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I PART

INTRODUCTION

All 1ife depends upon the soil. The scil is one of very few factors of
man's existence. The quotation, "There can be no life without soil and no
soil without life: They have evolved together.", from Kellogg (28) shows
the importance of the soil. The soil which has such an importance in our
existence is the same soil that several times daily we walk on without giving
any attention to its so important role in our 1life.

First of all man obtains from the soil his food. The direct obtainment
is such as vegetables, fruits, seeds or grains, or indirectly such as feed-
ing the animals and using their products as milk, meat, or fat. Therefore,
the soil because of being an indispensable factor of life, should be known
and recognized as well as possible in order almost to bend it for necessary
plant growth or to change the unfavorable soil conditions to favorable ones.

Soil which is a natural medium for the growth of plants is a compound
of fragments in varying proportions of weathered or unweathered rocks, or-
ganic matter, minerals, water and air. Because of the dynamic character of
soils, they will undergo a change, except when in equilibrium state. Also
in this state there will be changes when there is a change in the environ-
ment.

One of the very important influential factors in soil characteristics,
beside the parent material or climatic factors, is drainage condition in
soil. Due to the amount of rainfall one might expect to have a leaching

or accumulation problem in soils.



As it is well known, the fundamental characteristic of soil is its
productivity, that is, its capacity to produce green plants. If temperature
is favorable, from the production standpoint or even from the standpoint of
plant growth, there are many other factors such as moisture and natural
characteristics of soil that make different kinds of soil.

Going beck to the history of agriculture, primitive man was physically
adapted to the food which nature was furnishing for him, or moved on to a
more agreeable place. By moving from place to place, it was possible, to
some extent, to get satisfactory food. However, because of development of
civilization, increasing of world population, and progress of science, the
man of today, having knowledge of necessary food types, wants to get his de-
sirable and necessary food. Man and animal get their food from the plants,
which have a very important influence upon the physical formation of both.
The food which furnishes the diet for both man and animal depends upon the
soil that produces these plants; therefore, improvement of the soil becomes
a necessity. The continuously increased needs of man extend far beyond that
which nature can furnish him. Abandonment of land damaged by any cause is a
serious loss to agriculture.

Through the accumulation of experience and knowledge, man gradually
learns to bend natural forces to his advantage and, thus, reduces the hazard-
ous, natural environmental factors of plants, which in turn, reduce the
hazards of 1ife. The man of today, with advancement of knowledge, improve-
ment of technique and progress of science, is able to improve the production
of soil, according to his requirements and taste, by careful plant breeding
and fertilization. No matter how complicated the agricultural techniques
are or are becoming, man can produce his particular necessities through the

use of these techniques. The important fact which exists and which will not



change is the relationship between the plant and the soil. The basic agri-
cultural techniques used are to produce a relationship between soil and plant
suitable to the aims of man. From this adjustment standpoint, theoretically,
there are two ways, changing the soil or choosing plants to fit the soil, but
usually man combines these two to some extent.

Back several hundreds of years, by experience, man has gathered a lot
of knowledge of soil physics, but it was not until the eighteenth century
that soil chemistry started to develop. Centuries before that time, some
chemical reactions, such as decoloring or deodorizing of manures in soil,
were known, however causes or factors having such influence upon the manures
were unknown. Also, the reason that the ocean water became fresh when passed
through sandy beds was unknown. Although during the last two centuries,
particularly the last few decades, this branch of science has improved very
much and has enlightened a lot of dark points, but there are still a lot of
undiscovered points in soil chemistry.

The soil, from the chemical reaction standpoint, is comparable to a
large and vast chemical laboratory, in which complicated changes are going
on continually. It is very difficult to describe what occurs in this great
laboratory. Due to these complicated chemical reactions and because of the
influence of different climatic factors and conditions, we find a lot of
soils unfavorable for plant growth. Even by means of certain agricultural
practices, such as continuous cropping of the land, we damage our soils.
The point is one to seek a practical remedial method of securing our soils,
and to improve its productivity to a desirable stage.

It was 1850 when Thompson (46) through his field experiment, and Way (49)
by his experience and investigation, found the exchange base properties of

soils. During the period of 1855 and 1858, Liebig (30) wrote two of his very



important reports, in which the soil power to absorb cations of neutral salts
and case of replaceable bases were understood. It is still by this discovery
that man knows what kind of reaction takes place when different chemical fer-
tilizers are added to the soil, and also knows to a certain extent how much
one must treat the soil in order to replace the amount of the plant nutrients
which are lost through leaching and cropping, in order to keep the soil pro-
ductive. It is through this discovery that it is made possible to find rea-
sons for unfavorable soils and also methods, to some extent, to improve these
soils. Among the many harmful and unfavorable soils for plant growth, the
AIKALI soils are probably the important ones. Alkali soils, despite the
fact of being very harmful for plant production, occupy a vast area of the
earth particularly in arid and irrigated areas. One is justified, therefore,
in paying more attention to this problem than to other soil problems.

The term ALKALI SOILS denotes the salt-saturated soils, or the soils

which contain an excess of salt.

ALKALI SOILS

Because by accumulation of water soluble or insoluble salts, the soil
becomes white and dark brown or black colored; therefore, it is called a sa-
line soil in the first instance and alkali or "black alkali" in the second
instance. In the case of saline, by some practical means such as washing by
excess water and draining by drainage channels, it is possible to reclaim
the soil to some extent. However in the case of black alkali, the problen
of correction is not so easy. Sodium in black alkall soils acts as an ex-
change cation and forms sodium cadrbonate and the pH of soil rises above 8.5.
The soil obtains an unfavorable structure for water infiltration and the

colloids beco e dispersed.



The alkali soil problem is one of the most interesting of research or
scientific problems of today's agriculture. This problem has received more
attention, particularly in irrigated areas. Water, as it passes through dif-
ferent zones or areas, carries different soluble salts. In irrigated areas
if most of these salts are leached out by drainage water there remains some
which may return to surface zone of soil by evaporation. In some cases, when
these salts contain sodium, there will be more harmful soil known as "black
alkali."

The important problem of these soils is to correct the damaged soils
and find out how to prevent further damage. Even though there has been a
great deal of work done on this problem, there still remains a big problem to
be solved. In spite of the more recent work on this problem, treating the
alkali soils with gypsum, there is still no satisfactory method of using
gypsun. The idea is to replace the sodium by calcium of gypsum. To some
extent good results from using gypsum are obtained, but the ratio needed and
how, where, and when to use it in order to get better practical results,

have not been entirely answered.

THE RESEARCH OBJECTIVES

The main objectives of this research work sre to review the pertinent
papers dealing with alkali soils, to conduct laboratory experiments in con-
nection with alkali soils and exchangeable bases, and to study the relation-
ship of calcium and sodium of wvarying proportions on the properties of soils

of different texture.



PART II

EXCHANGEABLE CATIONS

Considering all soil aspects, from a developed and improved agricultural
soil standpoint, the soil property of "adsorption" (cation exchange) is the
most important and interesting one. It is through this discovery that man
is able to recognize the influencing factors that cause changes in soils.
Through this discovery also man is able to bend a lot of harmful influencing
factors in soil conditions, and in some manner try to change the unfavorable
soil conditions.

Because of its importance and because this basic soil property is an
influencing factor of our research work, it seems very important that a his-
torical summary of the discovery of the cation exchange property of soils,
its identification, and properties as an influencing factor or as a factor

acting upon the different changes in soil compounds, be reviewed.

HISTORICAL SUMMARY

Historically the absorption property of soil was recognized since very
early times. Centuries ago it was well known that the soil decolorizes and
deodorizes the liquid manures. Freshing the sea water through t he sand beds
was known by Aristotle (39). Lord Bacon (39) in 282 in his publication
Sylva-Sylvarum discussed the question of making sea water palatable by fil-
tering it through sand. From an agricultural standpoint Gazzeri (1819) ob-

served that "the soil, especially clay, takes up soluble substances, which



he considered an advantage inasmuch as they may become available later as the
plants need them." (12)

The first quantitative experimental work was carried on in 1845, by
H. S. Thompson (46). As shown in Table I, he worked out that ammonium sul-
phate solution when filtered through soil, exchanged its ammonia for lime.
In his experiment, he leached a short column sandy loam soil, to which he had
added 0.6/ gram of ammonium sulphate or ammonium carbonate. Another experi-
ment that he ran was similar to the first one, except he poured back the
leachates again on the soil and leached them for the second time. Results
were as follows:

In the first case:

By (NH)p 80, By (NH,), CO,
Leachate contained Leachate contained
CaS0, 0.256 CaS0, 0.064
(NH,), 8O,  0.154 NH, C1 ; Py
other sub. 0.03%8 (NH,), SO,)

In the second case when he poured back and leached again:

By (NHA)2 SO4 By (NH4)2 003
Leachate contained Leachate contained
Ca 804 0.403 CaSOL 0.006
MgCl, 0.064 CaCl, )

) 0.016
MgCl, )
TABIE I

These experimental results were not published until 1850, when J. T. Way



(49) published his first important paper. Way had made a detailed study of
this subject by allowing solutions of ammonia and nitrates, chlorides and
sulphates of ammonia, potassium, sodium, and magnesium percolate through
soils. He found through the soil infiltration that the bases were largely
removed from the solutions and replaced by lime of the soil. He demonstrated
the active part of soil was clay and attributed this activity to a particular
clay which in his idea was a hydrated alumino-silicate of alkali or alkaline

earth "zeolite."

DIFFERENT CONCEPTS OF BASE EXCHANGE UNTIL

THE RECENT CONCEPT OF CLAY MINERALS

From the time of discovery, the soil cation exchange property was studied
from two important and completely different phases: Whether the reaction was
a chemical or a physical one, and what materials of soils go to the inter-
change action and by what solutions.

After the publication of experimental work of Way, the scientists became
very interested in the subject and those experiments have been repeated by a
lot of other workers. Many of these workers accepted the chemical explanation
of Way. Warington (51) regarded (1868) the aluminum and iron oxides as being
involved because of the absorption powers of these oxides for phosphates, as
well as the soil.

The early development of the subject started in 1855-1858, when Liebig
(30) published his very important first and second papers, and he criticized
(23) the view of Way's followers. Liebig believed this absorption being a
physical character due to the surface attraction and through the capillary
holes such as holding water into a sponge and the materials to be regarded

as plant food. Because of his dominating position in chemistry at that time,



the physical viewpoint of Liebig prevailed. Iiebig believed that many kinds
of substances have this power.

Peters in 1860 (38) published his paper discussing that natural soils
may contain exchangeable Mg and Na ions in addition to calcium and that the
replacement of these cations is influenced by the concentration of the solu-
tion and ratio of solution to soil.

The publications of Lemberg on the subject of cation exchange which were
started to be issued by 1870, might be said were the most important papers on
this subject. He proved conclusively that many other silicate minerals have
the same properties of base exchange in salt solution as the Zeolites (31).

According to Fisher (11), "This work of Lemberg is probably the most im-
portant that has been done on this subject, and it is unfortunate that it is
not more accessible and familiar to agricultural workers."

The most striking experiments of Lemberg were with leucite (KA131206)
which was converted into analcite by adding NaCl-solution and analcite plus
KCl-solution became leucite.

One of the most important results obtained from Lemberg's experiments is
that Sodium-silicate minerals are less stable in salt solutions than the cor-
responding potassium minerals; or it might be said that, under similar condi-
tions potassium will replace sodium more easily and completely than sodium
replaces potassium. The fact that ocean water is a solution of NaCl rather
than KC1 suggests the strong absorption of K by soils. (32)

Van Bemmelen in 1878, and 1879, (47) published two papers. As pointed
out by Gedroiz (1918), "Van Bemmelen fully joined those believers in the chem-
ical nature of exchange reactions in the soil; even more than that none of
these previous investigators expressed himself so definitely in favor of this

theory." (23) In 1838, Van Bemmelen revised radically his views. Because of
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his studies on hydrogels, he abandoned the chemical explanation, but traces
the exchange or absorption power of the soil to its content of hydrogels. As
Kelley (23) explains, Van Bemmelen's theory was that the acids decompose the
hydrogels, therefore destroying the absorption power of them. According to
Van Bemmelen the hydrogels are composed of indefinite proportions of Al(OH)B,
Fe(OH)3, 5i0y and humus, any one of which can itself form a hydrogel, and
each one has a peculiar absorption power. The absorptive power varies depend-
ing on the amount of each. Therefore soils containing equal total amount of
colloidal material may vary considerably in absorptive power. The exact word
translation of Van Bemmelen's colloidal concept made by Kelley is as follows:
"Absorption compounds are formed from components with variable molecular ra-
tios. They may be distinguished from chemical compounds, but they msy change
into chemical compounds. Colloidal substances form such absorption compounds
with water and other liquids, with bases, acids, and salts." According to
Fisher the outstanding facts of Van Bemmelen's work are that in no case is
there absorption of neutral salt as a whole, but always an interchange of
bases already present, and that the seat of the action is in the colloidal
silicates that are present.

