).

Gila Soil

The means of EC, pH, and soluble cation concentra-

tions of leachate waters following different irrigation

cycles are presented in Tables 3, 4, 5 and Figure 1. The

concentration of soluble salts in the drainage waters

reflects the degree of leaching salts from soil as indicated

by higher EC value of the first leachate waters (Table 3).

Table 4 indicates that high irrigation rate resulted in a

leaching of soil soluble salts to a more or less steady

39
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Table 3.	 Means of EC, pH, Na, Ca, Mg, and SAR for
different leachates of Gila soil after 3rd water
application

Measured	 Leachate
Parameter days

Treatments (1500 ml)

WO W1 W2 W4 Mean**

EC 1 8.00 6.13 6.57 7.50 7.06x
dS/m 2 2.02 2.2 3.15 4.80 3.04y

3 1.06 1.50*
4 0.70

pH 1 7.7 7.6 7.8 7.8 7.73x
2 7.8 8.3 8.0 7.9 8.00y
3 8.4 8.1*
4 8.0

Na (mM) 1 5.7 3.9 5.6 6.1 5.33y,z
2 1.9 3.0 3.4 3.7 3.00x
3 1.5 1.7*
4 1.3

Ca (mM) 1 28.0 22.1 24.1 26.3 25.10w
2 7.6 6.0 7.8 1.5 5.73x
3 3.3 2.9*
4 2.3

Mg (mM) 1 6.2 3.3 3.62 4.5 4.41y
2 1.1 1.2 1.64 2.4 1.59x
3 0.7 0.5*
4 0.3

SAR 1 0.97 0.78 1.06 1.10
(mmo1)1/ 2 2 0.65 1.10 1.11 1.89

3 0.73 0.94*
4 0.81

* Value of one column.
**Means followed by the same letter are not statistically
significant at 5 % level of significance tested by LSD.
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Table 4.	 Means of EC and pH for different leachates of
Gila soil following different water applications

Measured Amount	 Treatments
Parameter of water 	

added
(L)	 WO	 W1	 W2	 W4	 Mean*

EC

dS/m

Mean

	2.0	 0.8	 1.74	 2.81	 4.70	 2.51y

	

2.5	 0.7	 1.69	 2.76	 4.66	 2.45y

	

3.0	 0.7	 1.64	 2.61	 4.52	 2.37y

	

3.5	 0.66	 1.65	 2.68	 4.53	 2.38y

	

4.0	 0.62	 1.58	 2.64	 4.54	 2.35y

	

0.7a	 1.66b	 2.7c	 4.59d

pH

Mean

	2.0	 8.05	 8.14	 8.10	 7.73	 8.00y

	

2.5	 8.24	 8.11	 8.14	 7.88	 8.09y,z

	

3.0	 8.26	 8.09	 8.13	 7.98	 8.12z

	

3.5	 8.16	 7.97	 8.07	 8.00	 8.05y,z

	

4.0	 8.18	 7.90	 8.10	 8.00	 8.04y,z

	

8.18a	 8.04b	 8.11a	 7.92b

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Table 5. Means of Na, Ca, Mg, and SAR for different
leachates of Gila soil following different water
applications

Measured	 Amount	 Treatments
Parameter	 of water 	

added
(L)	 WO	 W1	 W2	 W4	 Mean*

Na (mM)	 2.0	 1.4	 1.8	 3.2	 5.5	 2.98x

	

2.5	 1.3	 1.9	 4.2	 11.2	 4.65y

	

3.0	 1.1	 2.2	 5.0	 13.4	 5.43z

	

3.5	 0.9	 2.0	 6.1	 16.0	 6.25w

	

4.0	 0.9	 2.7	 7.7	 20.6	 7.98v
Mean	 1.1a 2.1a 5.2b 13.3c

Ca (mM)	 2.0	 2.5	 5.8	 8.7	 15.0	 8.00z

	

2.5	 2.3	 5.8	 8.6	 12.6	 7.33y,z

	

3.0	 2.3	 5.4	 8.2	 11.2	 6.78y,z

	

3.5	 2.3	 5.4	 7.8	 10.4	 6.48y

	

4.0	 2.2	 4.9	 6.7	 9.2	 5.75x
Mean	 2.3a 5.5b 8.0c 11.7d

Mg (mM)	 2.0	 0.5	 1.10 1.5	 2.45	 1.39x

	

2.5	 0.4	 1.05 1.6	 2.11	 1.29x

	

3.0	 0.4	 1.00 1.4	 1.89	 1.17x

	

3.5	 0.5	 1.03 1.5	 1.73	 1.19x

	

4.0	 0.4	 1.13 1.3	 1.58	 1.10x
Mean	 0.4a 1.06b 1.5b	 2.0c

SAR
(mmolL-1 ) 1 /2

	

2.0	 0.81 0.70 1.00	 1.32

	

2.5	 0.79 0.73 1.32	 2.92

	

3.0	 0.66 0.87 1.61	 3.70

	

3.5	 0.56 0.79 2.00	 4.59

	

4.0	 0.58 1.84 2.73	 6.28

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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state level depending upon the salinity of the applied

waters. Table 4 shows that the EC value was higher at the

first leachate than the others. However, as the amount of

water applied increases, the EC value tends to decrease

gradually to reach the equilibrium between the leachate and

applied waters.

