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ABSTRACT 

A study was made on the application of amendments 

in artificial columns of three problem soils of Arizona. 

Ammonium thiosulfate (ATS) was used for White House soil 

to study its effect on soil pH and the availability of 

nutrients in the soil. In addition, gypsum and ATS were 

used singly and in combination for Gothard and Guest soils, 

which are classified as salt-affected soils, to study the 

effectiveness of these amendments in reclaiming these soils. 

Reclamation of these soils was evaluated by studying the 

EC, pH, Ca, Mg, Na, NO^, and SO^ for both soils and leach-

ates. In addition, infiltration rate was used to study the 

effectiveness of treatments on the physical properties of 

the soils. 

Results showed that using ATS for White House soil 

decreased the pH and increased the concentrations of Ca, Mg, 

and NO^ for both soil and leachates. 

ix 



INTRODUCTION 

The expansion of population, fulfillment of social 

and aesthetic needs, and an expanding technology have in

creased attention on salt-affected soils which can poten

tially supply considerable amounts of food. Salt-affected 

soils are widely spread all over the world in areas of dif

ferent climates and in countries with different economical 

systems. 

Sodicity difficulties are generally associated with 

a water-logged condition of the soil which results in the 

accumulation of soluble salts throughout the soil profile 

at or near the surface as the result of evaporation of 

water brought up by capillary rise from the high-water 

table. Effects are the delay of seeding, crusting of the 

surface, poor physical condition, low fertility status, 

and hydroxyl ion toxicity in case of high activity hydroxyl 

ion. These difficulties will depress crop production. 

Saline soils may affect plant growth in two dis

tinct ways: (1) the increased osmotic pressure of the soil 

solution effects an accompanying decrease in the physiolog

ical availability of water to the plant and (2) the con

centrated soil solution may be conducive to the accumula

tion within the plant of toxic quantities of various ions. 

1 
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Reclamation of salt-affected soils with amendments 

has been used for a long time. There are different kinds 

of compounds which can be used singly or in combination. 

Combinations of amendments may save time and money and 

produce better results than a single amendment. Effective

ness of amendments under different soil conditions is 

governed by several factors, the principal ones being the 

insoluble carbonate content and the pH value of the soil. 

In the case of calcareous soils, acid-furnishing amendments 

are usually preferred; but a rapid decrease in soil pH 

will take place if they are used on soils containing little 

or no lime. If the soil does not contain free lime that 

can be dissolved with proper amendments, then calcium must 

be supplied directly with the amendment to the soil. 

The objectives of this research were to: 

1. Evaluate the effectiveness of ammonium thiosulfate 

for decreasing the pH of the Uhite House soil in 

order to facilitate Texas root rot control. 

2. Evaluate the effectiveness of amendments (gypsum, 

ammonium thiosulfate) singly and in combination for 

reclamation of salt-affected soils (Guest and 

Gothard). 

3. Determine the effects of amendments on the infil

tration rate of the salt-affected soils. 

4. Evaluate the changes in major cations (Ca, Mg, and 

Na) and major anions (SO^ and NO^) of salt-affected 



3 

soils resulting from amendment application and 

leaching. 

5. Evaluate the rate of transformation of the ammo

nium in ammonium thiosulfate. 



LITERATURE REVIEW 

This chapter will cover salt-affected soils, 

factors affecting the solubility of salts, cation-exchange 

equations, reclamation of salt-affected soils, and chemical 

amendments. 

Salt-affected Soils 

Large areas of irrigated croplands around the 

world, expecially in arid and semi-arid regions, suffer 

from accumulation of salts in the root zone to a level 

harmful to plant growth. The presence of salt-affected 

soils is indicated or suspected by depressed crop yields 

changes in the numbers and species of plants, or the 

existence of salt crystals on the soil surface. Soils may 

be saline because of residual salinity; that is, saline 

soils that are neither flooded nor affected by ground water 

that accumulated and formed through natural processes 

during formation and development of soils and/or through 

salts which are transferred by irrigation and flooding 

waters. There are many conditions especially related to 

the development of saline soils in arid and semi-arid 

regions. 

One or a combination of the following conditions 

are responsible for salinity problems: 

4 
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1. High temperatures, especially in summer time. 

2. Low precipitation. 

3. High evapotranspiration rates. 

4. Low organic matter content. 

5. Fine-textured soils with a high content of mont-

morillonitic clays. 

6. Presence of stratifications, compact layers, hard 

pans, and pressure pans. 

7. Low hydraulic conductivity. 

8. Low infiltration rate. 

9. Poor natural drainage. 

10. Presence of aquifers that feed that ground water 

with soluble salts. 

11. Application of large quantities of irrigation 

water at improper times and so uneven fields that 

cause extra percolation losses. 

12. Using saline water for irrigation. 

13. Application of high rates of fertilizers. 

14. Intensive removal of a dense, healthy cover of 

deep-rooted vegetation. 

15. Accumulation of salts through the formulation and 

development of soils. 

Salt-affected soils have been classified according 

to the electrical conductivity (ECg) of the saturation 

extract and the exchangeable sodium percentage (ESP) or 
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sodium adsorption ratio (SAR) into three groups. The main 

characteristics of these groups, according to the tradi

tions and proposed classifications are shown in Table 1. 

Factors Affecting the Solubility 
of Salts 

Effect of Ionic Strength 
(Salt Effect) 

There are many complex reactions which modify the 

conditions of solubility of salts in the soil solution. 

These reactions affect solubility, precipitation, and 

composition of salts in soil solution which will reflect 

on the composition of exchangeable ions on soil colloids. 

Tanji and Doneen (1966) wrote that increasing 

foreign ions will increase the electrolyte concentration, 

Table 1. Traditional and proposed classification of 
salt-affected soils. -- From Bohn, McNeal, 
and O'Connor (1979, p. 230) 

Normal Soils Saline Soil Sodic Soil Saline-sodic Soil 

Traditional Classification 

EC < 4 mmho/cm EC > 4 mmho/cm ESP > 15% 

ESP < 15% 

Proposed Classification 

EC < 2 mmho/cm EC > 4 mmho/cm SAR > 15 

SAR < 15 

EC > 4 mmho/cm 

ESP >15% 

EC > 2 mmho/cm 

SAR > 15 

4 
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which in turn increases the ionic strength of the soil 

solution and decreases the activity coefficients for 
| [ | I 

Ca and SO^ . This will cause more Ca and SO^ to 

enter the solution as a result of increasing the solu

bility of gypsum. 

Carter, Cairn, and Webster (1978) performed a 

preliminary laboratory study on methods of increasing 

gypsum solubility. They found that the addition of field 

application rates of ammonium compounds such as ammonium 

nitrate increased the solubility of gypsum. 

Kovda (1946) wrote that llgC^, NaC^. and Na and K 

nitrates considerably increased the solubility of gypsum 

and that the solubility of Ca and Mg carbonates increased 

as NaCl and Na2S0^ increased in soil solution. 

Salinity increases the solubilities of minerals 

more than water. This is termed the ionic strength effect 

because the increased solubility is caused by decrease in 

activity coefficients resulting from increased ionic 

strength. The following equations will explain this effect: 

a^ « ci fi 

where, 

a^ * activity of an ion which is a measure of the 

effective molarity of an ion, 

ci « concentration of the ion. 



where, 

8 

fi • the activity of coefficient of the ion, which 

accounts for the interactions between ions 

in solution, can be approximated by using the 

Debye-Huckel theory. 

Log f . -0.509Z»/jr 
1+/S 

Z = the valence of the ion 

y = the ionic strengh (a measure of the intensity 

of the electrical field in the solution which 

is defined as 

p = %lc^z? 

where, 

c^ = the actual molar concentration of each ion 

in the solution 

= ion's valence. 

The Common-ion Effect 

++• If an electrolyte that does not contain Ca or 

SO^ is added to an aqueous solution saturated with gypsum, 

the solubility of gypsum will increase because of the ionic 

strength effect. However, if an electrolyte is added which 
| | _ _ 

contains either Ca or SO^ , gypsum will eventually 
| | 

precipitate because of the product [Ca ][S04 ] must 
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adjust to attain a value to the equilibrium constant kgyp. 

This process is known as the common-ion effect. 

Concentration of CO2 

Carbon dioxide is an important component of the 

ground water, soil, and atmosphere. The CO2 concentration 

in the soil is much higher than in the atmosphere, which 

varies from place to place and with time. Source of CO2 

in soils and groundwater is derived from decaying organic 

matter by organisms and through the respiration process of 

plant roots. Carbon dioxide occurs in essentially all 

soil and groundwater (Russell, 1950) and it has an effect, 

either directly or indirectly, on the concentration of most 

other dissolved constituents (Garrels and Christ, 1965). 

Kovda (1946) wrote that CO2 is the main factor 

which controls the solubility and the amounts of carbonates 

and bicarbonates of Ca and Mg in solutions of water and 

soil-water. With increasing CO2 in the air with high pres

sure and low temperature, the concentration of Ca and Mg 

bicarbonates will increase. The reverse action occurs when 

cold groundwater moves upward through the soil layers; it 

warms up as it approaches the surface, loses the dissolved 

C02> and deposits Ca and Mg carbonates into the soil hori

zons, forming a zone of lime nodules. The precipitation of 

Ca and Mg will cause the Na+ concentration to increase in 

the soil solution, which increases the exchangeable sodium 

percentage. 
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Cation-exchange Equations 

The literature on cation exchange reaction in soils 

is equally profuse and inconclusive. The obvious diffi

culty lies in the complexity, non-ideality, and hetero

geneity of natural soil systems. The U.S. Salinity 

Laboratory (U.S. Department of Agriculture, 1954) reported 

that the use of cation-exchange equations for expressing 

the relationship between soluble and exchangeable cations 

in soils of arid regions involves inherent difficulties. 

