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FOREWORD

- The Arid Lands Resource Information Paper presented here is the first of a
series to be prepared for the Water Resources Scientific Information Center of
the U. S. Department of the Interior, Office of Water Resources Research, on
Grants 14-01-0001-1616 and 14-31-0001-3391, to the University of Arizona, Office
of Arid Lands Studies (OALS), Patricia Paylore, Principal Investigator.

The historic role of the OALS has been the identification, evaluation, and com-
puterized control of documentation relating to the world's arid lands. As our in-
formation services have expanded and become better known, certain contemporary
topics emerge repeatedly as being of deepest concern to those who have sought our
help. This particular paper was selected as the first to be developed because of
the urgent need to find answers to the pressing problem of increasing salinity in
the irrigation water furnished Mexico under Government Treaty from the Colorado
River and its main tributary in Arizona, the Gila. International concern is equally
as great as Arizona's or the Federal Government's, and ways of dealing effectively
with this issue are the recurring subject of diplomatic and political discussions.

While this particular immediate case in point is the most highly visible at the
moment, its extension to comparable problem areas throughout the arid world is
imminent. Because of its timeliness, then, it is our hope that this paper will be
a useful adjunct to permanent, realistic, and proper solutions to this worldwide
problem. In providing this review of world technical literature, we believe it can
be instrumental in the decisions that must be taken nationally and internationally to
insure equitable answers to a matter demanding scientific, environmental, and
social considerations of the highest order.

We have tried to tie this array of information together in such a way as to express
a continuity of development by concept, following through on an idea on this basis
rather than a simple chronological or author arrangement. The evaluative narrative,
then, is the vehicle for presenting our findings.

The views expressed are those of Mr. Casey and myself, and in no way should
be construed as the official views of either the U. S. Government or the University
of Arizona.

Patricia Paylore

Assistant Director

Office of Arid Lands Studies
University of Arizona
Tucson, Arizona 85719

June 30, 1972
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PREFACE

In presenting a bibliography on irrigation-related salinity problems, there is
wide latitude for judgment in selection. We have chosen to accept the basic view
that these problems do not relate exclusively to crop growing cr farm irrigation
practices, but extend into all other activities in a drainage basin that affect the
quality of irrigation waters. Since so many problems exist on this wide spectrum,
and since only recently have the interconnections between them begun to be investi-
gated, the philosophy behind our bibliographical choices has been that the error of
inclusion of possibly irrelevant material is considerably less serious than that of
excluding potentially relevant items. Even so, the bibliography is not intended to
be exhaustive, but rather to document amply the evaluative part of the paper and
thus serve as a springboard into the entire literature relating to each part of the
subjects discussed.

This paper has two goals: evaluation and education. It is not, in the usual
sense, a critical review paper, since no effort is made to assess the quality of the
various research contributions cited. Rather, an attempt is made to stand back,
gauge the broad accomplishments, trends, and gaps in the literature, pinpoint
areas most pressingly in need of attention, and finally make relevant recommenda-
tions in the light of these analyses. Every aspect of the subject is at least briefly
taken up, which, together with the bibliographical entries for that section, should
serve as an introduction to the subject. '

Within this framework, by which the information gathered together is presented,
we have attempted to define the problems in terms of water-soil-plant components
and the resulting limitations on agricultural potential, plus a section on reclamation
and prevention. Then we have considered the legal, political, and economic prob-
lems deriving from the wider and more amorphous problem of the entire salt-
polluted drainage basin. In such a treatment, one inevitably asks some basic
questions, hoping for some proper answers which, while not totally definitive,
at least should present reliable guidelines for policy decisions. The answers that
become manifest throughout the literature reviewed emerge with unmistakable
urgency and clarity: Is arid lands irrigation agriculture destined to founder on
its self-generated and ever-mounting salinity problems to the point where the very
desirability of irrigation agriculture itself is called into question? We hope our
recommendations will provide some viable alternatives.

A final word about the arrangement: The numbering of the 986 citations is
continuous, but the bibliography itself has been broken into narrow subject head-
ings that correspond to the arrangement of the accompanying text. However, since
many references cut across these individual sections of the text, we have chosen
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to leave the bibliography intact rather than break it up within the text. We believe
the detailed contents will be helpful to users in locating wanted information. The
permuted title index should provide a further mechanism for locating specific
citations beyond this detailed subject arrangement. The name index includes
secondary as well as primary authors. ,

I should be remiss if I failed to acknowledge the help of Kathryn J. Gloyd,
Information Specialist, Office of Arid Lands Studies, University of Arizona,
whose insistence on meticulous bibliographical verification and attention to
sources will make the references recognizable wherever there is occasion to
retrieve; of Rosemary Quiroz, Research Assistant, OALS, who masterminded
the computer-produced indexes; and Cecilia Gonzalez, for assistance in the pre-
paration of the manuscript.
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I. IRRIGATION-RELATED SALINITY PROBLEMS
IN ANCIENT HISTORY:
A Perspective

World population has increased from about 1.4 billion in the last century to
about 3.7 billion today. In most regions with high birth rates, there has accrued
little evidence to indicate any amelioration of these trends. Agricultural produc-
tivity has not everywhere kept pace with human fecundity and the difference be-
tween them has equalled starvation. While always asserting the necessity for im-
proved birth control programs, agriculturists, not suprisingly, have maintained
that starvation need not occur if appropriate agricultural expansion programs and
improvements are undertaken (6). Such measures involve both intensification and
extensification of crop production. Intensification would increase the productivity
per unit area of cultivated soil by improved crop quality, irrigation, increased
inputs of herbicides, pesticides, and fertilizers, multiple cropping, the use of
tractors and other modern labor-saving machinery, and various additional agro-
nomic improvements, Extensification is simply the recruitment of more lands
into agriculture.

Some combination of the two approaches promises the greatest yield incre-
ments. In this vein, W. H. Pawley, director of the Policy Advisory Bureau of
the FAO, has recently argued (33) that world agriculture could feed ten times the
present global population without recourse to synthetic foods if two major tech-
nical breakthroughs could be achieved: 1) techniques for continuous soil cultiva-
tion in the humid tropics after deforestation, 2) a means for furnishing cheap,
fresh water for irrigation of the world's warm deserts, and a cheap source of
power for moving the water inland. To be sure, Pawley has phrased his require-
ments in such a way that they can never be achieved. For instance, a cheap
source of fresh water for the warm deserts is unlikely because not only must it
come from seawater desalination but it will also have to be transported long dis-
tances, to many regions, with great evaporative losses.

Nevertheless, it is probably fair to say that this broad outlook on food-sup-
ply solution is shared not only by many other scientists, but also by the general
public. The lush natural vegetation of the humid tropics certainly hints at an
enormous crop-growing potential, while limitless solar radiation, vast land areas,
and success of existing irrigation schemes imply much the same for many arid
regions. The realization of such projects would place the Sahara Desert and the
Amazon Basin in positions of enormously important food-producing regions, which
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today they most assuredly are not.

It is unlikely that water will be found to irrigate desert areas as extensive as
many envision, but a number of large water-harnassing schemes are being planned
or built with the goal of irrigating sizable desert regions. Some examples are the
Aswan High Dam of Egypt, recently completed, a North America water plan which
would divert northern waters to the southwestern deserts, and the Soviet plan to di-
vert Siberian rivers from their Arctic Ocean courses to the deserts of the Caspian
Sea region. Clearly, these projects will absorb astronomical amounts of capital,
and failure would be disastrous for the governments involved and for large numbers
of people. Even for those national projects on a smaller scale, such as the Cali-
fornia Water Plan, the Central Arizona Project, or the Texas Water Plan, the pro-
portions allocated for irrigation will be much too great to contemplate failure. Such
large amounts of water are involved because no other human activity consumes more
than a fraction of the amount of water consumed by crop irrigation (9).

It is at this juncture that irrigation-related salinity problems must be consid-
ered. Briefly described, the problems center on the accumulation of soil salts on
croplands as a result of irrigation activities, with the consequence of diminished
or completely inhibited crop growth. This problem may be accompanied by water-
logging, which is saturation of crop soil by water to the extent that crops cannot
7Tow in it because of root aeration difficulties. It usually results in soil salini-
zation. Vast areas of irrigated croplands around the world suffer from one or both
of these problems to the point of total agricultural inutility. A legion of soil, water,
¢ plont scientists maintain that these problems could have been prevented or can
~~ 3olved by practices based on known scientific principles. Difficulties arise,

# - argue, because these principles are ignored or misapplied. By contrast,
‘.. i others who maintain that soil salinity problems are system properties,
ihat is, they are physically inherent in the system of irrigation itself, cannot be
avoided, and eventually limit if not eliminate the economic feasibility of the ir-
rigation system. As a first approximation their arguments may be divided into
two categories: 1) human history is replete with whole civilizations whose demise
was parallel with the demise of their irrigation systems; 2) tremendous acreages
of croplands in the modern world suffer from irrigation-generated salinity pro-
blems whose creation is an ongoing process that will increase with the increase
of irrigated lands. In this section, we will briefly examine the first of these ar-

guments,

Anyone with an interest in irrigated agriculture and its salinity problems soon
encounters a plethora of references to the declines of prehistoric, ancient, and rel-
atively recent civilizations dependent on irrigated agriculture ("hydraulic civiliza-
tions"). That these declines were attributable in large part to soil salinization
seems to have become part of the conventional wisdom of that vast, floating mass
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of people who at least peripherally concern themselves with the arcana of decline
and fall of civilizations,

A review of the existing record, however, permits no such sweeping clear-
cut conclusions. The civilizations of the Tigris-Euphrates and the Nile Valley
were probably the most river-dependent cultures in history. Unfortunately, the
irrigation records of these civilizations are scanty, the historical geographical
research is limited, and what is available seems open to broad interpretation.
Wittfogel (49, 50), in assuming the decline of these hydraulic civilizations from
a variety of causes, developed a well-known thesis to the effect that such cuyl-
tures inevitably evolved toward highly organized, tyrannical regimes because of
the organizational disciplines imposed by the maintenance and upkeep of the com-
plex irrigation works, He maintained that the failure of organization after the sSys-
tem had reached some critical threshold led to a breakdown, illustrating this thesis
by reference to the decline of some civilizations that occurred for just those rea-
sons. In general, his assertations that irrigation civilizations require high levels
of organization have been accepted.

Eaton (13), in studying the salinity-laden fields of present-day Iraq, seemingly
accepts the thesis that such salinity levels were a long time accumulating. Although
he does not say how long, he believes that the condition had progressed so far by
the 11th century that the Mongolian invaders have been blamed unjustly for the de-
mise of the region at that time. Lewis (26), who differentiates between the vari-
ous great past civilizations of the region, seems to feel that the major reasons
for their decline lie in the great endogenous cyclic mass movements and disrup-
tions of human affairs, Of salinity, he says, "It is ... doubtful that over many
years, this problem has been as serious as some writers have claimed, "

Jacobsen and Adams (23), who participated in the Diyala Basin Archaeological
Project, reached different conclusions. Using data from ancient records, paleo-
botanical studies, aerial photographs of irrigation canal systems, and salinity de-
posits, they reasoned that the region experienced three major salinity intervals:
from 2400-1700 B, C. in southern Iraq, a milder phase in Central Iraq between
1300-900 B.C., and sometime after 1200 A.D. in the Nahrwan area east of Baghdad.
The first phase, occurring during the time of the Sumerian civilization, was sig-
nalled by a gradual shift to salt-tolerarit barley production. Other phases occurred
during the Babylonian and Arab eras and are of great significance in world history.

Boumans (in Dieleman, 11), however, after a long period of reclamation work on
Iraqi soils, conceded that the first phase of salinity probably occurred, but that
otherwise '"salinity was not a problem in ancient times, " this, despite the fact that
before 1950, Iraq has no record of the construction of any canal intended to drain
or carry away salt residues from its irrigated lands (13). Almost everywhere in



Iraq there is a film of salt (11), but when it was deposited seems a matter of some
debate.

The Nile Valley, like the Tigris-Euphrates region, has been irrigated for
about 6000 years. Each year the amazingly gentle Nile flood brought sediments
and nutrients which meant perpetual fertility. When the river was low, the gravel
beds underlying the Nile mud provided drainage from the land to the river. This
obviated the need for construction of elaborate drainage canals to handle salinity
buildups. In general, salinity was not a problem except in the delta and other re-
gions where return flow to a low river was incomplete, resulting in highly saline
groundwater. This unique Nile flood and its effects do not seem to be well under-
stood by all writers who compare ancient irrigation systems.

The Indus River, too, has a long history of settlement and civlization, but in-
tensive irrigation schemes do not seem to have been extant for most of its settled
history (41). The twin problems of waterlogging and salinity now plaguing West
Pakistan are of relatively recent genesis. It is unfortunate that few historical
studies or hard facts are available for other great river systems, particularly
those of Mesoamerica and Peru (21). An extensive archaeological study is being
conducted in southern Arizona on the Hohokam Indian irrigation systems. The
Hohokam began irrigating about 300 B.C. and achieved a complex, highly orga-
nized culture which reached its maximum size about 900 A.D. By 1450 A,D., they
had disappeared after a population crash signalled by some sudden, drastic change.
Because their irrigation engineering seems to have lacked an appropriate salinity-
preventing technology, it is surmised they could not maintain crop productivity
adequate for the large population that their irrigation culture had created (4). Not
enough as yet is known, but Ayres' comments signal an awakening of many to the
importance of studying these phenomena: "'There is more archaeological infor-
mation available on use than on abuse of rivers. Archaeologists until recently
have not been particularly concerned with abuse."

It seems fair to say, in evaluating the literature dealing with the salinity pro-
blems of the past, that it hints at much, but offers little hard data and a great deal
of contradiction and counter assertion. Certainly the universality of irrigation
salinity problems is not borne out. But this literature does not dwell on salinity
problems alone. It includes descriptions and appraisals of problems of siltation
and debris accumulation, canal construction, water-plant choking, warfare, and
legal, political and general social organization. All of these factors affected op-
eration and maintenance of irrigation systems. Marr (28) is undoubtedly right in
asserting that separating causes and effects in the relationship of irrigation to
ancient civilizations is quite impossible, but that tentative statements can be made.

This serves to introduce a fact which will be discussed in various facets in



subsequent sections, namely, that irrigation salinity problems are not as simple

as the definition given in a previous paragraph would imply. They embrace not
only a spectrum of agronomic problems, but by their existence tend to generate
interactions with other irrigation-connected problems such that a whole series of
new problems comes into existence, including questions of canals and siltation,
dams, public health, and social organization. It is here that a critical point must
be made: those who question the value and effectiveness of massive irrigation en-
gineering schemes do so not only on the basis of salinity problems alone, but out

of many considerations. It is the purpose of this paper to consider the larger issue
of irrigation only from the point of view of the salinity problems it creates. Never-
theless, it will not always be possible, or even desirable, to separate salinity from
other irrigation problem subsets,

If salinity cannot be proven as a problem stretching over millenia, it is most
certainly a contemporary problem of great magnitude. Tens of millions of acres
in the Middle East and Pakistan alone are currently biologically crippled by this
scourge (34). Almost everywhere there is irrigation, salinity has arisen (29).
This comprises the second category of the arguments, mentioned earlier, of those
who question the wisdom of massive arid zone irrigation projects. It is, in fact,
the main subject of this paper.

One final way of subdividing salinity problems must be discussed. A problem
that was probably not often critical with historic hydraulic civilizations was the
fate of the downstream neighbors. Today however there are two types of salinity
problem: 1) that obtaining on any given piece of soil or stretch of water, 2) that
which may result at some point downstream as a consequence of salt and water con-
veyance from the original point. Nor need the actual problems necessarily be the
same as the original ones. For instance, the salts that lower soil fertility at point
A may be carried downstream to point B where they cause the destruction of wild-
life cover or even the pollution of a municipal drinking supply.

There is no denying an ever-increasing complexity.



II. BASIC WATER BALANCE PROBLEMS
IN RELATION TO IRRIGATION

The subject of irrigation-related soil salinity problems is at once simple and
complex. This seemingly paradoxical situation is reflected in the fact that no really
adequate, comprehensive treatise exists on the subject. This lack is all the more
surprising in view of the ubiquity and seriousness of the problems., Reeve and Fire-
man 34) assert that salt problems presently exist on about one-third of the world's
irrigated agricultural lands as well as on ""untold millions of acres of potentially
irrigable lands, ' and this applies to every one of the 25 or more nations having
more than a million acres currently under irrigation.