In 1905, (8) Cushman by means of the microscopic examination and from
the formation of soluble alkali silicates, showed that a certain amount dis-
persion (peptisation) occurs when water and orthoclose or some other minerals
are ground together. This proved the viewpoint of Van Bemmelen. The impor-
tant thing at that time was that Van Bemmelen made distinction between re-
actions involving crystalline substances and those with colloidal substances.
He was not aware that crystalline substances may also be highly colloidal,
and that the soil colloidal substances are definitely crystalline.

For a period of about 20 years after the last publication of Van Bemmelen
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there was a lot of work done by different workers, but nothing new on this
subject of cation exchange was developed.

It was just 20 years later or in 1912, when Wiegner (52) concluded that
cation exchange is an adsorption reaction rather than a chemicel reaction.

He stated that the exchangeable cations are held on the surface of particles,
and within capillaries and not by chemical attraction but by adsorption. The
later publications of Wiegner and his students on cation exchange subject dis-
cussed the subject from the standpoint of colloidal phenomena. According to
him (1931), cation exchange is an adsorption reaction and not an ordinary
chemical reaction. He also emphasized ion size and ion hydration as factors
in exchange and as a general rule he concluded that the smaller the ion the
greater its replacing power. According to Kelley (23), "The importance of
ion size in exchange reaction is by no means certain, obviously any ion,
whatever its size, must be able to gain access to the so-called exchange
spots, that is, the electric field in which the adsorbed ion is held by the
solid particle."

According to Wiegner, each particle of exchange material, is made up of
three different parts: (1) a Kernel "micron" or "ultramicron," (2) a layer
of adsorbed anion external to the kernel but lying in contect with it and
they consist of OH or 8103 or both ions, and (3) exchange cations attracted
to the particle by the adsorbed anions. It is supposed that the cations
form a sort of swarm around the particle and they are more or less hydrated
in an aqueous medium. Thus Wiegner explained the electronegativity and the
cation exchange power of soil colloids on the basis of the adsorption of
(CH) hydroxyl ions or (8103) mono-silicate ions.

According to Gedroiz (15), the inorganic exchange material of soils

has two possible sources, either from extremely fine-grained rock fragments,



or from mutually precipitated colloidal silicic acid, A1(0H)j3, and Fe(OH)Bﬁ
He suggests that during the course of weathering rocks and minerals are brok-
en down inte finer and finer-sized particles culminating in particles of col-
loidal size. The particles absorptlion power gradually increases, reaching a
maximun in the colloidal range owing to the high specific surface. Gedroiz
published & series of very comprehensive and valusble papers during 19]12-
1925, =nd he discussed many different aspects of cation exchange. (54)

Matteson's publications are somewhat different from most of the other
investigators. Within certain limits he found (34) the exchange capacity of
permutite-like precipitates to increase somewhat parallel to the Silica-
alunina (SiOg:AlgOB) ratioy the same is true about the soil colloids. OUne
point emphasized by him is important to know: A4t a given pH the exchange
capacity is a definite gquantity for a given sample, bubl different from that
at another pH. It means due to the influence of pH in determining of ex-

change capacity, the pH should be determined in each case. (35)

TH CLAY MINERAL CONCEPT

The cloudy soil aspect of cation exchange started to enlighten in 1930,
when Hendricks and Fry (19) discovered that the inorganic colloidal material
of the soil is commonly crystalline. This discovery alsc was made in 1931,
by Kelley, Dore and Brown (24). This was a new period in soil science.
Through this discovery soil scientists were able tc recognize the substances
responsible for soil cation exchange.

By the aid of this new discovery scientists of soil found that the
responsible materials of soil for exchange cations are chiefly clay materi-

als, such as montmorillonite or beidellits, kaolinite, hydrous mica, and
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kalloysite.

Crystal and isomOrphie structure, as explained by minerslogists, : -~ the
key methods by which to study the cation exchange materials. The publication
of Pauling in 1930, =and other mineralogists (37) gives the basic information
on the clay minerals, and the pﬁblications of Hofman (1933), Ross and Hendrick
(1941-1945), and others give good explanation concerning the relationship of
cation exchsnge to the crystal structure of clay minerals.

From the standpoint of crystalization of the clay minerals and the prop-
erty of exchange cations, it is very important to identify them and to de-~
scribe their cation exchange character through their formation and function.
The picture of these two different phases of clay minerals as given by Kelley
(23) may be one of the best because of his very comprehensive knowledge.

The clay minerals are platy resemwling in this respect pyro-
phyllite, the micas and tale. They are characterized by a lattice
structure. The layers are composed of planes of silicate iong in
which each silicate ion is situated at the center of a tetrahedron
formed by four oxygen ions, and planes of Al, Fe-or Hg-ions sur-
rounded by six oxygen or 0OH-ions arranged in the form of an octa—
hedron. In kaolinite the lattice layer consists of one plane of
51 tetrahedra bound to one plane of Al-octahedra. In contrast,
montmorillonite, beidellite and hydrous mica-type clays, the most
important cation-exchange clays contain lattice layers composed of
two tetrahedral planes bound together by one octahedral plane.

With montmorillonite, Si-ions occupy the vast majority of the
tetrahedral positions, possibly all of them, and the octahedral
positions may be occupied by Al-, Fe~ or Mg-ions and some of thenm
nay be vacant. A substantial percentage of the tetrahedral posi-
tions of beidellite are supposed to be occupied by Al-ions.

In the case of isomorphism it may be said that the crystalline shape is
the same as the original shape except different ions of same sigze nmay enter
into the framework. The isomorphism implies the substitution of one ion for
another in the crystals.

This is a description of how the clay minerals act asnd also why they

differ in cation exchange property. Some of them on account of purity may
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not contain this property at all or in the least. It appears noteworthy to
give some practical pictures of their structures.

Fgrophyllite, 81p Sij Oy (GH)Q -~ In g lattice laysr the order of atomic

planes iss

, (6Q~2 ~12)
Si~tetrahedra  ( )
(481 +16)
)
)} Charges
. )
gz,,o"ﬂ o (omy -10)) :
3 e
Li-Octahedrs (44177 412) =
C . ) (e
(477, 2(om)-L ~10§
(48i%h +16)
Si-tetrahedra { 5
(697~ -12)
Chero
Becsuse of equality of the negative and positivéogﬁéﬁgés the lattice is

electrically neubtral. In the case of being pure, pyrophyllite contains only
traces of K, Ca, #g, or Ha. The electrical neutralify makes it uvnable to
attract the cations of solutions and therefore éhe exchange capacity is very
low,

Kmolinite, Aly Sip O (OH), == This is kmown to be found in leached

goils in humid climates and in some relatively dry climate soils. If it is
pure or the humus content of the soil is low, exchange cepacity is very
low.

The sequence of stomic planes is:
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, (6072 )
Si-tetrahedra  ( )]
(/ 54 +Z;. '
4 D1 % Cherges
(4072, 2 (om)™t ) - (e
. » +28
Al-Octahedra (4813 ) (
(
(ronyt ) ;
)

Becauge of internal charges balance, the crystsls are unazble to attract
external cations, except by the negative charges of terminal exygen ions on

the lattice edges.

Muscovite, KA1y 8ip Oyg (CH,F)y -- The stomic planes order are es

follows:
interlayer g+l +=1'
(6072
Si-tetrahedra ( ol
(3 si™, 1 %3 Charges

(402, 2 (ou,F)"L

. Al-octzhedra (4 A1*3

£ L
LN

(4072, 2 (om,¥)~1

(3 8i*h, 1 m*?
Si-tetrahedra

vvvv\_—’vvvvv\,/ Nt
ii

( w
(607

interlayer g+l +1

Az the framework of lattice ghows, the planes electrically are oub of
balsnce by two negative charges, bubt the two positive charges of XK neubral-
izes them. According to Pauling (37) the K-ion share the charges between
adjacent layers, thus binding them together. In this case because of
strong bond, the entering of H,0 between the lattice layers 1s almost im-

possible, and this is bthe reason why crystals do not expand in water.
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Hontmorillonite, Na A15 Mg Siqo 030 (OH)é ~— This clay as showm by X-ray
analysis is very similar to pyrophyllite and muscovite, although similar in
some features it differs from them by some very important characteristics
such as exchange capacity of this clay is higher; water cen pass in between
lattice layers as a result causing the crystals to expand like an accordion
(23); the crystals of this clay are thinmer and sre found being smaller
irregular-shaped plates. The principle of isomorphism is applied to this
type of clay. Among different methods for éalculating the distribution of
jons in lattice position, is the method proposed by Marshall (33). It was

2 or Fe+3

suggested by several soil scientists, that §§+ and several obther
elements may proxy for A;*B in octahedral; also limited amounts of a3 nay
proxy for Si+ZP in tetrahedral position. It was found by means of different
tesgbs this formula does not represent or show the average of the samples of
the clay. The excess negative chsrges of the clay has been found by so many
invegtigators to vary at least twofold, but never eguals much more than half
of charges of muscovite which is one charge per 12 oxygenatoms. The average
of negative charges of montmorillonite clay is suggested to be about 1/3 of
muscovite or 0.33 per 12 oxygen., ?he cation exchonge capacity of montmo-
rillonite is very high so that it is not comparable. Ross and Hendricks
(41) by calculating semples from many sources came to the conclusion that
Al in the tetrshedrel is limited and is less than one ion per 5 unit cells,
so it is believed that the cation exchange property of this mineral is due

largely to bigh amount of negative charges in the octahedral layer of the

latbice, as shown below:
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(902 -18)
Si-tetrahedra ( )
(6 sith +24,)
) )
(60 2’ 3(OH)_1 “15% Charges
A1, Mg-octahedrs  (541%3, 1 g™ $17) (=66
) ) =
(602, 3(om)=L -15% (+65
(6 Sith +24.)
Si-tetrahedra ( )
(902 -18)
interlayer Hatl +1.

ROLE OF ORGAWIC MATTER

It ig important to remember that the organic matter has a very'important
role in exchange cation resctions, and humus plays a significant part which
becanse of lack of evidence and lack of knowledge its role iz not very clear.
According to almost all agriculturalists and soil investigators both scien=
tist and practicel, the organic matter and humic acid have very important
roles in soil cation exchange, bubt the way of acting and the different re-

actions are not clear.

THE PHYSICAL PROPERTIES OF SOIL RELATEL

TO EXCHANGEABLE CATIONS

The particle size, btexture and combination order of the particle,
structure are responsible for physiesl properties of soils. Difference in
physical propertics between a2 sand and 2 clay soil is the result of coarse
and fine particles, and the arrangement of these particles. The very im=

portent difference between these two soil classes iz in the amount and the
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nature of the clay material. Sckoloweki (44) in 1926, has stated that the
physical properties of soils are controlled almost entirely by the colloidal
material, which from knowledge of today is almost accepted. Considering
the complex-physical composition of the soil, the different physicsl phenom-
ene such as water holding capacity, water absorption, heat of wetting, plas-
tieity, flocculation end deflocewlation observed in the soil are not only
the result of amount but may be the result of amount and nature of colloi-
dals: "The colloidal material may be present as discrete particles or as
coatings around the lerger soil grains. The physical phenomena are perhaps
dependent upon the state in which these colloids exist. They may be present
in the gel or sol form (3).% According to Beuyougos (4), nature of their
respective surfaces upon which their relative chemical or physical activi-
ties depend may be different.