The difficulties arise from the presence of different kinds 

of cation-exchange materials in soils and from the presence 

of more than one cation to be included. Moreover, there 

are no accurate methods available for determining exchange

able calcium and magnesium in soils containing alkaline-

earth carbonates and gypsum. Various expressions and view

points have been discussed by Krishnamoothy and Overstreet 

(1950), Eriksson (1953), and Bolt (1955). Hajrah (1965) 

emphasized that no single equation will cover all cases or 

give a constant value over a wide range of concentrations 

in the case of unequal charge ions. 

A satisfactory expression of cation-exchange 

equilibrium is of considerable value in the study of soils 

affected by solution salts. Such an expression permits 

estimation of the exchangeable sodium percentages of soils 

from analyses of their equilibrium water extracts. It is 

also useful for predicting changes in exchangeable-sodium 
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percentages of application of irrigation waters of known 

composition to soils. On the basis of data obtained by 

correlating the compositions of the dissolved and absorbed 

cations in many soils from arid regions, the U.S. Salinity 

Laboratory staff has adopted an equation similar to that 

proposed by Gapon (1933): 

two kinds of cations only, and for the Na-Ca exchange is: 

the cation concentrations are expressed in equivalents. 

Bolt (1955) concluded that the variations in the values of 

the Gapon constant K for soils are mainly related to 

differences in their surface charge density. In addition, 

Hajrah (1965) concluded that Gapon equations are preferred 

due to their simplicity. For practical application the 

information needed for the Gapon equation to predict the 

equilibrium concentrations of salts from nonequilibrium 

conditions includes an average exchange constant, cation 

exchange capacity and the initial concentrations of ions 

Na(ad.) = v Na+ 
exch. Cap-Na(ad.) 

Gapon's equation applies to a system containing 

Na (ad.) _ Na+ 
Ca (ad.) —x 

/Ca 

In both equations, K is treated as a constant and 
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in the saturated extract. This equation may be applied to 

the natural soil to calculate the equilibrium concentra

tions when gypsum is applied to land. Then the amount of 

Ca absorbed from gypsum could be calculated. Another advan

tage of using Gapon's equation is that the percentage of 

clay need not be known. Bower (1959) pointed out that 

cation-exchange equations are of considerable value in the 

study of soils affected by sodium and he summarized his 

results to Gapon-type equations by stating that they are 

of practical value even in systems containing Mg and K, as 

well as Na and Ca. 

Reclamation of Salt-affected Soils 

Crop production is affected by both saline and 

sodic conditions. These conditions should be corrected to 

increase crop production. Salt-affected soils can be 

reclaimed by physical, biological, chemical, hydrotechnical, 

and electrical methods. Combinations of more than one 

method will speed up the reclamation processes. Local study 

of the area's conditions will determine which method should 

be used. 

The first step in reclamation of salt-affected soil 

is to determine whether the problem is chiefly one of 

sodicity or salinity. Proper diagnosis of a soil problem 

is essential to ensure that the correct reclamation method 

and treatment will be recommended and carried out. Abrol 
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and Fireman (1977) presented a flow chart (Fig. 1) to 

identify the kind of salt-affected soil. 

Peck (1979) reported that salt movement results 

from the flow of water containing dissolved salts. Also, 

he mentioned that the first step toward reclamation of a 

particular area of saltland should be to determine the 

relative importance of the different forms of water move

ment which transports salt into the area. Finally, he 

linked all technical steps required for saltland reclama

tion in a logical order and illustrated them in the form 

of a flow chart such as that shown in Figure 2. 

Reclamation of Saline Soils 

Reclamation of saline soils includes the presence 

of natural or artificial drainage in case of poor natural 

drainage. Then, adding good quality and a sufficient 

quantity of water to pass through the soil will carry the 

excess salts out of the root zone. The amount of water 

required for reclamation depends on the amount of salts 

present in the soil, the type of salt, the soil depth to 

be leached and water holding capacity, the leaching effi

ciency, the method of leaching, the quality of leaching 

water, and the depth and concentration of the ground water. 

Usually, it takes about 1 foot of water per 1 foot of depth 

to remove 80% of the salts. It takes about twice that 

amount to remove 90% of the salts. According to Kearney 
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If you Observe 
poor or no crop growth 

Mane sure that poor crop 
growth is not due to pests,  
diseases, inadequate ferti
lization, inferior land 
preparation, poor water 
management, etc.  

If answer to any of these questions is yes 

May be ar alkali  or saiir . i ty problem 

Determine aUali states Determine salinity status 

I Determine hycaulic 
conductivity 

If low 

May be a salinity p'Otle '  

Make a field Inspection 

Can salts be seen on the surface? 
Does water accumulate I  stagnate? 
Is there poor germination I  patchy 

crop growth? 

Are there visible signs of salt  
injury to Crops? 

Figure 1. Flow chart for identification of the 
problems. — From Abrol and Fireman (1977, p. 11). 
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M«nagt surface *ater to reduce 
run-on and aid run-off from 
saltUnd 

Manage saltland to favour 
teaching of residual salt 
(stop) 

•Start » locate salt-affected land 

T 
Is saltland affected by flooding? 

US ~l 
NO 

-¥ 4 
Is saltland affected bjr aquifers? 

-H0- -US-

US 

* 
Is sub-surface drainage wanted' 

US NO 

Des>gn and install a suitable 
drainage system 

Manage intake area to enhance 
cvapo-transpiratton 

locate «Mjor intake 
aroils) for jQutferfs) 

1 > 

Is intake area affected 
by flooding* 

US 

Manage surface water to 
reduce run-on and aid 
run-off from intake area 

Figure 2. Flow chart showing steps to be taken 
in the diagnosis and treatment of salt-affected land. --
From Peck (1973, p. 73). 



and Schofield (1936) the plants begin to be adversely 

affected as the salt content of the soil exceeds 0.17.. 

Reclamation of Sodic Soils 

Because of the presence of sodium as the predomi

nant cation on the exchange sites, these soils have low 

permeability for air and water. If allowed sufficient time, 

sodic soils develop characteristic morphological features, 

such as a dense layer of low permeability that may have a 

columnar or prismatic structure. This layer restricts root 

penetration and affects the movement of water through the 

soil. Reclamation of these soils includes using chemical 

or biological amendments. These amendments will provide 

| | -f. 
Ca directly or indirectly, which will replace Na ion. 

Deep plowing will break down the impermeable layer. Then 

leaching water of good quality will remove sodium salts 

out of soil profile into the drainage system. 

Reclamation of Saline-sodic Soils 

Saline-sodic soils generally have some of the 

characteristics of both saline and sodic soils. Reclama

tion of these soils includes reducing the salt content and 

the exchangeable sodium percentage to proper levels. This 

can be achieved by using different kinds of amendments, 

plowing, and leaching processes. 



Chemical Amendments 

Saline-sodic and sodic soils cannot be reclaimed 

by simple leaching and for their improvement require the 

application of amendments. The following amendments can 

be considered: 

1. Calcium-containing amendments that have relatively 

high solubility 

a. CaSO^^i^O 

b. CaCl2 

2. Calcium-containing amendments which have low 

solubility 

a. Ground limestone 

b. By-product lime from sugar factories 

3. Acid-forming amendments 

a. Elemental sulfur (S) 

b. Sulfur dioxide (SC^) 

c. Polysulfides 

d. Ammonium thiosulfate [(NH^>2S202)] 

e. Aluminum sulfate [A^CSO^^-ISI^O] 

f. Iron sulfate (FeSO^'l^O) 

4. Acid amendments such as sulfuric acid. 

Calicium-containing amendments will provide cal

cium directly through the dissolving processes of these 

materials. In case of acid-forming amendments, they fur

nish Ca indirectly in a two-step process. First, the S 

is oxidized to l^SO^ and, secondly, the I^SO^ reacts with 
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lime in the soil to produce gypsum. On the other hand, 

acid amendments react with lime to form gypsum directly. 

According to Stroehlein (1980), calcium must be applied 

directly if the soil does not contain free lime. 

According to Prather et al. (1978) amendments 

should be chosen according to many factors, including 

1. Physical and chemical properties of the soil to 

be reclaimed. 

2. Time available for reclamation. 

3. Amount of water available for leaching and 

drainage capacity of the soil. 

4. Extent of reclamation needed. 

5. Costs for amendments, water, and application. 

Overstreet, Martin, and King (1951) have investi

gated the use of gypsum, sulfur, and sulfuric acid for 

reclaiming an alkali soil of the Fresno series. They 

concluded that the three major amendments used in the 

alkali-soil reclamation theoretically are not equally 

effective on the basis of the sulfur content. This can 

be explained by some reaction equations related with these 

amendments. Gypsum affects the replacement of absorbed 

sodium according to the following reaction: 

2Na(ad) + CaSO^ Ca(ad) + Na2S04 
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where the suffix (ad) signifies the absorbed state. The 

action of sulfur and sulfuric acid under the most efficient 

conditions in releasing absorbed sodium can be described by 

the following reaction 

H2S04 + 2CaC03 + 4Na(ad) 2Ca(ad) + Na2S04 + 2NaHC03 

according to the above equations one atom of sulfur will 

release two sodium ions in case of gypsum and four sodium 

ions in case of sulfur and sulfuric acid. 

Gypsum 

Gypsum (CaS04*2H20) is the most commonly used amend

ment due to its effectiveness and low price. The use of 
| | 

gypsum as a source of Ca to improve and reclaim sodic and 

saline-sodic soils has been thoroughly investigated. Gypsum 

and anhydrite (CaS04) are considerably more soluble than 

calcite and dolomite, but much less soluble than the 

chloride minerals. The reaction of gypsum with solution 

can be expressed by the equation 

CaS04.2H20 — Ca"1"1" + S04~~ + 2H20 

Calcium will replace absorbed Na+ according to the following 

reaction: 

Soil colloids + Ca"H" — 2Na++ + Ca 
Na 

soil 
coll. 
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Sodium released from this reaction will go out 

of the soil profile as water moves through the soil. 