The subject is simple if one wishes to describe the nature of existing salinity
problems. However, the factors involved in the creation of a salinity problem and
the necessary steps in its prevention or improvement may become rather complex,
both conceptually and operationally. A student of the subject must master facets
of chemical thermodynamics, soil physics and chemistry, meteorology, plant phys-
iology, hydrology, and agronomy. The practical man in the field must at least be
acquainted with cropping practices, soil tillage operations, drainage engineering,
and irrigation technology.

In many quarters there is a growing recognition that the practices of agricul-
ture, municipalities, and industry tend to potentiate each other's contribution to
salinity pollution, and that the salinity problem is a problem for society as a whole.
In many areas, such as the Colorado River Basin, it may be the most serious pro-
blem of all (868). It follows that legal, socioeconomic, and political ramifications
are valid concerns in this arena,

This report will be concerned with irrigation-related salinity problems on two
levels: the cropped field and the drainage basin. The salinity problem is really
part of the more general problem of arid zone agriculture. Most desert irrigation
systems suffer from a low ratio of available irrigation water to potentially irrigable
land, so that the more general consideration is one of water use efficiency. When
water is very scarce, it is a human tendency to use as little water as possible per
unit area of crop land so that the total crop area may be as large as possible. If
this is overdone, crop drought symptoms and diminished productivity follow. Even
in situations where just enough water is allocated to insure maximal crop growth,
in some years it will sink below this level for the simple reason that there is less



available water to apply because of natural fluctuations in supplies. Another human
tendency in dry regions is to overwater when sufficient supplies are available, on
the theory that it can have only beneficial effects on the ¢rop. As we shall see, both
overwatering and underwatering may lead to salinity problems.

It has been asserted by many agricultural scientists that irrigation salinity pro-
blems are, in the main, preventable, if appropriate irrigation technology practices
are assiduously observed. For a number of rzasons, relating to eventual assess-
ment of usefulness and feasibility under various conditions, these practices will be
reviewed. The technical framework underlying their development will also be out-
lined and reviewed. Such a review must necessarily be broad and lacking in much
important detail. However, the accompanying bibliographical sections should, in
compensation, encompass at least the major review and research papers in most
subject areas. In later discussions concerning the effectiveness, both present and
future, of arid land salinity control and reclamation programs, many of these tech-
nical concepts will be drawn upon.

It is possible in this section, if desired, to skip over the technical discussion
and maintain enough continuity to move on to the next chapter by reading the chap-
ter summary.

Since we are here mainly concerned with problems relating to arid lands ir-
rigation schemes, it would seem important to identify and delimit the concepts of
aridity and semiaridity. In a general sense, they are areas where little or no nat-
ural precipitation may be anticipated to supplement irrigation waters, sunshine is
a non-limiting factor since cloudy conditions are rare, relative humidity is quite
low, and soils are generally sandy. Many precise classification schemes have been
devised since the impetus furnished by Koppen (74) with his temperature and pre-
cipitation criteria. Meigs' scheme utilizing agronomic criteria has been especial-
ly popular (78). There seems little doubt that classifications based on precipita-
tion and evaporation have become generally useful as more people have begun to
appreciate that precipitation alone is not an adequate criterion for a desert. Hoare's
definition is reasonably typical, "A land area can be considered semiarid if it has
an annual rainfall of less than 15 inches and if the evaporation from a water surface
exceeds 45 inches (72)". There is here no need for a lengthy discussion or apprais-
al of the various schemata for classification. For the agriculturalist, Simons' com-
ment is probably quite appropriate, '...There is no argument about the general
position and extent of the desert lands; it is only the margins which are sometimes
in doubt (83)."

Plants suffering from insufficient water usually maintain leaf stomata at least

partially closed and are characterized by low or non-existent transpiration rates.
This in turn limits inward diffusion of carbon dioxide and growth is retarded. If
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deprived of water long enough, the plant may permanently wilt. It is the sole
function of crop irrigation not only to prevent wilting but to expedite growth at
some level near its potential maximum. Any irrigation-connected problem there-
fore has no meaning except insofar as it affects plant growth, and this is just the
effect of soil salinity when it rises above some threshold level of salt concentra-
tion in the plant root zone.

When irrigation water is applied to the soil surface, it may either run off or
infilérate. If it infiltrates, it may still evaporate from the surface layers. If it
moves deeper into the soil, it may reach the root zone, be taken up by the plant
roots, move up the xylem, and evaporate (transpire) at the mesophyll cell sur-
faces, where, as vapor, it moves through anastomosing leaf channels and even-
tually out the stomatal openings. If the irrigation water had entered a saturated
soil, it might have moved, under gravity, down past the root zone to the water
table. If the root zone is taken as our "reference point', then it may be said that
water can move into it not only from above, but also from below. As the upper soil
layers dry out, a negative pressure (or decrease in soil water potential) results in
capillary movement of water from the water table to overlying soil layers. This
water may reach the root zone if the water table is high enough, and undergo utili-
zation by plants. Alternatively, it may reach superficial soil layers and evaporate
to the atmosphere. If the water table is very close to the root zone, as it often is
as a result of irrigation, very small decreases in water potential around the roots
will suck water upward and the root will be constantly bathed by this liquid from
below.

In reviewing these phenomena, it is extremely important to remember that:
1) at any point, while in the liquid state, water may be carrying dissolved salts,
and 2) if water evaporates from the salt water mixture, the remaining salts will
be more concentrated. It is this concentration increase that results in a soil sa-
linity problem, since in effect, more salts will have been brought into the soil
than removed. Basically, the process of soil salt concentration will have been
achieved by a combination of root membrane permeability to water relative to salts
and evapotranspiration, which is evaporation either directly from the soil or from
the plant leaves after root water uptake. In both cases the salts are left behind.
This applies also to groundwater reaching the root zone by capillary action. If it
has any significant amount of salts it may be an extremely serious source of soil
salinization.

However, the process may work in the other direction, Water entering the
soil may dissolve soil salts and carry them along through the soil down past the
root zone. For any given salt concentration of applied water, there is some
volume of that water that is great enough to carry all the salts down through the
root zone even after losses through evapotranspiration. It will leave no salts
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behind that it brought in. The process is known as leaching, and is fundamental to
both soil salinity prevention and reclamation. More of this later.

 To recapitulate: Soil salts may build up through concentration of the salts in
applied water by the evapotranspiration process. If enough water is applied, then
the evapotranspirative losses are not great enough to significantly concentrate the
remaining solution and all salts are leached out of the root zone.

Given an irrigation water of some initial salinity, the resulting soil salinity
may therefore be understood by reference to soils and their water-conducting pro-
perties, climate, soil drainage and the water table. In effect, the salt budget is
a consequence of the irrigation water budget, and shifts in water are usually ac-
companied by shifts in salts.

The goals of the irrigator are twofold. He must supply enough water for plant
consumption (evapotranspiration) and enough additional water for the leaching of
salts past the root zone. Balanced against these supply requirements is the need
to achieve a reasonably high irrigation efficiency in order to conserve usually scarce
and expensive irrigation water, as well as the necessity of avoiding the creation of a
high water table. This is a balancing act which is often, but by no means always,
accompanied by a fairly wide error margin. In fact, it is fair to say that irrigation
agriculture is usually a balancing of offsetting water control measures.

In reviewing the general aspects of irrigation technology and hydrology, an
effort will be made to concentrate on the area of intersection between the general
irrigation goal of soil water retention for availability to crop root systems and the
specific goal of moving enough water containing dissolved salts down past the root
zone.

Over the past 10-15 years, soil scientists, plant physiologists, and hydrolo-
gists have incorporated many physicochemical concepts and terms into their dis-
ciplines. Some of these will be discussed briefly because knowledge of them should
confer not only greater understanding of current research literature in the various
disciplines but also some insight into the causes of salinity problems and the rea-
soning behind certain reclamation methods.

The free energy of a substance is a measure of its ability to do work. This
is a concept derived from thermodynamics and the fact that energy is a scalar
quantity or a potential. Because two elements within a system may posess dif-
ferent potentials, there is a potential gradient between them. Movement along this
gradient results in work being done. Water in different regions lies at different po-
tential levels, and tends to move down the potential gradient, Hence the term
""water potential". Intuitively water potential may be thought of as a reflection of
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water concentration. The hydrostatic pressure exerted by a column of water on
its component molecules tends to force them closer together, increasing their
concentration. Water will flow from a region of greater hydrostatic pressure to
one of lesser hydrostatic pressure. Solutes increase distances between water
molecules and lower their concentration. In the classic osmotic pressure experi-
ment in which a salt solution is separated from pure water by a semipermeable
membrane, the pure water moves across the membrane into the solution of lower
water potential, doing work in the process. It follows that the greater the osmotic
potential of a solution, the lower its water potential. In plant cells, hydrostatic
pressure potential and osmotic potential work against each other and the resulting
water potential reflects the hydration level of the cell (57). Other factors affecting
water potential are gravity and "tension', or negative pressure.

Tension is a particularly important factor in drying soils. In general, soils
are porous and may be thought of as a collection of crude tubes. As the tubes lose
water, more surface area is exposed. Since the pore walls are hydrophilic, loss
of some of the water results in greater forces holding the remaining water. The
total effect is a soil ""suction" or negative pressure, and is a measure of the dry-
ness of the soil. Water placed on the surface of a drying soil naturally tends to
move into the soil, demonstrating that matric potential, like osmotic potential,
lowers the energy state of water.

The usefulness of the water potential concept is that it combines a number of
factors influencing water status into a single term. Potential differences may be
thought of as ""driving forces'.

There are essentially two kinds of soil pore, large and small (capillary).
Large pores are created by a variety of causes such as root activity or cracking.
When all pores are filled with water after a rainfall or irrigation application, the
soil is saturated. In this situation water in the large pores drains fairly quickly
in response to gravity. It was thought that this water moved directly down to the
water table, but recent evidence indicates that it may move through capillary pores
207). In any case, the rate of drainage is directly related to soil pore sizes.
Coarser-grained sands drain rather quickly and water for plant roots is not avail-
able long. In finer-grained clays, the soil acts as a storage reservoir, retain-
ing water for gradual uptake by plant roots. When water has drained out of all the
larger pores, the soil is said to be at field capacity (FC). This is a quasi-equi-
librium state since some water is always moving out through the soil, albeit much
more slowly when only the small pores contain water.

It can be seen that soil structure, porosity and texture are critical factors in

soil water movement and retention. Because clays furnish most of the internal _
surface of a soil and because of their colloidal properties, the clay fraction controls
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the most important soil properties (57).

In soils or plants, water and dissolved substances may move as mass flow or
diffusion. Diffusion, whose driving force is concentration gradient, is relatively
unimportant in soil water movement except perhaps in fairly dry soils. Mass
flow is so named because it is the motion of a column of liquid including all dis-
solved contents. The velocity of mass flow ig proportional to the net pressure
and gravitational gradients, which is known as Darcy's Law. The proportionality
factor (K) is the hydraulic conductivity, and is a function of the soil pore struc-
ture, viscosity and water content. It is at a maximum in saturated soils and de-
creases with drying. The flow of water in unsaturated soils is much more difficult
to analyze than saturated flow. Darcy's Law may still be used to describe such
flow, and K is termed the capillary conductivity (145). Water moves more slowly
in drying soils, and such movement undergoes an interesting reversal with tex-
ture. In the saturated range, transmissibility is much greater with sands than
clays, but as the soils dry out at water contents not much below saturation, clay
transmissibility is the greater (58). The greater matric forces of clay are holding
water at greater soil moisture tensions than is the case with coarser sands, This
has great importance to soil-water-plant relationships, since water is available to
plants over much greater ranges of soil water contents in the clayey soils,

Vapor transfer is also probably important in drying soils, and is largely a
temperature-dependent function (124).

An irrigation program may result in water losses in one or all of three direc-
tions: runoff, evapotranspiration, and deep percolation. Runoff is usually the
result of physiographic factors, water application to an already saturated soil, or
low soil permeability. Since physiography and application are controlled in jir-
rigation systems, soil permeability and its effects on infiltration usually constitute
the limiting factor on runoff rates. Occasionally one encounters soils with too high
infiltration rates, but more usually the problem is one of too low infiltration rates.
In order to apply water most efficiently, a knowledge of the optimal rate of appli-
cation would be useful, and to this end much research has been done on the subject of
infiltration. The importance of soil infiltration rates, as limiting factors in the
irrigation process, is underlined by Henderson and Haise (96): "...The rate of
water infiltration into soils is a universal factor in design and operation of all
irrigation systems,"

The most obvious factors influencing infiltration rates have been soil texture
and surface aggregate structure, depth of applied water, presence and depth of
impermeable layers, and soil water content at the time of irrigation. Infiltration
tends to be higher in warm months than in cool months and is greatly affected by
the type of soil vegetation cover. Aggregate structure, and hence porosity, is
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often broken down by such factors as tillage practices, raindrop surface impact
when protective plants are absent (93), lack of organic material and high levels
of exchangeable sodium in the soil solution (105). Such problems are dealt with
by improved water and tillage management practices (110), various types of
mulching and green manuring (111), soil amendments, and perhaps most impor-
tantly, cultivation of desirable crop plants,

Infiltration rates may be described by Darcy's Law (103); by using the diffusi-
vity equation, derived from Darcy's Law and the law of conservation of mass, com-
puter solutions of infiltration rates may be found, provided there is available data
on the critical parameters of volumetric water content, K and soil tension. Whether
this and much other important analytical research on infiltration (97, 98, 105, 107,
109) will be translated into major techmques of field irrigation efficiencies, is not
yet clear.

Water movement into and through soil and plant to the atmosphere involves a
series of interdependent flow phenomena. Starting in the soil, it flows down a
series of water potential gradients. From the soil, it is taken up by the plant roots,
moves into the root xylem and up to the leaves. The leaf cell osmotic potential is
the critical component of plant water potential. In well-watered plants, it is offset
by the hydrostatic pressure or cell turgidity. Root water potentials must be less
than soil water potentials or there would be no driving force into the plant., Leaf
water potentials in turn must be less than root water potentials so that water reaches
the evaporating surfaces. This series of driving forces is effectively regulated by
a physiological process—stomatal closure.

Transpiration decreases leaf water content and therefore leaf water potential.
This decrease is transmitted to the roots where the equilibrium with the 3011 is
upset and the resulting driving force moves more soil water into the root. When
no soil water is available, the leaf stomata close and no further decreases in leaf
water potential ensue, Because the plant transpires far more water than it uses
in growth, it follows that fluxes in different parts of the soil-plant-atmosphere
system are generally about equal. Since the driving forces are quite different,
flow resistances must vary considerably. The highest resistances are located in
the roots and at the evaporating surfaces. In fact, the resistance drop from soil
and evaporating surface may be an order of magnitude, while from evaporating sur-
face to atmosphere, it may fall several orders or magnitude (149).

Russell (149) points out that the capacity of a soil to supply water to living
plants is not determined solely by its moisture content, but its rate~dependent as
well as water-potential dependent and will be strongly affected by the dynamic
characteristics of the soil-water-plant system. For instance, knowledge of a
given soil-water content does not necessarily indicate whether or not there is
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enough water available for plant consumption since what might be adequate at a
given transpiration rate could be inadequate at a higher transpiration rate.

Transpiration and evaporation are the same physical process, differing only
in the nature of the surface at which the process takes place. For the physical
process of evaporation to occur, the following conditions must be present: 1) a
vapor pressure gradient (driving force) between the evaporation surface and the
surrounding air; 2) an energy supply (usually from solar radiation) known as the
latent heat of vaporization; 3) a source of water for vaporization. The first two
conditions insure high evaporation rates in deserts where a water source for
evaporation is present.

For irrigation purposes there is no point in differentiating between evaporation
and transpiration, so the two phenomena are lumped together under the term "evapo-
transpiration (ET)!'" Linacre (180) and others believe that it is better to use the term
"evaporation' for both processes since they are identical physically and because
it is a less cumbersome term. When water is lost through ET it is known as "con-
sumptive use". This term is probably used because, unlike runoff, the water is
completely unrecoverable for human use.

The two crucial problems of irrigation are to determine when to irrigate and
how much water to use. Measurement of soil and plant water contents is the so-
lution to the timing problem while evapotranspiration determinations should in-
dicate how much to use.