Table 4 shows a significant difference between

the treatments and among the treatments and control with the

EC value increasing as the EC of the applied water

increases. The presence of easily weatherable minerals

which upon dissolution changes continuously, and leaching

out the soluble salts into drainage water could be the

reasons for higher EC of the first leachate waters

(Shainberg, et al., 1981a; Rhoades, et al., 1968; U.S.S.L.

Staff, 1954).

The indicted differences between the different

EC values of different treatments is attributed to the

difference in the EC values of the applied waters. There-

fore, all applied waters resulted in higher EC values of the

leachates than the control. Waters with higher EC resulted

in higher EC in their drainage waters.

pH

The pH tends to reflect the amount of salts

present. The pH results in Tables 3 and 4 indicate that the

pH slightly decreased with increasing salt content of the
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drainage waters. The decrease of the pH value with increas-

ing salt concentrations can be attributed to the depression

of the thickness of the diffuse double layer at higher

soluble salt (Russel, 1961), but this decrease is insignifi-

cant between the treatments. Table 4 also shows that the

pH value was higher than 7.5 due to the higher SAR of the

irrigation water. The higher pH value is caused by cations

of the saline water solution replacing the adsorbed H-ions.

Thus high sodium content in the applied waters will result

in an increase of exchangeable sodium and an increase in

pH. This observation can be explained by hydrolysis of

water and the Hi- ion replaces sodium on the exchange

complex. The dissociation of the adsorbed sodium is

affected by the presence of high salt concentration in

solution resulting in a decrease of pH with higher EC. The

value of the pH is also affected by the soil CaCO 3 content.

Cation Concentration

The results show that the chemical composition

of drainage waters is closely related to the salt content of

irrigation waters, Tables 3 and 5. Table 4 also indicates

that the salt concentrations of the leachate waters were

significantly different form each other. Considering Ca

concentration, there is a difference among treatments, and

between treatments and control. All the treatments showed

higher Ca concentration than the control with the
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concentration being more pronounced as the amount of salts

increase in the applied water. High Ca concentration in the

leachates of different treatments is due to the Ca concen-

tration of the applied waters, and the dissolution of soil

CaCO3 that coupled with a Ca-Mg exchange reaction that took

place. The Ca exchange sites act as a sink for released Ca

and enhance further dissolution of CaCO 3 (Alperovitch,

Shainberg, and Keren, 1981). Also, the presence of the

exchangeable Mg in soil enhance the dissolution of CaCO3 in

calcareous soils. In addition due to the high exchangeable

Ca and low EC value of the original soil, Ca originates from

the dissolution of alkaline earth carbonates and the

exchange reaction between Ca and Na, and Mg from soil

solution (Rible and Davis, 1955; Nadler and Magaritz,

1981). Table 5 also reveals that Ca decreased with increas-

ing amounts of water application, due to the equilibrium

that exists between the soluble and exchangeable cation in

the solution, resulted in nearly a steady state condition

between the amount of added salts and removed.

In contrast, Na concentration increased with

increasing application rates. Table 5 shows a significant

difference between the treatments and control, as well as

between treatments with regard to Na concentration of the

drainage waters. It is clear from the data that Na concen-

tration is highly related to the Na concentration of the
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applied waters. The difference among the treatments is due

to the differences in the amount of salts applied, and some

Na could be resulted from the exchange complex of soil due

to the introduction of Ca form the irrigation water that can

replace Na in the exchange reaction (Rible and Davis, 1955).

Considering the Mg concentration, there was an

indication that the irrigation water released some Mg from

the soil, but the concentration of Mg in such cases was

small. Table 5. The leachates of W1 and W2 and the control

were not significantly different but W4 differed signifi-

cantly from the other treatments due to the amount of Mg

applied with the water.

The changes in SAR value of the leachate of dif-

ferent treatments are plotted in Figure 2. The data

indicate that SAR was strongly correlated to the SAR of the

applied waters. It is evidence that SAR increased as the

amount of applied water increased. The behavior of SAR in

the irrigation waters was similar to the EC in affecting the

SAR of drainage waters. With all the levels of EC of

applied solutions, the leachate's SAR tends to increase with

increasing amount of salts in the added waters. This is due

to SAR increasing by a square root of the salt concentra-

tions (James, et al., 1982). It can be seen from Figure 2

that the leachate's SAR was initially modified by the

soluble salts of soil produced from dissolution of calcium
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carbonate, and the exchange reaction which tends to decrease

Na concentration at the soil solution by replacing Na for

Ca. However, it was followed by an increase in SAR due to

the further addition of Na by applied waters. The means of

Ec, pH, and soluble cation concentrations of the soil

extracts, at different depths after one application of water

are presented in Table 6. The EC value of the soil extract

tends to increase with depth and with increasing the EC

value of applied waters. The application of all waters

resulted in a significantly higher EC value than the

control.

The distribution of salts as indicated from Table 6

shows high accumulation of salts at the lower depth. This

result could be due to the effectiveness of the water to

leach soluble salts and then accumulate at the lower depth

due to the insufficient leaching.

The pH values decreased with depth due to salt

accumulation at the lower depth which tends to reduce the

diffuse double layer thickness and thus reduce the pH

value. There was no statistical difference between the pH

value of different treatments and control after one applica-

tion.