Hibbard (1922) experimented with reclamation of infertile 

alkali soils with gypsum and other treatments. He con

cluded that if a soil contains 0.5% or more of sodium 

salts, adding gypsum probably will not improve these soils 

because the reaction by which sodium carbonate is changed 

to sodium sulfate tends to reverse as shown in the follow

ing equation: 

Na2C0^ + CaSO^ CaCO^ + Na2S0^ 

Also, he mentioned that excessive alkalinity may be ame

liorated by gypsum, to some extent, but to restore fertility 

it is necessary to leach the soil after adding the gypsum. 

The effect of gypsum applied in order to reclaim 

alkali soils cannot be fully attributed to simple ion 

exchange processes, but to other processes such as mineral 

dissolution, cation exchange, and solute and water movement 

that play an important role in the reclamation. 

Oster and Frenkel (1980) stated that the degree of 

completion of the reaction between the amendment and 

exchangeable Na+ depends on several interacting factors 

including the Na-Ca exchange constant, the exchangeable Na+ 

fraction, the solubility of the amendment, and the dis

placement of exchange and dissolution products. 



21 

Solubility of gypsum is a critical factor affecting 

its reaction with adsorbed sodium. The effective solu

bility of gypsum is a function of electrolyte composition 

of soil solution which changes with the exchangeable 

cation composition. Gypsum solubility may be increased 

several times by the presence of other salts such as NaCl 

in the water. The presence of Na2S0^ and/or CaC^ reduces 

the solubility of gypsum due to the common ion effect. 

Gypsum could be used singly or in combination with 

other amendments to increase its solubility. Gypsum has 

a remarkable effect on physical, chemical, and physico-

chemical characteristics of the soil. 

Prather et al. (1978) used a laboratory column study 

for sodic soil reclamation. He used three amendments 

(CaSO^^^O, CaC^^^O, and l^SO^) singly and in combina

tion with CaSO^ (proportions 1/4 and 3/4, respectively). 

He concluded that combined treatments appreciably reduced 

the time and leaching needed to achieve reclamation as 

compared with CaSO^ alone. Combining amendments results in 

effective reclamation and a potential savings in amendment 

costs. 

Carter et al. (1978) used combined application of 

ammonium nitrate and gypsum to reduce exchangeable Na, 

increase water infiltration, and depth of Ca penetration 

and provide small increased yields over that of ammonium 

nitrate alone. The results indicated that the solubility 
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and penetration of gypsum are enhanced by ammonium nitrate, 

so it can be concluded that a combined application of 

ammonium nitrate and gypsum is more beneficial than ammo

nium nitrate alone and better than gypsum alone. 

The laboratory studies of Sedgley (1962) and 

Loveday and Scotter (1965) have shown that gypsum treat

ment of alkalai soils resulted in physical changes such 

as increased total and air-filled porosity, structural 

stability, and hydraulic conductivity. 

Gypsum, once it has penetrated into the soil, can 

also help stabilize soil colloids by forming Ca humates 

and by encouraging flocculation and granulation, as well as 

by displacing Na (Ryzhova and Gorbunov, 1975). 

Abraham and Szabolcs (1964) studied the effect of 

low versus high amounts of reclaiming materials (gypsum) 

for amelioration of alkali soils. They found that low 

doses were as, or even more effective than, high doses. 

Verhoeven (1965) studied the leaching of sodic 

soils as influenced by application of gypsum. He con

cluded that gypsum has two effects: the concentration of 

[ | 
Ca ions in the soil solution is increased and the down

ward passage of rainwater is facilitated. Thus, the 
| | 

exchange of adsorbed Na is promoted well by the presence 
| I 

of more Ca ions and by a faster removal of the reaction 

products. Also, he concluded that the earlier the addition 

of gypsum the better the results. Earlier application of 
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gypsum before the main part of salts is leached out of the 

soil will help faster regeneration of the structure and 

maintain a desirable intake rate of the soil. 

Oster and Frenkel (1980) reported that gypsum 

requirements for calcareous, sodic soils based on quantita

tive replacement of exchangeable sodium should be increased 

by factor 1.3 to 1.1, depending on the desired final levels 

of exchangeable sodium. 

Ammonium Thiosulfate 

Ammonium thiosulfate ((NI^^S^^'l^O) is a liquid 

containing 1270 and 257c S. This material is normally 

employed as a source of plant nutrients. It is an acid-

forming compound. Ammonium thiosulfate (ATS) breaks down 

into ammonium sulfate and elemental sulfur when applied to 

the soil, thus (NH4)2S04 is a physiologically acid ferti

lizer. Pierre (1928) explained the soil reaction as 

follows, assuming that X can combine with only one Ca-H-

1. (NH4)2S04 + CaX CaS04 + (NH4)2X ' 

2. (NH4)2X + 02 nitrification % 2HN03 + 2H20 

3. 2HN03 + CaX * Ca(N03)2 + H2X 

As a result of nitrification, it is seen that two molecules 

of nitric acid and one molecule of diabasic acid are formed. 

The nitric acid may further react with another molecule of 

CaX, forming Ca(N03)2, in which the nitrate may be absorbed 
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by the plant or leached out of the soil profile, and another 

formed. Thus, from one molecule of (NH^^SO^, two 

molecules of a diabasic soil acid are eventually formed. 

Through biological oxidation, elemental S will be trans

formed to I^SO^, which acts as a solvent toward several 

important nutrient elements present in the soil as insolu

ble or unavailable forms. 

Cairns and Beaton (1976) studied the improvement 

of a solonetzic soil by nitrogen-sulfur materials. They 

reported that the increased rate of entry of water into 

soil, following the addition of ammonium bisulfate and 

ammonimum thiosulfate, may be related to reduction in sur

face tension of water since these materials are believed 

to have surface active properties. Also, they found that 

ammonium bisulfite and ammonium thiosulfate lowered the 

soil pH and increased titratable acidity, increased the 

+ | | 
quantities of soluble Na and Ca , and decreased the 

quantity of exchangable Na+. 

Beaton and Fox (1971) reported that several of the 

S-containing compounds, namely the polysulfides, thiosul

fate, bisulfate, and sulfur dioxide, improve the rate of 

entry of water into soil, perhaps acting in a similar 

manner to wetting agents or surfactants. 

In the greenhouse and laboratory, Tavassoli (1978) 

studied the reclamation of four salt-affected soils col

lected from southern Arizona. Two rates of four amendments 
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(sulfuric acid, gypsum, ammonium polysulfide, and ammonium 

thiosulfate) were applied. He found that the thiosulfate 

treatment decreased the Na+ concentration significantly 

when the Gothard soil was leached with two pore volumes of 

distilled water. However, for the Guest soil, two pore 

volumes were not enough to leach out all the sodium 

released by the amendments. On the other hand, all treat

ments decreased the pH of the Gothard soil. Considering 

the EC, both rates of thiosulfate decreased EC of the 

Gothard soil significantly. Thiosulfate increased the 

salinity level of Guest soil and increased the infiltration 

rates significantly for the Gothard soil. The same rates 

were found for Guest soil except that the infiltration 

rates were much greater. 



MATERIALS AND METHODS 

This section will include major characteristics of 

the selected soils, the column study, and the analytical 

methods. 

Selected Soils 

Three different soils were collected from different 

places in southern Arizona. Table 2 includes the major 

data related to these soils. The soils were: 

Guest Clay 

This soil is classified as fine, mixed, thermic 

Vertic Torrifluvent (Hart, 1971). It has a high content of 

clay and absorbed sodium which reflects on the physical and 

chemical characteristics of the soil. Irrigation of this 

soil with well water, which is high in salt content (espe

cially sodium salts) is responsible for the high sodium 

content. The main characteristics of this soil are swelling, 

cracking, slow infiltration rate, slow permeability, high 

bulk density, and high water retention. This soil was 

collected after wheat was harvested from Field J of the 

University of Arizona Experimental Farm at Safford which 

resulted in some straw residue being mixed with the soil. 

26 
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Table 2. Selected physical and chemical characteristics 
of each soil used in this study 

Soils 

Soil 
Parameters 

Gothard 
Sandy Clay 
Loam 

Guest 
Clay 

White House 
Sandy Clay 
Loam 

pHa 8.3 7.8 7.6 

ECe x 10^ (mmhos/cm)k 4.11 7.73 0.77 

Soluble Salts (ppm)*5 2877 5411 539 

Na (meq/liter)^ 24.36 35.14 1.29 

K(meq/liter)^ 0.66 0.63 0.24 

ESPb 10.21 9.15 trace 

NO^-N (ppm)c 6.14 32.48 11.56 

P04-P (ppm)c 0.80 0.55 1.33 

Sand (%) 46. S 30.2 54.6 

Silt (%) 27.2 26.1 21.6 

Clay (7o) 25.9 43.5 18.8 

Texture SCL C SCL 

CEC (meq/lOOg) 17.7 28.5 17.42 

CaC03 (%) 6.73 6.85 3.22 

a. Paste -with distilled 1^0 

b. Saturation Extract 

c. CO2 Extraction 
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Gothard Sandy Clay Loam 

This soil was collected from the Willcox area (Sec. 

3, T165, R25E). The soil is classified as fine, mixed 

thermic Typic Natragid (Richmond, 1976). The main charac

teristics of this soil are columnar structure of the B 

horizon with high content of sodium and fine materials, 

slow permeability, high bulk density, moderately well 

drained, and weak structural stability. The A and upper 

B horizons were mixed well to stimulate a plow layer. 

White House Sandy Clay Loam 

This soil was collected from the Page Trowbridge 

Ranch from different depths, which then were mixed well 

to simulate a plow layer. Deep soil was avoided because 

of its high calcium carbonate content. The soil is classi

fied as fine, mixed, thermic Ustollic Haplargid. The soil 

is well drained, permeability is slow, and available water 

capacity is medium to high. 