As a matter of fact, if the nature of colloidsal or clay pleys an im-
portant part in properties of soil conditions, one is expected to see dif-
ferences in the behavior and activities of soil eclays as a result of spe~
cific cations that probably can be found in replaceable compounds. According
to Hissink {21), "There is undeniable relationship between the structure of
the soil and the relative propeortion of the adsorbed bases. As Wa comes
into the evidence soil structure deteriorates." Gedroiz (13) stated that,
"The degree of coclloidallity of any soil depends on the state of saturation
of the soil and on the néture of the exchangeable bages." Sharp in 1916
(43) menticned that, YSubstitubtion of Ha for Ca, Mg and other bases in the
silicate complex or the direct addition of Ha to such a complex results in
the formation of new jelly-like colloids, capable of becoming highly dis-
persed wvhen in contact with water.% Kelley and Brown in 1925 (25) showed

thot soile seburated with Ha are sbticky when wet and harsh when dry.



Calcium salts, on the other hand, procduces a relatively porous soil. Baver

(3), through different experiments and careful review of literatue shows

there is a relationship that exists between the exchange cations on the soil-

ebsorbing complex and its physicel properties.

The following results also were obtained from the experiments made by

Baver.

1.

4

The Ca=-ion produced no gignificant effect on the molsture equivalent,
hygroscopic coefficient, and on the heat of wetting. It had a mark-
ed flocculabing action on soils containing‘a high percentage of
clay. It had a téndeﬂcy to increase the plasticity number of the
soil.

R-ion produced no significant change in the moisture equivalent
value. It decreased the hygroscopic coefficient as well as the

heat of wetting. It had a delecculating effect on the soil sus-
pension, and it lowered the plasticity number of all the soils.

The H~ion showed no effect on the moisture equivalent, hygroscopie
coefficient, and heat of wetting. It caused & decrease in the state
of flocculation of the soil suspensions. In soils highly saturated
with bases it decreased the plasticity number. The plasticity nun-
ber was increased in soils with s low degree of saturation.

The Mg-ion showed nc marked effect on the moisture eguivslent,
hypgroscopic coefficient, or heat of wetting. It decreased with one
exception, the state of flocculation. It had a tendency to increase
the plasticity number,

Mn-ion produced no significant effect on the moisture equivalent,
hygroscopic coefficient and heat of wetting. It produced s strong

floceulating action below the neutral point and a little tendency



to increase the plasticity number.

6. The Ne~ion increased the moisture equivalent, due to the highly
puddled condition of the soil. It decreased the hygroscopie coef-
ficient os determined over 30% ﬂ2304 ag well ag the heat of wetting.
It had no pronounced effect on the hygroscopic coefficient with 2%
acid. It caused a deflocculation of the soil suspensions. It in-
creased the plasticity number of the soil by lowering the lower
plastic limit.

Kelley (26) concludes that, most soils are granular when Ca-saturated;
tilth of this soil is favorable, except when the clay content is excesgsive.
Soils containing exchangeable Na-ions tend to be dispersed: they are rela-
tively impermeable to water and the tilth of these soils are almost contrast
of Ca-saturated. The very remarked contrast betueen Ha-saturated and Ca-
satursted clay 1s the large difference in their settling volumes. In case
of saturating the exchange materisl with Wa-ion, as shown by Gedroiz (14)
in 192/, the sumount of finesb-sized particles as found through mechonical
analysis, was greatly increased. He found that substantial part of the silt
and fine sand particles was broken down by Ha-saturation into ultra-fine
particles., Ca-ions seem to bind the fine-sized particles into aggregates,
whereas Na~lons cause dispersion.

Under the title of 2lkall soils nere informabtion will be given about

Sodium eclay.



ITI PART

ALKALT SOILS

Any sufficient guantities of water soluble sccumulated salts in the soil
that is injurious to plant growth is called "alkali,” The origin, and how
or why this term, alkali in referring to soluble salts sccumulation is not
known. It might be suggested in two ways. (1) In previous time, or even
now in some countries, from burning of native bushes such as grease wood,
cedars, or pines, of these salty areas they make their necessary caustic soda
for soap making, and because of very similarity between these ashes and sur-
face soil salt deposits, it might be the reason of using this term for these
salty areas. (2) Another suggestion (45) is that this term may have been
given first by the hunters or travelers of these areas. Because of scarcity
of water in these salty, dry and warm areas, the wind cerrying salts was
causing or injuring the thirsty throats and parched mouths similar to caustic
of soda.

Because of unavailability to any references about the data of the first
scientific investigation of alkali in other countries, the writer prefers to
have a few words aboubt its scientific development only in the United States.

Perheps the first scientific investigation in the United States was
mede by Dr. Edward Palmer in 1870, (45). BEastern India in 1876, organized
a committee to investigate the reasons of increasing of the injurious salt
“reh." Bub important development of this problem started in 187 in Cali-
fornia when Bilgard got his association with the California University. For
the immediate gource of the alkali Hilgard reported that waber, when it rises

21
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from below and evaporates at the surfsce salis sccumulate at the soil surface.
The classification of the &lkalil soils slso ig made by Hilgsrd, who men-
tioned two different classes, white and black alkali. All salts are more or
less white and they give a white color to soil, so it is called white alkali.
Except the sodium carbonate which dissolves orgenic matter from the soil and
produces a black color, thus gets the name black alkeli. In gome similar

ways the nitrates cause a brown color in the soil (10).

SOGRCES COF SOLUBLE SALTS

The soluble salts of alkali soils consist of various proportion of cal-

3

cium, sodium and magnesium cations, and the sulphate and chloride anions.
The cation, potassium, is in minor amount asg are carbonetes, bilcarbonate and
nitrate anions. The direct sources of these soluble salis are the parent
material or primsry minerals found in soil. During the chemical weathering
of earth, or during the soll formation processes, gradually these sslts were
formed., Carbon dioxide, whether of biological or atmospheric origin, is s
very active chemical agent and ascts upon the cations to make carbounates.
The pH value of solution is a good measure of existence of carbonates or bi-
carbonates. The carbonate exists at pH 9.5 or even higher. While the car-
bonate is the most injurious salt in soil, there are places where excess
nitrates are even more injurious than carbonates. Until now the origin of
excess nitrate is not satisfactorily explained (10).

As mentioned before, the first and direct source of all soluble salts
is the weathered primary minerals, but in most cases the saline soils occur
in those places that receive these salts from the water vhich carry them

while passing from place to place. By twe ways, ocean may become & source
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of salt; first by laying doun of marine deposits in early geological period
and secondly by making saline the sea margin soils. However, it is necessary
to mention that the most direct source of selts is water. Bither the ground
or surface water carries the water soluble salts of soils that come in con-
tact with water. The water in irrigation areas sct as a source of salts.

In the case of flooding or rising of ground water to the surface which is a

natural process, the water adds certain amount of salt to the seil.

S0IL, SALINIZATION

As a geological process the rocks by the function of weathering break
down in to fine particles known as soil. The minerals composing tinese rocks
through these processes and thus, chemical changes thset occur, guantities of
soluble salts will be set free. Because of the solubility of these salts
in the water, they will be carried and transported by the movement of water,
and they may become deposgited in the soil or on its surface when the water
evaporates.

Depending on the amount of rainfall in humid areas the salts present in
the s0il originste or are formed by the weathering precess, and are carried
downward into the ccesn. The conbrary is true in arid or semi srid areas,
where water leaching procesgs ig not sufficient to leach oul the salts. As
a general rule, in regions having less than 20 inches annuzl rainfall (9)
there will be alkali in the soils. The occurrence of alkali due to the
evaporation of sea water bodies, that have been or might be, is an excep-
ti@nalicase and it mey be done by various causes.

It was discussed that alksell is readily soluble in the water snd only

remaing in dry soil. But zs it dissolves in the water it soaks into the



soil, then through the evaporastion it returns back to the surface.

The phenomena of the soil beconing alkall after several years of irri-
gatien have been regarded by many fermers. The general action in this case
first of =211 is that the irrigation water as it penetrates to the deep sub-
soil dissolves the soluble accumulated salts held there, and through the
surface evaporation carries them to the surface, depositing them as waler
itself evaporstes. Sonetimes dué to the irrigation water that contains the
soluble salts, the water carries the sall from one asrea to another.

The essential and wore effective reason for the soil salinization might
be said is the poor drasinage condition of the soll, The poor drainage con-
dition night be due to one of the following factors or in some cases to both
of them: the presence of high water table or low permeability of the soil.
The low soil permeability reduces the water downward movement sometimes to
an indefinite degree thus causing poor drainage. ¥ue to the unfavorable
soil texture, strueture, clay pan, silica hardpan, or a caliche layer, the
low permeability takes place. The presence of sn impermeable soil layer in

Hungary as De Sigmond states (10) is due to the salinization of soils.

SOIL ALKALIZATION

The soil colloid (eclay and organic matter) properties in case of ex~
change bases according to intensive informetien given in second part of this
paper is well knoﬁn. Depending on the amount of clay and organic matter
present in soil, each soil has 2 definite base exchange capacity. Because
of free interchange of soil adsorbed and solution cations, the proportion of
various scil solution cations, determine in some degree the relative amount

of each cation held by colloids. The calcium and magnesium are the two



principal cations of soil solution. But when normal soils are in contact
with excess socluble salts, sodium frequently becomes the dominant catiocn.
In such case a part of the calcium and magnesium are replaced by sodium.
The process through which the amount of sodium in soil solution or colloid
content incresses has beem termed alkalization. In the case of concentration
of s0il solution through water absorption of plants or eveporstion, the sol-
ubility of calcivm sulphate and calcium and magnesiwn carbonate decrease and
to some extent might be precipitated out of solution, and at the gsame time
causing a very remarkable increase in relative proportion of sodium, or in
other words the sodium may become the dominant cation in soil solution.
Calcium and magnesium are the two principﬁ%;cations adsorbed by soil
colloids, asnd this is a real agricultural fortunate, Becouse if sodium was
in their place, we could say the farming difficulties would be beyond any
expecting degrees. However, an appreciable smount of sodium would be adsorbed
by soil colloids, where more than half of soluble cations is sodium. (5) |
According to Kovda (29), the salinity of ground water seldom exceeds
100-150 grams of salt per liter of waster even in very strong salinigzed soils.
He states, that by some other powerful factors the szlt councentration in
soil solution may resch 300=400 grams per liter. The high salinity of scoil
solution as compered with ground water is greatly due to the high temperature
of the soils upper horizons. Amount of different soil solution salts, varies
with degree of solution concentration. 4s the concentration'increases, the
less soluble compounds such as iron oxides, silica and lime begin to precipi;
tate. Sesquioxides, silica and lime follow the gypsum and precipitate in
the deeper horizons of soils, vhereas salts such as Mg SO,, WaCl or even
RapS0y may be carried to the surface of soil. He emphasizes that NaCl will

not precipitate except when content of solution reaches 300-350 grams per
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liter, Lime, gypsum, aznd to some extent sodium sulpbate vrecipitate in an
irreversible state, whereas the precipitation of HaCl and ¥gCl, may pass into
soluticn during the rainy period. When the fiwed accumulation of sesguioxides,
silica and Ca 003, CadMg (603)2 and CaSQA occur in soil horizons, there will

be a concentration of WaCl, MgCl,, E‘-ﬁ‘gSO4 and some NaESOL in soil solution

and ground wabter. In his discussion Kovda points out that an accumulation

of lime and gypsum individually or by the silica and sesguioxides combination
develop hardpan. His idea about the salinization development is that a cer-
tain geomorphic and topographic condition cause & high ground water tabls,

and there is a high evaporation ratic over leaching.

Previously, the monner that the sodium is sdsorbed by soil colloids and
scts as an exchangeable cation was discussed. The injurious characteristics
of sodium czrbonate also was somewhat reviewed. How it is necessary to show
the relationship of these two different sodium aspects. As a general se-
cepbance, when due to the concentration of solution Ca and Mg, precipitete
out, because of large amount of water and an occasional fresdom, some of the
exchanged sodium hydrolyses. Because of prescnce of the H26039 one of the
chemical active sgents in the water, and due to the chemical reaction be~

tween these two substances, sodium carbonate is made.

CHARAGTERISTICS OF SALINE AND AIRALI SOILS

In order toc get a possible available description of ssline soils and
their relative characteristics, it is necessary to follow a classification.
The following one seeme te be one of the best of the recent clossification
(10).