The EC values of soil extracts after the 8th

irrigation cycle, Table 7, was closely related to the EC

values of the applied solutions. Table 7 indicates that the
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Table 6. Means of EC, pH, Na, Ca, Mg, K and SAR of
different depths of Gila soil after one irriga
tion-measured at 1:1 soil-water ratio

Measured
Parameter

Depth
(cm)

Treatments (500 ml)

WO W1	 W2 W4 Mean*

EC 0-10 0.39 0.49 0.63 0.90 0.56x
dS/m 10-30 0.48 0.48 0.47 0.79 0.61x

30-40 1.08 1.09 1.08 1.08 1.08y
Mean 0.65a 0.69a,b 0.73b 0.92c

pH 0-10 8.01 7.95 8.07 8.03 7.81x
10-30 8.05 7.93 7.85 7.78 7.90y
30-40 7.84 7.86 7.71 7.81 8.02z

Mean 7.97a 7.91a 7.88a 7.87a

Na (mM) 0-10 0.74 1.60 2.47 4.99 2.45x
10-30 1.08 1.08 1.32 1.10 1.15y
30-40 1.43 1.29 1.64 1.22 1.40z

Mean 1.08a 1.32a 1.81b 2.44c

Ca (mM) 0-10 1.03 0.96 1.02 0.93 0.99x
10-30 1.06 1.23 0.98 1.60 1.22y
30-40 3.02 3.27 3.38 2.99 3.17z

Mean 1.70a 1.82a 1.79a 1.84a

Mg (mM) 0-10 0.19 0.15 0.19 0.14 0.17x
10-30 0.19 0.26 0.23 0.25 0.23y
30-40 0.43 0.46 0.45 0.42 0.44z

Mean 0.27a 0.29a 0.29a 0.27a

K (mM) 0-10 0.85 0.82 0.85 0.85 0.84x
10-30 0.91 0.77 0.94 0.94 0.89x
30-40 1.31 1.44 1.42 1.45 1.41y

Mean 1.02a 1.01a 1.07a 1.08a

SAR 0-10 0.67 1.52 2.25 4.82
(mmo1) 1 / 2 10-30 0.97 0.88 1.20 0.81

30-40 0.77 0.67 0.84 0.66

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Table 7. Means of EC, pH, Na, Ca, Mg, K, and SAR at
different depths for Gila soil after eight applica-
tion rates, measured at 1:1 soil-water ratio

Measured	 Depth	 Treatments (4000 ml)
Parameter	 (cm)

WO W1 W2 W4 Mean*

EC 0-10 0.33 0.62 0.77 1.17 0.72x
(dS/m) 30-40 0.36 0.56 0.81 1.0 0.68x
Mean 0.35a 0.59b 0.79c 1.09d

PH 0-10 7.91 8.30 8.19 8.09 8.12x
30-40 7.92 8.01 8.10 8.06 8.02y

Mean 7.92a 8.18b 8.15b 8.08b

Na (mM) 0-10 0.49 3.52 4.42 6.54 3.74x
30-40 0.66 1.81 3.30 5.10 2.72y

Mean 0.58a 2.67b 3,86c 5.82d

Ca (mM) 0-10 0.81 0.64 0.60 0.69 0.69x
30-40 0.82 1.07 1.03 0.84 0.94y

Mean 0.82a 0.86a 0.82a 0.77a

Mg (mM) 0-10 0.14 0.11 0.10 0.14 0.12x
30-40 0.18 0.18 0.16 0.16 0.17y

Mean 0.16a 0.15a 0.13a 0.15a

K (mM) 0-10 0.67 0.55 0.52 0.55 0.57x
30-40 0.91 0.95 0.76 0.84 0.87y

Mean 0.79a 0.75a 0.64a 0.70a

SAR 0-10 0.51 4.07 5.30 7.18
(mmo1) 1 / 2 30-40 0.66 1.62 3.03 5.10

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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salts were uniformally distributed with depth, and the

treatments resulted in a significant increase of salts in

soil as compared to the control (Lai and Singh, 1974;

Shalhevet and Yaron, 1973). However, application of waters

having EC up to 2 dS/m (W1 and W2) did not increase the EC

value of soil significantly as compared to its original

value, Table 2. This could be due to the high leaching rate

that resulted in a complete leaching of soluble salts to

more or less steady state level, depending upon the EC of

the water applied. Also the evaporation rate was very low

and the application period was too short for a considerable

buildup of salinity in the soil depth.

Tables 6 and 7 show the cation concentration

in soil extracts at different depths following one and eight

application rates. There was no significant difference

between the treatments with regard to the soluble and

exchangeable Ca and Mg after one application rate, while all

the treatments were slightly higher than the control. The

soluble and exchangeable Na were significantly different

than the control. The higher Ca and Na could be due to the

dissolution of CaCO 3 and app lication of these ions with

waters.

Generally, increasing the amount of added water has

resulted in increasing Na, Ca, and Mg concentrations in the

drainage waters and soil extracts (Tables 3, 5, 6, and 7).
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There was no significant difference between the treatments

and the control with regard to the K concentration. The Na

concentration accumulated in the 0-10 cm layer while Ca, Mg

and K accumulated in the 30-40 cm layer. This could be

attributed to the exchange reaction between Ca, Mg, and Na

which cause Ca and Mg to be in the solution and moved down

with the leaching solutions.

The changes in SAR of soil extracts with depth after

one and eight application rates are illustrated in Figures 3

and 4. The SAR of the soil extracts was highly affected by

the SAR and salt content of the applied solution (Figure 3

and 4). The SAR tends to decrease with depth due to salt

accumulation in the 30-40 cm section.

