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GYPSUM,
A SOIL CORRECTIVE AND SOIL BUILDER

BY W. T. MCGEORGE

INTRODUCTION

Among the materials incorporated with soils to improve crop
production, commercial fertilizers, manures, and agricultural
minerals are most prominent. Fertilizers are used to supply the
plant foods which are deficient in soils. Manures, both animal and
green cover crops which are grown to produce green manure,
improve soils in many ways that are too numerous to mention.
Agricultural minerals are used primarily to correct undesirable
characteristics in soils, and they may or may not contain elements
of plant food value to crops. Among these minerals, lime, to cor-
rect the acidity in acid soils, and gypsum, to correct the alkalinity
in alkali soils, are extensively used. On the basis of the reasons
why agricultural minerals are useful in correcting certain unde-
sirable characteristics in soils, they are usually referred to as soil
correctives or soil amendments. As a soil corrective, gypsum is
extensively used in Arizona and is of interest to Arizona farmers.

This bulletin has been prepared to meet the many requests
which are received at the Experiment Station for information on
gypsum. It should be timely as the sale and use of gypsum have
increased greatly during the last ten years, and all evidence
points toward a continued increase. It is of interest that the rec-
ords of the Bureau of Chemistry of .the California Department of
Agriculture show that the tonnage of gypsum sold in that state
increased from 7,914 in 1934 to 300,980 in 1943, and most of this
increase was in the San Joaquin Valley, an irrigated district.
While no figures are available for Arizona, the increase is known
to be considerable.

WHAT IS GYPSUM

Gypsum has been used for many years, with profitable returns,
on the irrigated lands of the West. Chemically it is hydrated
calcium sulphate (CaSO42H2O) and the pure salt contains 23.2
per cent calcium, 18.6 per cent sulphur, and 20.9 per cent water.
It occurs as a mineral in two forms, both of which are found in
Arizona, namely, gypsite and gypsum. Gypsite is the form which
occurs naturally as a powder or as small grains disseminated
through an earthy mass. Gypsum is the crystalline or rock form.
While both these materials are calcium sulphate, the crystalline
form is more often found in a higher state of purity. However, if
they are both ground to the same fineness for application to soils,
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4 EXPERIMENT STATION BULLETIN 200

they should be equally satisfactory as a sòil corrective on the basis
of equal amounts of calcium sulphate.

WHERE WAS GYPSUM FIRST USED

Early workers at the California Experiment Station, notably
Hilgard and Loughridge, pioneered and probably originated the
use of gypsum on alkali soils. It was first used in California about
1880 and is still considered one of the best soil correctives after
more than fifty years of continuous use in the West.

During this period there has been a great advancement in our
knowledge of the character and properties of alkali soils, but
gypsum fits into these new ideas as well as it did into the old ideas
some fifty years ago. In fact, it now has a broader application
and wider use than originally credited to it. Originally, gypsum
was only recommended for the reclamation of black alkali soils.
Since gypsum enters into a chemical reaction with black alkali,
the end products will be calcium carbonate and sodium sulphate.
The most common salts in white alkali soils are sodium chloride
and sodium sulphate, and the latter is considered less injurious
than the former for most crops. Therefore in using gypsum, the
sulphate of calcium, for reclaiming black alkali soils, the end
product, sodium sulphate, will 'be the least injurious white alkali.
This may have been one reason which prompted. Hilgard to select
gypsum for alkali reclamation.

SOLUBILITY OF GYPSUM

Gypsum is not very soluble in water as compared with some of
the soluble common salts but is sufficiently soluble for effective
use on soils. A saturated solution of gypsum, at ordinary tempera-
tures, contains 0.2 per cent or 2,000 parts per million. Its solubility
may be increased over three times by the presence of sodium
chloride in the water, and this is important because it is the most
abundant white alkali salt in western soils. Strange to say, gyp-
sum is most soluble at about 100 degrees F. and least soluble at
very low and very high temperatures. Solubility at 212 degrees
F., the boiling point of water, is about the same as at 32 degrees
F., the freezing point of water.

FINENESS OF GYPSUM

One important factor related to the solubility of gypsum is its
degree of fineness. There may be a variation of 20 per cent in
the concentration of a gypsum solution obtained by shaking
very finely ground gypsum with water as compared with gypsum
composed of coarse grains of the mineral. Therefore, it is im-
portant, when purchasing gypsum for use as a soil corrective, to
give due consideration to the fineness to which the material has
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Plate I.- Spreading gypsum.

been ground, if quick and efficient results are expected from it.
This does not mean that mine -run gypsum should not be used,
for this grade does have a place as a soil corrective, but it will
have a lower rate of solubility.