Because of two different types of alkslinity, and due to their different



characterictics, there are ordinsrily two different standard measurements
uged for clarifying the discussien.

1. Saline Soils - In these soils the exchangeable sodium percentage
is less than 15, and electrical conductivity is more than 4 milli
mhos*/Cn. (10) In this white alksli or as Russian's "Solon-Chales®
pH is less than 8.5. These soils, through an adequate drainage
establishment, snd leaching the salts by excess water become ncrmal
goil. Depending upon the kind and amount of the salts, the chemi-
cal characteristics of the soils differ one from another. In this
class of salty soils seldom does the amount of sodium exceed more
than half of the soluble salts, However the smount of adsorbed
sodium in this closs is very low. The K-cation is in minor stage.
The importent anions are, chloride, sulphate, and occasionally
nitrates. Because of very least amount of exchangeable sodium in
these scils, they have a favorables structure and are readily pere
meable for water snd cir intake.

2. Saline - £1kali soils. —-- Ag the term méans, in this class of soils,
exchangeable sodium ig more than sbove class of soils, and soils
are satursted by soluble salts and there is somewhat an appreciable
amount of exchangeable sodiuwm. Conductivity is higher than 4 milli
mhos/Gu. The pH seldom is higher than 8.5 when excess salts are
present. The appesrasnce of these soils and oerhaps the properties

are similar to those of saline soils. In the case of removing

*® ﬂho(mo), is the reversed word of "ohm" and is =2 unit of electrical
conductivity of a body whose resistance is onme ohm. "Ohm" is the unit of
resistance; the resistance of a conductor in which one volt produces a
current of one ampere.

ampere = eurrent strength, velt = wmit of clectromstive.



the excess soluble salts, as the concentration of soil solution is
Jovered, some of the exchangeable sodium might be hydrolysed to
fora HaCll, which by contact of water containing carbonic zeid will
forn NQQCOgi In this case the soil becomes very strongly alkaline,
and pH is higher than 8.5, ond the soil structure comeg very un-
favorable for plant growth (hard for entry of water and hard for
good tillage). If the soluble salts return back the pH lowers and
colloids come to a flocculsted position, even though this kind of
goil continucusly is a problem hefore the exchangeable sodiwm and
excess salts are leached.

3. MHonegaline - alkali soils. -- The pH values range between 8,5-10,
The cenductivity is less than 4 milli ahos/gm. The percentage of
exchangeable sodium is greater than 15. The occurrence of this
kind of so0il is mostly in smsll irregulsr areas in arid or semiarid
regions, and is called "Sliick spots.” ILeaching of excess soluble
salts leads to the development of the black alkali soils except in
the.presence of gypsum or other soluble calcium sources. As men-
tioned before, the sodium carbonate dissolves the soll organic mat-
ter, therefore the orgasnic matter is highly dispersed and distributed
over the soil particles, thereby derkening the color. In the case
of high organic matter content in the soil, there will be appro-
ximately a development of black color, hence the term 'black alkali.®

If there is sufficient time, the sodium saturated clay, because of being

highly dispersed, migrates through the soil, downward vhere in lower levels
it accumulates. This is the situation to be found in some areas that ale

though soil is completely alkali, its appearance is coarse and friable.



Unfortunstely this coarse layer is not thicker than a few inches, below which
the dispersed clay colloids develop a dense and low permeabls layer by column
or présmatic structure (10). As a common result the alkali scils may develop
by irrigation. In this case because of lack of enough time for the develop-
ment of above structure the soil tends to be low permeable and hard to till,
Although the relatively amount of soluble salts in the soil solution is very
low it consistg of the anions as chloride, sulphate, and bicarbonate and s
small amount of normal carbonate. In these alkali scils, because of high pH
value, and presence of the normal carbonzte, magnesium and calcium precipitate,
leaving in the solution of this scil only traces of two mentioned cations.

In some alkali seils (nonsaline alkali soils) an appreciable amount of
potassium as an exchangeable or soluble salt is found. The properties of this
kind of alkall soil is not well studied yet. According to pH value and dis-
persion degree, thess properties might be something between sodium and cal-
cium.

The pH valne, in spite of soil being alkalil, somebtimes especlally in
the surface soil, may be below 6; this is due to exchangea®le hydrogen and

absence of lime in the soil.

BEFFECT OF ALKALI Ol THE CROPS

The alkali salts in soils have a toxie influence upon the crops when
they are in a considerable amount. The gquantity and cuality of these salts
have different influence. Although this affect differs by the kind of sslts,
even though it varies with the kind of plants. There are some plants re-
sistant to alkali soils. Among thege plants sre some crops as, some vari-

etiee of barley, sorghum, snd some sugar beets that are resistant, while



corn and vheat are very sensitive. (9) It is still s practical cropping
method in Iran, that after washing the salt saturated soil with excess water,
barley and sorghum are planted. Dut when the drainage channels are developed
in a necessary position, they give winter flood water to the land and keep
the land full of water (several or few inches) for several weeks, or make it
possible for the water to move on the land for several weeks. These lands
are gvailable for spring vhest where they may support a very great yield.

Different szlts have different influence on the different plants. HMost
times the presence of 0.2 or even (0.1 per cent sslt in water msy cause an
osmotic pressure of about 10-15 stmospheres in soil solution, (10) which for
some plants as alfalfa will stop the growing because of being unable to take
up the soil moisture. Bul, because of amount of moisture, it is very diffi~
cult to determine the exact total amount of salts that any given crop can
withstand. In a heavily incrusted soil with alkali, a plant might be groun
or o sced germinate. The reason ig that the rain or irrigation wabters may
leach down the salts o few inches and thus enable the growth and in some
cases the rootsg for water and food uptoke, penetrate deeper than accumulation
layer of alkali, In this czse the plant may not be affected by alkali at
all.

One of the affective cases in alksli soils is retarding germination,
but usually it does not affect the vitality. If the condition, by the
leaching of salts below the seed level, is changed the seed will germinate
(9). The exceptional case is when we have black alkali or sodium carbonate,
which can decompose the seed or plant, it might even destroy completely the
berd outer bark of mature trees.

Aeccording to Hilgard (20), the injured plants in alkali soils sre

lomaged near the base of the trunk, or root crown, very rarely at any
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considerable depth in the soil itself. -In the case of green herbaceocus
stems, the bark is found to have changed to a twownish tinge for half an inch
or more o as to be soft and easily peeled off. The rough bark of trees
change to & dark almost black tint, and the green layer underneath has, as
in the case of a herbsceous stem, been turned brown color to some extent.
Hilgard states, "In either case the plant has been practically 'girdled' the
effect being aggravated by the diseased sap poisoning more or less the whole
stem and roots. The plant may not die, bub certsinly is unprofitable to the
grover.™

According to Harris (17), the soils which contain more than 0.5 per cent
of soluble salts, where the larger part is in form of chlorides, carbonates,
or nitrates and one per cent where sulphate predominates are without recla~-
mation and are unsuiteble for crop prodvetion. Of cowrse, many conditions

may modify these figures.

EPFFECT OF SODIC CARBONATE

On the previous pages it has been reviewed that sodiuwa carbonate is very
injuriocus to plants. A4s to its amount and degree of injury, and especially
the way that sodium carbonste injures the plants; and because of its necessity
and importaut interest, it is necessary to have more studigs on it.

Lecording to Headen (18), the sodium carbonate is injurious in rather
small amounts., He states that, contrary to nitrates, that there is no idea
about their amount; when they are dengerous for plants, in case of sodium
carbonate, there is a definite idea that how much of this salt present in the
goil will be injurious for plants. The amount shown is 0.04 per cent of soil

for wheat, while beet plants will endure it up to 0.05 per cent. Bubt it is
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doubtful that beet in this seil containing 0.05 per cent of soil sodium car-
bonate can live and produce beets. These percentages whenxpph in pounds and
compared by acre foot soil, 1,600 or 2,000 pounds of ﬂa2003 in 4,000,000
pounds of soil. If concentrated in upper part of soil even less than 1,600
pounds will cause damsge. A smaller amount of sodium carbonate may cause the
soil to bake very badly, which will interfere with the growing of crops. Hé
also emphagizes that even the swmalle st amount «:af NayC0y ‘that may cause the
soils to szke is not known. The sandy soil, that was taken to the laboratory
for studying, had become so hard and firm that it was impossible to break it
by one's finger and it only contained 0.017 per cent sodium carbonate.

To the ordinary observer, as Breazeale and Burgess (5) state, the pres-
ence of black alkali in soils is indicated in three ways, first by the toxic
effect upon the crop, second by the dissolving of organic matter in the soil
and formation of soluble black substances, the third by effecting upon soil
colloids and dispersing or flocculating them, which in turn makes the soil
impermeable to water. They state that in a great majority of soils affected
by black alkali, the amount of sodium carbonate is not sufficient to be toxie
to plants. When there are 800 parts per million of Na2003 in solution which
is s conecentration higher than one might find in black alkali solutions,
wheat plants will endure. Soils, when digested with large smount of water
for crdinary analysis, may show a relatively high amount of black alkali,
but really the percentage is very small in field conditioms. The resson is
that by large amount of water sodium gradually hydrolyses. The hydrolysed
sodiws is from the soil zeolites or sodiun aluminum silicates.

Many solls become dispersed where the soil containing black alkali is
not enough to give the scil black color. 4 very small asmount of sodium car-—

bonate may cuause the s0il to be dispersed, when this condition appsars in



the top soil or subsoil it is one of the best indications of the presence of
scdium carbonate.

The dispersed soilsg, depending on the guantity of sodium carbonate,
amount of soil colloids and other conditions make léyers at different levels,
in the soil which vary in thickness from a few inches to the entire depth,
or these layers appesr in the subsoil at different levels. Sometimes even
the thickness of the dispersed layer is a few inches, but they tend to elose
out the air from the lower levels of the root zones, this asction is in ad-
dition to low permeability or impermeability of soils to take the water.
When aeration of soils is excluded, the action of aerobic bacteria is stopped.
During the organic matter decomposition, aerobic bacteria split-off carbon
dioxide, which has an important influence upon crop production. Only a dis-
persing or deflocculating effect of vlack alkali according to Breageal is
responsible directly or indirectly for about two thirds of the injury that
may be caused by it.

The injurious salts, according to their harmfulness order, may be put

in the following arrangements NachB; MgClo, EgSOA, NaCl, and We,S0,. (9)

THE APPEARANCE CHARACTERISTICS OF CROPS

GROHE IN AIKALI SOILS

Because of selis, plants growing in alkali solls have a characteristic
appearance. The important and common features are BARREN SPOTS which may
be due to bad leveling of the soil, unavailability of the irrigation water
to move to the high points or a salinity index in which the concentration
of salts in those bare spots have prevented ths germination. Secondly there

is considerable variability in size of plants. This irregularity of vege-
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tation is somewhat used as an index of the concentration of salts. Third
point is the deep blue-greem coloration of plants. Through the low fertili-
ty there is a change on the color of plant, but this is usuelly yellowish-
green (10). The cauée of the bluish appearsnce of the plants growing on

saline soils is due to a heavy waxy coating on the surface of the leaves.

PLARTS AS AN THNDICATOR

It is almost impossible to know, just by looking, how serious a soil is
affected by alksli, Gypsum or calcium chloride when present in soil may have
the seme appearance on the soil surface as alkali, and as we know they are
not injurious to plant growth. Besides the chemical analysis, the native
vegetation is one of the best indicators. EFEach alkali soil according to its
salt quantity and quality grows special kinds of plants. Between so many
workers of this subject perhaps the quantitative study of Kearney et al (27)
is one of the best. In their study they have determined the moisture equiv-
alent, wilting coefficient, and salt content for six different plants in the
Tooele Valley of Utah. According to their study each alkali soil supports
some different plant which can use as an estimating measure for crop produc-
-tion in that soil. The land, for example, growing sagebrush, is capable for
crop production with or even without irrigstion. The land supporting
greasewoodnshadscale, for making it available for crop production, the
excess salt of land should be leached out with irrigation water. According
to Harris, such plants as greasewood, saltweed, and ssli grass shew very
high and dangerous amount of salts. He emphasizes that the chemical analysis
of the s0il to a depth of at least six feet with native vegetation together

makes a very excellent understanding of degree of soil salt content.