Exchangeable Cation Concentrations

The salt water effectively increased the exchange-

able Na, while Ca and Mg decreased similarly (Tables 8 and

9) as reflected by increasing the SAR of the soil extracts

and drainage waters. The amount of exchangeable Ca, Na, and

Mg between the treatments was noticeably different due to

the differences in the concentrations of the irrigation

water used. There was a wide difference between exchange-

able Ca and Mg due to the difference in the concentration of

these ions in the solutions. The higher amount of Ca/Na

concentration at the higher salt content (36 mmoL/L) could

be the reason for higher exchangeable Ca over Na. Moreover,
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Table 8. Means of exchangeable cations of different depths
of Gila soil after one application rate

Measured	 Depth
Parameter	 (cm)

Treatments (500 ml)  

WO W1 W2 W4 Mean*

Na 0-10 4.01 3.42 4.77 9.36 5.39x

(mmol kg-1) 10-30 1.15 1.82 2.52 7.82 3.33y

30-40 1.65 1.66 1.61 1.53 1.61z

Mean 2.27a 2.30a 2.97a 6.24b

Ca 0-10 255 233 256 251 249x

(mmol kg-1) 10-30 225 224 230 200 220y

30-40 210 240 224 205 220y

Mean 230a 232a 237a 219a

Mg 0-10 6.88 6.85 6.68 6.46 6.72x

(mmol kg- 1) 10-30 5.22 6.94 5.81 4.91 5.72y

30-40 6.26 6.93 6.28 6.55 6.51x

Mean 6.1a,b 6.91b 6.3a,b 5.97a

K 0-10 10.20 10.1 11.6 11.7 10.90x

(mmol kg-1) 10-30 9.32 8.25 10.6 11.6 9.94y

30-40 8.99 9.49 10.3 11.8 10.15x,y

Mean 9.50a 9.28a 10.8b 11.7b

*Means followed by the same letter are not statistically
significant at 5 % level of significance test by LSD.
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Table 9. Means of exchangeable cation concentrations at
different depths of Gila soil after eight applica-
tion rates

Measured
Parameter

Depth
(cm)

Treatments (4000 ml)

WO W1 W2 W4	 Mean*

Na
(mmol kg-1)

0-10 1.02 7.79 8.72 9.65	 6.80x

30-40 1.83 2.05 3.76 7.13	 3.69y

Mean 1.43a 4.92b 6.24b 8.40c

Ca
(mmol kg-1)

0-10 241 223 230 243	 234x

30-40 230 143 253 233	 215y

Mean 236a 183b 242a 238a

Mg
(mmol kg-1)

0-10 6.54 6.21 6.71 7.25	 6.68x

30-40 6.09 5.87 6.75 7.12	 6.46x

Mean 6.32a 6.04a 6.7a,b 7.19b

K
(mmol kg-1)

0-10 9.01 9.12 9.61 9.31	 9.26x

30-40 10.4 11.4 11.29 11.68	 11.20y

Mean 9.71a 10.3a 10.5a 10.5a

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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it is evident that Ca brought into solution from the soil

CaCO3 influenced the observed increase of exchangeable Ca.

The released Ca and Mg from soil CaCO3 as well as introduc-

tion of some Mg from applied waters could be the reason for

increasing Mg in the exchangeable phase (Mondai, 1977).

However, the amount of Mg ions is very low compared to the

Ca and Na in the applied waters, therefore, the entry of Mg

into the exchange sites was opposed by the presence of

higher Ca and Na concentrations.

Mimbres Soil

The values of the leachate Ec indicate that there

was a general decrease in the EC value of different treat-

ments to reach the equilibrium condition (Tables 10, 11

and Figure 5). There was a significant difference among the

treatments and between the treatments and the control with

regard to the EC value, indicating that a steady state

condition between the EC values of the applied and drained

water was reached. The cation concentrations of the drainage

waters (Table 12) reached constant levels after eleven

irrigation cycles. The higher EC values of the first

leachate (Table 10) solutions, are attributed to the

leaching of the soluble salts out into drainage waters as

well as dissolution of the soil CaCO3 by salts of the

applied waters.
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Table 10. Means of EC, pH, Na, Ca, and Mg for different
leachates of Mimbres soil after 3rd water
application

Measured
Parameter

Leachate
days

Treatments (1500 ml)

WO W1 W2 W4 Mean*

EC(dS/m) 1.0 6.17 8.25 8.80 9.67 8.22w

2.0 1.10 1.88

pH 1.0 7.70 7.47 7.34 7.37 7.47x

2.0 8.20 8.20

Na (mM) 1.0 5.86 10.4 13.4 21.9 12.9u

2.0 4.85 5.59

CA (mM) 1.0 24.1 24.6 25.4 26.1 25.1u

2.0 1.96 2.80

Mg (mM) 1.0 3.25 3.91 3.78 4.25 3.8v

2.0 0.36 0.68

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Table 11. Means of EC, pH, and SAR for different leachates
of Mimbres soil following different water
applications

Measured Amount of	 Treatments
Parameter Water 	

Added
(L)	 WO	 Wi	 W2	 W4	 Mean*

EC(dS/m)	 2.0	 1.17	 2.07	 3.06	 5.04	 2.84z

	

2.5	 .89	 1.74	 2.71	 4.56	 2.48y

	

3.0	 .73	 1.66	 2.62	 4.45	 2.37x

	

3.5	 .63	 1.65	 2.60	 4.43	 2.33x

	

4.0	 .61	 1.63	 2.71	 4.25	 2.30x

	

4.5	 .57	 1.68	 2.68	 4.35	 2.32x

	