Column Study 

Plastic columns (10 x 50 cm) were used to study the 

effects of single and combined amendments on the three 

different soils. These columns contain a hole in one end 

which was covered with fiber glass and filter paper to pre

vent plugging of the hole and to facilitate water collecting 

from the soil column. Air-dried, well-mixed soils were 

uniformly packed inside the columns to get similar 
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conditions for each soil. Pore volume for each soil was 

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

3 assuming that the particle density equals 2.65 g/cm . 

Appendix A has pore volume calculations. 

Ammonium thiosulfate was used alone for each soil; 

ATS and gypsum were used in combination for Gothard and 

Guest soils. Ammonium thiosulfate was added to White House 

soil at rates 1.5, 1.25, 1.0, and 0.75 mg of the active in

gredients per gram of soil. The rates of ATS alone and 

with gypsum in combination were calculated depending on CEC 

and ESP of Guest and Gothard soils, to reduce the ESP of 

Guest soil from 9.15 to 4 and from 10.21 to 5 meq/100 g 

soil for Gothard soil. For more information about the treat

ments, see Table 3. All calculations appear in Appendix B. 

All soils were treated, and one pore volume of dis

tilled water was added to each column to distribute the 

treatments. All columns were (1) covered to reduce water 

evaporation from the soil surface and (2) left for 1 month 

to give time for elemental sulfur to be oxidized to I^SO^, 

which will dissolve calcium carbonate to provide soluble 

calcium. All columns then were leached with one pore vol

ume to remove the reaction products between the amendments, 

calcium carbonate, and exchangeable cations. Leachates 

were collected for all soils and infiltration rates were 

measured from Guest and Gothard soils. Finally, columns 

from each soil were divided into three or four equal parts. 



Table 3. Treatments applied on each soil employed 
in this study 

Treatments 

ATSa Gypsum:ATS Gypsum 
Soils ml/column ratio g/column 

IJhite House 4.00 — _ _ 

5.34 
6.67 

8.00 

Guest 1.93 1:3 1.16 

1.29 1:1 2.32 

0.67 3:1 3.47 

-: - 4.60 

2.06 

2.58 

3.09 

3.61 • — — 

Gothard 1.15 1:3 0.69 

0.76 1:1 1.39 

0.38 3:1 2.06 

• 2.74 

1.22 

1.58 

1.83 

2.14 

a. Liquid contains 12% N and 25% S. 
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and 1:5 soil:water extracts were analyzed. Analysis 

included Ca, Mg, Na, pH, EC, NO^, and SO^ for both leachates 

and soil-water extracts. 

Analytical Methods 

After collecting soil samples from different 

sections of the columns, samples were taken from each soil 

and analyzed for ESP, pH, CaCO^, and total soluble salts 

by the Soils, Water, and Plant Tissue Testing Laboratory 

at-The University of Arizona. For more details and data 

see Table 2, Sodium in the soil extracts and the leachates 

was determined by flame photometry while Ca and llg were 

determined by atomic absorption spectrophotometry. Sulfate 

was determined in leachates by precipitation of calcium 

sulfate, the procedure described by the U.S. Department 

of Agriculture (1954). Nitrate was determined for both 

leachates and soil-water extracts by using the nitrate 

electrode. 



RESULTS AND DISCUSSION 

White House Soil 

pH Study 

Ammonium thiosulfate was used to reduce the soil 

pH. Ammonium thiosulfate is soluble and thus has the 

advantage of application by drip irrigation systems. 

Reduced soil pH has been found to be useful in controlling 

some of the plant disease and in increasing the availabil

ity of Ca, Mg, Mn, Fe, Zn, and Cu. For isntance, potato 

scab (Sereptomyces scabes) is found to be controlled at a 

pH range of 5.0 to 5.4. In addition, Texas or cotton root 

rot, which is caused by the fungus Phymatorichum omnivorum 

and affects the production of small fruits in many areas 

of Arizona is also controlled by reducing the pH of the 

soil to pH 5.0. 

There are many factors which affect soil pH. For 

instance, cation exchange capacity, the ability of col

loidal material to furnish hydrogen ions to the soil solu

tion, proportion of the absorbed cations, soluble salts, 

presence of calcium carbonate and organic matter, and 

dilution effect. In case of the White House soil, pre

sence of low content of calcite and organic matter, low 

cation exchange capacity and low salt contents are the 

main factors which affect soil pH. 

32 
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Studies of soil pH and leachates (Tables 4, 5, and 

6) showed that all ATS rates decreased the pH signifi

cantly compared with control. On the other hand, the soil 

pH was still greater than 7.0. This may be because of the 

presence of calcium carbonate which causes the soil to 

have high buffering capacity. Considering soil pH with 

depth (Table 4), results showed that soil pH increased 

with depth. This could be due to the effectiveness of 

the treatments which affected the upper depth greater than 

the lower depth. The pH values of the leachates were not 

significantly different; there was a trend toward lower 

values of leachates from treated soils compared with the 

control. All leachates showed lower pH than control. 

Electrical Conductivity Study 

Results of electrical conductivity of soil and 

leachates are shown in Tables 4, 5, and 6. These results 

show that there was a significant difference between ATS 

treatments and control for both soil and leachates. In 

addition, increasing ATS rates increased the electrical 

conductivity of both soil and leachates. This could be 

due to the lowering of the pH and dissociation of inso

luble salts and probably insufficient leaching (Gupta and 

Bajpai, 1977) and due to the material added to the soil. 

Considering electrical conductivity with depth (Table 4), 

all values show that salts accumulated in the upper and 



Table 4. Means of EC and pH of different depths and overall mean 
of White House soil measured on 1:5 soil-water. — Means followed by same 
letter are not significantly different tested by LSD at 0.05 level. 

Treatments, ATS (ml/column) 
Measured Depth 
Parameter (cm) Control 4.00 5.34 6.67 8.00 

EC 0-7 0.107 0.993 1.300 1.370 1.593 
mmhos/cm 

7-14 .110 .507 .677 .897 .903 

14-21 .123 .580 .993 1.340 1.467 

Mean 0.133a 0.697b 0.990c 1.202d 1.321e 

pH 0-7 8.00 7.43 7.13 7.50 7.37 

7-14 7.80 7.53 7.23 7.43 7.57 

14-21 7.90 7.77 7.43 7.63 7.50 

Mean 7.90c 7.58b 7.27a 7.52ab 7.48ab 



Table 5. Means of EC, pH, N03, Ca, Mg, Na, and SO4 for leachates 
of White House soil. -- Means followed by same letter are not significantly 
different tested by LSD at 0.05 level. 

Treatments, ATS (ml/column) 

Measured 
Parameter Control 4.00 5.34 6.67 8.00 

EC (mmhos/cm) 0.382 2.908b 2.772b 3.337c 3.368c 

pH 6.83 6.47 6.32 5.55 6.60 

N03 ( g/g soil) 5.7 5.6 135.0 1.7 40.6 

Ca ( g/g soil) 4.9a 46.8b 43.9b 54.5b 54.0b 

Mg ( g/g soil) 0.47a 3.1b 4.0bc 5.3c 4.6c 

Na ( g/g soil) 1.05 1.08 1.35 1.45 1.22 

so4 ( g/g soil) 0.00a 38.0b 35.0b 61.7b 56.0b 



Table 6. Means of EC, pH, NO3, Ca, Mg, Na, and SO4 for different 
leachates of White House soil. -- Means followed by same letter are not 
significantly different tested by LSD at 0.05 level. 

Treatments, ATS (ml/column) 
Measured 
Parameter Leachate Control 4.00 5.34 6.67 8.00 

EC la 0.443 2.250 2.843 3.527 3.407 

mnihos / cm 2 .320 2.5667 2.700 3.147 3.310 

pH 1 6.97 6.67 6.57 6.03 6.67 

2 6.70 6.27 6.07 5.07 6.50 

U03 1 6.0 107.0 64.0 77.3 47.6 

yg/g soil 2 5.3 54.7 206.0 46.0 30.0 

Ca 1 5.0 61.8 50.0 53.9 56.9 

ug/g soil 2 0.47 36.8 37.8 55.0 49.7 

Mg 1 0.47 3.4 4.5 5.4 5.8 

2 0.47 2.8 3.4 5.2 3.3 

Na la 1.10 1.97 1.63 1.57 1.53 

yg/g soil 2 1.00 1.00 1.07 1.33 0.90 

so4 1 0.00 50.0 40.0 60.0 60.0 

yg/g soil 2 0.00 30.0 30.0 63.3 50.0 

a. Significant difference between leachates 1 and 2 
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lower depths. This is due to effectiveness of ATS on 

upper soil and leaching of salts which cause salts to be 

accumulated in the lower depth. 

Cations Study 

Considering concentrations of cations in the soil 

and leachates (Tables 5, 6, and 7) there was a significant 

difference between different ATS rates and control for Ca 

and Mg. Generally, increasing ATS rates increased soluble 

Ca and Mg for both soil and leachate. Considering Na for 

both soil and leachate there was no significant difference 

between ATS treatments and control. This could be due to 

the low ESP of White House soil. 

Anion Study 

Considering NO^ concentration in soil and leachate 

(Tables 5, 6, and 8), there was a significant difference 

between ATS treatments and control with regard to NOg in 

the soil. In addition, there was a strong trend toward 

increasing nitrate concentration with increasing rates of 

ATS. This could be due to biochemical transformation of 

ammonium from ATS to nitrate. On the other hand, the 

distribution of nitrate with depth showed that there was 

an inverse relationship between nitrate concentration and 

depth. The upper depth had the highest nitrate concentra

tion. This could be explained by the nonuniform 



Table 7. Overall mean concentrations of cations extracted 
from 1:5 soil-water from different depths of White House soil after 
application of amendments and leaching. -- Means followed by same 
letter are not significantly different tested by LSD at 0.05 level. 