QUALITY OF GYPSUM

Gypsum is sold both in mine -run grades and in refined grades.
The former varies widely in purity and may be available in
grades from 90 per cent to as low as 20 per cent or less. The re-
fined grades are rarely lower than 90 per cent. Because of this a
farmer should know the purity of the product he is buying and
buy on a 'guaranteed analysis. Some states have agricultural
mineral laws which require a guarantee on all grades of gypsum
sold in the state. Arizona does not have such a law, but the De-
partment of Agricultural Chemistry and Soils in the Agricultural
Experiment Station will analyse samples for farmers, without
charge, if they are in doubt about the quality of a gypsum they
are planning to use.

WHY USE GYPSUM

Gypsum has a number of properties which make it useful in
irrigated agriculture:
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It is a corrective in the reclamation of black alkali soils.
It is a preventive against the development of black alkali in

soils.
It is an aid in the leaching of white alkali soils.
It is useful in maintaining a good soil structure and for re-

building structure in a soil that has been injured by improper
handling.

It will soften tight soils.
It improves rate of water penetration in soils where water

movement is too slow.
It will cause alkali hardpans to soften and crumble.
However, and this is important, in order to accomplish any or

all of these it must be applied in sufficient amount to do the
job, must be properly incorporated with the soil, and must be
thoroughly leached through the mass of soil by flood irrigation.
The reaction between gypsum and the soil is a contact reaction.
That is, the gypsum must be dissolved in the soil solution, and
this solution must come in contact with all the soil particles in
the soil mass before it can accomplish the job for which it is
intended.

BLACK ALKALI

A black alkali soil is one which contains enough sodium car-
bonate or enough sodium (base) adsorbed on the clay particles
of soil, sodium clay, to modify injuriously the chemical and physi-
cal properties and reduce the crop producing value of the soil.
When sodium carbonate or sodium clay are present in injurious
amounts, they will form a caustic salt, soda lye, when the soil is
wet. Lye will soften or completely destroy root tissue. It will
also soften the particles of soil into a gelatinlike or dispersed
structure. If it is present in large amounts, the soil will be barren
of vegetation. If present in very small amounts, it simply re-
stricts growth in proportion to the amount present. Black alkali
in soils will obstruct circulation of air and water in the root zone,
will make the soil sticky when wet and hard when dry, and on
drying the soil will crack badly and tear the roots.

GYPSUM AND BLACK ALKALI

When the practice of adding gypsum to alkali soils was first
proposed, its application was based on the assumption that it
would neutralize black alkali in soils. In view of this a chemical
analysis of the soil was made to determine the amount of black
alkali present and from this the amount of gypsum needed was
calculated. It was a standard practice to add an excess of gypsum
-one third to one half more than shown by the calculation from
the chemical analysis. This often meant that an application of 20
tons per acre or more was needed for reclamation. No emphasis
was placed on leaching the soil following the gypsum application.
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Plate II.- Discing in the gypsum.

Some of the things we have learned about black alkali during
the past twenty -five years have changed these early recommen-
dations on gypsum applications. We now know that gypsum does
not completely neutralize black alkali but only partially neutral-
izes it. That is, no matter how much gypsum is added to the
soil, the reaction with black alkali will go just so far and then
stop. Then it will be necessary to give the soil a flood irrigation
and leaching to get the reaction between gypsum and black alkali
started again.

These early -day recommendations were based on the assump-
tion that sodium carbonate was the only black alkali salt in black
alkali soils. Now we know that it is only the lesser of two evils
for the base sodium adsorbed on the clay particles represents a
reserve supply of black alkali which is more serious than sodium
carbonate and much more difficult to knock out of the soil.
Therefore, our present -day knowledge of black alkali has changed
somewhat the early reclamation methods. We now proceed on
the basis that the important thing in the reclamation of black
alkali soils is to displace and then leach out the excess of adsorbed
sodium, and that in order to accomplish this some calcium salt
must be supplied to take its place in the soil, to replace it. It is a
simple trade of calcium for sodium and since gypsum is a calcium
salt it is just as satisfactory a soil corrective under the new con-
ception of black alkali as it was under the old conception of
fifty years ago. The new conception simply bears down on the
leaching operation and makes the flood irrigation equal in im-
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portance, if not more so, than the gypsum application itself. It
also means that the more hardness in the irrigation water the less
gypsum will be needed for reclamation for hardness is a property
of the presence of an excess of calcium salts in water.