At high levels of soil moisture, tensiometers, which are manometer devices,
yield reliable values of soil moisture tension. In dry soils, computations must be
‘made from the moisture release curve previously constructed for a given soil (129).
Unfortunately the laborious gravimetric determination method on soil samples is
still the only usable method in many situations (131).

Plant water potential determinations should be much more practical irrigation
timing methods than soil moisture measurements, This will be discussed more
fully in a later chapter, but it can be said here that no practical field method has
yet been developed for agriculture.

Consumptive use or ET determinations are necessary in answering the ques-
tion of how much irrigation water to apply. There are three basic ways of obtain-
ing ET values: 1) water balance studies, 2) standard measuring instruments,

3) calculations using meteorological data,

In water balance studies, simplification is accomplished by creating situations
in which the runoff, subsurface drainage and soil water storage change components
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are insignificant, leaving only the ET component balanced off against a known ap-
plication of irrigation water or rainfall, Some form of this approach is usually
accomplished by lysimeter studies. Lysimeters are devices in which a volume of
soil, which may be planted to vegetation, is located in a container to igsolate it
hydrologically from the surrounding soil. Changes of water content in this con-
tainer may be monitored. This is the only method in which the experimenter is
able to determine every term in the water balance equation (161), There are
many types of field lysimeter, of which the most useful is probably the weighing
lysimeter. These instruments serve a variety of studies including salt balance
studies (855) and as checks on other methods of determining ET. They also pre-
sent many problems, such as whether or not such a limited surface area is re-
presentative of a field as a whole, border effects, time-consuming maintenance
and operation, and expense. They are a valuable research tool but it is unlikely
that they will ever be more than a research tool. Evidently the lysimeter is
flexible in concept; Bingham, et al, (854) in studying the water and salt balance of
a small isolated watershed, refer to it as a ""macrolysimeter".

Of the standard ET measuring devices, only the U.S. Class A pan and a few
similar devices have been widely adopted around the world. The amount of evapor-
ation from a standard water-filled pan is determined for a given period of time,
which is a very easy operation. In considering evaporation generally, the maximum
rates per unit surface area are over water surfaces. Evaporation rates over very
wet soil are comparable. As the soil dries from the surface downward, evaporation
quickly decreases, and the pan will overestimate ET. How much evaporation from
drying soils does occur is an interesting question. Alizai and Hulbert (158) showed
that finer soils lose more water, by evaporation, than coarser soils in arid and
semiarid regions. Depth of drying is also important, and Ramdas (185) established
relationships between evaporation and soil water depth. In dry regions, the amount
of evaporation from a surface will depend on the area of the evaporating surface,
which limits the accuracy of pans. Empirical coefficients for a given area can be
developed for pan data (168, 174), and measurements in many areas have been ex-
tremely accurate. Unfortunately, no universal pan coefficient is possible (191).
Other ET-measuring devices have severe shortcomings, but cannot be reviewed
here.

When we come to the methods for calculating ET from meteorological data, a
further complication is introduced, the necessity of devising methods for estimating
the contribution of plants. In direct sunlight, plants absorb radiation, usually reach-
ing temperatures greater than the surrounding air temperature. Because higher
leaf temperatures create greater vapor pressure gradients at the evaporating sur-
faces, more evaporation occurs, tending to cool the plant. Different microclimates
create a variety of air-plant energy balances. One of the most interesting and
important to desert agriculture is the advective process in the leaves as the air
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passes over them. This results in transpiration levels greater than the maximum
possible rates where direct solar radiation is the only energy source. Advection
is an extremely critical effect mainly confined to arid and semiarid regions.

Generally, the ET of a stand of small, scattered plants is less than that of a

© taller, denser, older stand. The reflectivity of the crop will directly affect the
amount of solar radiation absorbed and therefore the amount of energy available
for transpiration. Although certain facets of evaporation from plants can be de-
termined, the total surface area of evaporating surfaces as well as other physical
properties which would affect plant ET as compared to evaporation from soil or
water surfaces are unknown. An important difference is that evaporation goes on
all the time while transpiration is strictly a diurnal event.

Thornthwaite (195) developed the concept of potential evapotranspiration (PE)
as the amount of water transpired by a given crop when water is not a limiting
factor. Since the goal of irrigation agriculture is to remove water as a limiting
factor on crop growth, it follows that the PE of a crop is determined by climatolog-
ical factors. It has been pointed out that PE can be defined more specifically as
the evaporation equivalent of the available net radiation, i. e. PE is equal to the
ratio R(N)/L where R(N) is the net solar radiation and L is the latent heat of va-
porization (59 cal per sq cm). This is an accurate concept usually, but advective
effects may invalidate it in desertic areas.

Assuming a close positive correlation of solar radiation with temperature,
Thornthwaite expressed the PE as an exponential function of mean monthly air
temperature with a day length factor correcting for season and latitude. The ad-

- vantage of his method is that only temperature data are needed and laborious cal-
culations are unnecessary because of the availability of tables and nomograms.
While this is a highly useful method in some contexts, it has not worked every-
where since it is an empirical equation and the constants are simply not applicable
in many regions. It has been especially inaccurate in arid regions.

Penman's method (184) is on much sounder theoretical grounds, having been
developed from a combination of energy balance and aerodynamic methods. Un-
fortunately it requires data on air temperature, humidity, wind and cloudiness
which must then be used in a laborious calculation. As originally developed, it
was based on the assumption that the PE of a mature short crop surface was in-
dependent of crop type and similar to the PE of a pure water surface. Surprisingly,
these assumptions have proven quite accurate in many regions. In arid and semi-
arid regions the method gives estimates 50-100% greater than those of Thornthwaite's
method. It is often very close to class A pan figures for the desertic regions, and
is probably a good method for such areas (165,171,178,199). Budyko, quoted in Lane
(179), has developed a similar formula based on energy balance considerations along,
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and there have been a large number of other efforts, many of which are quite ac-
curate in some regions (162, 167, 174, 190).

' Following Thornthwaite's work, a number of important empirical methods in-
volving simple calculations and a minimum of meteorological data were developed
to help working irrigators in the field. The most widely used is the Blaney-Criddle
method (159), developed for arid and semiarid regions of the western U.S. This
method uses temperature data and coefficients determined for each different crop.
It has been very successful in the region where it was developed but has suffered
the geographical limitations of most empirically derived formulae. As the state
of the art improves, general equations applicable and accurate everywhere will
undoubtedly be developed and empirical formulae will be used less.

The problems of ET calculation and measurement have engendered an unusual
amount of theoretical and applied research. Indeed, it has inspired the whole field
of agroclimatology, which has in turn put irrigation agriculture on a more efficient
scientific basis.

It has been pointed out that the two avenues of water loss in irrigation are
through ET and deep percolation. If an amount of water equivalent to ET is ap-
plied, any volume of water beyond this amount will probably percolate to deeper
soil layers and the water table. It is this water which is the basis of leaching,
since it is mass flow and carries along with it any dissolved substances. If we
wish to determine how much irrigation water to apply to salty soil, we calculate
consumptive use by one of the methods just discussed, calculate leaching require-
ment by a method to be discussed in a later chapter, and add the two amounts.

The water table is defined as the locus of points at which the soil water is at
zero pressure. Below it in what is known as the saturated zone, water is at a
positive pressure. Above, where water climbs into the unsaturated zone by cap-
illary forces, there are only water tensions or negative pressures. The amount
of water in the "capillary fringe" zone decreases with distance above the water
table. Above this there is usually a dry intermediate or unsaturated zone, and
above that the '"'soil water' zone (208). Depending upon the prevailing conditions,
the relative depths of the various zones may change or even disappear.

In a uniform saturated soil with a constant water input, the vertical influx may
be described by a Darcy-type equation. When water pulses are applied, as in ir-
rigation, water content bulges result, pressures exist in both vertical directions
and flow must be described by the equation of continuity. This equation may be
solved for volumetric water content over distance at various time intervals and ap-
propriate profiles constructed (204). This is essentially the method used in drainage
engineering in order to plot the depth and spacing of drains that must inevitably be
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built if any considerable amount of leaching is necessary and waterlogging avoided
(203).

Irrigation efficiency is defined as the percentage of total irrigation water sup-
plied to a given area made available within the root zone for beneficial consumptive
use by crops. It is to the benefit of the individual to maximize this quantity in arid
lands where water is so often extremely scarce and where as in Arizona, 90% or
more of the water consumed in the state is for crop irrigation. This prompts much
study of the methods of conveyance to the crop field and to the form of application.
All too often the conveyance is via dug canals from which much water is lost both
by evaporation and by seepage. This results not only in supply problems, but in
field waterlogging, which in turn leads to salinity problems. The problem is most
acute in regions of slight relief and high soil permeability where canal waters move
slowly (44).

Summarz

The first part of this chapter was devoted to showing that soil salinity problems
develop through the concentration of soil salts in the root zone by evapotranspiration.
The salts are extremely deleterious to plants and the problem can be solved only by
the application of excess water to wash the salts downward out of the root zone, The
problem of leaching, and hence salt control, is therefore part of the overall problem
of water control and application in irrigated agriculture.

Water moves through the soil in response to driving forces or potential gra-
dients. The extent of flow is also a function of the soil texture and structure and
water content and is termed the hydraulic conductivity. The concepts of water po-
tential and hydraulic conductivity are used to analyze the forces operating on water
movement through saturated and unsaturated soils, across plant roots, and through
the plants to the evaporating surface. The consumptive use or evapotranspiration
is the volume of water used by a crop during growth and without which optimal
growth could not take place. This leads to the concept of potential evapotranspi-
ration, or the amount of water a crop would use if water were not a limiting factor.
The physical factors that influence potential evapotranspiration are discussed and
methods of measuring and calculating are described. The other major "sink" for
irrigation water, deep percolation of leaching water to the water table, is also
described. The water losses and soil problems attendant in certain methods of
irrigation conveyance are briefly considered.

The actual nature and amounts of the salts brought to the root zone are not con-
sidered. In the next chapter the origin and species of the salts conveyed to agricul- '
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tural fields in irrigation waters will be detailed. It will be shown that too much
salt in irrigation waters leads to several different types of salinity problems,
depending on the types of salt. Analyses of irrigation waters before their ap-
plication can result in accurate predictions of potential soil problems, as well
as the requisite leaching required to control those problems,
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IfI. SOIL AND WATER SALTS:
THEIR CLASSIFICATION, LEACHING, AND DRAINAGE

The salinity problem in agriculture is really a composite of several different
problems all created by irrigation water solutes. The problems, defined in terms
of their effects on soils and plants, include: 1) total dissolved solids (TDS) which
presumably act to limit plant growth through the deleterious effect of soil solution
osmotic potential; 2) alkalinity, which is chemically a reflection of the amount of
exchangeable Na present, and physically a condition of poor soil structure result-
ing in low soil hydraulic conductivity and aeration; 3) boron and other toxic ions,
which are usually present in minute quantities but act directly and poisonously on
plant metabolism.

In developing an irrigation scheme, one of the first considerations in planning
is the quality of the water supply and the quality of the soils. If the soils were
"perfect', then one would wish to be able to predict the effect of the irrigation
water on them. If the irrigation water were "perfect', one would wish to gauge its
probable effectiveness on a given soil, which in the case of a highly alkaline soil
might be nonexistent. In practice, neither are "perfect'”, and so one is left with
the problem of predicting their interactive effects and planning the best possible
soil and water irrigation practices.

The first approach to the problem is a set of well-established salinity stand-
ards or indices which have the advantage of practical experience and applieability.

Because of the importance and extent of agricultural salinity problems, the
U.S. Department of Agriculture established the U,S. Salinity Laboratory at River-
side, California, with a mandate to undertake a wide spectrum of salinity-related
research activities. In 1954, "Diagnosis and Improvement of Saline and Alkali
Soils" (222) was published, and since has come into worldwide use as a reference
work because of its distillation of experience and theory into a thoroughly practical
guidebook for the working irrigator. Standards are set for the measurement, clas-
sification and reclamation of irrigation waters and saline and alkaline soils. Fol-
lowing its publication, much of the literature in the irrigation-related disciplines
has dealt with testing, verification, rejection, and revision of the classification
schemes and methods of this influential guidebook (229, 245, 271, 277).

Because the literature is so thorough on the subject of salinity classification,
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there is little need here to do other than cite it and mention a few major points.

~Waters are classified on the basis of electrical conductivity (EC) and the sodium
adsorption ratio (SAR). The SAR can be related to the exchangeable sodium per-
centage (ESP) of the soil solution by a réegression equation and conversion tables or
nomograms are available for ease of use. There are four classifications of water
on the basis of salinity, ranging from low to very saline, and four classifications
on the basis of Na hazard ranging from low to very high. There are thus sixteen
water quality classes. Eaton's (241) residual sodium carbonate (RSC) or bicar-
bonate hazard is simply the difference between the sum of bicarbonate ions and the
sum of the Ca and Mg ions. This is essentially another approach to Na hazard,
since an excess of bicarbonate-carbonate over Mg-Ca means that with evaporation,
all of the Ca and Mg will precipitate out as carbonates and Na will remain as the
only important base, It has been variously criticized by Bower (263) and others
as has the SAR. Both have advantages and disadvantages.

There are four soil classifications ranging from nonsaline-nonsodic to saline-
sodic. The criteria used are the EC of the soil saturation extract, soil pH and
ESP.

Of the four, the most difficult soil is the nonsaline-alkaline. Because of the
high sodium levels present in these soils they are also called sodic soils. The soil
is nonflocculated or dispersed so that it has very little structure. This feature of
disaggregation usually manifests itself in a hard, nonporous surface layer, which
guarantees extremely poor infiltration, while the generally low permeability levels
do not facilitate much leaching.

The soils may be classified morphologically as solonetz soils. The corres-
ponding saline soils are solonchaks. Exchangeable sodium is not the only distin-
guishing characteristic of solonetz soils. They are also usually identified by a
prismatic or columnar B horizon (223). Such a soil results from long-term ir-
rigation with waters of a high SAR. The SAR is the ratio of the Na concentration
to the square root of the sum of the Ca and Mg concentrations, and when it is high,
Na replaces Ca and Mg on the exchange complexes of the clay soil particles. This
illustrates a rather basic fact of life of soils, that the relative concentration of
different ion species can be as important as their absolute concentrations. Gen-
erally, any water with an SAR greater than 10 will ultimately be deleterious to the
soil. In effect, the exchangeable Na levels of the soil will be high and this may be
expressed by exchangeable sodium percentage (ESP). By regression analysis,
ESP may be calculated from SAR values. Evidently, the exact relationships be-
tween SAR and ESP may differ from differing soils. A large number of studies
have been undertaken (221, 227) for the purpose of establishing and refining these
relationships.
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Because there is much evidence that ESP and pH may be correlated, a number
of workers have sought to develop this (234, 243, 245, 277). Unfortunately, in
tropical regions, the correlations between these parameters decrease with humid-
ity. It is difficult to reclaim these soils because of the problem of m oving enough
leaching water through the relatively impermeable layers. The introduction of Ca
in solution, usually by gypsum, is successful in displacing Na from the exchange
complexes when it can be leached through, but this may be a slow process. How-
ever, it has been shown (221) that if saline irrigation water is used for leaching,
the soil tends to flocculate, making it easier subsequently to leach with high-Ca
waters. It can be seen, therefore, why the more common saline-sodic soils do
not present as great a reclamation problem as do the sodic soils.

There are few major studies of alkali soils (223). One of the most notorious
alkaline regions of Europe is the Great Plains region of Hungary, which suffers
from extremely unfavorable topography combined with a high-Na shallow ground-
water table. It is no surprise, then, that the Hungarians have pioneered many im-
portant studies of sodic soils (223, 313, 316).

Boron is a problem in only a few areas. It is extremely difficult to remove.
Unfortunately, the range separating its concentration as a trace nutrient and its
toxic concentration is very narrow (213, 214).

The quality classification of the U.S. Salinity Laboratory and others, on both
soil and irrigation waters, have generated over the past decade a large number of
studies in nations around the world (231, 238, 234, 239, 242, 253, 256). Many
workers have pointed out that although classifications are important and helpful,
they are by no means definitive. Soil structure, plant tolerance, and other factors
affect the ultimate soil reaction to an irrigation water. In general, however, the
effects on soils of low quality irrigation waters have been a focus of field research
all over the world (226, 227, 230, 238, 261, 279). The results have generally
supported the classification criteria.