Treatments, ATS (ml/column) 
Measured Depth 
Parameter (cm) Control 4.00 5.34 6.67 8.00 

Ca (ppm) 0-7 24.58 116.48 247.50 239.05 298.80 

7-14 21.87 96.73 145.10 172.04 217.32 

14-21 23.07 123.23 211.94 280.65 295.88 

Mean 23.17a 112.15b 201.51c 230.57cd 270.66d 

Mg (ppm) 0-7 2.07 6.73 6.87 10.54 9.05 

7-14 2.77 6.55 9.00 10.39 6.25 

14-21 2.83 6.20 13.60 16.89 18.16 

Mean 2.55a 6.49b 9.82c 12.60d 11.15cd 

Na (ppm) 0-7 5.27 5.57 24.43 7.45 11.83 

7-14 5.43 17.90 8.03 5.57 7.83 

14-21 11.70 5.37 11.43 5.10 14.97 

Mean 7.46 9.61 14.63 6.04 11.54 



Table 8. Mean concentration of nitrate extracted from 1:5 soil-
water from different depths and the overall mean White House soil. --
Means followed by same letter are not significantly different tested by 
LSD at 0.05 level. 

Measured 
Parameter 

Depth 
(cm) 

Treatments, ATS (ml/column) 

Control 4.00 5.34 6.67 8.00 

no3 

yg/g soil 

0-7 

7-14 

14-21 

185.3a 

185.0a 

182.7a 

2,163c 

1,208b 

317ab 

3,300cd 

929ab 

389ab 

4,033de 

776ab 

588ab 

4,597e 

481ab 

638ab 

Mean 184.3a 1,230b l,539bc 1,799c 2,015c 
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distribution of ATS in soil which led to nonuniform distri

bution of nitrate in the soil. 

Sulfate concentration in leachates (Table 5) 

showed that there was a significant difference between ATS 

treatments and control. On the other hand, there was no 

significant difference between different rates of ATS. 

Sulfate could be produced from the conversion of SO^ ion 

of ATS to SO^ and from the dissociation of slightly solu

ble salts such as gypsum. 

Guest Soil 

Leachate Study 

The concentration of cations (Ca, Mg, and Na) 

which were leached from the soil reflects the degree of 

reclamation of this soil. Results of quantities of these 

cations which were removed (Tables 9 and 10) showed that 

there was a significant difference between second and 

fourth rate of ATS, all combination treatments, and con

trol with respect to Na concentration. Considering Ca 

concentration, there was a significant difference between 

all treatments and control and between the treatments 

showed higher Ca concentration compared with control. 

This could be due to dissociation of CaCO^. Considering 

Mg concentration, there was a significant difference 

between all treatments and control except the third rate 

of ATS and gypsum treatments. Generally, all treatments 



Table 9. Means of EC, pH, NO3, Ca, Mg, Na, and SO4 for leachates of Guest 
soil. — Means followed by same letter are not significantly different tested by 
LSD at 0.05 level. 

Treatments 

ATS (ml/column) ATS (ml/column) • Cypsum (g/column) Gypsum 
Measured 
Parameter Control 1.22 1.53 1.83 2.13 1.15+0.694 0.76+1.387 0.38+2.057 2.74 

EC (omhos/cm) 15.067bc 18.317cd 18.417cd 19.900d 19.933d 18.55cd 16.70cd 12.317ab 10.517a 

P« 7.52b 7.47a 7.07a 7.23a 7.07a 7.25a 7.48a 7.60a 7.58* 

NOj (tig/g soil) 139 298 264 278 303 200 257 224 176 

Ca (Wg/g soli) 39b 53g 561 38a 52f SOd 54h 52e 39c 

Hg (ug/g soil) 8.0ab 10.Oc 13d lObc 13d 11c 10.9cd 10.4c 5.9a 

Na (pg/g soil) 138a 17lab 203b 141a 191b 186b 193b 188b 142a 

SÔ  (ug/g sol1 ) 38a I68bc 210d 167bc 217d 192cd 218d 195cd 135b 



Table 10. Means of EC, pH, no3, JCa, Mg, Na, and so4 for different 
leachates of Guest soil. -- Means followed by same letter are not significantly 
different tested by LSD at 0.05 level. 

Treatments 

ATS (ml/column) ATS (ml/coluan) • Gypsim (r/coIuiri) Gypsua 
nennurea 
Parameter l.eachate Control 2.06 2.58 3.09 3.61 1.03+1.157 1.29+2.315 0.67+3.472 4.63 

EC j 20.50 25.07 25.67 28.27 24.37 25.10 22.00 17.50 12.33 
•mhos/m 

2 9.63 11.57 It.17 11.53 15.50 12.00 11.40 7.13 R.70 

pll 1 6.97ab 7.30bcde 6.90a 7.OOnhc 7.07abc 7.13abcd 7.61cf 7.50def 7.00abc 

2 8.07gh 7.63ef 7.23abcd 7.47def 7.07abc 7.37cdef 7.33bcdef 7.70fg 8.I7H 

NOj 1* 205 396 340 254 293 222 334 293 254 

|)g/g soil 
2 72 200 188 301 313 178 181 155 98 

Cfl 1* 59 65 67 54 54 59 66 68 51 
MR/it noil 

2 18 40 46 12 41 40 41 35 28 

MR 1* I2e 14ef I6h I6h 15.7gh 13ef 40pfg 14.2 fRh 7.6bc 
Hr/r soil 

2 3.9n 7.4b 9.5cd 3.5a lOd 8.3bcd 7.8bc 6.5b 4.3a 

Nn 1* I77cde I82cdef 207efg 2l7fg 206efg I93dcfg 2ltefg 222R 176cde 
Vg/g soil 

2 99ab I60rd 198dprg 66a 17ftrdr 179def 175cde 154c 108b 

SÔ  I 63 110 183 147 210 180 213 200 137 

pg/g soli 
2 13 177 237 187 223 203 223 190 133 

*Slgnlflcnnt difference between lenchiitcR I and 2. 
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higher Mg concentrations removed from the soil than con

trol, except for the gypsum treatment. This could be due 

to the exchange reaction between soluble Ca and exchange

able Mg which led to released Mg to soil solution and then 

removed by leaching water. Considering the low Mg concen

tration with respect to gypsum treatment, this could be 

explained by the low solubility of gypsum in the soil 

which caused low soluble Ca in soil to be released in 

exchange for the Mg from the exchange sites. 

Extractable Cations 

Results of extractions from 1:5 soil water ratio 

(Table 11) showed that with respect to Ca, Mg, and Na 

over all the soil, there was no significant difference 

between treatments and control. In addition, considering 

the distribution of cations with depth, Na accumulated 

mostly in the third and fourth depths. This was due to 

the exchange reactions which happened in the upper layers 

which caused Na to be in solution and removed by leaching 

water. 

Salinity and Alkalinity Studies 

Electrical Conductivity. Considering electrical 

conductivity (EC^.j) of the soil (Table 12) after treat

ment application and leaching, overall means showed no 

significant difference between treatments and control. 

On the other hand, most treatments showed higher EC than 



Table 11. Overall and mean concentration of cations extracted from 1:5 
soil-water from different depths of Guest soil after application of amendments 
and leaching. — Means followed by same letter are not significantly different 
tested by LSD at 0.05 level. 

Treatments 

Meanured 
Parameter 

Depth 
(cm) 

ATS (ml/column) ATS (ml/column) • Gypsum (g/column) Gypaum 
Meanured 
Parameter 

Depth 
(cm) Control 2.60 2.57 3.09 3.61 1.93+1.157 1.29+2.315 0.67+3.472 4.63 

Ca (ppm) 0-6 10.44 11.47 10.51 17.91 26.03 13.46 21.70 9.10 10.35 

6-12 11.18 3.42 15.20 15.05 11.47 11.90 20.54 27.21 13.87 

12-18 13.60 9.9 18.70 15.77 < 11.80 14.32 16.30 10.96 13.78 

18-24 17.35 17.21 13.68 29.60 33.11 14.51 10.57 8.95 13.83 

Mean 13.14 10.5 14.52 19.59 10.60 13.55 14.75 11.56 14.96 

Hg (pp») 0-6 2.24 1.67 1.51 2.77 3.01 2.27 2.85 2.75 1.98 

6-12 2.55 4.90 2.28 1.47 3.07 1.59 2.33 2.95 3.55 

12-18 3.39 1.60 2.50 2.00 1.78 2.11 3.15 2.67 2.00 

18-24 3.97 2.17 2.46 3.37 3.82 2.32 2.64 1.65 1.79 

Mean 3.04 2.58 2.19 2.40 2.92 2.07 2.74 2.51 2.33 

Na (ppm) 0-6 76.60abcde 81.53abcdef 63.79abc 80.40abcdef 77.63abcde 68.34abcd 77.95nhcde 56.77a 73.47abcde 

6-12 82.40abc<lef 89.05abcdefg 100.83cdefghl 97.95cdcfgh 5R.32ab 74.66abcde 95.07bcdefgh 108.67efghl 76.68abcde 

12-18 86.98abcdefgl08.50efghl 110.73efghl 138.601jk 79.1Jnbcde 104.4 Idefghl I25.55ghljk 117.34MJ I21.47ghlj 

18-24 127.33M.1k 150.491k 152.83.1k 160.87k 221.781 160.40k 155.111k 13l.20M1k 148.731k 

Mean 93.33 107.39 106.92 119.45 109.84 101.95 113.42 103.49 105.08 



Table 12. Means of EC and pH of different depths and overall mean of 
Guest soil. — Means followed by same letter are not significantly different 
tested by LSD at 0.05 level. 