HOW MUCH GYPSUM

Gypsum is a harmless mineral. That is, there is no unfavorable
effect either on the soil or on the crop from making excessive
applications to the soil. As already stated, applications in excess
of 20 tons per acre were frequently made when it was first used
as a soil corrective. However, that was back in the days when
gypsum could be purchased for $1.50 to $3 per ton. For example,
when the Experiment Station Farm, located near the Rillito
Creek north of Tucson, was established about thirty years ago
the soil contained an excess of black alkali. On some parts of this
area as much as 22 tons of gypsum per acre were applied at $1.50
per ton. This totals only $33 per acre. The land was completely
reclaimed and has continued in a state of high fertility since that
time. At the present price of gypsum, namely $8 to $12 per ton,
plus the labor cost for spreading it, an application of 20 tons per
acre would be entirely out of reason even though desirable. In
making present -day recommendations on gypsum applications,
one must consider whether the value of the land or the crop can
absorb the cost of the tonnage needed for reclamation.

Another thing to consider is the fact that the intent is to re-
place the alkalinity with gypsum and that, by co- ordinating the
application and the leaching, reclamation can be accomplished
with less gypsum.

Still another thing to consider is that gypsum is only soluble
in water to the extent of 2,000 parts per million parts of water.
Therefore, while a heavy application will have a more lasting
effect, only so much as the water can dissolve will have an im-
mediate effect.

Finally, one must consider whether the farmer's problem is one
of actual reclamation or merely one of prevention or guarding
against black alkali formation in his land.

RECLAMATION OF BLACK ALKALI SOILS

For the reclamation of black alkali soils one should be guided
by a number of things. For example, a clay soil has a higher
adsorption capacity than a sandy soil and would therefore re-
quire more gypsum to knock out the alkali. Also, some soils take
water better than others. It is therefore advisable to consult
with the County Agricultural Agent or the Experiment Station
in planning reclamation. In no case should less than 1,000
pounds per acre be used and this amount only where traces of
black alkali are present in the soil. An application of 2 tons per
acre is advisable - more if the land can absorb the cost. It
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Plate III. -Flood irrigation following gypsum application.

should be properly incorporated with the soil, and leaching oper-
ations started immediately following the application. Soil
samples should be taken at intervals at least to the depth of the
root zone and sent to the Experiment Station for analysis in
order to follow the course of the reclamation.

PREVENTING BLACK ALKALI FORMATION

In irrigated agriculture the farmer is never free of the danger
of black alkali creeping into his land; and one way to avoid this
danger is by making regular light applications of gypsum to his
land. A good practice is to add 200 pounds of gypsum per acre
every year or 400 pounds every two years. Along with this prac-
tice he should give the land a heavy irrigation once each year,
preferably during the winter, to wash any accumulated salts
down below the root zone. Another practice where the problem
is one of prevention is to add gypsum to the irrigation water.
This may be accomplished by keeping a bag of gypsum, with the
side slit open, continuously in the irrigation ditch, preferably at a
point, such as a wier, where the water is continuously churned
or a paddle stirrer, such as that developed by the Office of Western
Irrigation Agriculture of the U.S. Department of Agriculture and
described in their circular no. 38 entitled "An Apparatus for add-
ing Gypsum to Irrigation Water," may be used.
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WHITE ALKALI SOILS

In the past gypsum has not been widely employed or recom-
mended in the economy of white alkali soils - saline soils. This
is because the white alkali salts are neutral and are very soluble
in water. They should therefore be completely removed by
flood irrigation and leaching. However, simple leaching as a
means of removing white alkali salts does not always come out as
simply as one would expect. That is, along toward the end of the
leaching operation, when most of the salts have been removed
from the soil, the soil will "freeze up" especially if the leaching
water is low in salt content. If gypsum is incorporated with the
soil this "freezing up" can be prevented. Gypsum therefore
definitely has a place in the reclamation of white alkali soils as
well as black alkali soils for the purpose of preventing the freeze
up and for speeding up the process of. reclamation.