Given a certain quality irrigation water, salinity prevention through soil man-
agement depends on the application of an adequate volume of leaching water. The
leaching requirement (LR), which is the percentage of total water applied that is
used for leaching, is dependent upon the salinity of the applied water and the mam-
mum allowable salt concentration in the root zone of the crop under irrigation.
Since the salinities can be expressed as EC's, LR equals the ratio of irrigation
water EC to drainage water EC, which in turn is equal to the ratio of equivalent
drainage water depth to irrigation water depth. The irrigation water depth may be
expressed in terms of ET and the resulting equation for LR is only slightly more
complicated, expressing LR in terms of irrigation water salinity, crop salt tol-
erance, and consumptive use (222).
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This equation is based on several assumptions: 1) that no salt is introduced
except through irrigation water or lost through precipitation, which is usually ac-
curate; 2) that there is no other water source, which is usually accurate in arid
regions; 3) that the maintenance of salt balance is under steady-state conditions
which makes the equation useful only as a long-term average; 4) that there is a
close relationship between crop salt tolerance expressed as .allowable maximum
root zone saturation extract EC and the EC of the drainage water, which is prob-
ably usually true within 5-10%. The advantage of the equation is that when the
assumptions hold, soil moisture and salt storage, cation exchange reactions, root
zone depth, and general soil drainage conditions may all be disregarded as long as
drainage permits the specified LR.

Eaton (241, 242, 581) devised a complex quantitative approach to water quality
evaluation which includes formulae for leaching and calcium requirements. The
salinity component is Cl plus 1/2 sulfate, which recognizes a purported greater
physiological potency of Cl. Doneen (239) developed a permeability index which
takes into consideration the effects of both Na and bicarbonate on permeability.
Others have developed models of leaching without some of the more unrealistic
assumptions of the U,.S. Salinity Laboratory model (249, 253).

It was shown in the last chapter that a large amount of investigation has been
undertaken on moisture flow in saturated and unsaturated soils. Much of this has
been on the flow of salt solutions in soil. This uncovers many of the problems of
leaching and profile salt distributions. The hydraulic conductivity tends to decrease
for mixed salt solutions as the clay fraction increases (333, 334, 352). It is possible
that clay swelling will prove useful as an index for relating hydraulic conductivity
to solution strength (333).

Miscible displacement is the dynamic mixing of two soil solutions of different
composition. Flow in such solutions is complex, and both diffusion and hydrody-
namic dispersion (327) are known to occur. The flow properties of many mixtures,
one displacing the other, have been elucidated by Biggar and Nielsen's breakthrough
curves (321, 336-338). They have developed new concepts of leaching requirements,
demonstrating that, depending on soil-water movement rates and method of applica-
tion, the amount of water needed to replace the accumulated salts depends much less
on the salt concentration than the effects of texture and structure on pore geometry
(337). Also, after studying the effects of leaching by rainwater under unsaturated
conditions, they suggest (321) that leaching of unsaturated soils could produce more
efficient leaching by reducing the LR which would then also reduce the subsequent
danger of high water tables. Such an approach to leaching seems promising.

Time relations of profile distributions of soil salts have been relatively little-
studied. Jackson (301) sampling soluble salt movements in the soils of an
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Australian region of shallow saline ground waters, found that the zones of accu-
mulation moved upward during the dry summer and downward during the wet
season. In arid lands, the salt movements are probably determined by irriga-
tion schedules interacting with whatever Seasonality exists,

Qayyam and Kemper (307) found that the water-holding capacity of saline soils

is considerably less than that of nonsaline soils, and that the evaporation from
slightly saline soils is considerably greater than from nonsaline soils. The move-
ment of salt solutions through saturated and unsaturated porous media has been the
subject of considerable theoretical and laboratory investigation (328, 331, 342,
349, 351).

Kemper has pointed out (332) that the physical model visualized by soil scien-
tists, arrangements in soils below field capacity, is changing. The present view
is that the geometry of the water is mainly thin films connecting wedge-shaped vol-
umes. A consequence of this is a partial separation of solutes and solvent ("salt
sieving') which has been explained for considerable local subsoil salt buildups
(324). Schufle argues (209) that the commonly accepted view, that soil water re-
tention in arid and semiarid lands is temporary because evaporation rates are high
may be wrong. Evidence is presented that the water may travel downward in dry
soils toward the water table in thin films which are, however, thick enough to carry
dissolved salts,

Starting from the miscible displacement work, many have shown experimentally
and in the field that various water management practices achieve various degrees of
solute movement control (321). Relatively simple predictive theories have been de-
veloped building on soil and salt water movement and using much of the recent leach-
ing data (329, 349, 350, 351). The development of computer techniques for analyzing
various leaching methods (344-348) appears promising, '

These several paragraphs on the movement of salt solutions in soils are pre-
sented in an attempt to show that potentially such work can enlarge our understand-
ing of the leaching process and lead to improved irrigation techniques. Unfortunate-
ly, no important reviews yet exist which tie this body of work together and relate it
to field problems.

It has long been known that fallowing of crop lands tends to increase soil salt
content (221). The salts usually concentrate in a thin surface layer (213) from which
evaporation took place. This serves to introduce one of the most critical aspects of
irrigation salinity. While it is the universal method of reclaiming salty soils, leach-
ing suffers from a potentially lethal weakness. In many areas high leaching volumes
lead to a high water table, relatively close to the soil surface. This capillary fringe
zone then reaches the soil surface and evaporates, leaving at the surface salts which
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had previously been leached downward. This quickly leads to salinity problems.
In modern times, whole river basins have simply drowned under salt because of
lack of adequate drainage (230).

The only solution is to keep the water table below some arbitrarily workable
depth. There are three ways this may be done: 1) maintain an irrigation regime
geared to some maximal leaching efficiency so that not enough water percolates
downward to significantly raise the water table; 2) pump from tubewells, thereby
lowering the water table; 3) engineer an adequate drainage system to carry away
the excess leachate. In most cases leaching efficiency is already as high as pos-
sible for the prior reason of conserving irrigation water. In other situations, how-
ever, this approach has proved effective. Pumping from tubewells (vertical wells)
is practiced increasingly in many regions of permeable overlays. It is essentially
a mixing process and cannot be practiced in closed basins,

Drainage is the most widely used and effective solution to the problem of high
water tables, and there is now a familiar world-wide litany among irrigation ex~
perts that we cannot have irrigation without drainage.

The whole subject of drainage, both theory and field engineering, is quite com-
plex. Few readable papers exist for the novice on the theory of the subject (622)
but there are many excellent advanced treatments (632-635),

Essentially a drain establishes a surface of zero hydrostatic pressure, at some
point below the ground above which water table rise is undesirable. When the water
table rises to the drain level, the groundwater merely flows down a potential gradient
and is carried out of the area. The drains are a series of open ditches or tiles which
discharge into collecting ditches from which the effluent is carried out of the area.
Depth and spacing of drains are critical problems. Depth alone depends on evapora-
tion rates, groundwater salinity, irrigation regime and soil water conducting pro-
perties. Soil anisotropy and heterogeneity also complicate matters.

Summary

Starting with the premise that salt movement exists only as part of water move-
ment, the components of the hydrologic cycle were covered much as they were in the
last chapter, but with difference in emphasis.

The salinity problem is composed of three separate interconnected problems:

1) saline soils, 2) sodic or alkaline soils, 3) soils containing trace amounts of
plant-toxic substances, primarily boron. Such soils are mainly created by the
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use of irrigation waters of detrimental mineral compositions, so a system of
classifying irrigation waters as to their suitability for irrigation has been de-
vised. Electrical conductivity, pH and exchangeable Na contents of both soils
and waters are the critical parameters, Saline soils exert their effects mainly
on the basis of their salt concentrations, Alkaline soils, which are not well
understood, exert their effects on the basis of a dispersed soil structure and
possibly by exchangeable Na and Ca levels.

Leaching and drainage are a "'you can't have one without the other' duo. Leach-
ing is absolutely necessary in moving excess salts out of the root zone. However,
it leads to high water tables and sometimes soil waterlogging. These problems in
turn lead to soil salinity problems from the opposite direction, that is, instead of
from above, through salty irrigation water, the salts are borne to root zones from
below, through salty groundwater. When such problems occur, changes in the ir-
rigation regime or groundwater pumping may be useful ameliorative activities,
but the most universally practiced solution is drainage. Some of the conditions
and problems of drainage systems are discussed.

In a sense, consideration of leaching and drainage belongs in the chapter on
salinity prevention and reclamation, and will be presented there in more detail.
First, however, there will be an intervening chapter on plant growth in saline soils.
It has already been pointed out that the purpose of irrigation is to provide optimal
soil moisture in the root zone, and that salinity is a problem only because it some-
how interferes with plant utilization of that water. Consideration of the mechanisms
of salt interference with crop growth should lend important perspective to an overall
discussion of salinity problems.
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IV. SALINITY AND DROUGHT EFFECTS ON PLANTS

It has been suggested by a number of workers (373, 377, 413, 426, 428) that
salts effect reduction in plant growth by creating a '""physiological drought."” How-
ever accurate the idea may be, the term suggests affinities between drought symp-
toms and salt injury symptoms.

The soil-plant-atmosphere continuum is a physical framework of environment-
al water potential gradients which has been invoked to account for the movement
of water in the phytosphere. This concept has been accepted generally, although
Philip has demurred on a number of points (395). The two ends of the continuum
are the soil and the atmosphere, or more properly, absorption and transpiration.
Since they are partially decoupled (385, 390), plant water status is dependent on a
balance between them.

Plant growth depends on dry matter production, cell elongation, and cell di-
vision. Productivity is a direct function of leaf area, since the greater the leaf
area, the greater the amount of actively photosynthesizing tissue. When leaf area
is maximal, transpiration is also maximal for a given set of environmental con-
ditions. Plant growth, however, is not directly dependent on total transpiration.
It was pointed out in an earlier section that transpiration is a function of the vapor
pressure difference between the evaporating surface and the surrounding atmo-
sphere. With high relative humidity the difference would be small and transpira-
tion would be minimal. However, plant water levels would be high and the stomata
would not close and thereby limit carbon dioxide diffusion into the plant for photo-
synthesis.

As soil dries out, hydraulic conductivity decreases with a resulting decrease
in soil water flow rates. Root growth is an important plant adaptation which coun-
ters the effects of soil dehydration by increasing the volume of soil available for
root exploitation. Obviously, crops bred for maximal root growth require less
irrigation-water application.

Irrigation scheduling should be keyed to plant water needs, and it should now
be obvious that soil water measurements, however precise, are simply not reliable
indicators of plant water status. The most effective approach to irrigation sched-
uling would be direct plant water potential measurement. This would signal, when

-26-



it reached some empirically determined value for a given crop, the need for an
irrigation. The total amount of water subsequently applied would necessarily be
dictated by some kind of cansumptive use determination for local conditions.

A number of techniques for plant water potential have been developed (380,
383, 392, 396) but none is readily appropriate for quick, accurate field use,
Hellmuth and Grieve (388) modified a dye technique for in situ plant measurements
during an ecophysiological study. Hopefully such approaches will soon lead to
greatly improved practical methods for agriculture.

Compared to other parts of agronomy and plant physiology, the area of salin-
ity effects on plants is not intensively studied. The m odern era may be roughly
divided into pre- and post-1962. In the ""pre' period, much work had been done
on salt tolerance of various crop plants, several hypotheses of salt effects on plant
metabolism had been formulated and partially tested, and a great deal of work had
been done on the physiology of ion uptake. A pnumber of important reviews cover
this work (373, 428, 440, 442, 445, 462, 463, 473-475, 487, 517, 518, 520, 521),
a great deal of which is especially pertinent to arid lands. Since that time, much
valuable work has been done on salt tolerances of various crop plants (493-507),
but the real advances have come in molecular level studies. Unfortunately, no
major, broad review has been published since about 1964 (432). Nor have any
specialized books on the subject been published in recent times except Strogonov's
monograph (377) which was published in the USSR in 1962 and translated into En-
glish in 1964. It is a thorough collation of much research and thinking which had
previously been unavailable in English. It suffers from a limited consideration of
the extant western literature.

In a later chapter it will be shown that, for various reasons, such as exclusively
low-quality available irrigation watex, avast amount of irrigated land around the world
is more or less permanently salt-laden, but still capable of producing crops. For
this reason, it is amazing that probably no nations except possibly Israel and the
USSR have major national commitments to the study of salt-tolerant crops. Epstein
and Jefferies (442) seem thoroughly justified in noting that, "In contract to the vast
efforts invested in reclamation of saline soils, attempts at breeding for salt toler-
ance have so far been on an exceedingly modest scale."

The effects of salinity on plants are not always prominent. Salt-affected plants
are usually stunted and bear small dark green leaves. Close examination reveals
many of the standard symptoms of plant senescence, including succulence and thick,
waxy cuticles which result in decreased leaf extensivility. It should be noted that
these symptoms are also characteristic of moisture-stressed plants. With increas-
ing salinity, the top/root ratio decreases, leaf scorch may appear and the plant
becomes more sensitive to moisture stress. Such plants may differ from drought-
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stricken plants by the absence of wilting symptoms (373) and leaf-burn patterns
associated with specific ion toxicity.

" Presumably the major drawback to plant growth on nonsaline-sodic soils is
the deficiency of soil structure which simply makes plant culture extremely dif-
ficult. Most plants are tolerant to exchangeable Na on partially reclaimed land
(460).

On saline or saline-sodic soils, salts may slow plant growth by three possible
mechanisms of action: 1) osmotic effects, 2) specific ion effects, 3) toxic ion ef-
fects. These mechanisms are not independent and may often be indistinguishable.
This problem has plagued numerous studies of the effects of salinity on plant me-
tabolism,

An almost universal finding is the proportionality of plant growth reduction to
osmotic pressure of the growth medium., This has led to the general theory that
salts mainly exert their effects on plants through osmotic pressure. Certainly a
soil with a high osmotic pressure has a low water potential and there is thus a low
water potential gradient between plant and soil. The consequences of this are ex-
pressed in the ""physiological drought" idea in which it is thought that the driving
force is too small for root water uptake. It has been shown that the roots of many
plants will take up ions to adjust internal osmotic pressure to the soil environment,
thereby restoring the driving forces (403, 419, 424). Although this should eliminate
salinity or drought symptoms, the uncomfortable fact is that it does not. Strogonov
(877) has argued that there is much evidence contradicting the osmotic theory.
There is also much evidence supporting it. Most workers accept the view that
osmotic effects, while not necessarily acting alone, are the major components of
salinity effects on plants. Certainly the U.S. Salinity Laboratory salinity toler-
ance ratings are based on this assumption, since they use the EC of the saturation
extract which is directly proportional to the osmotic pressure,

Toxic substances are specifically injurious. This group includes boron, lithium,
selenium bicarbonate and in various plants, Na, Ca, Cl and virtually any ion present
in excess. Single salt solutions are always toxic. When the effects of different salts
on plant growth are studied, they are usually added to a base nutrient solution or soil.

Specific ion effects are manifested as nutrient or toxic ion problems., If Ca
acts to exclude K, for instance, the problem may be one of a deficiency of K or a
toxic level of Ca. In bean plants on saline soils, Ca acts to exclude the uptake of
Na, making the growth of these plants possible on saline soils as long as Ca levels
are adequate. When they are not, Na is taken up and is toxic to the plant. Much
study has been undertaken on the mechanisms of antagonism and active transport
lending much insight into the nutrition and physiology of plant cells.
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The clear theme of Strogonov's book is the importance of differentiating be-
tween chloride and sulfate salinities because of their generally different expressions
in plants. Chloride salinity is usually, but not always, the more deleterious. Such
concern with anions has not characterized salinity investigations in the U.S. and
investigators often seem unconcerned about anionic species. In several recent in-
vestigations, differences between these salts have emerged (527, 546).

A number of studies on naturally-occurring halophytes were undertaken in
hope of shedding some light on salt tolerance mechanisms. Interestingly, Atriplex
(saltbush) is one of the few plants which takes up Na from the soil and utilizes it
(611). It has even been used to reclaim saline soils by taking up the salts (220).