5.0	 .54	 1.62	 2.64	 4.56	 2.34x

	

5.5	 .54	 1.57	 2.52	 4.46	 2.27x
Mean	 0.71a	 1.7b	 2.7c	 4.5d

pH

Mean

	2.0	 8.20	 8.12	 7.73	 7.67

	

2.5	 8.22	 7.87	 7.70	 7.55

	

3.0	 8.33	 7.98	 7.81	 7.82

	

3.5	 8.44	 8.08	 7.90	 7.97

	

4.0	 8.46	 8.14	 8.00	 7.97

	

4.5	 8.49	 8.15	 8.05	 8.06

	

5.0	 8.48	 8.18	 8.07	 8.07

	

5.5	 8.50	 8.25	 8.12	 8.11

	

8.39c	 8.1b	 7.92a	 7.9a

7.93z
7.84y
7.98z
8.10w
8.14w,v
8.18u,v
8.20u,v
8.21u

SAR	 1.5	 3.19	 3.00	 2.48	 3.98

	

(mmo1) 1 / 2 2.0	 2.41	 3.24	 3.93	 4.28

	

2.5	 1.92	 3.72	 4.35	 3.76

	

3.0	 1.74	 2.92	 3.29	 3.19

	

3.5	 1.79	 2.97	 4.36	 3.90

	

4.0	 1.60	 2.85	 3.72	 6.20

	

4.5	 1.58	 2.65	 4.50	 7.36

	

5.0	 1.40	 2.05	 4.96	 8.07

	

5.5	 1.56	 2.11	 5.87	 8.65

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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The pH values (Tables 10 and 11) decreased with

increasing salt concentration in the drainage waters. The

higher pH values of the treatments are due to the higher SAR

of the applied solutions and soil CaCO 3 .

The data show that there is a statistically signifi-

cant difference between the treatments and the control.

However, there was no significant difference between the pH

value of high salinity waters (W2 and W4) (Table 11).

The SAR of the drainage waters increased as the

amount of salts increased in the treatments (Table 11 and

Figure 6). It can also be seen that SAR of the drainage

waters was gradually increasing as the number of applica-

tions increase. This increase was significantly higher in

the Mimbres than the Gila soil. The Gila soil's SAR

appeared to be less affected by SAR of irrigation waters.

This could have resulted from the high contribution of

soluble salts from the dissolution of CaCO3 and the low clay

content of the Gila soil, because SAR tends to increase as

the % clay in the soil increases. Although some Ca and Mg

was produced from the dissolution of weakly soluble salts,

both soils were affected by SAR of applied waters.

The increase of the SAR value (Table 11) as the

number of applications increased is attributed to the amount

of added Na with irrigation waters and the exchange reaction

that took place between soil solution and exchange phase.
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The entry of Ca into the exchange complex of the soil from

water of high salinity, led to the removal of similar amount

of Na into the soil solution. The higher SAR of the applied

waters should have been expected to release Ca and Mg from

the exchange sites and Na adsorbed. The release of soluble

salts by mineral weathering from the Mimbres soil was small

compared to the Gila soil (Figures 2 and 6).

Cation Concentrations

The chemical composition of the drainage waters is

shown in Table 10 and 12. There is a significant difference

between the treatments and the control as well as among

treatments themselves with regard to Na, Ca, and Mg concen-

trations in leachate waters. Na increased in the leachate

solutions, while Ca and Mg decreased similarly. The Na, Ca,

and Mg concentrations of the leachate waters increased with

increasing salt content of the applied solutions.

The Ec, pH, and SAR of soil solution extracts from

different depths of soil columns after one and eleven

irrigation cycles are presented in Tables 13, 14 and Figures

7 and 8. The salt accumulation in soil depths following one

and eleven application rates increased as the amount of salt

increased in the treatments. Considering EC with depth

(Table 14) the control column had a uniform salinity profile

with depth with low salinity. The other treatments resulted

in a difference no larger than 0.05 dS/m at each depth.
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Table 12.	 Means of Na, Ca, and Mg for different leachates
of Mimbres	 soil	 following different water
application

Measured Amount	 Treatments
Parameter of water 	

added
(L)	 WO	 W1	 W2	 W4	 Mean*

Na (mM)

Mean

	2.0	 4.34	 7.04	 11.3	 16.2	 9.72z,w

	

2.5	 3.11	 7.70	 12.0	 14.3	 9.28z,w

	

3.0	 2.59	 6.21	 9.13	 11.6	 7.38x

	

3.5	 2.41	 6.26	 12.0	 13.7	 8.59y

	

4.0	 2.15	 6.0	 10.1	 19.2	 9.36z,y

	

4.5	 1.99	 5.7	 12.3	 21.7	 10.40v,w

	

5.0	 1.78	 4.73	 13.1	 23.3	 10.70v,w

	

5.5	 1.93	 4.54	 13.5	 24.4 	11.10v

	

2.54a	 6.02b	 11.7c	 18.1d

Ca (mM)

Mean

	2.0	 2.79	 4.13	 7.16	 12.4

	

2.5	 2.35	 3.75	 6.63	 12.6

	

3.0	 2.03	 4.06	 6.72	 11.5

	

3.5	 1.61	 3.93	 6.55	 10.7

	

4.0	 1.63	 3.91	 6.46	 8.38

	

4.5	 1.40	 4.05	 6.63	 7.55

	

5.0	 1.5	 4.63	 6.13	 7.25

	