Treatment* 

Measured 
Parameter 

Depth 
(cm) 

ATS (ml/column) ATS (al/colum) • Gypsum (g/columo) Gypsum 
Measured 
Parameter 

Depth 
(cm) Control 2.06 2.58 3.09 3.61 1.93+1.157 1.28+2.315 4.67+3.472 4.63 

F.C" 
(••lios/ca) 

0-6 

6-12 

0.387a 

.433abcd 

0.420abc 

.510abcdef 

0.390a 

,497abcdef 

0.5l0abcde 

.533abcdefgh 

0.537abcdef|; 

.463abcdefgh 

0.393a 

.457abcd 

0.403ab 

.517abcdefg 

0.503cdef 

.593cdefghl 

0.507abcdef 

.590cdeffgh 

12-18 .440abed •577bcdefgh . 610defghi •637efghl .640efghl .557abcdefgh .653fghl .690ghlj .707hlJ 

18-24 .637efghl .917k •8571k .947k 1.367 1 .937k .917k .77011k .900k 

Mean 0.47 0.606 0.588 0.657 0.752 0.386 0.622 0.639 0.676 

pHb 0-6 9.10c 8.69c 8.50b 8.27 a 8.27a 8.606c 8.57b 8.50b 8.40b 

6-12 8.97e 8.87e 8.63c 8.80d 8.80d 8.80d 8.70c 8.53b 9.03r 

12-18 8.87e 8.77c 8.80d 9. lOe 8.80d 8.60bc 8.70c 8.87e 8.93e 

18-24 8.90e 8.53b 8.53 7.63a 8.37a 8.63c 8.37a 8.67c 8.70c 

Mean 8.96d 8.69bc 8.62abc 8.45a 8.56ab 8.66bc 8.58abc 8.64bc 8.77c 

a. Measured In extract of 1:5 soli-water. 

b. Measured at 1:5 soil-water. 
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control. There was an increase in EC with depth. This 

could be due to accumulation of salts from the upper depths 

due to accumulation of salts from the upper depths due to 

insufficient leaching. In addition, leachates (Table 9) 

showed higher EC than control except the third combined 

treatment and gypsum treatment. The latter could be due 

to ion pair formation with sulfate which caused EC to be 

low, but the variation with ATS rates is probably experi

mental error. In addition, there was a significant dif

ference between third and fourth rates of ATS, gypsum, 

and control. 

pH: All treatments were effective in reducing 

the pH of the soil (Table 12) and the difference between 

the treatments and the control was statistically signifi

cant. This may be due to the reduction of carbonate and 

bicarbonate by addition of acidifying amendments to the 

soil. Flushing of soluble salts and hydrolysis of Na 

leads to high pH values unless amendments are used (Gupta 

and Bajpai, 1977). In addition, all treatments were 

effective in reducing the pH of the leachates (Table 9) 

and the difference between the treatments and the control 

was statistically significant. Also, there was no signi

ficant difference between the pH reduction of the differ

ent treatments compared with each other. 



Table 13. Mean concentration of nitrate extracted from 1:5 soil-water 
from different depths and the overall mean of Guest soil. -- Means followed by 
same letter are not significantly different tested by LSD at 0.05 level. 

Treatment?* 

ATS (ml/column) ATS (mf/column) • Gypmim (g/cn1uan) Gypsum 
Henmired Depth 
Parameter (cm) Control 2.06 2.58 3.09 3.61 1.03+1.157 1.29+2.315 0.67+3.472 4.63 

N03 0-6 233 839 528 1447 1055 840 473 336 IV 

|ir/r soli 6_12 |R5 5A, 7fi5 56, 409 343 J?f> 21, 

12-18 165 477 635 547 549 369 319 153 234 

18-24 UI5 459 584 521̂  654 352 370 209 272 

Hean 192a 552hcd 597bc«l 870d 707cd 492abc 377ah 231a 228a 
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Anion Study 

These anions (SO^, NO^) are related with minerali

zation and movement of ATS. Results of NO^ concentration 

in soil (Table 13) showed that there was a general rela

tionship between NO^ and ATS rates; however, significant 

differences are only between the third and fourth rates 

of ATS and control. Considering NO^ with depth, most 

treatments showed higher concentration in the upper depths 

and NO^ concentration decreased with depth. Considering 

NO^ leached from the soil (Table 9), all treatments showed 

higher NO^ concentration than control but the difference 

was not significant. Considering SO^ concentration 

leached from the soil (Table 9), there was a significant 

difference between treatments and control. This SO. was 
4 

produced from breaking down of ATS as well as from dis

sociation of other materials. 

Gothard Soil 

Leachate Study 

Considering the cations which were leached from 

the soil (Table 14 and 15), results showed that there was 

no statistically significant difference between different 

treatments and the control, although all treatments showed 

higher concentrations of Ca, Mg, and Na than control. 

This reflects the failure of treatments to reclaim Gothard 

soil. This could be due to failure of treatments to 



Table 14. Means of EC, pH, N03, Ca, Mg, Na, and so4 for leachates of 
Gothard soil. -- Means followed by same letter are not significantly different 
tested by LSD at 0.05 level. 

Treatments 

ATS (ml/column) ATS (ml/column) • Gypsum (g/column) Cypsum 
Measured 
Parameter Control 1.22 1.53 1.83 2.14 1.15+0.694 0.76+1.387 0.38+2.057 2.743 

FX (mmhos/cm) 4.48 4.77 4.97 3.52 4.40 5.32 4.92 4.48 4.38 

pH 8.27c 7.62a 7.73ab 7.62a 7.73ab 7.83ab 7.90b 7.83ab 7.77ab 

H0j (wg/g) 17.8ab 24.3b 28.2b Sl.Obc 45.0c 46.8c 26.8b 16. ,2ab 5.8a 

Ca (|ig/g) 3.7 9.7 13.9 8.0 13.9 14.7 9.6 16. ,7 5.8 

Hg (Wg/g) 57 107 148 327 137 263 112 91, ,7 75.0 

Na (Wg/g) 65 73 85 100 70 92 78 78 66 

so. (wg/g) 38 108 128 102 120 137 113 128 105 

4> 
vO 



Table 15. Means of EC, pH, no3, Ca, Mg, Na, and so4 for different 
leachates of Gothard soil. -- Means followed by same letter are not significantly 
different tested by LSD at 0.05 level. 

Treataents 

ATS (ml/column) ATS (ml/colmm) * Gypsum (g/column) Gypsum 
Measured 
Parameter l.eachate Control 1.22 1.53 1.82 2.14 1.15+0.694 .75+1.387 0.38+2.057 2.743 

EC 1* 6.00 5.53 5.54 3.87 4.51 6.00 5.15 5.42 4.70 
mmhos/cm 

2 2.97 4.00 4.39 3.18 4.30 4.65 4.70 3.56 4.07 

P« 1 8.13 7.67 7.47 7.60 7.80 7.53 7.77 7.77 7.83 

2 8.40 7.57 8.00 7.63 7.67 8.13 8.03 7.90 7.70 

NOj 1* 251 15 f 16g I4e 37L 56r 28K 13d 5.0a 

|ig/g soil 
2 l i e  33m 40o 48p 53q 39n 26j 19h 6.0b 

Ca , 6.0 13 19 16 17 20 12 9.0 7.0 
|ig/g soil 

2 2.0 7.0 9.0 20 11 9.0 7.0 24 4.0 

«g 1 83 137 193 160 170 197 137 110 90 
| l g/g soil 

2 30 77 103 493 103 330 87 73 80 

Na , 87 83 101 85 82 116 109 88 73 
Mg/g  soil 

2 43 63 68 116 58 68 68 69 59 

S<> 4  1* 53 150 183 120 150 177 130 147 117 

pg/g soil 
2 23 67 73 83 90 87 97 110 93 

Ŝignificant difference between leachates 1 1 and 2. 
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decrease soil pH to the level which produces enough solu

ble Ca from calcite which is needed to replace exchange

able Na. 

Extractable Cations 

Results of extractable cation determinations 

(Table 16) showed that there was no significant difference 

between different treatments and control. Considering 

soluble Ca, the third and fourth rates of ATS and gypsum 

treatments had higher soluble Ca than the control. Con

sidering Mg, the control had higher Mg concentration than 

all treatments. Considering Na overall in the soil 

columns, all treatments had higher values of Na than 

control but the difference was not significant. In addi

tion, Na mostly accumulated in the lower depths for most 

treatments. This could be due to insufficient leaching 

water applied. 

Salinity and Alkalinity Studies 

Electrical Conductivity. Overall means of Table 

17 showed that there was a significant difference between 

different treatments and the control. On the other hand, 

there was no significant difference between the different 

amendments. In addition, all treatments showed higher EC 

compared with control. This could be due to dissolution 

of insoluble salts, to insufficient leaching, and to the 



Table 16. Overall and mean concentration of cations extracted from 1:5 
soil-water from different depths of Cothard soil after applications of amendments 
and leaching. — Means followed by same letter are not significantly different 
tested by LSD at 0.05 level. 

Treatments 

Hennared 
Parameter 

Depth 
(cm) 

ATS (ml/column) ATS (ml/column) • Cypsiim (g/enlumn) Gypsum 
Hennared 
Parameter 

Depth 
(cm) Control 1.22 1.53 1.82 2.14 1.15+0.694 0.76+1.387 0.38+2.057 2.743 

Ca (ppa) 0-7 23.90cdefg 9.01ab 32.67efgh 37.80gh 40.80h I3.87abcd 15.71abcd 24.20defg 34.47fgti 

7-14 18.93abcde 16.02abcd I8.37abcd lO.OSabc 17.22abcd I6.70abcd 11.25abcd 11.94abcd 10.54abcd 

14-21 15.09abcd 15.19abcd 6.51a 20.77bcdef 23.17cde 14.90abcd 16.35abcd I4.08abcd 13.97abcd 

Mean 19.31 13.41 19.18 22.88 27.06 15.15 14.44 16.74 19.66 

Mg (pp«) 0-7 1.73ab 1.27a 2.42abc 5.77cd 1.72ab l.73ab 2.17abc 2.4 7nbc 

7-14 10.18e 1.79ab 2.69ahcd 1.7 5ab 2.73nbc 4.75abcd 1.48ab 5.lObcd l.BOab 

14-21 2.80abcd 2.20ahc 1.38ab 1.17abcd 3.50nhcd 2.38abc 2.33abc 6.35d 5.07bcd 

Mean 4.91 1.68 2.16 2.53 3.83 2.95 1.85 4.54 3.11 

na (ppa) 0-7 70.67 71.83 75.13 77.82 R0.40 62.67 65.07 64.43 80.30 

7-14 71.33 50.29 109.90 76.52 81.76 81.53 78.40 80.62 77.95 

14-21 53.00 76.70 79.64 92.35 77.37 87.53 92.15 85.13 88.57 

Mean 65.00 66.27 88.22 82.23 79.84 77.24 78.54 76.73 82.27 



Table 17. Means of EC and pH for Gothard soil measured on 1:5 soil-
water after application of amendments and leaching. — Means followed by same 
letter are not significantly different tested by LSD at 0.05 level. 