Temperature increases seem to decrease salt tolerance. This probably results
from increased transpiration rates which quickly produce plant moisture deficits.
Generally, transpiration rates are lower in salt-affected plants. Pea root resist-
ance to flow increases in saline media even though salts are taken up by the plant
and the osmotic driving force maintained (424). The resulting plant water deficit
can be relieved by increasing humidity which results in decreased transpiration,
allowing absorption and transpiration to equilibrate. It has been suggested that
crop growth with saline irrigation waters would be successful in situations where
maintenance of a high relative humidity is possible.

The salt tolerance of many plants varies with life cycle stage. Germination has
seemed, for many plants, to be a particularly susceptible stage. Bernstein has ar-
gued (462) that this may be more apparent than real because of surface layer salt
buildups, but there is little doubt that in many species it is real enough. Manohar
et al (520) feel that salinity may affect germination by either osmotic or toxic ion
effects. The ability of some plant varieties to germinate in saline media parallels
their ability to germinate under drought conditions. Varietal differences seem to
exist with respect to germination in soils of low osmotic pressure (373, 463), offer-
ing some potential for plant breeding.

Of considerable interest is the report of Henckel (Quoted in 373) that soaking
cotton seeds for 24 hours in 3-4% NaCl induced salt tolerance and increased ger-
mination by as much as 30%. Subsequent efforts to repeat this experiment were
unsuccessful (373). Recently however, Chaudhuri and Wiebe (516), using Ca
chloride pre-treatments, successfully induced significant increases in germina-
tion on high NaCl media. After three days, germination of water pre-treated seeds
was 8% while the calcium chloride pre-treatment resulted in 90% germination be-
cause of a large decrease in seed Na uptake. This would seem to offer a promising
area of research in salt tolerance.

In the past decade, much investigation has been conducted on salinity effects
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on cellular mechanisms. Protein synthesis and carbohydrate metabolism have
been demonstrated to be significantly affected by salinity (528, 530-533, 537, 547,
550). Nieman and Poulsen (422) investigated the interactive effects of salinity and
light on plant growth by subjecting bean seedlings cultured on saline media to vary-
ing light intensities. Results indicated that the salts suppressed chloroplast de-
velopment, and that nuclei acid and protein synthesis were abnormally low. Low
water potentials had much the same effect on chloroplasts of several other species
(381) with accompanying decreased photosynthesis.

Poljakoff-Mayber and others have detected decreases in malic hydrogenase,
protein synthesis, amino acid uptake and ATP levels in both salt- and moisture-
stressed plant cells (529-533, 541, 543, 545, 549, 550, 552, 553). These stresses
seem to interfere with the Krebs cycle and hence the carbohydrate metabolism of
the cell. Mitochondria of stressed cells suffer lipid breakdown and increased cy-
tochrome oxidase levels (530, 542, 554). The pentose sugar pathway seems to
become more important in stressed cells.

Itai and Vaadia (536) in a very important discovery demonstrated that osmotic
or moisture stress decreased the root-shoot translocation of cytokinins, which are
hormones produced in the root. Cytokinins seem to play a powerful role in protein
synthesis, which would explain the senescence-inducing effects of salt and moisture
stress. O'Leary and Prisco (544) treated control and salt-affected bean plants with
growth hormones. This treatment did not affect salt-induced root flow resistance
increases, but did increase leaf resistance to water loss and fresh and dry plant
weights.,

The problem of salt-tolerance may become a problem in determining what
types of hormone deficiencies have been created, followed by direct application of
the missing hormones.

It is still too early to assess the probable agricultural application of much of
the work concerning biochemical effects of salt-affected plants.

Summary

Drought stress and salinity stress seem to have much the same effect on plants.
It was argued that absorption and transpiration are the critical physiological para-
meters in drought stress and that critical factors in plant growth are leaf area and
root system enlargement in drying soil. Consequently any breeding program for
drought tolerance should utilize these parameters.

Salt-affected plants do not have optimal leaf areas but do have low shoot/root
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ratios. They demonstrate, along with moisture-stressed plants, a premature
senescence syndrome. Three interacting mechanisms of salt action on plants

are discussed. One, the osmotic effect, is simply an assertion that physiological-
ly drought and salinity stress are the same. '

Possible salt-tolerance mechanisms are discussed wherein it is pointed out
that ionic uptake mechanisms and germination in saline soils demonstrate varietal
differences which may be potentially improved through breeding. Seed pre-treat-
ment with saline media and irrigation with saline water under conditions of high
relative humidity also demonstrate salt-tolerance mechanisms worthy of further
intensive study.

Current work on the cellular biochemistry of salt-affected and moisture-stressed
plants is outlined. Generally the effects of both treatments are identical,confirming
the importance of the osmotic effect in salt-affected plants. The role and suppression
of root-produced cytokinins is discussed. In all probability, salinity effects may be
traced to interference with the root-shoot hormone translocating mechanism. This
may point the way to further breakthroughs in ''salinity agriculture'.
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V. SALINITY PREVENTION AND SOIL RECLAMATION
IN AGRICULTURE

Reclamation of saline soils should have the goal of: 1) reduction of TDS in the
root zone to a level compatible with crop tolerance, 2) reduction of ESP below ten
percent with a concomitant increase in exchangeable Ca, 3) prevention of upward
movement of groundwater, and 4) exclusion of waters high in bicarbonate from any
part of the system. This should lead to an irrigation program which not only maxi-
mizes crop production, but also perpetuates the advantages gained by reclamation.

The literature of land reclamation and salinity prevention is vast. Fortunately,
it can be encompassed because in substance there are actually only two main themes:
leaching and drainage. The use of either technique is not a completely exact science,
so that a great deal of sophistication and expense may be required to apply it success-
fully. This creates problems in all parts of the world, and in some regions the
necessary resources for handling this technology simply may not exist.

Aside from the complexities of application, the leaching process suffers from a
number of inherent problems that always complicate its use, and which may in cer-
tain situations render it impractical. These include: 1) the necessity for determining
leaching curves, which may be time-consuming and difficult (34); 2) the loss of soil
nutrients, sometimes at an unacceptably high rate; 3) the differential leaching rates
of various ionic species such as Cl and sulfates (11); 4) occasional unfavorable ef-
fects on soil structure; 5) the difficulties of integrating the crop watering function
with the salt removal function; and 6) leaching water is usually overapplied during
irrigation by ponding, which can lead to microorganism development and pore
clogging. Probably the most critical factor in the success of leaching is evenness
of application so that the irrigated area will not become a mosaic of salty and leached
patches. -

Drainage installation is almost always expensive. In the case of open drains, the
greatest difficulties are clogging with silt or vegetation, less crop land, and decreased
field access. Tile drains require heavy capital investment (885, 943), suffer from
clogging (615, 629, 651), and require expertise in planning and installation. Errors
could be financially disastrous.

Perhaps a more general drawback to drainage is that it leaves the soil far less
equipped to deal with drought which in some cases may result in greater consumption

of irrigation water.
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This approach of discussing the drawbacks of leaching and drainage is taken in
order to stress that this technology is far from ''cookbook' in application, that it
suffers from weaknesses, and that much need exists, therefore, for supportive
technological advances.

The fundamental LR formula, the ratio of the EC of irrigation water to the EC
of the maximum crop tolerance, implies that if more tolerant crops are planted or
less saline irrigation water is used, then more irrigation water will be available for
consumptive use since for any given combination of crop tolerance and irrigation
water quality, LR is a constant, Salt management, therefore, depends on accurate
LR determinations for salt removal, accurate consumptive use determinations for
plant growth, and the delivery of enough water to satisfy both demands while provid-
ing for adequate drainage or conducting a water application program that minimizes
drainage needs.

Depending on the given situation, efforts may be made to decrease salinity levels,
prevent salinity buildups, or live with relatively high salinity levels while preventing
further increases. Maintenance of any of these alternatives requires some combina-
tion of water application, soil management, and agronomic techniques. Having
started with the assumption that they must be tied to leaching and drainage, this
chapter attempts to outline what seem the most important techniques in use and the
most promising for further research and development. Most of the methods are con-
sequences of the considerations of previous chapters, so that this chapter is mainly a
synthesis. It is not meant to be an exhaustive listing of all possible salinity preven-
tion or reclamation measures.

It was pointed out in a previous chapter that, for a variety of reasons, arid lands
suffer high ET rates, so that with limited available irrigation water, high water-use
efficiencies aré necessary. In such regions, high water-use efficiencies leave less
water available for evaporation and consequent salt buildups. For a given volume of
available irrigation water, a larger fraction will be available for LR. This will be
especially important where the irrigation waters are of relatively low quality or
where the volume of water available for irrigation is limited, which is nearly every-
where.

If the source of irrigation water is surface diversion, lining the canals results in
more water delivery to the irrigation site and minimizes field waterlogging with its
consequent soil salinization (225, 230). At the irrigation site, high efficiencies of
scheduling and application are absolute necessities if high water-use efficiencies
are to be attained. Application amounts are determined by consumptive use calcula-
tions or measurements. The use of accurate, usable methods for predicting consumptive
use are necessary and much research is still needed on this subject.
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Application then becomes a matter of timing and skillful water spreading.
Timing is probably still more of an art than a science. Soil moisture measure-
ments may help, but as previous discussions have already stressed, soil moisture
levels are not truly diagnostic of plant water status because of climatic factors.
Probably the general appearance of the plant is useful, in a relatively crude way,
to the experienced irrigator. Because the direct measurement of plant water po-
tential has not been practically achieved, it should be one of the primary goals of
research in irrigation agriculture.

The timing and amounts of water application also depend on surface permeability
and water table height. Up to a point, irrigation efficiencies will be enhanced by
high infiltration rates. This is an especially critical factor in sodic soils. The
most important methods of increasing this parameter will be covered at several
points in this chapter.

It is becoming appreciated that intermittent irrigation water applications to
unsaturated soils often lead to much higher irrigation efficiencies than application
to saturated soils by such methods as ponding (321, 339). Although such research
is tentative, it is felt that it should be intensively pursued because it could conceiv-
ably lead to considerably improved water economies.

Runoff or tailwaters from surface irrigation usually differs little in quality from
the originally applied waters and should be recycled if significant amounts are in-
volved (800). While the LR must be considered "lost" for Ccrop-growing purposes,
it may often be postponed until the crop-growing season is over. When possible,
such a deferral lends itself to high water-use efficiencies.

A general rule is that one foot of irrigation water per foot of soil depth will leach
about 80 percent of the soluble soil salts (34). If it is necessary to leach four-five
feet of soil, the LR may exceed the available amount of irrigation water or the water
table may rise to generous levels. The practice of mulching with thick surface
mulches limits the rates of upward salt and water movement and often greatly im-
proves infiltration rates and leaching efficiences (701). Fanning and Carter (692,
694) used a 3- ton/acre cotton burr mulch which facilitated reclamation of a saline
soil by rainfall and found that cotton burr and chopped shrubbery mulches were
equally effective in improving salt removal and leaching efficiencies of a periodically
sprinkled surface-mulched saline soil as compared to a flooded or periodically
sprinkled bare soil. Benz et al (688, 708) induced significant reductions in the
salinity of fallowed soil under straw mulches and subsequently increased wheat
production by 15-20 bushels/acre. A wide variety of mulches have been used, in-
cluding gravels and plastics (701, 704, 712) that have greatly facilitated reclama-
tion and increased the leaching efficiencies of many soils.

Sanding (693, 698) is a form of mulching in which a 10cm layer of washed sand
is spread over a flattened saline soil layer. The soil subsequently produced good
irrigated crops, even of the salt-sensitive variety. The results may be explained
by an almost complete suppression of soil water evaporation by the sand layer (697).
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Because of sand transportation costs, the practice can probably prove practical
only in regions not more than 10km distant from a sand source. But this is still
a potentjally important technique for vast areas of coastal deserts around the
world.

A general assumption of LR formulae is evenness of irrigation water applica-
tion. The continuing development of application methods has resulted not only
in more even water application, but possibly also in more effective use of lower

quality waters.

Border, furrow, and flood irrigation are all common and need not be dis-
cussed here except for the observation that they can be extremely wasteful of
water and that with decreasing water quality these methods require a great deal
of skill to prevent soil salinization. Sprinkler irrigation introduces the advantages
of very even application at controllable rates with the desirable microclimatic al-
terations of soil surface cooling and local vapor pressure increases (655, 659).
The major disadvantage is high cost, although some claim that it is not really
excessive (668, 671), Irrigation efficiencies of 85 percent are attained in compari-
son with the 45-65 percent range in furrow irrigation. It has been claimed that
yields are 15 percent higher (664). When water of low quality is used, foliar
damage is a danger, particularly with fruit crops (658).

The use of low quality irrigation waters has become a major problem in arid
land irrigation. The critical challenges concern the upper limits of salt concen-
tration and the problem of application leading to further concentration increases
after evaporation. Boyko (718, 719) claimed that water as saline as ocean water
could be used for high quality vegetable crop irrigation if they were grown in ex-
tremely permeable sandy soils with no clay fraction. He argued that, given the
right soil, the water quality limitation concerned ionic ratios, not absolute concen-
trations. His theory of root water uptake from subterranean dew formation has
confused plant physiologists (57). This would be irrelevant if his methods had re-
sulted in economic irrigated crop production, which unfortunately they have not.

While the upper limits of crop tolerance to total salinity vary greatly with
respect to local conditions, crop deterioration with progressively increasing salinity
levels is well-known and universal. Recently, Goldberg et al (662, 663), have
obtained surprisingly high yields of intensively-grown, high-income vegetable
crops with waters of over 3500 ppm salinity levels. This was accomplished using
"drip" or "trickle" irrigation, where the water is laterally spread on the irrigated
surface from a relatively close-spaced grid of outlets from which it is discharged
at virtually zero pressure. The method demands very frequent irrigations so that
the soil is constantly at or above field capacity, and frequent applications of nitro-
gen fertilizer along with the irrigation water. A high soil matrix potential is thus
maintained and salt accumulation is prevented. _

This method has been used in two arid regions of Israel where the soils are
coarse-textured. Yields compared well with those obtained from sprinkler irri-
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gation. A rather definite treatment effect was seen. The low salt (400 micromhos/
cm) and the saline (3000 micromhos/cm) treatments gave almost identical yield

with trickle irrigation, while the classical yield decrease with increasing salinity
was noted with the sprinkler irrigation. Should this method prove generally workable,
an immediate consequence would be a shift in the direction of plant salt tolerance
boundaries to much higher salinity values. The only obvious drawback of the method
is the generally limited range of soils and climates in which it has been used. Never-
theless, it is felt that this is an unusually promising approach and may lead to pro-
duction breakthroughs in some irrigated areas.

Both mulches and improved water application systems facilitate efficient infil-
tration and decrease surface salt accumulations.

Soil salinity measurement has not been listed generally as a mode of reclamation
or salinity prevention, but it may assume that role increasingly as the state of the
technology improves. Richards (745) developed a soil salinity sensor of parallel
plate configuration using platinum electrodes, a considerable improvement over
earlier ceramic unit electrode probes. Reicovsky et al (743) seem to have over-
come the external field problem in developing an electrical conductivity sensor for
both saturated and unsaturated soils. More accurate methods are continually being
introduced. Obviously more immediate and accurate soil salinity measurements
will expedite the use of more finely-tuned reclamation and salinity prevention practices.

Myers et al (741), using infrared radiometer measurements of cotton plants grow-
ing on saline fields, have extended salinity detection into photogrammetry and remote
sensing. Calibrating leaf temperature with different salinity ranges, they concluded
that salinity causes measurable plant physiological changes and that various environ-
mental factors such as soil salinity and soil moisture, which influence growing cotton
plants, can change from year to year. Remote sensing methods may determine the
existence of critical salt buildups long before they become evident in reduced crop
yields. Ameliorative methods can then be initiated more quickly. '

So far there has been no consideration of the problems of low permeability sodic
soils. Excess Na salts must be leached out while at the same time exchangeable Na
is being replaced with exchangeable Ca. Since permeability is so low, leaching is
extremely slow, at times almost impossible.