IV PART
RECLAMATION OF ALKALI SOILS

A GENTRAL REVIEW

The alkali soils, as a general rule, according to the resulbs obtained
from a very intensive experimental and selentific information given in the
previous part, are injurious for plant growth. The harmfulness of the salts
present in these soils, depending on their quality and quantity, chsnges
from one to another. Soils are almost saturated by several salts, and some-
how, one may not find any single salt saturated seil. A single soil may have
different physical and chemical charzcteristics due to the presence of dif-
ferent salts. For example, in the case of saline-alkali soils, the low
permeability is due to the exchangeable sodium, vhere toxicity is caused by
soluble ssglts. Sometimes the presence of different salts together in a soil
mey pervent the formation of some more injurious conditions, such as Ca012
when present in solution of sodium salts, if it is in a sufficient amount,
will prevent the sdsorpbtion of sedium by soil colloids.

Because of different influencing factors in the alkali soils and
presence of different salts, their reclamstion is and also becomes very
difficult., Although the necessary practical reclamation methods ere not
developed,; unluckily because of different conditions, each or different
alkall soils may need a peculiér reclamation as well as a recommendation,

In the previous part it was clarified thet the soils may become soluble
salt saturated, or exchangeable sodium,'or both. Because these salts have
different characteristics, the reclamation of alkali soils depends on the



rind of salt present. The alkeli soil problem,even though it looks to be
clear and very easy to solve is g difficult one. Even though disgnostic
methods are not developed there are a lot of influencing factors in the soil
that it is almost impossible to recognize most of them. One needs to study
all possible factors present for a special land or area which may not be worth
it. ©Sometimes, if the factors that cause the. injurious conditions are recog-
nized, even though fighting by them and preventing their influence by practi-
cal methods that are.available is somevhat very difficult or almost impossibi@.
For example, & high ground water table, or a hard subsoil condition might be
changed but is a very hard and difficult problenm.

It should be brought to mind thelt in spite of difficulties in alksli
soils reclamation, the practical methods that have been practiced for a very
long time with some recent modifications, im most cases give successful re-
sults. By the development of soil science, it is well known that the water
carries the soluble salts and spreads them in new areas or evaporation brings
then to the surface from lower layers, or ground water causes the accumulation
of salts. This is the point thalt we oppose by two different problems, first
to prevent the asccumulation of salts in the soil, second how to save the

diseessed soilg., How we want to discuss these two problems individually.

PREVENTIHG TIIE ACCUMULATION

OF THE SALTS

By two different means the accunulation of the salts in a goil may take
plece. The first and important active factor is the irrigation water which
contains the different soluble salts and carries them from one place to

another place. The second effective cause is the drainage condition of the



soils. If the water teble is below the capillary reach, and if the infiltra-

tion rate of the soll exceeds the evaporation rate, the accumulation of the

|

n an injuricus and cffective position will probably not ocour,

[N

galte

THE IRRIGATION WATER

Ordinarily the waters are divided into two main growps: 1 - Well uater
or underground water, 2 = Soft water. Well water, depending upon the type
of material that this water percolates; contains different propertion of
minerals. If the water contained minerals, are calcium and magnesium salts,
the water is known as hard water and common soaps hardly form suds in it.
This water from an agricultural irrigation standpoint is the good type except
when the concentration of thoge salts become high so as to be toxic to plants.

The gof't water msy have two different sources; one, the rain water which
contains the runoff and snowmell or excessive rains which could not be in
contact very much by soils, contains a few minerals. The second is the water
containing the sodiua salts. The low concentration of these salts may causec
the soil structure to change, thus to lower the permeability. When the
sccunulation of these salts is to some extent high, it may become toxic for
plant growth. With continued use of these waters even the salt content msy
not be too high, the surface of the soil will seal and prévent the deep
penebration of water, which in returning back, may cause also a2 high con-
centration of salts. To omit this condition, gypsum is uséd ag a remedy (L1).

The following date is the result of & study in California University Agri-
culture Experiment Station, (1) which might be very helpful to clarify the
above point. This study was made by low salt content water, bubt most salts

in form of sodium, (90-~92) per cent, and area of extremely low permeable.
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Field No. of Treat- Anount of gypsum per cent Infiltration

Tests ment added gallons per cent
No. Made Lbs, per scre ft. Sodium per_minute increasg
A 10 Check 0 92 2.59 65
Treated 660 57 4.26 -
124 17 Check 0 .91 4.58 70
Treated 365 67 7.79
124 11 Check 0 91 7.59 40
Treated 191 77 10.63
126 5 Check 0] 92 5.55 33
Treated 187 75 7.36
122 19 Check 0 90 3.76 168
: Treated 297 60 10.08
123 2 Check 0 92 2.66 a3
Treated 572 50 487

The following experiment made by Gummar Hallgren (16), explains how
different salts by varying qusntities influence on the soil when they are
carried on by applied water. This test was run in a laboratory on & 4 Cnm.
columns of a sandy soll, a clay loam and a clay muck. The irrigation water
was the same as used in ordinary irrigation locations and was from the Baltic
Sea. The salt content of this water was NaCl - 0.39%, MgCly = 0.05%, MgS0, -
0.03%, Cas0, - 0.02% and KC1 - 0,01%, Three different amounts of salt solu-
tion 25, 50, 75 mm were applied, followed by enough distilled water to bring
the total smount to 200 mm. The obtained results had shown that : the per-
meability increased until the soil was saturated with salt water then re-
mained constant until flushed out with the distilled water when it became
less permeable than it was originally. As Hallgren states, the soil colloids
seemed to have been first precipitasted electrostatically and then redispersed
but partially saturated with sodium ions instead of calcium., HHe had recog-

nlzed all soils suelled somewhet, and colloids wsshed down. Iloss of calcium
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wss observed in all cases, one third by the largest aspplication. Easily
soluble pottasium ag pointed out inm this experiment tended to increase, but
no change in the amount of available P205.

Another experiment was made by Reitemeier and Christiansen (40) by an
irrigation water with a high sodium content. In this experiment the infil-
tration rate and permeability of a soil was checked upon the influence of
organic matter, gypsum, and drying. The results were as follows:

The sddition of gypsum or chopped alfalfs to 2 fine sandy loam
soil asppreximately doubled the infiltration rate of 2 high sodium
water content, Prolonged drying between times of infiltration was

even more effective in increasing the infiltration rate.

DRAINAGE

Bstablishment of an adequate drainage system is the first principle in
any prevention or reclamation programz. The ground water table must be main-
tained in a depth below the soil surface, so far enough to minimize the
upward movement of water. A4lso a depth of 6-10 feet is generzlly desirable,
but there are so many factors that may cause the need of more deeper water
tables. In the case of establishing a good drainage system in order to
decrease the ground water level to a depth non-effective to soil-salt accu=
mulation, several points should be recognized. The cutting off of seepage
water from higher land, from leaky canals and laterals. It may be that
cutting off the seepage of canals and laterals, the prevention of water
loss will be worth as much as preventing the injury of good lands by rising
of water table. Another important problem in the water table and drainage
condition that is very considerable, is the method of application of water,

in other words the proper use of irrigation water. An excessive use of
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water is as much responsible for high water tables generally as any other
single factor. Any amount of water applied over and above the soil moisture
capacity to a depth that the root of growing plants arrive, must be regarded
as being lost and at the same time as a help directed toward the rise of the
ground water level., Water must be applied to provide the necessary or re-
quired amount of moisture for crop growth, and at the same time allow enough
water to pass through the soil to leach out the excess salts. But through
excessive leaching, plant nutrients, especially nitrates, may be removed
from the soil (10). Over-use of water, as mentioned above, adds to drainage
problem and raises the water table. According to many very important points,
the irrigatiocn methods should be maintained in a favorable condition to fit

almost all these points.

THE POSSIBLE PRACTICAL METHODS

OF RECLAMATION

Por cdevelopment of any remedial method it is necessary to develop diag-—
nostic methods. Still, there exist a lot of dark points in the alkali soil
problem itself or the controlling of factors influencing their development.
Therefore, there is no developed method practical and sufficient for all
alkali soil reclamation.

For the reclamation of alkali soils, because they consist of different
types it is better to talk under their classification order.

Saline, or white alkali soils -« The saline soils, because they are
water soluble sall saturated, can be reclaimed by simple leaching and provid-
ing a good drainage systen.

The satisfactory results can be produced when enough excess water for
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vashing of these salty areas is available, and the infiltration rate of soil
is somewhat higher than its evaporation rate; which may cause the turn back
of dissolved salts; and the water table is deep enough.

Saline - alkali soils — These soils contsin both soluble salts and
exchangeable sodium, therefore their reclamation consists of both methods
practiced in case of soluble salts, and exchangeable sodium. The reclamation
of exchangeable sodiun ssturated soil will be discussed in the case of alkali
soils. Here it is interesting to bring to mind that in the reclamstion case
of these soils, one might first wash the soluble salts and then practice the
alkali soil reclamation method or in contrsry. From the efficiency stand-
point it is better to leach the soluble salts and then apply the necessary
amendments., But sometimes it may be that the permeability of these soils
are too low, then it is necessary to apply the amendment before leaching the
soluble salts, in order to increase the infiltration rate.

Hlon saline = alkali soils -- The soluble salt content of these soils
are relatively low, so that they are not effective for plant growth. As in
the case of saline-alkali soils (10) nesrly o1l of soluble salts asre sodium
constituents. The exchangeable sodivm is a water insoluble element, which
by excess water may hydrolyse and later on by reaction of water, HgCOB nay
form sodium carbonate which is very dangerous for plants.

The reclamation of these soils is based upon the idea to apply some
chemical to these soils in order to replace the exchangeable sodium where
the sodium may form a soluble constituent. Calcium is one of the best
elements that can produce satisfactory results if used for reclaiming of
these soils. OCalcium, according to the soil adsorption power, is much more
adsorptive than other elements, Its accunulation, except in a very high or-

der, will give & good physical condition to the soil, and also the calcium
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is used as plant nutrient and soil corrector. Its prepsration is almost
available and to some extent less expensive. Although the solubility of
calcium chloride is very high, therefore its reaction in soil is very fast
and satisfactory but because of its very high price the use of CaCl, should
be said to be almost impossible. Second to CaCl, is gypsum, even it is not
very soluble, but to some extent that it is soluble gives very satisfactory
results. Besides gypsum other elements such as sulphur or iron sulphate,
even sulfuric acid, have been tested. Also lime-stone which is an inscluble
salt has been tried. The use of sulfurie aéid, in the first hand because of
its price and its handling, in the second hand in case of absence of CaCO3
it will make the soil acid, is not practical.
Sulfur has the same acid formation reaction in the soil. Its chemical
equation which illustrates the manner that it sects is as followss
25 + 30, 250, (Biologieal process)
S04 + Hy0 HESO4
If soil contains caleium cerbonate it will aet on it, produeing CaSO,,
which will later replace the exchangeable sodium, if there is no calecium
carbonate, the sulfuric acid directly will aet upon the sodium eclay by forme
ing acid clay and sodium sulphate. The equation is:
ﬁgso4 + CaCOB CaSOA + H2003
CaS0, + 2 NaX (clay) CeX + NapSO; or
Hp50, + 2 NaX 2IX + Nap S50,
Following the application of amendments, except in the case when sulfur
is used, alkali soils should be leached. Ieaching dissolves and carries the
snmendment downward and also removes the soluble sodium salts which form as

a result of cation exchange. In the case of applying sulfur, leaching
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should be delayed until sulfur oxidizes and forms gypsum, but, for oxidation
of sulfur, the soil should be kept moist.

Gypsum is one of the important agricultural agents which may act in
different ways. Because of its importance it might be interesting to give
some more details. The experimental results gained from its application in

alkall soils are in first range of satisfaetory results.



¥ PART

GYPSUM

What is gypsum? ~ 4 hydrated calciuz sulphate CaSQA. 2H20 is called
gypsum or plaster of paris. It contains 18.6% sulfur, 23.2% calcium, snd
20.9% water vhen it is almost pure (36). HNHatwrally gypsum has two different
forms, powder or small grains form called gypsite, and crystalline or rock
form called gypswa. The purity of the last one is higher than the first one.
Very fine ground minerals are satisfactory for agricultural uses. Gypsun is
not very soluble in water but at ordinary temperabure a saturated solution
containg 0.2 per cent of gypsum which is 2 grams per liter.