5.5	 1.38	 4.03	 4.61	 6.88
	1.84a	 4.06b	 6.36c	 9.67d

	

2.0	 0.46	 0.61	 1.10	 1.91

	

2.5	 0.30	 0.53	 0.98	 1.90

	

3.0	 0.18	 0.48	 0.97	 1.77

	

3.5	 0.21	 0.53	 1.03	 1.65

	

4.0	 0.17	 0.51	 0.91	 1.23

	

4.5	 0.18	 0.58	 0.86	 1.15

	

5.0	 0.12	 0.68	 0.85	 1.09

	

5.5	 0.15	 0.60	 0.68 	1.07

	

0.22a	 0.57b	 0.92c	 1.47d

Mean

Mg (mM)

6.62v
6.33v,w
6.08z,w
5.70z
5.10y
4.91y
4.88y
4.23x

1.02w
0.93w
0.85w,z
0.9w,y,z
0.7x,y,z
0.7x,y,z
0.69x,y
0.63x

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Moreover, the low salt accumulation at different depths

after eleven applications indicated that all treatments

reached a steady state. The accumulation of salts at the

lower depths after one application rate is due to the

insufficient leaching (Table 13).

Soil pH is affected by cation exchange capacity,

soluble salts, proportion of the adsorbed cations, organic

matter content, hydrogen ion release from the exchange

complex, and CaCO3 present. The results (Tables 13 and 14)

indicate a significant difference between treatments and

control with regard to the pH value. It tends to decrease

with increasing salinity of the solution. But all pH values

were above 7.5. That could be related to the presence of

CaCO3 because calcareous soils at equilibrium with

atmospheric CO2 have high pH values. Moreover, the high Na

content of the applied waters had some effect on the rise of

pH.

Soil solution Na concentration (Tables 13, 14 and

16) increased with higher SAR values after application of

the high salinity waters (W2 and W4). This implies that the

soil ESp was also affected. It can be assumed that the

solution SAR values are approximately equal to ESp with the

SAR range observed in this study (U.S.S.L. staff, 1954).

The effect of high salinity waters (W2 and W4) was greater

than the water with low salinity, due to the contribution of



69

Table 13. Means of EC, pH, Ca, Mg, Na, K and SAR at
different depths of Mimbres soil measured at 1:1
soil:water ratio

Measured
Parameter

Depth
(cm)

Treatments (500 ml)

WO W1 W2 W4 Mean*

EC 0-10 0.31 0.46 0.59 0.9 0.57x
dS/m 10-30 0.59 0.98 0.90 0.9 0.84y

30-40 1.85 1.77 1.80 1.7 1.78z
Mean 0.92a 1.07b 1.1c,b 1.17c

pH 0-10 7.72 7.7 7.82 8.05 7.82x
10-30 7.62 7.68 7.80 7.8 7.73y
30-40 7.53 7.61 7.74 7.66 7.64z

Mean 7.62a 7.66a 7.79b 7.84b

Ca (mM) 0-10 0.48 0.57 0.69 0.71 0.61x
10-30 1.03 1.86 1.71 1.98 1.65y

30-40 5.27 5.65 4.94 5.14 5.25z

Mean 2.26a 2.69b 2.45a,b 2.61b

Mg (mM) 0-10 0.14 0.33 0.13 0.15 0.19x

10-30 0.29 0.41 0.34 0.31 0.34y

30-40 0.67 0.76 0.64 0.58 0.66z

Mean 0.37a,b 0.50b 0.37a,b 0.35a

Na (mM) 0-10 1.48 2.39 2.92 5.07 2.97x

10-30 2.50 3.35 3.03 3.15 3.01x

30-40 3.73 3.82 3.18 3.81 3.64y

Mean 2.57a 3.19b 3.04a,b 4.01c

K (mM) 0-10 0.57 0.52 0.47 0.57 0.53x

10-30 0.68 0.68 0.68 0.94 0.75y

30-40 0.96 0.97 0.82 1.01 0.94z

Mean 0.74a 0.72a 0.66a 0.84a

SAR 0-10 1.88 2.53 3.23 5.47

(mmo1) 1 / 2 10-30 2.19 2.23 2.12 2.08

30-40 1.53 1.07 1.35 1.59

*Means followed by same letter are not statistically
significant at 5% level of significance test by LSD.
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Table 14. Means of EC, pH, Ca, Mg, Na, K, and SAR for
different depths of Mimbres soil after eleven
application rates, measured at 1:1 soil:water
ratio

Measured
Parameter

Depth
(cm)

Treatments (5500 ml)

WO W1 W2 W4 Mean*

EC 0-10 0.22 0.46 0.75 1.05 0.62x
dS/m 30-40 0.28 0.42 0.67 1.02 0.60y
Mean 0.25a 0.44b 0.71c 1.04d

pH 0-10 7.62 7.94 8.20 8.13 7.97x
30-40 7.62 7.65 7.86 7.90 7.76y

Mean 7.62a 7.8b 8.03c 8.02c

Ca (mM) 0-10 0.65 0.18 0.19 0.70 0.43x
30-40 0.50 0.55 0.51 0.83 0.60x

Mean 0.58a,b 0.37a 0.35a 0.77b

Mg (mM) 0-10 0.12 0.06 0.06 0.11 0.09x
30-40 0.12 0.14 0.10 0.11 0.12y

Mean 0.12b 0.1a,b 0.08a 0.11a,b

Na (mM) 0-10 0.43 3.04 5.01 7.41 3.97x
30-40 1.12 1.83 3.83 6.63 3.35y

Mean 1.55a 2.44b 4.42c 7.02d

K (mM) 0-10 0.36 0.26 0.24 0.38 0.31x
30-40 0.39 0.49 0.41 0.44 0.43y

0.38a,b 0.38a,b 0.33a 0.41b

SAR 0-10 0.49 6.21 10.1 8.24
(mmo1) 1 /2 30-40 1.43 2.21 4.91 6.85

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Na and Cl to total soil salinity (Tables 13 and 14). There