The use of soil amendments is the most widespread method of introducing ex-
changeable Ca (674-686). The most common amendments are gypsum (hydrated Ca
sulfate), lime (Ca0), elemental sulfur, and sulfuric acid. Bohn and Westerman
(676) make the interesting suggestion of using the sulfur dioxide effluents of the
mining industry in the southwestern U.S. to create a sulfuric acid industry. The
sulfuric acid would be added to irrigation waters to remove bicarbonate ions and
help alleviate a serious sodic soil problem in that region. Whether such an industry .
could prove economically viable is not known, but there is ample precedent for its
creation. A possible drawback to the plan could be possible critical buildups of soil
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sulfate. The suggestion, however, contains much merit because sulfuric acid is a
superior amendment in many ways, and because this would link irrigation agriculture
with an industrial process.

Another such link is also possible. Soil polysaccharides and polyuronides, through
their decomposition and binding action, promote the formation and stabilization of soil
aggregates. This property would seem to qualify them for a.role in the aggregation of
dispersed sodic soils. Much work has been done on the subject in Puerto Rico, using
bagasse and molasses, waste products of the sugarcane milling industry. Weber and
Van Rooyen (711), working in an arid part of South Africa, compared the ameliorative
effects of molasses meal to more commonly used sodic soil amendments. Results
proved its long-term effectiveness and superiority. After a relatively short period,
soil physical properties were drastically improved, while TDS, PH, and SAR were un-
changed. It was felt that polysaccharide aggregating powers were much stronger than
Na dispersing powers. The economic efficiency of both the molasses industry and ir-
rigation agriculture would probably both be enhanced if this method fulfills its promise,

Deep plowing or subsoiling increases permeability and breaks up the prismatic B
horizon , mixing it with the Ca-bearing lower layers (695, 700, 707). This method
has been extensively and, in some areas of both the U.S. and the U.S.S.R. ,» quite
successfully used. In the saline-alkali soils of the Casa Grande Valley of Arizona,
deep tillage opened up the soil enough to permit easy water penetration and subsequent
reclamation without the use of amendments (703). Cairns (691) accomplished much the
same thing with deep plowing to 18-24 inch depths in solonetzic soils of Alberta. Be-
cause of the heavy equipment needed, the method can be quite expensive,

Reeve and Doering (727, 728) demonstrated that soil-flocculating properties of
saline waters can be used to increase the permeability of sodic soils so that leaching
with amendments can proceed. The "valence dilution" method involves leaching with
waters high in Ca, Mg, and TDS so that the salinity flocculation effect moves forward
and exchangeable Ca is increased.

A rather esoteric, but possibly very effective, method has recently been resurrec-
ted and improved. Puri and Anand (706) in 1936, experimented with the passage of DC
current through alkaline soil solutions with good results in both the laboratory and the
field. As soon as the current was turned on, percolation rates increased, which seems
more like electroosmosis than electrodialysis. However, they recovered NaOH and
claimed this could be an economic by-product of the method. Apparently it excited
very little interest until recently when Gibbs (696), using box-like blocks of saline-
alkaline soils, passed currents through them, promoting dissociation of Ca carbonate
which increased the exchangeable Ca and moved Na toward the cathode. In the U.S.S.R.
where this method has generated wider interest, Berezin (689, 690) passed currents
through almost ""worthless" or impermeable solonetzic soils in Azerbaijan, with the
resulting soil and water movements improving permeability and expediting leaching con-
siderably. He claimed that lower density currents were most effective and the power
costs during amelioration low. It would seem that more field testing of this method is
justified, particularly from the point of view of economic feasibility.
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It was pointed out that the LR can be influenced by either changes in the irrigation
water quality or changes in plant tolerance to a given root zone salinity. Sometimes
the two methods can be combined by choosing crops appropriate to a given leaching
method. Rice is often planted early in reclamation projects (735-737) because the
ponded leaching water would drown out other crops. However, the method is not
always as desirable as some have claimed because land surrounding the rice field
often becomes more saline. Judicious crop rotation, keyed to cyclic soil profile
salinity movements, has long been a method of living with salinity problems while
they are gradually ameliorated. Asghar and Khan (731) described such a rotation
scheme for rice, wheat, sugar cane, and cotton-senji whereby soil salts moved from
eight feet in depth to five, in a region of the Indus Valley.

In describing agronomic approaches to dealing with the soil salinity problems, it
was shown that this promising avenue has been much neglected. Working from the
plant salt tolerance end of the salinity problem will probably generate the future major
breakthroughs in productivity under saline conditions. A note of caution must be
sounded, however, Experimental information on crop salt tolerance has usually been
obtained under optimal growth conditions with respect to a wide range of critical en-
vironmental parameters (34). Further, there is evidence that individual plant salt
tolerance may vary with growth stage, climate, or soil moisture. Seed germination
may be a particularly sensitive stage.

On the basis of arguments from the last chapter, research in the following methods
of increasing plant salt tolerance is urgently needed because it is felt that they contain
great promise:

1) saline water pre-treatment of seeds (373, 516)

2) massive plant breeding programs for increased salinity tolerance under
various environmental conditions and growth stages

3) hormonal foliar application (544)

Both physiological effects and the possibilities of economic hormone production must
be assessed.

If relative humidity is close to 100 percent, plant transpiration will be close to
zero, since it is a function of the vapor pressure difference between the mesophyll
evaporating surfaces and the surrounding atmosphere. Assuming that adequate light
reaches the plant for photosynthesis, carbon dioxide is present innormal atmospheric
concentrations, and adequate nutrients are available, plant growth should proceed
with very little water consumption. This leads the way to techniques which differ
significantly from current arid land irrigated agriculture. The development of con-
trolled climate structures such as plastic greenhouses would enable plants to take
advantage of the one non-limiting desert resource, sunshine, while eliminating the
high water requirements usually so characterlstlc of arid land agriculture because
of the high evaporative demand.
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This has been done by the Environmental Research Laboratory of the University
of Arizona, at desert seacoast locations in Sonora, Mexico, and Abu Dhabi on the
Persian Gulf (746, 748), and the results are most encouraging. The water for these
facilities comes from desalination projects. However, there is no reason why such
a facility cannot be adapted to any arid region with some water sources, even low
quality water sources. Goldberg et al (662) point out that their drip irrigation method
is well suited to such conditions. Additionally, the use of plastic mulches increases
productivity enormously in the greenhouses (747). Possibly the integration of direct
plant hormone foliar spraying into this type of crop raising could further potentiate
productivity.

This example should point out that improvements and innovations in dealing with
salinity problems should not only be dealt with singly or in isolation, but should be
used in various combinations and integrated into broad-based research and develop-
ment programs. It is certainly difficult to understand why the U.S. and other
countries are not channeling into this type of research even a fraction of the research
budgets that now support conventional agriculture.

Finally, as Jewitt (220) points out, soils often, inexplicably, defy all rational
attempts to reclaim them. Thus it should be remembered that it is probably inevi-
table that some reclamation attempts, no matter how well conceived, will fail.

Summary

Leaching and drainage are the backbone of salinity reclamation and prevention
techniques. It was stressed that they permit the existence of irrigated agriculture
in many regions, particularly where saline irrigation waters prevail, but that they
contain their own inherent difficulties that contribute to system instability.

No effort was made to review in depth or to describe exhaustively all the methods
used in agriculture to deal with salinity problems. Rather, those touched upon were
those  which it is felt are the most effective or contain some prospect of progress
in achieving high effectiveness. These include irrigation timing and consumptive use
determination, canal lining, methods of increasing infiltration rates, including the use
of mulches and new water application systems, use of low quality waters for irriga-
tion, soil salinity measurements, sodic soil treatments, agronomic methods of
utilizing plant salt tolerances, and controlled environment high humidity agriculture.

Drainage methods were not considered. Childs (623) has written: ""During the
last thirty years drainage theory has developed more rapidly than its application. "
A number of excellent references are furnished and it is felt that in the amelioration
of salinity problems there is little more that can be expected from drainage than the
state of the art is already permitting,
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There seem to be three directions in which solutions to salinity problems are
trending:

1) those that improve on existing methods. This group includes mulching,
intermittent leaching of unsaturated soils, sprickler irrigation, and im-
proved salinity measuring methods.

2) those that improve so muchon existing methods that they may constitute
major breakthroughs in production. These include trickle irrigation with
saline water, and crop spraying with plant hormones.

3) those that improve existing production and involve ‘such basic changes
that they may alter the fundamental nature of arid land irrigated agricul-
ture. The candidate here is the controlled environment plastic greenhouse.

In the final chapters, major chronic shortcomings of arid land irrigation agricul-

ture as it is practiced today will be pointed out. This will serve to emphasize the
importance of point #3, above.
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VI. WATER QUALITY AND THE TOTAL DRAINAGE BASIN

The tendency of modern science to fractionate rather than synthesize seems
nowhere more manifest than in the choice of the root zone or crop field as the basic
unit of interest. While this choice has much to recommend it, the neglect of the
total drainage basin as an object of study has been puzzling, The same principles
of salt and water balance apply to the drainage basin, and most of the data necessary
for balance studies are available. The work of Pillsbury and Blaney (753) did much
to stimulate thinking about basin-wide salt balance studies, and more recently the
U.S. Environmental Protection Agency published a study (754-758) which is probably
the most thorough treatment yet undertaken of salt problems in a single river basin,

It is rapidly becoming an article of faith in modern environmental science that
nothing operates in a vacuum, which is a way of saying that some consequences of
a unit operation are always externalized. An overall view of the drainage basin must
consider both surface and groundwater, salt sources, salinity variations in time and
Space, the various components of the drainage basin as both sources and targets of
salinity, and, when necessary, approaches toward integrated, basin-wide ameliorative
measures,

Russell (65) describes a river which is flowing through an arid region and holding
in solution Ca,. Na, Cl, sulfate and bicarbonate ions. Because of the high ET, the
salts will become progressively more concentrated and Ca carbonate will first pre-
cipitate from solution, Furthur downstream, after more evaporation, Ca sulfate
precipitates next, leaving a solution of Na salts. Under some conditions, when
evaporative levels are high, the Na salts will be left as a white efflorescence on
the soil surface. This example brings out three critical properties of arid zone
rivers: 1) progressive salt concentration with distance downstream, 2) the impor-
tance of relative salt solubilities, 3) the tendency for Na salt concentrations to in-
crease in a downstream direction while Ca salts decrease (771). Studies of salinity-
contributing factors in river systems indicate the importance of climatic phenomena
(779, 780). Downstream, the combined effect of ET and irrigation return inputs is
usually the critical salt-concentrating factor, although various other salt sources
may also exist,

Salt accrual in a river basin may be by salt-loading or salt concentrating, Salt
loading is an increase in the absolute amount of salts by input from various sources,
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Salt concentrating is an increase in relative salt levels, mainly through water loss
by evaporation. Salt sources may be either point sources which are easily identifi-
able and controllable, or diffuse sources spread over wide areas and not readily
controllable.

In assessing the salts of natural waters which are used for irrigation, a natural
starting point is identification of the many and diverse sources of these salts. The
ultimate source of all salts is the process of rock-weathering (769, 771, 783). The
redistribution of the products of the weathering process over time now furnishes a
number of secondary sources as well as the still-operative primary source.

A major secondary source is the ocean. A form of salt pickup in arid lands often
neglected is the accretion of airborne or "cyclic' salts. While this is obvious in
coastal regions, it is also an important salt source in some regions at distances in-
land (762, 764, 773). Eriksson in a classic review (769) points out that some major
evidence for this process is the presence of large amounts of chlorides in arid
regions that cannot be accounted for by weathering processes. The salts, mainly
NaCl, are taken up from ocean spray and form aerosol clouds. These invisible
clouds are continuously present at various heights above the Earth (765). Salts are
removed from the atmosphere by rain and by collision with ground structures such
as plants and buildings. According to Cassidy (764), there is evidence that these
aerosols, in certain regions, are 1000 times more important in C1 deposition than
‘rainfall. In certain places they have altered vegetation and led to the paradox of salt
problems in high rainfall areas. In parts of the deserts of Iraq and Iran, there is an
accumulation of 1 kg/ha from this source, which is small, but over 10,000 years
would result in accumulations of 1 kg/sq m (237).

Surface streams in arid regions pick up salts by natural leaching and weathering
of rocky outcrops containing soluble salts (771, 780, 816). This is salt-loading from
numerous small diffuse sources, but the integrated uptake from the entire drainage
basin may be enormous. In some regions, the sources may not be small or diffuse.
The southern High Plains are underlain by thick salt layers, derived from an oceanic
past. In the basin of the Red River alone, several tributaries pick up 2500 tons/day
(759).

Thermal and mineral springs are extremely significant salt contributors to many
surface waters (755, 842, 868). Such point sources constitute 23% of the salt load
from natural sources of the Colorado River drainage reaching Hoover Dam (754).

Gibbs (771), on analyzing the chemical data for many surface water bodies around
the world, including oceans, concluded that it was possible to distinguish between
waters on the basis of salt-accretion mechanisms, which are, at least in part, re-
flections of climate. The waters of arid region rivers are characterized by the
evaporation-crystallization process, in contrast to the atmospheric precipitation

-42-



or the rock dominance mechanisms of other regions. The resulting high salt con-
centrations are dominated by Na and Cl and the precipitation of Ca carbonate. Ex-
amples of such rivers are the Jordan River of Israel, the Pecos, and the Colorado
Rivers.

The properties of rapid water turnover and salt-concentration downstream, typical
of surface waters, are balanced by the groundwater properties of long retention times
and salinity increases with depth, though neither is an invariant property. Just as
with surface water, climate influences salinity, and the salt levels of arid region
groundwaters may be extremely variable over both short horizontal and vertical dis-
tances (845). The salinity ranges of groundwaters are much higher than those of
fresh waters. A number of factors contribute to this high variability.

In the case of shallow aquifers alone, retention times average about 200 years as
compared with about nine days for stream channels (842). Such retention times are
sufficiently long for the establishment of most chemical equilibria. It then follows
that the critical factors in the creation of groundwater salinity are: 1) the nature of
the aquifer rock, 2) retention time, 3) mode of aquifer recharge, since infiltration
from rainfall or surface waters can lower salinity levels while underground evapo-
ration may have opposite effects. In the recharge process, natural leaching as well
as irrigation-connected leaching may bring high levels of salt-loading into the aquifer,
usually at the shallower levels.

Fresh water layers may overlie denser salty layers. Because of their tremendous
inherent structural variability, desert aquifer groundwater patterns are extremely
complex. Hydrogeologic patterns in arid lands normally include a recharge area in
mountains and a discharge system in lowland areas with an often intermediate area
of lateral discharge (835). Many local geologic, physiographic and climatic factors
are superimposed on this basic system, and local study of such factors leads to much
insight into man-made contamination problems which are usually concentrated in the
lowlands. This includes most irrigated agriculture which is mainly in valleys or
basins.,

A relatively new and potentially widespread source of groundwater mineral pol-
lution, which is mainly a consequence of human activities, is salt intrusion into
coastal aquifers (760, 767, 778). The marine inflow is usually the result of ground-
water overdraft by agriculture or municipalities, It has become a serious problem
in southern California, Florida, and India. In all probability, the problem will spread
and intensify in many regions.

We have seen that natural weathering, leaching, and evaporation, sometimes in

somewhat different forms, are the important salinization factors in both surface and
subsurface waters. Further, such events as movement of salty underground water
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through springs to surface waters and leaching of salty surface waters downwards
illustrate the enormous extent of crossover existing between the two hydrologic
compartments.

It follows that the large amounts of salts generated by human activities will find
their way into both surface and groundwaters. The effects are usually obvious im-
mediately in surface waters, which can lead to a heightened public awareness of
the problem. The effects on groundwater salt levels can be enormous and of po-
tentially great social consequences (842), but not so immediate because of long
retention times,

Essentially, water uses lead to salt buildup, thereby limiting potential reuses.
The reuse chain is in many respects similar to a biological food chain, with salt
concentration analagous to energy losses. Just as with the food chain and its energy
losses, the water reuse chain is limited in length, because salt levels soon build up
well past the point of potential value to any user (714).

Irrigation is the biggest water-using process in modern society (751, 940, 947) -
and the largest man-caused contributor to salt buildup (225, 794). Irrigation leach-
ing results in drainage water two-eight times more concentrated than the applied
water. It is difficult to overstate the massive contributions of irrigation to both
surface water and groundwater salinities (278, 794, 842-~844). Meron and Ludwig
(837) estimate an irrigation contribution of about 60 percent to the groundwater salt
buildup in southern California as compared to about 40 percent derived from general
urban activities. Of the Colorado River, Holburt and Valantine (868) say that "...
the primary activity in the River's salinity is the application of water to lands for
irrigation and the return of the salts contained in the diverted water to the River,
together with those salts picked up by the return irrigation waters.' Of the one
million tons of salt passing Hoover Dam each year, over one-third is donated by
irrigation return flow. Wilcox (278) maintains that the doubling of the annual salt
load of the Rio Grande passing through Ft. Quitman is mainly the result of irrigation.