Interesting thing is that in the presence of kitchen salt its solubility
may increase over three times. The high solubility of gypsum is at 100° F
and is lower either below or above 100° F. Another important characteristic
of gypsum is its solubility at water¥* boiling and wabter freezing temperature

which is about the same.

HOW GYPSUM POUND ITS WAY INTO AGRICULTURE.

A SHORT HISTORICAL REVIEM

When gypsum was first introduced into sgriculture it was evaluated as
the best fertilizer. In some localities the obtained results from the ap-

plication of gypsum exceeded expected yields, so it was called a magic

#* WYater boils at 212° F and freezes at 32° 7.

4y



fertilizer. Even though gypsum has lost its general fertilizer value, it
has snother sgricultural role in the alksali soil problems which may be no
lese imporbtant than the first one. Beslide 1lts very favorable influence in
the slkali soils, gypsun has other importsnt characteristics wvhen applied
to & soil.

According to Crocker (7), the fertilizer value of gypsum was discovered
about the same time, during the second half of the eighteenth century, in
Gerumany end France. Frem these countries spread to other ones; but early to
dmerics, and later to England.

The following statements, in 1803, wvere given to Agrilewlbural Board of

England in the U, 3., by Dr. Forthergill.

In the year 1768, the reverend A. Heyer of the Canton of Berne,
by a fortunate accident, discovered the fertilizer value of gypsum,
and liberally disclosed the secret to neighboring fermers. To
their great surprise, experiments soon convinced theam of itg ef-
ficacy, which they considered little short of magie. . . . From
Germany it reached their Germsn friends in Pennsylvania, vhere
Judge Peters, after subjecting it . . . communicated to the publie
the result of his experiments.

The following quotation as mentioned by Crocker, is from the Syracuse
Journal in 1872, It was an appendiz to o book on gypsun fertilizer that was
written wader the request of the late Gensral Vashington by Judge Peters.

The exact date when gypsum or plaster of paris wms found to
be one of the best agencies that could be employed in promoting
growth of grains and grasses is not knowm, but . . . discovery
was acclidentsl somewhere in France. Man engsged in working in
slabaster found that the grass vhere they were sccustomed to shake
the dust from their clothing was of steuter growth than elsevhere,
and rightfully sttributed the causc to the dust which is now knovm
as plaster of paris . . . It was introduced into the United States
by Benjemin Franklin and first was used by him in his country on
his farm near Philadelphis.

Gypseum, as the result obbained through the study of different publi-
cations, wag looking in that perioed of time as a very important fertiliger.

iy

suotation from fHuffin Eduwand, &n essay on caleagreous manmures,

Following




gives the best explanation of the value of gypsua.

T do not pretend to explain the node of operation by which

d
gypsun produces its almost magic benefits; it would be equally
hopeless and ridiculous for one having so little knowledge of
successful practice, to attempt an explanation, in which so mauy
good chemists and agriculturalists both secientific and practical
have completely Failed . . . % (42)

The following is another guotation from the preface of BDenn's little
book (7} which gives hie almost emotional idea or belief in the high ferti-
lizer value of gypsum:

_ Having been frequently requested by several of my friends

and aecguaintances as well as sundry persons from s distamce to

publish my experiences in forming generally, and more especially

on the use of plaster of paris (the use of which has made my farm

from that of being tired down or the natural soil entirely worn

out, a rich and fruitful one); I have been induced to present
them the following pamphlet. . . .M

HODIFPICATION OF THE PYRTILIZER

VALUE OF GYPSUM

Through the recent experiments and developed methods for analysing the
plant nutrients, and plant eontents, it has been found that sulfwr is one
of 13 plant nutrients and is one of the elements of plant protein and oil
eontent. Caleium is very important in a soil as a corrector as well ag a
plant nutrient. The legumes need these tuo elements Sulfur and Calciua
terrifically, so gypsum is one of the best sowees. The increasing develop-
nent of legumineous plante as the result of gypsum application will increase
the nitrogen centent of the soil, which will act upen other crops in the
rotation. In another hand svlfur stimulsates the activity of ammonifying
and nitrofying bacteria, and there by increases the svailability of the
nitrogen of the selil which influences the plant growth. Gypsum is also

an excellent preserver of volatile nitrogen of manure cspecially liquid
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manure as the urine. Alse it will soften tight soils and maintain good soil

structure,

GYPSUM AS A SPECIFIC FOR

BLACK AIKALI

The lack of necessary references made it somewhat impossible for the
writer to get any idea about first pioneers, who reclaimed the alkali soils
by gypsum application. In the United States the most important investigation
and development on alkali soil problems was made by Hilgard, and he pioneered
and probably originated the use of gypsum on alksli soils. First use was
about 1880, in Californis (36), and still after about seventy years, gypsun
is locking as the best soil corrector. According to the data of hundreds of
soil experimental and investigator workers in every part of the world, the
gypsum reclamation in the alkali soils gives satisfactory or sometimes ex-
cellent results. The exceptional cases thet sometimes the obbtained results
are not satisfactory it should be remembered that the distinetion of so many
influencing factors in the soil ie sometimes so difficult that it may cause
a confusing of the factors or facts. For example, one of the cases that
recently was discovered is that gypsum does not completely neutralize black
alkali, but only partially neutralizes it. No matter how much gypsum was
added to the soll the reaction will go so far and then stop. In this case
something should be done in order to start again the reaction. By floody-
irrigation and leaching it is possible to get the reaction started between
gypsum and black alkali.

This point is really fril of interest that by our advanced knowledge

and developed methods we now recognize so many properties of black alkali



48

soil in its formation or influencing acts, still gypsum keeps its importance
and fits almost to the new theories as well as the old ones. But another
interesting thing is that in recent reclamation the use of gypsum, even in
case of white alkalil soilg, is recommended, In spite the white alkali soils
compose of different water soluble salts, but simply by leaching, sometimes
the removing of salts does not come out, The reason is that when most salts
are removed from the soll, the éoil will freeze up; especially if the leach-
ing water is low in salt content. The reclamation of gypsum in the white
alksli will prevent this freezing up.

The reclemation of gypsum in black alkali soils has both a chemical and
physical reaction. Chemically gypsum replaces the exchangeable sodium in
the soil colloids by its caleium, where the SOA composed by sodium forming
NaQSOA, a soluble and least injurious salt. Physically gypsum will influence
the soil structure masking it favorable for plant growth. The wresence of
exchangeable sodium causes the soll to get a dispersed and gelatinlike
structure, and also soil gets sticky when wet and very hard when dry, so
hard that soils crack badly and tear the roots.

The following ecquations are supposed when gypsum is added to black
a lkali.

2 HaX (clay) + CaSOy CaXp + Nap 80,
But what happens in the presence of NeyC0; if gypsum is added to black al-
kali soils. The new concept of black alkali soils is different from the old
one. In the early days assumption was that only sodium carbonate is injuri-
ous and a trouble causer in black alkéli, and so & recommendation was based
on its amount znd position. B ut now it ig well understood that adsorbed

sodium is a reserve supply of black alksli and even more serious than sodium
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carbonate and also a source of sodium carbonate formation. 8o, according bo
new concept the reclamation methods are also somewhat changed. By former
concept the eguation for chemical reaction was the following:
NazGOg + Ca 50y, CaCOsy + NapiQy

In the new concept as described by the first above equation, the floody ir-
rigation is so important as the gpplication of gypsum. Because with the
water, excess salts are removed, and as gypsum dispolves in water, it comes
in contact with soil particles snd the reaction tskes place for displacing
sodium,

lceording to MeGeorge (36) in case of application it should be kept in
mind that because +he solubility of gypsum is 2,000 parts per nmillion parts
of water, in a heavy application only so much as the water can discolve will
have sn immediate effect. Another important thing is to find out whether
the problem in & land is to prevent or to reclaim.

- According to diagnostic methods, reclamation needs pood information on
all soil phases such as: Soil salt content; Because 1t may chsnge by horizons,
the sampling should e good; conductivity of extractions, kinds of salts and
amounts, exchangesble cations, percentage of exchangesble sodium and soil
exchange copacity, soll structure, water infiltration rate, goil pH, amount
of carbonates and gypsum in soil (it night reduce the use of gypsun), the
quélity of irrigation water. Of course by so many difficulties in determin-
ing these different phases, especially by lack of developed methods in many

e i3

cagses, and affection of different facbors, it is somewhat impossible today
to make complete date from all phases and then give necegsary recomnmendations.
In case of the mansgement of alkali soils, the control of exchangeable

sodium is very important,; but iwmproving the structure is not less important.
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Because the excess use of gypsum will not have any injurious effect action
on plants, therefore, the use of more of it, if economieal conditions permit,
will be profitable. However, in case of black alkali, at least 2,000 pounds
per acre is advisable where in old times, 20 tons per acre were mostly re-
commended, Anyway after removing excess exchangeable sodium, for building
good structure, because of root action, planting of grasé, freezing and thaw-
ing, wetting and drying, application of organic matter and so developing
microbial activities are believed to promote the development of good seil

structure. (10)
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THE RESEARCH WORK

In the irrigated agriculture, even if there is not any alkalized land
becsuse of water carrying soluble salts or by raising the waier table, the
farmer never is free of the danger of black alkali creeping into his land.
The gypsum, as previcusly mentioned, for all salty soils generally, and black
alkali especially is the best remedial element. In reclamation, even in pre-
vention and rebuilding the soil physical cénditions the gypsum probably is
the best material to be applied.

The purpose of this research work, in different soil textures, is to
see what physical and especially chemical important changes take place, when
various sodium and gypsum solutions are leached. The most interesting thing
thfough the leaching of these various sodium szlt and gypsum from varying
soil texture, is to find ocut the more available amount of sodium to be re-

placed with calecium of gypsﬁm in order for the sodium to be leached outb.

YETHODS AND PROCEDURES
The goils, their properties znd location--The three different soil

textures used in this experiment as determined through mechanical analysis
(Table II) are, clay loam, fine sendy loam, and the third one although it is
not exactly a silty loam, however, here, because of being so close, is called
silty loam. The clay loem is a dark gray soil from a eultivated land in
section 25 of Noble County; the fine sandy loam is from an uncultivated land
from section 7 of Hoble County; the silt loam soil is from a corun field in
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in Oklahoma Agriculbural and Mechanical College Experiment Station in the
eastern part of Stillwater Creek. Table IT shows the result of several tex-

tural mechanical analysis of these soils.

Table IT Results of Mechanical Analysis

of These Three Soil Classes

Percentage of Content

S0il Wo. Cloy 811t Sand
Clay loam 33.5 29.5 37.0
Silt loanm 28.0 43.0 29.0
Sandy losm 18.0 17.0 65.0

The moisture content of these soils as shown in Table III was determined
Prom the oven dried samples of these air dried soils (24 hours under 105° c).
The pH values of these soils as determined by the glass electrode method
are also shown in the Table III For the pH determination 20 grams of each
soilvwas dissolved in 50 ml distilled water. The organic matter by the
method of potassium dichromate and sulfuric acid through titration by

0,051 ¥ ferrous amaonium sulfate solution were determined.

Table III Moisture Content, pH Value

and 0. M. of the Soils

Soil Wo. Percentage ofl Value 0. M5
of Moisture

Clay loam 1.60 6.4, 2.69

Silt loaﬁ 1.020 6.9 1.39

Sand loam 1.048 5.7 1.00
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The exchange capacity ~ The determination of exchange capacity of these
soils was made by the normal mneutral awmonium acetate method. This solution
was made by mixing about 1356.6 ml of ammoniun hydroxide (specific gravity
0.90), and 1104 wl of acetie acid 99.5% (analytical reagent) and adding dis-
tilled weter to dilute to 18 liters. This solubion was adjusted to pH = 7.0.
Ten grams of each air dried and very fine rolled soil was leached with 250
nl of above solution and then finally washed by methyl alcokol. 4Using the
Kejldahl flask, the ammonia was gathered in a bottle of 25 ml /10 HCL which
was titrated by /10 NaOH. The methyl red and methylene blue was used as
indicator. This test for each soil was run several times. The results from
the determination of exchange capacities are as follows: Clay loam 19.65
n.e., silt loam 12.45 m.e. and sendy loam 8.06 m.e. per each 100 grams of
soil.