Treatments 

ATS (ml/column) ATS (ml/rnlunn) + Gypsum (R/COIUIRI) Gypsum 
Measured Depth 
Pffrimftcr (cm) Control 1.22 1.53 1.83 2.14 1.15+0.694 0.76+1.387 0.38+2.057 2.743 

EC 0-7 0.2633 0.4767 0.4B00 0.5933 0.6067 0.4200 0.4200 0.3967 0.5533 
umbos/cm 

7-14 .3067 .3833 .4367 .4167 .4600 .4400 .4200 .4300 .4233 

14-21 .3800 .3767 .4600 .4833 .4267 .4900 .4733 .4733 .4433 

Mean 0.317a 0.412b 0.459b 0.498b 0.498b 0.450b 0.438b 0.433b 0.473b 

P« 0-7 9.13 8.87 8.43 8.23 8.30 8.83 8.53 8.80 8.53 

7-14 9.33 9.70 9.37 9.47 9.13 9.00 9.53 9.23 9.47 

14-21 9.53 9.57 9.27 8.83 9.07 9.40 9.07 9.43 9.40 

Mean 9.33d 9.38d 9.02abc 8.84ah 8.83a 9.08hc 9.04nhc 9.15rd 9.I3cd 
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treatments themselves. Considering distribution of EC 

with depth, results showed that salts leached out of the 

soil and did not accumulate in the lower depths. This 

could be due to the higher infiltration rate of this soil 

which allowed salts to be leached. Considering EC of the 

leachates (Table 14), there was no significant difference 

between different treatments and control. 

pH. Overall pH means (Table 17) showed that the 

pH was highly alkaline, more than 9.0, which may mean that 

the effectiveness of all treatments was very low and the 

presence of exchangeable Na was high. In addition, dilu

tion also may have caused an increase in soil pH. Con

sidering pH of leachates (Table 14), all treatments except 

the control have lower soil pH values. This could be due 

to the effect of treatments with low sodium concentration. 

Anion Study 

Considering NO^ concentrations overall in the soil 

columns (Table 18), results showed that there was a 

significant difference between all ATS rates, first rate 

of combined treatments, and control. In addition, results 

of NO^ distribution showed that NO^ concentrated in the 

upper depth. Considering NO^ in leachates (Table 14), 

there was a significant difference between the fourth rate 

of ATS the first rate of combined treatments and control. 

These results reflect that the transformation of ammonium 



Table 18. Mean concentrations of no3 extracted from 1:5 soil-water 
from different depths and the overall mean of Gothard soil. -- Means followed 
by same letter are not significantly different tested by LSD at 0.05 level. 

Trentmrnta 

Measured 
Parameter 

Depth 
(cm) 

ATS (ml/column) ATS (ml/column) » Gypsum (G/rolumn) Gypsum 
Measured 
Parameter 

Depth 
(cm) Control 1.22 1.53 1.83 2.14 1.15+0.694 0.76+1.387 0.38+2.057 2.743 

NO3 0-7 169a 84 led 1403c 140?d lt?7de 707cd 475abc 247a 180a 

MR/R solI 7-14 152a 337ah 393ah 267nh 34?ah 330nh 218a 162a 166a 

14-21 156a 176a 290«h 486.ihr 315ah 303nh 271a 2.55a 165a 

Mean 103a 780bc 4?8d 441d 37V-H 7B7bc in.ib Il9n 105a 
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to NO^ was slow. This could be due to improper conditions 

for microbes such as high pH, low organic matter, low 

water content, and nonmobile exchangeable NH^ which 

affects the nitrification process and production of 

nitrate. 

Considering sulfate concentrations in leachates 

(Table 14), there was no significant difference between 

different treatments and control. Sulfate concentrations 

reflect the S oxidation as carried out by microorganisms. 

The Effectiveness and Significance 
of the Treatments 

For White House soil, results of overall means of 

soil and leachates showed a decrease in soil pH which 

increases the amount of nutrients such as Ca, Mg, Na, NOg, 

and SO^. Increasing ATS rates or keeping the same rates 

in case of soil with low calcite content will work very 

well on this soil. 

For the Guest soil, overall means of soil and 

leachates showed that combined treatments worked better 

than or as well as ATS treatments and both ATS and com

bined treatments worked better than gypsum treatment with 

respect to the amount of Na removed from the soil. .In 

addition, there was no difference in the effectiveness of 

treatments with regard to Ca, Mg, Na, and EC of soil after 

treatments and leaching. The pH of soil showed that the 

third and fourth rates of ATS were more effective in 
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lowering pH than gypsum treatment. On the other hand, 

gypsum and the remaining treatments was on the same level 

of effectiveness but more effective than control with 

respect to lowering the pH. Considering infiltration 

rates, gypsum treatment showed the highest infiltration 

rate compared with other treatments and control. On the 

other hand, there was no difference between all treatments 

except gypsum and control with respect to infiltration 

rate. 

For Gothard soil, considering the overall means of 

soil and leachates, results showed that there was no 

significant difference between treatments and control with 

respect.to EC, Ca, Mg, and Na for soil and EC, Ca, Mg, Na, 

and SO^ for leachates. Considering infiltration rates, 

generally combined with gypsum treatments were more effec

tive in improving physical condition of the soil than ATS 

and control. 

Infiltration Studies 

There are many factors affecting the infiltration 

rate such as soil texture and mineralogy, structure and 

aggregation of soil particles, exchangeable cations, 

concentration of salts in the soil and water moving through 

the soil, hydraulic gradient and permability of the soil. 

McNeal and Coleman (1966) mentioned that the reduction in 

soil permeability was due to blocking of soil conducting 
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pores either by swelling of soil particles or by accumula

tion of clay particles which is a result of soil dispersion 

and high ESP. 

For Guest soil, mean readings of infiltration rates 

after application of amendments and leaching with one pore 

volume (Table 19) showed that all treatments had higher 

infiltration rates than the control, although, the differ

ence was not significant for all treatments except for 

gypsum. Gypsum treatment had the highest infiltration rate 

and the difference between this treatment and other treat

ments was statistically significant. 

For Gothard soil, studies on the infiltration rates 

(Table 20) showed that all treatments except the second 

rate of ATS had higher infiltration rates compared with 

control and the difference was statistically significant. 

This could be due to incomplete Na removal on permeability. 

In general, the combinations of gypsum and ATS increased 

infiltration rates more than ATS did, and the difference 

was statistically significant. 



Table 19. Means of infiltration rates of Guest soil after application 
of treatments and leaching. -- Means followed by same letter are not signifi
cantly different tested by LSD at 0.05 level. 

Treatnenta 

Heaaured 
Paraneter 

ATS (al/columi) ATS (al/colinm) + Gypaim (ft/column) Gypsim 
Heaaured 
Paraneter Control 2.06 2.58 3.09 3.61 1.03+1.157 1.204-2.315 0.67+3.472 4.630 

Infiltration rate 
c«/hr 

0.1076b 0.2760b 0.2883b 0.3081b 0.3370b 0.3842b 0.3502b 0.4660b 1.6583a 

Table 20. Means of infiltration rates of Gothard soil after application 
of treatments and leaching. -- Means followed by same letter are not signifi
cantly different tested by LSD at 0.05 level. 

Trratnentft 

Measured 
Paraneter 

ATS (al/roluam) ATS (al/column) + Gypsum (g/columi) Gypmia 
Measured 
Paraneter Control 1.222 1.527 1.833 2.139 1.146+0.694 0.764+1.387 0.382+2.057 2.743 

Infiltration rate 
c«/hr 

0.1960a 0.5494c 0.2891ab 0.5350c 0.4819bc 0.6423cd 0.8293d 0.85!7d 0.8106d 



CONCLUSIONS AND SUGGESTIONS 

Laboratory tests on soil columns have been used 

as a tool for determining the response of salt-affected 

soils to additions of various kinds and amounts of amend

ments , to estimate the amount of leaching needed for 

removal of excess soluble salts, and to determine the 

changes in soil properties such as soluble-salt content, 

pH value, infiltration rate, sodium absorption ratio, and 

exchangeable sodium percentage that take place upon 

leaching. These tests are less laborious, less expensive, 

and less time-consuming than field tests and often are 

helpful in obtaining satisfactory answers to soil problems. 

On the other hand, such soil columns are suceptible to 

several sources of error. Various degrees of compaction 

in the column which result from using hand compaction will 

affect the water infiltration rate, permeability, and the 

leaching efficiency through the soil columns. In addition, 

presence of cracks, especially with montmorillonitic soil, 

will be a source of error by increasing the infiltration 

rate and reducing the efficiency of leaching. 

Results showed that using ATS for White House soil 

decreased soil pH and increased the availability of 

nutrients (Ca, Mg, and NO^) in the soil. While leachates 

60 
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of White House soil also showed a decrease in soil pH and 

an increase in Ca, Mg, NOg, SO^, and EC. 

For the Guest soil, combined treatments (ATS and 

gypsum) were more effective than or as well as ATS treat

ments and both ATS and combined treatments worked better 

than gypsum alone with respect to the amount of Na removed 

from the soil. In addition, there was no significant 

difference in the effectiveness of treatments and leaching. 

Transformation of ammonium in ATS increased with increas

ing ATS rates. In addition, it was higher for ATS treat

ments than for the combined treatments. There was no 

significant differences between all treatments except 

gypsum and control with respect to filtration rate. 