Public health standards dictate a desirable upper TDS limit of 500 ppm for municipal
drinking water, so it is obvious that the effects of irrigation drainage water on municipal
supplies are not beneficial. Correspondingly, because the TDS of treated sewage waters
may run as high as 500 ppm, this source could in theory make a significant total con-
tribution to river salinity, particularly if several large cities are donating sewage ef-
fluent. However, in the Yakima region, the contribution of salts from treated sewage
waters was insignificant compared to the contributions of irrigation return flows (805).

Other man=-caused salinity sources include oil-field brines, manufacturing pro-

cesses, mining, and abandoned wells. They all essentially constitute identifiable
point sources.
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It is possible to apply salt~reducing techniques to the drainage basin. The most
important methods are:

1) reduction of natural salts, by:

a) elimination of point sources: natural springs or seeps, diversion,
evaporation from collecting basins (868)

b) reduction of pickup from soluble salt formations: paving of stream-
beds (873), diversion of stream from the formation (868, 754)

Neither of these methods is always possible or economically feasible, but where
they can be used, as in the Colorado River drainage basin, their contribution to salt
reduction can be substantial (754, 757). Similar programs are necessary in Israel
because of the salination of Lake Tiberias by mineral springs (752).

2) river bank treatment, by:

a) channel straightening and deepening: channeling-stream sediment
load and turbulence would both decrease, which in turn would de-
crease salinity levels (753) in some way not well understood or
quantified; would reinforce the above effects and lower the amount
of water accessible to phreatophytes

b) general phreatophyte control: these plants are thought to be immense
water consumers in the southwest, and thereby help to raise river salt
levels (859). Important river improvements such as those undertaken
for the Central Arizona Project include phreatophyte control programs,
There is little quantitative information on their water consumption levels.

3) drainage, by:

a) horizontal drainage: Pillsbury and Blaney (753), in considering a
flood plain, argue that it is axiomatic that alluvium is heterogeneous
and anisotropic, and that as one proceeds downstream, the ratio of
horizontal to vertical hydraulic conductivities, always greater than
one, steadily increases. Horizontal subsurface drainage is thus im-~
portant in maintaining basin salt balance.,

b) bypasses: upstream, drainage effluents can be diverted back into the
main channel, but as the salinity of the river increases, this becomes
less desirable because downstream agriculture quickly becomes mar-
ginal. An ideal solution is the construction of a separate drainage
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channel that would prevent any mixing and empty directly into the
ocean or an evaporation basin. The San Joaquin Master Drain,
which would carry irrigation waste waters out of the San Joaquin
Valley and empty them into San Francisco Bay is an example of
this. So far the channel has not been built because of the environ-
mental controversy it has generated concerning San Francisco
Bay (924, 926). Ebert has proposed (793) a similar tile drain
for the increasingly salty Murray Rijver Valley of Australia, In-
creasingly in the future, such bypass drains will probably be built
when feasible. Even a small bypass around Mexico's Morelos
Dam has proved moderately successful (911).

4) groundwater salinity abatement: In the long run, this may be one of the
most critical irrigation-related salinity problems. As surface waters
deteriorate downstream, the groundwater basins they recharge also
deteriorate. This, together with irrigation leaching, is introducing
vast amounts of salt into groundwaters. Partial solutions to the pro-
blems include:

a) pumping out of the groundwater basin: The water table is lowered
by the pumping of relatively saline groundwater. In the San Joaquin
Valley (869) the water is discharged into the irrigation canals, mixed
with the higher quality gravity supply and reused. As Christiansen et al
observe (857), this is a fine solution for the drainage problem, but
does very little for Valley salt balance. In the Wellton-Mohawk Dis-
trict of southwestern Arizona, pumping is a form of reclamation as
well as water table control (801). The drainage water is so salty
that.it has created problems with Mexico (see next chapter). Pump-
ing is also being used more extensively as a control measure in the
waterlogged Indus Valley of West Pakistan (976, 978).

b) maintenance of an intensive network of observation wells so that the
pressure and direction flows in a basin can be determined

c) development of water table and soil salinity maps to identify the
gravity points of salinization (849)

5) managing river basins with the sequential use established according to
relative purity requirements and pollution potential (753, 799). Probably
not usually practical because water is only one component of the total re-
source mix that determines where users locate

6) elimination of man-caused point sources by:
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a) irrigation: there are two avenues of approach in reducing or
eliminating salinity contributions from this source. One is
higher water-use efficiency: this probably becomes increasing-
ly difficult downstream as the saltier water available for irriga-
tion creates progressively greater LRs, even with more salt-
tolerant crops. The other is usually considered somewhat radical:
curtail new irrigation developments and possibly even eliminate
some of those already in existence

b) other: elimination of other point sources as feasible, as examples
elimination or cleanup of industrial effluents and injection of oil
well brines into deep strata. A point source not so amenable to
solution is reservoir evaporation, which accounted for 12 percent
of the salinity in the Colorado River at Hoover Dam under 1960
conditions (754).

Nitrates have not been mentioned as salt problems until now, because they are not
a problem to agriculture, except possibly for certain vegetable crops, However, they
are a public health problem when concentrations rise above 45 ppm in municipal waters
(903). Although there are many possible nitrate sources, irrigated agriculture has
been considered one of the possible major contributors because of the leaching pro-
cess and resultant movement of fertilizer nitrates into groundwater. Groundwater
concentrations have risen above safe levels in some parts of the San Joaquin Valley
(891, 903, 904, 906). Municipal sewage, septic tanks, industrial waste waters, and
fertilizers have all been implicated (903). In the Fresno (California) area, hydro-
graphs indicate sewage treatment plants are the main source. In the arid Delano
area (898), nitrate increases were closely correlated with rises in the water table
following the onset of importation of water from northern California. It appears
that the rising water table solubilized fertilizer nitrate in the soil. A study on the
upper Rio Grande shows that great increases in the use of nitrate fertilizers have
taken place over the last 30 years but have not been accompanied by higher river
nitrate level (896). The problem is complex and likely to get worse because of in-
tensifying fertilizer use.

There are a number of water-conserving or water-producing techniques that have
been much discussed, particularly in the popular media, but which so far have gone
unmentioned in this paper. These include antitranspirants, evaporation-suppressing
surface films for reservoirs, interbasin water transfer, seawater desalination, and
rainfall production by weather modification. Because it has been considered virtually
a panacea for water shortages by a wide range of both well- and ill-informed observers,
the omission of seawater desalination may in particular seem strange to many. "
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A consideration of the drawbacks and potentialities of these various proposals
could easily fill volumes. For the purpose of this paper, it will have to suffice
to consider a small number of critical failings which would seem to rule out any
of these alternatives for at least the near future.

It is doubtful that anyone familiar with the research to date on antitranspirants
or reservoir evaporation suppressants would consider them likely to have an ap-
preciable impact on national water resources. A revolution in the state of the art
of either is probable but does not presently seem possible. As the lack of cure
for the common cold and frequent incorrect weather forecasts show, modern tech-
nology has certain practical, if not theoretical, limitations. Probably the correct
weather forecasts as a percentage of all weather forecasts is much greater than the .
percentage of probably successful attempts at weather modification. The simple
fact is that despite great promise, artificial rainfall production, like antitrans- ‘
pirants and evaporation suppressants, simply has not worked. In the case of weather
modification, the achievement of the technological goals may not hecessarily be crown-
ed with social acceptance. It has not yet been shown that any particular region can be
given rain without taking it away from some other region. The social bitterness and
even warfare that might result when certain regions suffer droughts while others are
benefitting from induced rainfall will surely not await conclusive demonstrations of
cause-and-effect.

In the case of interbasin water transfer, existing technology indeed seems adequate
to the task, but sociopolitical considerations on both national and international levels
may constitute immovable barriers to many proposed projects. A major case in
point is a proposed transfer of water from the water-rich Columbia Basin to the Col-
orado Basin. Political opposition and resentment have been steadily building in the
Pacific northwestern states. Their congressional representatives succeeded in pass-
ing a bill 1imiting any action for a decade solely to feasibility studies. It is a fair bet
that the region will soon have acquired enough political power to permanently thwart
the southwestern states. A gigantic proposed transfer of water from Alaska and Can-
ada (NAWAPA) will involve such enormous capital and planning considerations that it
will probably take a generation to build. Even this may be stalled, however, by blos-
soming intransigence on the part of Canada.

The U.S.S.R. has encountered a large amount of internal opposition to its plan
to divert the Artic-flowing Ob', Yenesei, and Pechora Rivers to the semiarid central
Asian region around the Caspian Sea. Most of the opposition stemmed from the pos-
sibility of world-wide climatic changes. South Africa and Australia have both achieved
some interbasin transfers, but on a very small scale compared to the proposed NAWAPA.
While such transfers may be created on some small-scale national levels, it is difficult
to envision them underwriting extensive new irrigation developments around the world
in the near future. '
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The volume of literature on seawater desalination has probably grown exponen-
tially in the past several years because there is scarcely a single country with the
technological capabilities that has not extensively investigated its possibilities.
Certainly those countries with large cultivable tracts of arid lands have found it
especially interesting.

A number of difficult problems such a technology poses have not been adequately
considered. Starting with the fact that irrigation agriculture far outdistances any
other human activity in water consumption, one may compare water needs for the
production of various diets. High protein western diets require about 4.5 af/year
while low protein eastern need about 1.5 af/year. Hoare (71, 72) calculates that
at current rates of power consumption, and using atomic energy for seawater dis-
tillation, equivalent amounts of energy needed for production of this much water
would be about 16, 000 kwh and 50, 000 kwh for eastern and western diets. Current-
ly, average per capita consumption of electric energy in the west is 2000-4000 kwh/
year.

It would certainly appear that only a very few wealthy regions could ever afford
to produce food at such costs. Another problem that few have considered (927) is
the problem of disposal of the enormous amounts of brine produced by the desalina-
tion of so much water.

It seems fairly certain that such water can be produced economically for municipal
and certain types of industrial consumption and probably for specialized types of agri-
cultural production such as greenhouses. It seems unlikely that it can be consumed
economically by plant growth, much less for leaching salts in soils. Since the avail-
ability of large amounts of cheap, desalted water is a necessary condition for Paw-
ley's theory (33) described in Chapter I, that the Earth can feed enormous human
populations in part by irrigation of deserts, it would appear that the theory may
never be put to a test.

In summation, it would be folly to ignore the record of modern technology in the
solution of such difficult problems by asserting that they will never be solved. How-
ever, it is also folly to plan huge irrigation projects dependent on presently nonex-
istent or uneconomic or socially untenable technologies. That is why this paper
takes the position that the most likely '""source' of more water for irrigation is
elimination of low quality water sources in river and groundwater basins as far as
is possible, together with protean concentration on high water use efficiencies.
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Summary

Salts and salty waters, like almost everything, must originate somewhere.
The sources of salts that eventually enter rivers may be roughly subdivided into dif-
fuse and localized (point) sources. Salts from atmospheric precipitation and natural
weathering with subsequent concentration are examples of diffuse sources difficult or
impossible to control. The point sources, mainly mineral springs and human activi-
ties, are identifiable and usually more controllable. An exception is irrigation return
flow, about which it is basically impossible to do much except dilution with fresher
waters if they are available, or the construction of a bypass drain. The bypass drain
method may, in the future, become an important method of ""desalting' downstream
regions of heavily irrigated drainage basins.

Groundwater pollution, either directly or indirectly by leaching water, is probably
a much more serious problem that most people presently realize. This could become
one of the greatest issues of irrigation agriculture.

The nitrate problem is briefly considered. Generally agriculture is probably not
a serious contributor, but fertilizer usage is increasing and the problem will probably
get much worse. '

Some methods of water conservation or augmentation which have been widely con-
gsidered as solutions to fresh water problems were discussed and considered improbable
as major irrigation influences in the foreseeable future, These include antitranspirants,
reservoir evaporation suppressants, interbasin water transfer, weather modification,
and seawater desalination.

On the drainage basin level, any given irrigation operator comes into contact with

other operators, municipalities, governments and regulatory bodies. The next chap-
ter thus treats the scantily-studied socioeconomic part of the salinity problem.
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VII. SOCIOECONOMIC ASPECTS OF SALINITY PROBLEMS

An economic analysis of salinity problems should, in all probability, be based on
the "yield decrement" method. This would determine how much lower crop yield is,
in the presence of a given amount of salinity, than it would be in a nonsaline soil.

The value of this lost production could be estimated and an appropriate economic
analysis be undertaken, utilizing such data as capital costs and water values. Models
could be generated, and budgeted costs and returns projected for various sets of con-
ditions. Such analyses have not been done because physical data relating crop yields
to irrigation water quality under field conditions have simply not been collected. It

is thus impossible at this time to establish salinity damages or costs as functions of
water quality. -

Pillsbury and Blaney (753), in an effort to find an economic index for evaluating
low-quality irrigation water, devised the degradation ratio, which is the fractional
equivalent of degraded water to good water for irrigation use. The efforts of Yaron
and his group (948), in such matters as finding the least cost combination of water
Quantity and salinity that provides for a given soil salinity index at the end of the ir-
rigation period, will undoubtedly be of great value,

Degraded water quality is a detriment to other beneficial uses besides agriculture
and these too must be identified and given cost evaluation, Water hardness affects
domestic users, increasing soap and water costs and causing metal water pipes and
water heaters to corrode. Industrial users suffer from high mineral contents when
water is needed for boiler feed and cooling (946).

The U.S. Environmental Protection Agency and its predecessor Federal agencies
undertook a massive and detailed study on the Colorado River Basin (754-758), with
the goals of identifying the magnitudes and causes of salinity levels in the river,
identifying physical and economic impacts of salinity on water uses, and assessing
the economic costs and benefits associated with various levels of salinity control.

The study did not fall into the common error of treating water as a homogeneous com-
modity or the quality needs of various users ag identieal. The data was used to make
economic and physical predictions for various future conditions,

Not surprisingly, it was shown that as salinity levels rise above 500 mg/1, net

économic returns from irrigated agriculture deéline, and this is paralleled by in-
creased municipal water system costs because of the 500 mg/1 public health limit-
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ation. For every 100 ppm rise in river salinity, agriculture loses 3-4.5 million
dollars. Economic effects on users were defined in terms of total penalty costs
which are the sum of direct penalty costs incurred by watcr users and indirect
penalty costs suffered by the regional economy, and which represent the total
marginal costs of increases in the salinity concentrations above base conditions.
Agriculture in the Colorado River incurs over 80 percent of the penalty costs, and
this is mostly in the lower basin and the southern California water service area.

The present salinity levels are calculated to exact a total penalty toll of $16, 000, 000
per year in the basin, If no salinity controls are implemented and if planned water re-
sources development is completed, these costs will rise to $28, 000, 000 in 1980 and
$51, 000,000 in 2010. Limiting future development to those projects now underway
would reduce the salinity costs to $21, 000, 000 and $29, 000, 000 in 1980 and 2010.

Three possible basin management approaches were considered: 1) allow unlimited
resources development with no salinity controls, 2) limit developments that are ex-
pected to increase salt loads or decrease streamflow, 3) construction of salinity con-
trol works that would allow benefits to proceed. The last alternative was recommended
as the most desirable salinity policy aimed at maintaining river salinity concentrations
at or below present levels. The salinity control costs with this approach were es-
timated at $7, 000,000 for 1980 and $13, 000, 000 in 2010 as against salinity control
benefits of $11,000, 000 and $22, 000, 000.

Although this may be the most thorough and thoughtful economic analysis of salini_ty
problems yet attempted for an entire river basin, its conclusion can be accepted only
guardedly.

Pincock (938), using admittedly sparse data, but similar to that of the EPA, es-
timated crop yield from salt tolerance and water quality with a method introduced by
Bernstein. He used river water quality deterioration estimates through 2010 similar
to those of the EPA, but came to the differing conclusion that although salt damage
was inevitable, it would be offset by net yield increases in a number of crops as a
result of improved agrotechnical methods so that rising salinity levels would exact
no net cost to the basin economy.