RECLAMATION OF WHITE ALKALI SOILS

Since the salts composing white alkali are readily soluble in
water, it is evident that while they will remain stationary in a
dry soil, when water is added they will be dissolved and move
within the soil in whatever direction the water moves; hence the
necessity of keeping the water moving downward. It is obvious
from what has been said that light applications of gypsum should
suffice for the reclamation of these lands. Its function in these
operations is merely to keep the soil in a good structural condi-
tion so that the water will move downward faster through the
soil. It is probable that an application of 500 pounds per acre or
less should be enough for sandy or sandy loam soils, 500 to 1,000
pounds per acre for soils of intermediate texture, and 1,000 to
2,000 pounds per acre for heavy clay or clay loam soils. It is im-
perative that the gypsum be disced, incorporated, into the soil for
this operation. In fact this is true for all cases where gypsum is
used as a soil corrective. The most effective results can never
be secured from simply broadcasting gypsum over the surface of
the soil.

SOIL STRUCTURE

There is no such thing as a perfect soil. We get evidence of this
from the fact that regardless of carefully planned programs, cul-
tural and fertilization, soils vary greatly in productive capacity.
Roots require certain essential soil conditions for normal growth,
particularly the free circulation of air and water. Such a condi-
tion is determined largely by the texture and by the structure of
the soil. Soil texture is a permanent soil character. Nature makes
a soil a clay, a silt, a silty sand, or whatever the soil type happens
to be. Soil structure on the other hand is subject to quite wide
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modification. It represents the cultural condition of the soil -that
is, whether hard, sticky, puddled, crumblike, loamy, or other
structural types. It is largely determined by the way the soil is
handled and is therefore man -made. An unfavorable soil struc-
ture is of frequent occurrence in irrigation agriculture and is a
major growth -limiting factor in Arizona.

In view of the importance of soil structure in Arizona agri-
culture, there is considerable interest in methods of improving
the structural conditions of soils and in any program that might
help to maintain soils in good structural condition under irriga-
tion. Of course the principal cause of poor structure is improper
handling, that is, getting on the soil with any type of heavy farm
implement when the soil is too wet. Obviously some considera-
tion of the moisture content of the soil and subsoil at such times
would help. There are other causes, however, which are less
easily controlled without the use of soil correctives. For example
the gelatinous clay that often clouds the soil solution may clog
up the pore spaces in the soil, may accumulate at most any depth
in the subsoil, and thus may form what is known as a claypan
or hardpan. These claypans which occur frequently in irrigated
lands may be of widely varying thickness and will seriously
obstruct root penetration as well as the downward movement
of water.

GYPSUM AND SOIL STRUCTURE

There is no question that certain natural phenomena determine
soil structure to a certain extent, notably the chemical composi-
tion and chemical properties of the the soil minerals. Since such
phenomena must be counteracted by the use of other chemicals
and such counteraction can be obtained with gypsum this soil
corrective is used as a major corrective for poor structural con -
ditions in soils regardless of whether alkali or other causes are
responsible. It will free the soil pore space of gelatinous clay
which obstructs water and root penetration. It renders the dis-
solved humus, which colors the water in black alkali soils, in-
soluble and thus restores this organic matter to the soil. It aggre-
gates or builds the fine soil particles into crumbs. In brief gyp-
sum is an excellent material for use both in maintaining soils in

good structural condition and for reclaiming structure in soils
where poor structural conditions exist.

This property of gypsum is greatly helped if a supply of
organic matter is added to the soil along with the gypsum.
Sometimes the crumb structure formed in the soil by gypsum is
not permanent. That is the soil crumbs will disintegrate when
the soil is wet, and such crumbs are known as water -unstable
crumbs. The aim is of course to develop water -stable crumbs in
soils; and this is where organic matter enters the picture. Organic
matter, especially animal manure, acts as a binding agent and
adds permanency to the crumbs. It is highly advisable therefore
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to make manure applications to the soil at the same time gypsum
is applied in order to accomplish structural reclamation.

For correcting soil structure gypsum should be used at the rate
of 500 to 1,000 pounds per acre and incorporated into the soil in
the same manner as recommended for white alkali. If the soil
is in an unusually bad structural state an application of 1 ton per
acre is advised and along with this an application of 5 to 10 tons
of manure.