The Léaching Tubes and Their Setting - The tubes used in this experiment
are cylinder shaped, excepb in the bottom end which is funnel shapecd. The
size of the cylinder part is about 51 cm in length and 10 em in diameter.
Each tube conteined about 900 grams of sand (flat volume of 250 ml beaker )
above the fiber glass, where the thickness of sand in the cylinder shaped
part was about 3 cm. One kilogram of air dried and very finely rolled
goils was poured into each tube. After very smoothly and carefully level-
ing the soils in the tubes, about 350 grams of sand in the same way was
leveled upon the soils, in order to keep them from disturbing, particularly,
when the solutions were poured. The thickness of this sand was about 1.5
ci. Bécauge of accuracy in the leaching gituation, for each solution two
tubes from the same soll were sebt up. The pouring of soil, sand and
solutions were through the funnel, which in time of pouring was turning

around in order to have flat level or in case of solutions to pour by



sides of tubes, keeping the scil surface level and the pressure almost the
same for all parts of soil.
The plant materiasls and sand particles during rolling of the soils were

almost entirely removed from the soils.

PREPARATION OF SOLUTIONS

Sodium salt nsed in this experiment was NaCl and another salt was a
G. P. gypsum. The sodium salt solutien was made of 1000 parts per million
(1000 milligrams per liter) which is almost equal to 17 milliequivalent of
Na. In order to get the same milliequivalent of calcium in gypsum solution,
because each molecule of calcium sulphate is combined with two molecules of
water, the sum of 1462 parts per million (i462 milligrams per liter) of gyp-
sum which is about 17 m.1 of Ca/l was used.

Dissolving of gypsum in cold water although ordinarily is 0.20 gran in
100 ml. of water, however for dissolving less than this amount it was
necessary to heat the water gypsum soclution on o hot plate 36-48 hours,
and sometimes it was necessary to break the hardened grains in the water
in order to be dissolved and to go to solution.

The five different solutions made of these two elements (sodiuwm chloride
and gypsum) were as follows: 1 - gypsum 100% and sodium salt 0.0%; 2 -
gypsum 75% and sodium salt 25%; 3 - gypsum 50% and sodium selt 50%; 4
- gypsum 25% snd sodium salt 75%; 5 - gypsum 0.0% and sodium salt 100%.

In the seme manner as the solutions, each soil texture was leached by dis~
- tilled water with the same volume as was used in the solutions.
In this experiment the 60% of whole exchange capacity of each goil was

leached with the necessary amount of solutions.



Although the idea in this experimént was to leach each seil by the ne-
cessary solubtion of each salt separately, or in other words almost to saturate
with one salt and then when another necessary salt solution was used the
obtained physical and chemical results would be similar to the natural pro-
cesses, However, because of very low leaching ratio of sodium soils and the

ghortage of necessary time, it became alwost impossible.

THE CHEMICAL PROCEDURES OF ANALYSIS

In this experimental research work, as previously mentioned, the idea
was to find the smount of replaceable sodium with calcium in different per-
centage cenditions in different soil texture, in order to find thelr relation-
ship. Therefore the chemical analysis in the leachates were made for deter-
mination of caleium and sodium. Leaching soils with water was to check the
amount of water soluble calcium'an& sodium present in these soils.

The determination of calcium in this work is made through the method
of precipitating calcium with smmonium oxalate. Before titrating the solu-
tion with a standard potassium permanganate, to the precipitated calcium
was introduced a necessary amount of 2% sulfuric acid solution which liber-
ates oxalic acid and produces calcium sulfate..

The sodium was estimated by the aid of flame photomeber where the used

samples should not contain more than 400 p.p.m.
EXPERIMENTAL RESULTS
PHYSICAL OBSERVATIONS

Regardless of their high exchange capacity in case of clay and silt

loam, in order to check all similar physical properties of these soils
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connected with different solutions and to prevent the influencing factorss
at first sll soils were leached with a constant amount of solutions necessary
for sandy loam (lowest in exchange capacity). Thus the pressure of soluﬁions
which could influence differently almost was omitted.

The following table shows the data from the leaching of clay locam soil

with various solutions of the same amount.

TABLE IV THE CLAY IOAM LEACHED WITH DIFFERENT SOLUTIONS

Tube  Solutions Amount Time of Time of Time of Amount Total
No. golution pouwring  starting checking of leach~ amount of
in each to leach- ate from  leachate
tube leach ates both from hoth
tubesg tubss.
180% gyp- Hp. Min. Hr. Min. Hr. M¥in. L L
A1+A2 sum 2.845 9 40 10 15 6 35 2.970 4760

0.0% NaCl

B1+B,  75% gyp- 2.845 11 10 11 30 L 30 3.720 4730
25% NWaCl

C1+Cy  50% gyp. 2.845 12 20 12 41 5 20 3.390 4,120
50% HaCl

Bl+D2 5% gyp. 2.845 1 35 1 56 6 55 3.057 4727
25% NaCl

Fy+E, 0.0% gyp.  2.85 4 40 4 48 7 16 2.309 4. 669
100% NaGl '

F1+Fé_ HQO 2.845 1l 30 1 A8 7 25 3.251 4642

The first column of the table under the tube number such as 4y + Ay
indicates the two tubes from one soil that were set up for one solubion.

The amount of solution indicated in the table (2.845 liter) is for each tube,



but the checked amount of leachate in a special time is from both tubes of

same kind solution and it is the same in case of total amount of leachate.

sample was determined.

Previously the m.e. of exchange capacity of each scil per 100 granm of

Because in this work each tube contains 1000 grams

or one Kilogram of soil, and on the other hand only 60% of this exchange

capacity is leached, therefore the determination of 60% capacity of soils

wWas necesssry.

m.e.; silt loam 74.70/1000 m.e.; and sandy loam 48.36/1000 m.e.

The calculated results are as follows:

Clay loam 117.90/1000

Because of

equation of m.e. salt solutions, the necessary amount of solutions for leaching

the 60% of the exchange capacity of these soils are:

8ilt loam 4.394 liters; and sendy loam 2.845 liters.

TABLE V THE SILT LOAM LEACHED WITH VARIOUS SOLUTIONS

Clay loam 6.935 liters;

Tube  Solutiocns Amount  Time of Time of Time of  Amount Total
No. ~ solution pouring  starting checking of leach~ amount of
in each the so- to leach~ ates from leach-
tube lutions leach ates  both tubss ates

1/1 100% gyp- L Hr. Min. Hr. Min. Hr. Min. L L
EX

1/2 0.0% NaCl 2.845 10 00 10 17 3 40 3.860 4,840
2/1 75% gype

+ 2.845 11 25 11 46 6 05 3.745 4845
2/2 25%HaCl

3/1 50% gyp.

+ 2.845 12 27 12 51 5 00 3.554 4. 854,
3/2 508 _HaCl ,
L/1  25% gyp.

+ 2.8L5 1 48 2 17 7 10 3.430 4.850
Ll2_T5% HaCl

5/1 0% gyp-

+ 2845 4 51 5 08 735 1.893 L.823
5/2  100% NaCl

6/1

HZO 2.845 4 05 4 29 7 A8 1.886 4..763

<
é/2




Although, by all precautions that were necessary to keep or to produce
gimilar physical conditions, the time and ratio of leaching between two
tubes of the same soll for the same soluticn in a very few cases were dif-
ferent.

The noteble difference in case of clay loam for time was between tubes
Dy and D2 about 1/ minutes delay in starting to leach, and it was about 11
minutés between ¥y snd Fé. The variation in the amount of leachates at the
time of checking wss about 500 u.l. between By, Bos Gy, Cp; and Fqy, Fpj
whereas it was about 400 m.l. in the case of By, By. The leaching ratio
between A4jand A, was entirely the same. In other cases if there were some
variabtion in the time and ratio of ieaching, they were not important. In
case of time the.average time of the two tubes was figured, and these fip-
ures in all the tables are used to express the time of leaching.

In a similar menner the silt loam was leached by necessary solutions
as in the case of clay loam. The obtained results in Table V sre shown.

Variation in the time of leaching, between twc tubes of one purpose,
occurred between 3/1, 3/2; 4/1, 4L/2 and &/1, 6/2 which was s2bout 5 minutes.
The important variation in the lesching ratio was between 3/1, 3/2, where
one leached about 900 i.1., in a checked time, more than the.other did.
This difference between 6/1, 6/2 was 200 m.1l., and it was 100 m.l. between
5/1 and 5/2.

The sandy loam as shown by Table VI was leached with necessary various

solutions. In this case the amount of solutions used is the seme necessary

amount for 60% of the exchange capacity.



TABILE VI THE SARDY LOAM LEACHED WITH DIFFERENT SOLUTIOHS

Tube Solutions  Amount Time of Time of Time of Amount Total
No. Solution pouring  starting checking of leach- amount of
in each the so- to leach~- ates from leachk-
tube lution leach ates both ates
tubes
ay+ap  100% gyp. Hr, Min., Mr. Min, Hr, Min. L L

0% HaCl 2.845 16 15 10 30 2 10 4148 4. 860

by+by  75% gyp. 2.845 11 45 11 59 3 18 3.990 4,850
25% NWaCl

Cytey 506 gyp. 2.845 12 55 1 08
50% NaCl

35 4025 4.905

U

dy+d,  25% gyp. 2.845 23 2 51 6 25 3.870 4.893
) 75% WaCl

e)+e 0% gyp. R.845 2 09 2 18 5 15 3.510 4. 890
100% HaCl

f.+f H,O 2.845 415 4 26 6 15 2.684 4. 872

The variation between two tubeg of one solution in the case of time was
between dl and d2 about 4 minutes and the samé was true for fl and fé. Dif-
ference in the rate of leaching was between dy and d, of sbout 300 ml., and
between eq and ey almost 600 ml., and between fl and f2 almest 300 mi. It
is necessary to emphasize that the time variation means the necessary time
after pouring the solutions, the tubes started to leach out; the rate
variation is in the amount of leachates between two tubes in a special
checked time. The moisture holding capacity was checked when the lesching

was entirely stopped.



TADLE VII THE SOILS WHEW LEACHED BY SOLUTIONS OF 60%
THEIR FXCHANGE CAPACITY

Solution Tube Soil Amount of s0=- Amount, ef S0il held
Content Ho. tex- lutions used leachates mnolsture
ture in both tubes from both in mi.
tubes

100% gypsua B+ & Clay 13.870 liters 12,775 1liters 1095 ml.

+ 1/1+1/2 811t 8.790 liters 7.878 litors 912 ml.
0.0% faCl R Y Sand 5.690 liters 2.860 liters 830 ml.
75% gypsum By + B2 Clay 13.870 liters 12.795 liters 1075 ml.
+ 2/1+2/2 Silt 8.790 liters 7.866 liters G24 ml.
25% NaCl by + by Sand 5.690 liters 4.850 liters 840 ml.

50% gypsum Gy + Co Clay 13.870 liters 12.755 liters 1115 nml.

+ 3/1+3/2 Sl $.790 liters 7.884 liters 906 nl.
50% Hall ¢y + Gy Sand 5,690 liters 4.905 liters 785 ml.
25% gypsun Dy + Dy Clay 13.870 liters 12.702 liters 1168 mi.
+ 4}1+4/§ Silt 2.790 liters 7.876 liters 914 ml.
75% Hall dj +dp  Sand 5.690 liters 4,.893 liters 797 ml.

0.0% gypsum By + By Clay 13.870 liters 12,747 liters 1123 nl.

+ /1+5 2 5ilt 3.790 liters 7.772 liters 1018 wl.

100% NaGl el + ey Sand 5,690 liters 4,890 liters g00 ml.,
100% 0 e 4 Fo Clay 13.870 liters 12,769 liters 1101 wl.
e/1+6/2 S8ilt 8.790 liters 7.823 liters 0@7 mi.

£q + £ Sand 5.690 liters 4.872 liters 818 ml.