was a significant difference between treatments and control

with regard to soluble Ca concentration. But, the

exchangeable Ca (Tables 15 and 16) remained without any

statistical differences between treatments and control. The

soluble Ca increased with increasing amount of salts in the

applied waters. This increase could be attributed to the

added Ca ions with water and those dissolved from soil CaCO3

(Loveday, 1984). Apparently, the ion composition and

concentration of the applied waters, and soil exchange

reaction can alter the soil solution composition and concen-

tration. The Na concentration was highly significant

between treatments and control and among treatments. The

high Na concentration in soil solution and exchange complex

(Tables 13, 14, 15 and 16) is mainly attributed to high Na

concentration of the applied solutions.

In all treatments Mg concentration was lower than

the other cations. This related to the lower original value

of the Mg in soil solution and exchange complex as well as

amount of added Mg ions with applied waters were lower than

Ca and Na. High K concentration at the exchange phases can

be referred to the original K content of the soil and

weathering of easily weatherable minerals containing K such

as mica and K feldspars.
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Table 15. Means of exchangeable cation concentration at
different depths of Mimbres soil after one
application rate

Measured	 Depth
Parameter	 (cm)

Treatments (500 ml)  

WO	 W1	 W2	 W4	 Mean*

Ca	 0-10	 68.8	 70.8	 67.9	 62.3	 67.5x
(mmolkg-1 ) 10-30	 70.1	 65.2	 72.2	 74.0	 70.4x

	

30-40	 71.6	 72.2	 75.0	 64.8	 70.9x
Mean	 70.2a	 69.4a	 71.7a	 67.0a

Mg	 0-10	 3.90	 4.0	 4.11	 3.97	 4.0x
(mmolkg-1 ) 10-30	 3.82	 4.24	 4.27	 4.48	 4.2x

	

30-40	 3.89	 4.30	 4.61	 4.28	 4.27x
Mean	 3.87a	 4.18a	 4.33a	 4.24a

Na	 0-10	 2.77	 7.90	 3.37	 11.7	 6.44x
(mmolkg-1 ) 10-30	 3.48	 4.67	 4.67	 3.56	 4.10y

	

30-40	 1.58	 1.85	 1.98	 1.84	 1.81z
Mean	 2.61a	 4.81a,b 3.34a,b 5.07b

K	 0-10	 5.95	 5.76	 6.34	 6.25	 6.08x
(mmolkg-1 ) 10-30	 5.45	 5.88	 6.12	 6.16	 5.90x

	

30-40	 5.24 	6.19	 6.20	 4.99	 5.66x
Mean	 5.55a	 5.94a,b 6.22b	 5.80a,b

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Table 16. Means of exchangeable cation concentrations for
different depths of Mimbres soil after eleven
application rates

Measured	 Depth	 Treatments (5500 ml)
Parameter	 (cm) 	

WO	 W1	 W2	 W4	 Mean*

Ca	 0-10	 65.1	 60.8	 65.6	 59.1	 62.7x
(mmol kg-1 )

	30-40	 68.2	 58.9	 58.9	 64.3	 62.6x

Mean	 66.7a	 59.9a	 62.3a	 61.7a

Mg	 0-10	 3.97	 4.05	 4.07	 7.43	 4.88x

(mmol kg-1 )
	30-40	 4.00	 5.31	 4.06	 3.81	 4.30x

Mean	 3.99a	 4.68a	 4.07a	 5.62b

Na	 0-10	 1.68	 12.0	 13.3	 15.7	 10.7 x

(mmol kg-1 )
	30-40	 1.01 	3.22	 5.12	 10.8	 5.04y

Mean	 1.35a	 7.61b	 9.21b	 13.3b

K	 0-10	 5.85	 6.21	 5.91	 5.48	 5.86x

(mmol kg-1 )
	30-40	 6.03	 6.29	 6.13 	6.07	 6.13x

Mean	 5.94a	 6.25a	 6.02a	 5.78a

*Means followed by the same letter are not statistically
significant at 5% level of significance test by LSD.
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Considering cation distribution with depth (Tables

13, 14, 15, and 16) K and Mg were approximately the same at

different depths. Likewise, there was a little difference

in the distribution pattern for Na and Ca in soil columns

receiving either one or eleven application rates. Exchange-

able Na accumulated mainly in the surface 10 cm layer, while

exchangeable Ca decreased in the surface of the soil

columns. Exchangeable Mg also decreased with decreasing

soil depth. The remainder of the soil depths contained

slightly more exchangeable Mg than that of the control.
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CONCLUSIONS AND SUGGESTIONS

A laboratory experiment on soil columns was

conducted in 1985 at the University of Arizona to determine

the response of two different soils to the addition of

various types and amount of saline-sodic irrigation waters

and to study the changes in soil properties such as soluble

and exchangeable cation concentrations, pH, and SAR of both

soil leachate and solution extracts at different soil depths

resulting from the application of these waters.