PREVENTION VERSUS RECLAMATION

Alkali accumulation and structural deterioration are, with the
exception of water, the greatest growth- limiting factors in irri-
gated agriculture in the Southwest. Where they exist in areas
that have never been broken by the plow the problem of course
requires reclamation measures. However, all too often reclama-
tion is needed for lands where these conditions are man -made.
Alkali, either black or white, may have accumulated from leaky
canals, overirrigation, high or rising water table, failure to flush
the soil at intervals to remove accumulated salt, failure to use
soil correctives, and other causes. Poor soil structure has de-
veloped from handling the soil when too wet, failure to make
occasional or regular applications of manure or other forms of
organic matter, and failure to use correctives such as gypsum
and sulphur.

New lands in locations where good water is available are not
as plentiful as they used to be. There is a crying need therefore
to crystallize interest and sentiment for maintaining the produc-
tive capacity of lands already under the plow. The economic
losses arising from alkali and development of poor soil structure,
together with the practical difficulties and cost of alkali soil
reclamation and soil structure correction, run into high figures.
In irrigated agriculture, "an ounce of prevention is truly worth
a pound of cure."

In a way it is unfortunate that injuries of the above nature are
not manifested until the soils reach the stage where costly
reclamation is needed. Careful checks on soil properties and crop
production have shown however that crop losses develop gradu-
ally. That is, there is no critical point at which crop losses drop
off sharply. The loss is gradual and increases with increase in
alkalinity or severity of structural deterioration.

In the past we have stressed the problem of prevention versus
reclamation as one of soil insurance or soil repair. It is an essential
part of farm economy to carry insurance on destructible farm
property such as barns, much of the farm equipment, and even
the crop itself. There is no denying the fact that soil is also
destructible and that it must be repaired or rebuilt as occasion
demands in order to maintain it at its best productive capacity.
The declining productivity of irrigated lands is a result of gradual
accumulative changes and not the appearance of any abrupt
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change in the soil. Why not then adopt the practice of using soil
correctives such as gypsum or sulphur as a part of a regular soil
program and consider it merely as a form of insurance? Light
annual applications will contribute much to maintaining the soil
in a good productive state and avoid the cost and loss of crops
involved in reclamation.

HARD VERSUS SOFT WATER
In domestic and industrial fields it is the common practice to

divide waters into two classes, namely, soft waters and hard
waters. In irrigation practice there has not been a great deal of
practice in water classification as attention in this field has been
lamely confined to interest in the total amount of salt in a water.
We have become so accustomed to the value of soft water for in-
dustrial and domestic use that hard water has been looked upon
as the black sheep in the family of waters. We now know that
this is not true for irrigated agriculture. In other words hard
water is best for irrigation and the harder it is the better for
"hard water makes soft land and soft water makes hard land."

The reason for this is simple. All irrigation waters contain
salts in solution. Salts react chemically with the soil minerals.
If sodium salts predominate in the water it is known agricul-
turally as a soft water. If calcium salts predominate it is known
as a hard water. This classification is made regardless of the total
amount of salt in the water. Sodium salts react with the soil
minerals to produce tight soils that are sticky when wet and hard
when dry. Calcium salts react with the soil minerals to form
soils that are soft and friable when either wet or dry.

It is evident from this that a chemical analysis of the irrigation
water can serve as a guide in the use of gypsum. If the water is
hard enough reclamation can be accomplished without the use of
gypsum, for the purpose of adding gypsum is in reality to harden
the water in the soil solution. This is also the purpose in adding
gypsum to the irrigation water by keeping some in the irrigation
canals, namely, to harden or increase the hardness of the water
being used. It is clear that where only soft water is available for
irrigation the continuous use of regular applications of gypsum
is imperative and will save the farmer from the problems that
are bound to develop from the continuous use of such water.

SUMMARY

Gypsum or gypsite is an excellent soil corrective and useful in
the reclamation of both black alkali and white alkali soils and
also for improving the structure of irrigated soils.

For black alkali soils an application of 2 tons per acre is
recommended.

For white alkali soils and for improving soil structure an appli-
cation of 500 to 2,000 pounds per acre is recommended depending
on the physical condition of the soil.
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In all cases the gypsum must be thoroughly incorporated with
the soil and this should be followed by a flood irrigation.

Since it is more profitable to prevent than to reclaim, an appli-
cation of 200 pounds of gypsum per acre annually is recommended
as a sound practice in irrigated agriculture.

The illustrations used in this bulletin are from photographs taken by
K. K. Henness, County Agricultural Agent, Pinal County, and illustrate
some of the operations during the start of a reclamation experiment in
Pinal County.
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