The above table expleins about the eo0ils when they were lesched by
necessary solubtions of 60% their exchange capacity. The last column of
this teble shows the amount of moisture that remsined in the soils when the
leaching was stopped. The interesting thing uwas the variation of moisture
holding capacity of these different soils with the different solutions.

The remaining moisture was in case of clay s minimum vhen leached with 75%

of gypsum, and it was maximum wvhen leached by 25% gypsum solution. In case



61

of silt loam the moisture holding capacity was almost minimum when leached
with solution of 50% gypsum, and it was maximum when leached with 100% NaCl
or 0% of gypsum solution. However, the case of sandy loam is somewhst be-
tueen the two above mentioned loams. It was 2 minimm at 50% gypsum solution
and it was maximum when leached with 75% gypsum solution. This is interest-
ing that the minimum in case»éf sandy loem is similar to the case of silt

loam and meximum was similar to the minimum case of clay loam.



CHIMICAL RESULTS

The parts per million of calecium and sodium in the solutions were cal-~
culated, according to the amount of the salts used in their preparation. In
the leachates these bases, according to the chamiecal procedures that are
previously mentioned, were determined. The p.p.m. of calcium and sodium in
the solutions and the leachates are shown by Table VIII. The sum of solution
for leaching the 60% exchange capacity of two kilogram of each soil and alse
the amount of their leachates are shown by the same table.

The p.p.m. of calcium and sodium of leachates are the average of three
tests in case of s@diuﬁ and two tests for éalciums It is worthy te mention
that there was not any notable differences in these different tests, and
the results slmost were the same.

Lecording to the obtained data, the p.p.m. of caleium and sodium in
the leachates of the same solution of these three soils in some cases were
aboubt the same. For example, the p.p.m. of caleium in the leachates of
100% gypsunm solution, and the sodium in the leachates of 1004 BaCl solubtion
in case of clay end silt loam were the same. Vhereas the p.p.m. of sodium
in the leachates of 50% HaCl and 75% HaCl scluticns in the case of clay
and sandy loam wvere the same. Similar figwes of sodium p.p.m. in case
of sandy loam and silt loam were obtained vhen they were leached with
25% WaCl solution.

In this experiment the dabta was obtained from leaching of the three
soils with several solutions of the salts to 60% of their base exchenge
capacity. Table IX shows this data caleulated to 100% bese exchange capacity
for one kilogram of each soil., According teo the parts per million of sodi-~

um and calcium, and amount of solutions used, and the leachates gathered, .



TABLE VIII.
THE AMOUNT OF

THE p.p.m. OF CALOIUM AND SODIUY IN SOLUTICKS AND
SOLUTIORS USED FOR LEACHING TWO KI1IOGRAM OF BACH

LEACHATES,
S0IL WITH

60% OF THEIR EXCHANGE CAPACITY AWD AMOUNT OF THEIR LEACHATES

Selutions 108% gyp. 75% gyp. 50% gyp. 25% gyp. O% gyp. H,0
0% WaCl  25% Nall 50% HaCl 75% HaCl 100% NaCl
Amount
liter 13.870 13.870 13.870 13.870 13.870 13.8795
Solu~ Con-
tion tent Ca 340 255 170 35 0 0
Clay p.p.m. Ha 0 98.29 196.58  294.87 393,16 0
Loam Amount
liter 12.775 12.795 12.755  12.702  12.747 12.769
LeaCh"' :
ate Cone
tent Ca 223 184 130 92 66 9
p.p.m. Na 8.6 97 .4 183.4 237 277 5.4
Anount 8.790 8.790 8.790 3,790 2,790 8.790
liter
Solyu-
tion Con-
tent Ca 340 255 170 85 0 0
Silt p.p.n. He 0 93.29 196.58  294.87  393.16 0
Loam Amount
liter 7.878 7.366 7.88, 7.876 7,772 7.823
Leach=-
ate Con-
tent Ca 222 177 132 56 45 9
p.p.n. Na 5.4 100.8 188.6 241 27 5.4
Amount
liter 5.690 5.690 5.690 5,690 5.650 5,690
Solu-
ticn Con-
tent Ca 340 255 -170 -85 0 0
Sandy p.p.m. Na 0 98.29 196.58  294.87 393.16 0
Loan Amount
liter 4..860 4.850 4905 4.893 4..890 4872
Leach~
ate Con=
tent Ca 194 155 115 8/ 73 51
p.p.m. Na 7 100.8 183.4 237 269 5.4




the milliecuivalents per kilogrsm of soils are calculated.

The m. e. of soil absorbed cations are their preportionasl differences
in the colutions and the leachates,
Results

Aceording to the data in Table IX, the absorbed m. e. of calcium vhen
the soils were leached with 100% gypsum solution are about 39.59%, 41.44%,
51.11% of their exchange capacity in order of clay, silt and sandy loan.
When these soils were leached with 100% MaCl solution, the sbsorbed m. e. of
sodium were about 34.87%, 37.35%, 40.81% of their exchange capacity in order
of clay, silt, and sandy loam.

As a general rule, as long as one of these bases ig dominant in 2 solu~-
tion, its absorbed m. e. is more than other one. However, the soil absorbs
calecium more than it does sodium. Comparing the sbsorbed m. e. of these two
bages by their proportional ratio in the solutions somehow it will be clesr.

”

For exemple, in comparing the two cases, that one of these bases is 100% in

)

the solution, (Table IX, columns 2 and 6), the absorbed calcium by each one
of these tﬁree soills was more than sodium.

A very interesting thing asppeared when these soils were leached with
50% solution of each of these bases. In this solution the m. e. of these
two bases was equal, or in other words, from m. e. gtandpoint, in this so-
lution they had 2 balancing power. Uowever in each of these soils, the
zbsorked m. e. of calcium was double the m. e. of sodium plus spproximately
two. For example, in Table IX, column 4, in case of silt loam, when it was
leached with solution of 50% gypsum and 50% NaCl, the absorbed m. e. of
sodium was 8.3, whereas, the absorbed m. e. of caleium wag 18.9.

According to the data, from the prevention stendpoint, the obtained

results give & very clear practical idea. hen the m. ¢. of these two



TABLE IX THE EFFLCT

OF LeACGHEING O
SOILS VITH DIFFERENT SALT SOLUTION Al A
TO TI TXCHAGE CAPACITY OF YIE RESPECT

100% gyp. 75

Seolutions 5
0% Hall 25

50% gyp. 25% gyp. OB gyp.

507 TaCl 754 WaCl 1008 MaCl

Solution OCu 196.49

98,253

4£9.122

0

content s
n. 6. Ha O 29,122 98.258 147.368 T 196,49 o
0lsy Leachate Ca  118.700  98.095  69.039 48.690  35.054  4.788
content
Loaw ™. €. Na 3.980  45.153  84.755 109.066  127.931  2.497
Soil Ca G779 49.273 29.160  0.432 “=35.054 -4.738
absorbed . s
w, €. Na "=3,580 3,969 13,505 38,302 68.559 T -2.497

Solution Ca
content
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. B na L
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e
L
-
~
Lo
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31.131

93.393

O

124,.545
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4
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73.001

18.901

8.389

), 372
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£0.304

40,304

60,456

0

80.608
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e O Ha Tl 540 2. 404
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content
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Loam m. e. ) 1.232 17.712
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absorbed
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R, €. fa Tl .232 2440

exchangesble,
A

about 1.09 more in each 196.49 m. e.
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bases in a solution was egual, the soil absorbed calcium twice as much as
scdium, but, even so, the absorbed amount of sodium was appreciable. It is
necessary to mention that from prevention standpoint, the calcium content of
irrigation water should be at lesst three times that of its sodium content.
In recommendation of gypsum for the prevention of sodium accumulation, re-
garding to its solubility, and water content soluble ealcium, the necessary
amount of gypsum should be so much to produce enough calcium in order that
water content calcium could be three times more than of its sodium content.

This point should be kept in mind that as long as sodium is a dominant
base in a solution it can replace a significant amount of calcium. According
to the obtained data, (Table IX, column 6,) sodium about 17.81% of its amount
in solution could replace of clay losm content caleium, and in case of silt
loam it was 22.08%, in case of sandy loam about 18.44%.

From the reclamation standpoint, the obtained results of this experiment,
as long as relationship of calcium and sodium is concerned, are valuable.
However in this case because of other influsncing factois in salt saturated
or base accumulated soils, it is necessary to prepare some more experimental

data.,



SUMMARY

Literature:

A1l the pertinant available literature in regsrd to the following sub-
jects was reviewed,

(1) Soil base exchange from its historical and scientific viewpoints
including the more recent clay mineral concept along with related physical
soil properties.

(2) The alkali soils, their origin, formation, development, reclama-
tion znd prevention.

(3) Gypsum, its historical recognition of agricultural value, its
remedial action in the alkali-diseased soils, its value in reclamation and

prevention of alkali soils.

Research:

There is alwvays in irrigated agriculture the danger of alkali creeping
inte the lands. This might be done by water carrying soluble salts or rais—
ing the ground water table, or even both., The gypsum as a preventl.c  and
reclaimer anendment is mostly recommended.

In the reclamation of alksli soils, particularly the black alkeli
soils, the application of gypsum has been recommended by seversl of the
experimental and scientific workers. However, the amount, time, or the
method of treatment have not been practically determined. The percentage

of s0il exchangeable sodium that can be replaced with calcium of gypsum,

necessarily, has not been clarified. Briefly, the relationship between

67
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sodium (weter soluble and exchangeable) and calecium has not been practically
recognized,

The purpose of this research work with different soil textures was to
study the importsnt base exchange relations, chemical and physical changes
that probably tske place when these solls were leached with various solutions
of gypsunm and sodium salts.

In this experiment, three soil textures, clay loam, silt loam, and
sandy loam, were leached with five different mixed solutions of gypsum and
sodium salt. The content of each solution was 17 ». e. of salt per liter.
Each soil depending upon its exchange capacity was leached with enough solu~-
tion tc obtain a 60% capacity. The pE value, organic matter, and soil
noisture were determined. The textures were determined by Bouyougos method
of wechanical analysis, and base exchange capacity by the normal neutral
ammonium acetate method.

The prepared solutions were as follows: (1) 100% gypsum and 0% HaCl;
(2) 75% gypsum, 25% WaCl;y (3) 50% gypsum, 50% NaCl; (4) 25% gypsum, 75%
%aCl; 0% gypsum, 100% NaCl; and finally in the same manner ag for the solu-
tions, the soils were leached with distilled water. In the preparation of
these solutions, C. p». gypsum and NaCl were used.

The time of leaching, ratio of leaching, and amount of leachateg all
wvere measured and recorded. The retention of moisture in the differént soils
varied with different solutions. It was somewhat interesting that the mini-
mun moisture holding capacity of sandy loam was as well as the silt loanm
when they were leached with 50% gypsum solution; the maximum was when the
sandy loam wes leached with 75% gypsum solution, which was o minimum in the
case of the clay loam.

The chemical results were £ill of Iinterest. Any time these two boses
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vere together, relatively with their proportion in solutions, calcium was
more poﬁerful or in another word it was more soil absorbable. Proportion-
ately, in all soils calcium was absorbed more than sodium.

The most interesting thing happened when these two bases were of equal
m. e, content in a solution. In spite of their equal milliequivalence, the
aBsorbed calcium was almost twice of the sodium plus two in all soils. When
sodium was the dominant base in a solution, almost all the calcium in the 50~
lution was leached out in the case of clay and silt loam soils, If the solu=
tion contained 100% HaCl, the amount of sodium present in the used solution
could leach out around 17.8 - 22.0% of its m. e. of the calcium in the soil.
Another point that should be mentioned is the case that sandy loam and clay
loam were leached with 100% NaCl solution. In this case, although of low pH
value and low O. M. of sandy loam, the ameunt of calcium leached out in both
loams, comparatively with the amount of sodium present in their leaching so-

lutions had almost the same ratio.

Results
Calcium replaces the sodium as long as it is dominant, When both bases
are in an egual m. e. in a solution, although soil absorbs calcium more than
twice that of sodium, the seil still absorbs an appreciable amount of sodiwum.
In prevention, even reclamation of alkali soils, regsrding to the solu~
bility of gypsum, in order to obtain good results, it is necessary to treab
the soils with the amount of gypsum that can produce about more than one

half calcium than the soil or water content of sodium.
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