The two soils under study were a Gila loam and a

Mimbres silty loam. The irrigation waters had different

salinities and a constant SAR value. A factorial randomized

complete block design with three replicates was used to

statistically analyze the experimental data obtained.

The results of the experiment showed that each

soil behaved differently in its response to the application

of different saline-sodic waters under the study.

The effect of irrigation water salinities on both

soils were significantly different from each other. Means

of soil EC values revealed a significant effect of the

applied water salinities on both soils. The EC values of

leachate and extracts were closely related to the EC values

of the applied solutions. All waters resulted in an

increase in the EC values of both leachate and solution
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extracts of the two soils. Furthermore, they increased as

the salinity of the applied water increased.

Salts distributed uniformally with depth in both

soils after 8 and 11 irrigation cycles, while they accumu-

lated at the bottom layer after only one application. The

means of accumulated salts at the end of the experiment for

high salinity water were higher than the original value for

both soils.

Soluble cation concentrations in soil solution

and leachates were closely related to the concentration of

the applied waters. However, both soils contained weather-

able minerals which released Ca and Mg to the soil solu-

tions. Hence, the cation content of these two soils was

substantially modified by the amount of cations content of

soil exchange and dissolution of CaCO3. Mimbres soil

appeared to release small amount of K and Mg by the dissolu-

tion of soil minerals, where as Ca and Mg were the main

cations released by Gila soil. The Mimbres soil was more

stable and released only small amounts of Ca and Mg to the

soil solution, while Gila soil released more Ca and Mg upon

leaching with deionized water.

Exchangeable cations increased with increasing

salt content of the applied solutions. They tended to

reflect the soluble cations present in the soil solution.

The amount of cations adsorbed from the soil solution was
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balanced by an equivalent amount removed into the solution

from the soil. Calcium was most readily replaced in both

soils. Therefore, the Na salt in the applied waters replaced

a substantial amount of Ca from the soil exchange complex.

The data also indicated a wide difference between exchange-

able Ca and Mg due to the difference in their concentrations

in the applied waters and to their original values in the

soil exchange phases.

The pH decreased with an increase in salinity of

irrigation waters. The pH was higher than 7.5 due to the

high SAR of the applied waters and the hydrolysis of

adsorbed Na. The soil's CaCO 3 content also affected the pH

rise.

The SAR of soil drainage and solution extracts

increased as the amount of salt and application rates of the

solution increased. The water with higher salinity resulted

in higher SAR in both soil solution and leachates. Further-

more, the SAR of each soil, at a given total concentration

of the applied water, reached different values because of

the differences in their texture, cation exchange capaci-

ties, and to some extent to the differences in the amount of

Ca and Mg released from the dissolution of soil minerals.

The SAR of both soils in general was lower than that of the

original irrigation waters due to the period of the experi-

ment which was short and had a high application rate as well
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as dissolution of soils CaCO3. However, as the total salt

concentration of the irrigation water increased from 19 to

36 mmol/L, the SAR of both drainage and soil solutions

markedly increased. The effect was more pronounced in

Mimbres soil than in Gila soil.

The Mimbres soil contains considerably more fine

fraction (silt and clay) than the Gila soil and therefore,

the amount of surface area exposed to the water was con-

siderably greater than Gila soil. The soil material that

could affect the composition of drainage water and soil

solution are CaCO3 , other easily weatherable minerals, and

organic matter.

The sodicity levels of both soils increased as

the total salt concentration increased in the applied

solutions. Therefore, to predict the changes in major

cation concentrations and sodicity levels of soils irrigated

with saline-sodic waters, the following parameters should be

evaluated.

1. Catonic composition of the irrigation water and

their relative proportions.

2. Irrigation practices such as leaching fraction,

water application, depth, and intervals.

3.	 Factors that tend to modify irrigation water such

as CaCO3 and other easily weathered minerals, and
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soil exchange properties, should be evaluated for

each soil condition and use.

These waters can work well in these soils if gypsum

amendment is added to the soils or any other easy source of

Ca such as CaC12 to the waters that can lower the SAR of

these irrigation waters. Gypsum added to the soils will

improve their permeability due to its effect on providing

electrolytes and exchange reaction. These waters can be

further improved by the addition of sulfuric acid that can

increase the rate of water movement and reduce the SAR of

such waters. If these waters are used in such soils,

special management such as high leaching fraction, adequate

drainage system, and crop selection should be provided.



APPENDIX A

Calculated saturated hydraulic condictivity (cm/hr) for Gila
soil during the first day after each water application.

WO W1 W2 W4

0.69 1.18 1.4 1.87

0.64 0.95 1.2 1.77

0.52 0.73 0.99 1.26

0.45 0.62 0.89 1.15

0.55 0.68 0.75 1.00

0.49 0.52 0.70 1.13

Mean 0.56+0.1 0.78+0.25 0.99+0.27 1.35+0.36
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APPENDIX B

Calculated saturated hydraulic condictivity (cm/hr) for
Mimbres soil during the first day after each water
application.

WO	 W1	 W2	 W4

2.13 1.92 2.01 2.15

2.1 2.69 2.62 2.89

2.06 2.3 2.16 2.76

1.58 1.91 2.10 2.61

1.52 1.69 1.94 2.43

1.33 1.55 1.76 2.29

1.24 1.42 1.52 2.46

1.14 1.46 1.41 2.47

0.99 1.26 1.24 2.36

Mean	 1.57+0.44	 1.8+0.46	 1.86+0.43	 2.49+0.23
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