For Gothard soil, results showed that there was 

no significant difference between treatments and control 

with respect to soil EC, Ca, Mg, and Na and EC, Ca, Mg, 

Na, and SO^ for leachates. Infiltration rates showed that 

combined treatments and gypsum were more effective than 

ATS when used alone and the control. 

According to this study and reading of many papers 

related with this subject, the following recommendations 

and suggestions for field and laboratory trials and for 

future research are made: 

1. Increasing ATS rates for White House soil. 
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2. Using acid amendments or calcium containing 

amendments which have high solubility for Gothard 

soil. 

3. Using combined or ATS treatments with increasing 

rates for Guest soil. 

4. It was found that the amount of exchangeable 

sodium increased in depth compared with Ca and 

Mg. This indicates a greater mobility of sodium 

in the soil which is responsible for the reduced 

permeability of soils at lower depths. 

5. The penetration of water into the soil columns 

and the rate of percolation was found to be a 

function of bulk density, texture, and sodium 

saturation. 

6. It would be best to conduct tests on undisturbed 

soil cores or using a machine for the purpose of 

creating a reproducible degress of compaction in 

the artificial columns. 

7. Keep adding water to the soil to keep the water 

content at good level to provide good conditions 

for microbes, soil exchange reactions, and avoid 

cracking. 

8. Leave acid-forming amendments for a longer time 

to be sure of complete oxidization of sulfur. 

9. Mix amendments very well with the soil to increase 

the effectiveness of the treatments. 
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10. In case of using the combined treatments, the 

common ion effect and the salt effect should be 

considered. In addition, the use of a soluble 

source of Ca should be first to reduce the ESP of 

the soil then the use of gypsum which produces Ca 

slowly to replace exchangeable Na more effectively. 

11. Using of readily soluble Ca amendments when the 

price is competitive with less soluble sources. 

12. Using amendments in combination with organic 

matter which will provide microorganisms with 

energy and decrease soil pH by increasing partial 

pressure of CO2 in the soil which then increases 

to soluble Ca in the soil. 

13. Increasing the amount of amendment by a factor of 

1.1 to 1.3 to be sure about uniform distribution 

and effective use of the treatments. 

14. Using a good quality water to leach out salts 

instead of distilled water. 

15. Leaching the soil before application of the amend

ments to reduce the amount of Na in soil solution 

and on the exchange sites. On the other hand, 

leaching should not be too excessive which could 

cause dispersion and reduce the permeability of 

the soil. 

16. Intermittent water additions are more efficient 

and reduce the water quantities needed to about 
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707« of that needed with ponding or continuous 

leaching methods. 

17. Using sufficient quantity of water to leach 

salts out of the soils. 

18. Using low head of water to leach out salts 

effectively, especially with coarse texture soils. 



APPENDIX A 

CALCULATION OF PORE VOLUME FOR EACH SOIL 

Gothard Soil 

Average soil weight per column • 2,800.00 g 

3 
Average soil volume « 1,963.49 cm 

O 
Average soil bulk density • 1.48 g/cm 

3 Assumed soil particle density « 2.65 g/cm 

* - f • ias'ffi,.,,)»° 

(••Hi) x 100 = 46.04 % 

pore volume = (volume) (% porosity) 

- 1,963.49 x 0.4604 

= 903.99 cm3 . 

Guest Soil 

Average soil weight per column * 2,968.805 g 

3 Average soil volume « 2,434.73 cm 

3 
Average soil bulk density • 1.2194 g/cm 

% porosity - (l ) x 100 " 53,98 % 

pore volume - 2,434.73 x 0.5398 « 1,314.27 cm3 . 
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Whltehouse Soil 

Average soil weight per column - 3,000 g 

3 Average soil volume • 2,120.57 cm 

3 Average soil bulk density * 1.4 g/cm 

% porosity • ^1 - ""2755^ x ™ 47.17 "L 

pore volume « 2,120.57 x 0.4717 « 1,000.27 cm^ 



APPENDIX B 

CALCULATION OF THE REQUIRED AMOUNT OF 

EACH AMENDMENT, BASED ON ESP AND 

CEC, FOR EACH SOIL 

Gothard Soil 

Average soil weight per column » 2800 gm 

Soil exchangeable sodium percent = 10.21 meq/160 g soil 

Soil cation exchange capacity 

Required soil ESP 

17.7 meq/100 g soil 

5.0 meq/100 g soil 

Exchange Na (meq/100 g soil) (ESP)(CEC) 
100 

5.21 x 17.7 = 
100 

.9222 

0.9222 _ X 
100 2800 

X = 25.8216 meq Na/column 

Amendments 

(NH4>2S2°3 + H2° 4'2 2 3 

Contain 26% S 

Density 1.30 g/cm' 
3 
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First rate » 25.8216 (-^-)/0.26 - 1.5890 gm/column 

• 1.5890 * 1.30 = 1.2223 ml/column 

Second rate • 1.25 x 1.2223 = 1.5279 ml/column 

Third rate • 1.50 x 1.2223 • 1.8335 ml/column 

Fourth rate = 1.75 x 1.2223 « 2.1390 ml/column 

(nh4)2S2°3 + H2° + CaS04 * 2H2° 

3/4 1/4 

CaS04 • 2H20 

Molecular wt of gypsum = 172 g 

6.4554 x - 0.5552 g/column 

0.552 x 1.25 - 0.6940 g/column 

(NH4)2S203 

25.8216 x | = 19.3662 meq 

19.3662 (^|)/0.26 = 1.1918 

1.1918 * 1.30 « 0.9168 ml/column 

0.9168 x 1.25 = 1.1460 ml/column 
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(NH4)2S203 + CaS04 . 2H20 

1/2 1/2 

CaSO. • 2Ho0 4 2 

25.8216 = 12.9108 meq of Na to be exchanged by gypsum 

172 12.9108 x -=7j- = 1.1103 g gypsum/column 

1.103 x 1.25 = 1.3879 g gypsum/column 

(NH4)2s2o3 

•JO 
12.9108 x (~)/0.26 = 0.7945 g/column 

0.7945 * 1.30 = 0.6112 ml (NH^SgOg/column 

0.6112 x 1.25 • 0.7640 ml (NH^SgOg/column 

(MH4)2S2°3 + H2° + CaS 4 * 2H2° 

1/4 3/4 

GaS04 • 2H20 

1.6461 g gypsum/column 

2.0576 g gypsum/column 

8.4554 (-^)/0.26 - 0.3973 g (NH^SgOg ml/column 

0.3973 * 1.30 = 0.3056 ml (NH^gSgOg/column 

170 19.3662 x ̂  = 

1.6461 x 1.25 -



0.3056 x 1.25 * 0.3820 ml (NH^gSgOg/column 

CaSO. • 2H_0 
4 2 

170 
25.8216 x —= 2.1948 g gypsum/column 

2.1948 x 1.25 » 2.7435 g gypsum/column 

Guest Soil 

Average soil weight per column = 2968.805 g 

Soil exchangeable sodium percnet = 9.15 meq/100 g 

Soil cation exchange capacity = 28.5 meq/100 g 

required ESP = 4 meq/100 g 

Exchangeable Na (meq/100 g soil) = 5'151QQ28,5 

1.4678 _ X 
100 2968.805 

X = 43.5761 

Amendments 

<NH4)2S2°3 + H2° 

43.5761 (^|)/0.26 - 2.6816 g/column 

First rate = 2.6816 * 1.30 = 2.0628 ml/column 

Second rate = 2.0628 x 1.25 = 2.5785 ml/column 

Third rate - 2.0628 x 1.50 • 3.0942 ml/column 

Fourth rate » 2.0628 x 1.75 = 3.6099 ml/column 



(NH4)2S203 + H20 + CaS04 • 2H20 

3/4 1/4 

(nha)2s2o3 + h2o 

43.5761 x | B 32.6821 meq/colunm 

32.6821 x (^)/0.26 - 7.0112 g/column 

2.0112 * 1.25 = 1.9334 ml/column 

CaS04 • 2H20 

43.5761 x \ - 10.8940 meq 

10.8940 x = 0.9260 g/column 

0.9260 x 1.25 = 1.1575 g/column 

(NH4)2S203 + H20 + CaSO^ • 2H20 

(nh4)2s2o3 + h2o 

43.5761 x j « 21.7881 meq 

21.7881 (^|-)/0.26 - 1.3408 g/column 

1.3408 * 1.30 - 1.0314 ml/column 

1.0314 x 1.25 « 1.2892 ml/colutnn 

CaS04 • H20 

21.7881 x ̂  - 1.8520 g/column 

1.8520 x 1.25 - 2.3150 g/column 



(NH4)2S203 + H20 + CaS04 • 2H20 

(nh4)2s2o3 + h2o 

10.8940 (~)/0.26 - 0.6704 g/column 

0.6704 * 1.30 • 0.5157 ml/column 

0.5157 x 1.25 = 0.6446 ml/column 

CaS04 • 2H20 

32.6821 x = 2.7782 g/column 

2.7785 x 1.25 - 3.4725 g/column 

CaS04 • 2H20 

43.5761 x » 3.7040 g/column 

3.7040 x 1.25 » 4.6300 g/column 

White House Soil 

Average soil weight per column * 3000 g 

Treatments 

(nh4)2s2o3 + h2o 

First rate 1.50 mg S/g soil 

<NH4>2S2°3 25 

148 64 

x 1.50 
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X - 3.4687 mg of (NH^>2S20^ per g/soil 

3'4211000300° = 10-482 S (NH4)2S203/column 

10.4062 * 1.30 - 8.0049 ml (NH^S^/column 

Second rate 1.25 mg S/g soil - 6.6706 ml(NH4>2S203/column 

Third rate 1.00 mg S/g soil - 5.3765 ml(^^>2820^/column 

Fourth rate 0.75 mg S/g soil * 4.0025 ml(NH^)2^2^3 ĉ0'''uinn 
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