A growing criticism of many water resource developments concerns the failure
of the planners to assign costs to factors about which there is little hard economic
data or to qualitative factors. The EPA study admits to having failed in assigning
costs to certain recreational features and to Mexican agriculture to which the last
part of the Colorado River flows. Additionally, no costs were assigned to ground-
water contamination. Such questions will eventually have to be faced. In tropical
countries no effort is made to evaluate the increase in water-borne diseases after
dam projects are completed (876). Certain assumptions also need to be questioned.
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In evaluating the economic effeets of basin salinity management, the alternative of
limiting developments that might increase river salt loads or decrease flow was
rejected because it was felt that a possible consequence of this action would be re-
gional economic stagnation. In such a situation it is not always easy to separate
economic considerations from political considerations.

In the United States water resource developments have a "pork-barre]" tradition,
This has always been thought to be a marriage of economic hecessity and political
gain. Our evolving awareness of the complexities of many kinds of water develop-
ment leads to doubts concerning the inevitability of economic necessity. This is il-
lustrated by the Central Arizona Project (CAP), in which water will be moved from
the Colorado River above Parker Dam to the Phoenix and Tucson areas, Some of
it will be used for municipal water supplies, most for irrigation agriculture, Young
(986), applying cost-benefit analysis to the project, could find no economic advan-
tages and many eccnomic disadvantages. O'Leary (543) has questioned the advisability
of bringing water with 700 ppm salinity levels into central Arizona in an agricultural
region where many of the soils are already saline. The cost of the CAP will be about
$8,000,000,000. A situation is thus evolving in which enormous sums of money will
be spent to divert saline waters from the Colorado River, thereby helping to worsen
a Mexican salinity problem (see below). They will be brought to a region for reasons
having no economic justification and for which they may be too salty even though no
economic impact study of the possible salinity effects has been made. Essentially,
as a result of much pertinent research, the necessity of certain irrigation projects
has been questioned on economic and agronomic grounds. Thig is an interesting de-
velopment in a world where the economic desirability of arid lands irrigation pro-
jects is rarely questioned.

The Colorado River Basin furnishes a number of Precedents on matters not avail-
able from other basins. This ig because it flows through the hot, arid southwestern
U.S. and is one of the world's most intensively exploited rivers. Its drainage basin
includes two countries and seven states of the United States, which often act among
each other like sovereign, warring nations. Conflict between the states of the upper
basin and those of the lower basin has never been too intense because the former
have been slow to develop their share of the river. Arizona and California have a
Somewhat unhappier history of conflict, which hag presumably been settled by the
U.S. Supreme Court decision of 1968 fixing their respective allotments of lower
basin water (922, 933, 944). The allotment dispute is only one of a number of prob-
lems in the lower basin that continue to plague the area. Increased recent irriga-
tion developments in the upper basin combined with more intense general usage of
the river promise an ever-increasing salt problem. A recent proposal by the EPA
and Bureau of Reclamation that salinity standards be imposed to keep the river from
getting any worse, was rejected by most of the basin states (914). Probably the
interstate jealousies and mistrust of the federal agencies will combine to make im-
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provement projects difficult.

The adequacy of prediction of salinity problems is a major difficulty. It is hard
to believe that when water of 700 ppm salt content was first brought into the Wellton-
Mohawk District in 1952, planners predicted the resulting high water table problems
and the creation of over 5000 ppm drainage waters out to the Colorado River near
the Mexican border.

The resulting crop reductions in the rich Mexicali Valley on the Mexican side
has become a hot political issue in Mexico. Every time Mexican President Echeverria
journeys north, he is reminded by Baja California officials of the political feeling
among the farmers of Mexicali on the subject of the high salinity waters coming
from Arizona and particularly from the Wellton-Mohawk District (912). A short
bypass channel around Morelos Dam, combined with timely releases from upstream,
have helped (934). It remains a difficult international problem, however, even though
the U.S, Congress has committed itself to finding a solution within the Colorado Basin,
which as yet has not emerged.

When President Echeverria was in Washington in June 1972, on an official state
visit, he made several public statements concerning the disruptive effect of this
problem on Mexican-American relations, and he called for a solution (912). The
last user in the U,S, gets water of 900 ppm TDS while the first Mexican user gets
1240 ppm. President Nixon subsequently announced an agreement in which the
U.S. agreed to deliver water of no higher salt content than that obtaining on the
Arizona side (913).

It would appear that for the short term the problem will be solved by timed
releases from storage, but as the CAP, Southern Nevada Project, and other com-
mitted developments appear, this storage water will no longer be available. The
issue is extremely sensitive politically, and this is reflected in statements of
concern about the Mexican agreement by several lower basin state senators.

- Many have speculated that the U,S. may have to resort to river desalination in
order to meet its obligations. Should this come to pass, it will be of more than
passing interest to compare the costs of meeting the treaty obligations compared
to the economic benefits of the irrigation agriculture that is creating the salinity
problem, ‘

Steiner (941) lends some historical perspective with the interesting comment that
the international problem with Mexico is a problem because of a "trade' with Mexico
for Rio Grande water. When the Colorado River Compact with Mexico was ratified
in 1944, the chairman of the strategic Senate Committee on Foreign Relations was
Senator Connally of Texas, Texas gained Rio Grande water while Mexico gained
Colorado River water. ‘
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The U.S. is certainly not the only country in which water-resources problems
and politics have become entwined. Greenwood concludes (970) from a study of
Soviet water policy in Armenia that "considerable political overtones are involved, "
This is probably the case in every nation with serious water resources problems.

Generally, international political problems specifically involving salinity-related
difficulties are fairly rare because of the general failure to appreciate the possible
future importance of these problems. It is not difficult, however, to glance at a
world map and pinpoint national borders with high probabilities of developing conflicts.

The Soviets also seem to have had an "anti-drainage lobby" (968) who were able,
in Lysenko-like fashion, to suppress the construction of required drainage structures
in the south Golodnaya Steppe. There are indications that the results were catastro-
phic.

The very important point which this chapter seeks to illustrate and stress is that
salinity problems are not solely matters of water supply, drainage, and other purely
technical considerations, but in true multidisciplinary fashion, include socioeconomic
factors.

Hagan (971) correctly notes that a successful irrigated agriculture requires a
combination of research information, wise legislation, and enlightened farming.
The necessary legal machinery and regulatory agencies are absolutely necessary
in controlling and minimizing the adverse effects of irrigation waste waters. Be-
cause of the mounting complexities in river basin water quality problems, we can
no longer afford to ignore critical economic factors or outmoded political traditions.
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VIII. OVERVIEW AND RECOMMENDATIONS

C. A. Bower, director of the U,S, Salinity Laboratory, assures us (285) that
"". .. Enough has been learned about the cause, prevention, and cure of salinity to
say with certainty that irrigation agriculture can be permanent,"

Kelley argues (977) that the main cause of soil salinity buildup is the development
of a high water table and that if this is prevented, "...There is no inherent reason
why irrigated agriculture should be short-lived, " and . ..the future development of
water supplies for arid regions will continue to be largely an engineering problem, "

Hagan, in considering the technical problems of irrigated agriculture, concludes
(971), "By making good use of modern science and technology, I am confident that
Man by wise management can truly achieve a productive and permanently successful
agriculture. "

Allison asserts (213) that, "Based on our present scientific knowledge of soil
and water problems and management practices, there appears to be no valid reason
why irrigation agriculture, once established, should not remain permanently success-
ful' "

In arguing that irrigation water quality is not in itself the decisive parameter in
arid land agriculture, Fireman maintains (170), "...There is no serious threat to
the permanence of irrigation agriculture, except the failure of man to use the prac-
tices and knowledge now available to him. '

If this is the case, then all too many men are failing to avail themselves of these
practices and the knowledge. Despite a substantial number of statements throughout
the agricultural literature like those above, salinity problems seem generally to
worsen everywhere.

In West Pakistan, 100,000 acres per year are going out of production because of
salinization (720, 962, 978). For those whose tastes in statistics are more macabre,
in 1964 the country lost 1 ha of prime irrigated agricultural land to waterlogging and
salinity every 17 minutes, while a child was born every 12 seconds (949).

In neighboring India, about 6.07 million ha (15 million acres) have gone completely
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out of agriculture because of TDS and exchangeable Na accumulations (975, 985).

Iran has about 25 million salt-affected hectares which includes the majority of ir-
rigated lands where crop yields are depressed (958, 978). Large-scale irrigation de-
velopments are presenting new dangers by bringing in vast new quantities of moderate-
ly saline waters for irrigation of large land areas.

More than 50 percent of the soils of Syria are salt-affected (220, 000 ha). In 50,000
ha, yields have been reduced by 50 percent more. Over 65 percent of the population
depends on agriculture (964, 978). Similar data can be found for Afghanistan (978),
Cyprus (957), the U,A,R. (966), Iraq (11, 953, 959, 978), the Republic of South
Yemen (967, 978), Somalia (978), Jordan (953, 960), Kenya (978), and Turkey (965).

These examples certainly do not seem to conflict with the many assertions con-
cerning the permanence of irrigated agriculture, since they are mainly dependent
upor: the correct application of salinity amelioration and prevention techniques,
Some might argue that the list of nations presented are mainly underdeveloped, with
small reservoirs of scientific expertise and technological experience. While these
assertions might be somewhat debatable in the cases of India and West Pakistan, the
thrust of the argument would still appear valid.

Review of the evidence, however, casts doubt on that argument for even the most
advanced nations, The Murray River system supports about nine-tenths of all ir-
rigated land in Australia, Ebert's study (793) indicates that salty irrigation runoff
from fields is held in evaporating ponds near the river and seeps back into the river
creating 3500 ppm salinity levels in the river bed compared to surface salinity levels
of 300 ppm. Every indication is that the problem is steadily worsening and calls for
massive reclamation projects. This would seem to support Ebert's claim that,
""Nowhere else has there been more misuse and resource deterioration than in the
irrigation districts of arid lands, ' particularly in view of the relatively short Aus-
tralian growing season and the shortage of irrigated land,

The Golodnaya Steppe of Uzbekistan in the arid region of Soviet Central Asia is
the major cotton producing area of the U.S.S.R. Developed in czarist times, its
productivity has waxed and waned. In the past decade or so, the Soviets have in-
vested about one-half million rubles in reclamation of salinized areas and expan-
sion of the canal system (981). Yet, so extensive is the soil salinization problem
that they cannot successfully overcome it and it is suggested that it may be cheaper
to import part of their cotton requirements than to continue attempting to farm that
vast irrigated section. Nor does this seem to be an isolated instance. Gerasimov
(968) says that the salinization process has not yet been stopped in Soviet Central
Asia as a whole and that, despite advances in water management, secondary salini-

zation continues to develop, largely cancelling out the development of newly irrigated
land and higher yields.
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Saline soils and brak (sodic soils) are a continuing problem in South Africa, par-
ticularly in the semiarid and arid regions (974), being partly responsible for recent
suggestions to eliminate irrigation in those parts of the country. Arar (949) quotes
the U.S. Salinity Laboratory to the effect that 25-30 percent of the irrigated land
in the United States suffers from salt-caused yield impairment,

Predictions of salinity in the already too-saline Colorado River seem to fall at
about 30 percent increases over present levels (754, 867, 868). The Rio Grande
begins to suffer salinity problems at Elephant Butte Dam and downstream because
of irrigation water losses and progressive salt concentration (952, 973). Hagan
claims (971) that even the relatively new Columbia Basin project with an abundant
supply of good quality water has developed a high water table and a salinity prob-
lem. The soil salinity problems of the California crop-growing regions in the Cen-
tral Valley (984) and the Coachella Valley (855) have already been mentioned. They
are of varying degrees of seriousness. It is interesting that the Imperial Irrigation
District does not feel that anything less than immediate channeling of the lower Col-
orado can solve their pressing salinity problems (873). ;

One is left with the conclusion that at least the existence of serious salinity prob-
lems does not seem to depend on the wealth or technological level of a society. Al-
though it probably pays to be suspicious of the accuracy of figures in the salinity
area, it appears that the statement of Reeve and Fireman (34), that about one-third
of the irrigated land of the world, or 100,000,000 acres, is affected by salt prob-
lems, is likely to be fairly close to the truth.

Those who have argued that salinity is a problem of enormous magnitude and con-
sequently that it is too much neglected (225, 799, 971), are very much correct.

A fair part of this report and most of the bibliography is concerned with the array
of field and drainage basin technologies and supportive research designed to control
or ameliorate the salt problem. By any reasonable standard of success, salinity
technology seems to have been a failure. The problem is to determine why.

A first guess is that the technology is flawed, perhaps fatally so. Yet no one has
demonstrated serious error in the broad theory or even in most applications of that
technology. Among other goals, it was the intention of the first five chapters to
show that irrigation agriculture is not a simple undertaking. It is fundamentally
intensive, highly productive, unstable., The technology, in practice, is not simple.
High investments, whether in capital goods or labor, can make failure a costly enter-
prise.

The exigencies of water control and storage usually bring political and legal controls
which may superimpose social instability on technical instability. The development of
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an irrigation scheme or a major water storage project such as a dam, may be a
massive undertaking which consumes both economic and political capital. This

in turn leads to an inability to admit mistakes in the planning and execution of the
project, and may explain why it is so difficult to obtain hard data on so many prob-
lems in the salinity domain. It is very likely that many nations have tended to be
most circumspect about advertising mistakes of this order of magnitude especially
when so vital a matter as crop production falls far short of much publicized pre-
dictions. In turn, this phenomenon may have much to do with the generally dim
perspective of salinity problems around the world.

It is amazing that a recent, extensive work on the agriculture of the Middle
East should have practically nothing to say of salinity problems (953). We thus have
a picture of irrigation agriculture as a technologically complex undertaking which
demands socially complex institutions and commitments for its maintenance., If
both technical and social requirements are met and salinity still remains or becomes
a problem, then the fact must be faced that arid land agricultural projects, at least
some of them, should not exist as they are presently constituted.

The large gaps in awareness, research and development in both the agronomic
and socioeconomic areas that have been alluded to need to be corrected. By and
large in the U. S. and most other countries, the field of salinity control has been
dominated by agricultural scientists, a group intimately involved with irrigation and
drainage. This has led to the formation of one kind of problem-solving approach to
the exclusion of other kinds of approaches, both technical and Social. The salinity
problems of irrigation agriculture are broad in both origin and ramification and call
for multidisciplinary efforts, something which American science, at least, has not
always excelled ir. '

It has been shown that salinity problems do not respect neat, arbitrary boundaries
and that their study deserves the attention of a wide spectrum of disciplines. Thus
the consequences of salinity problems are not limited to agriculture alone. In most
nations, dams, canal systems, and other construction and expenses dealing with
irrigation systems are usually government-subsidized, so that the entire society has
a stake, often an immensely expensive one, in irrigation systems.

The Aswan High Dam of Egypt, which is complicated by a number of problems
(979), will have cost over a billion dollars when completed, and the Columbia Basin
Project will cost only about $150, 000, 000 less (720). Irrigated farms in the San
Joaquin Valley represent land investments alone of about one-half to one million
dollars each. One well, sufficient to irrigate one square mile, may cost from fifty
to sixty thousand dollars (720). Obviously, costs vary around the world, but every-
where they are considerable. It follows that such crucial undertakings should be
truly needed and productive.
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Not only has it been shown that agricultural productivity in arid regions
worldwide is severely limited by salinity problems, but also that leaching-
related salinity contamination of groundwater can be a serious problem.
McGauhey (980) has argued: 'The hazard of man-made contamination ... is
that although we have learned how to prevent the poisoning of land from our
irrigation practice, we may go the way of Mesopotamia by poisoning the water
instead."

Certainly this, and other salinity-related phenomena, will exact a great
price from the whole society.

In view of this lessened productivity combined with the deleterious side
effects, the following recommendations are made:

1) That the generally accepted ﬁeld and drainage basin methods outlined
in previous chapters for ameliorating salinity problems in standard
irrigation projects be adopted where possible and where helpful,

2) that every effort be made to experiment with or incorporate those
methods outlined in previous chapters involving major departures from
standard irrigation projects, particularly trickle irrigation with saline
water, plant breeding for salt-tolerance, and high humidity greenhouses,

3) that in all appropriate nations scientific priority be given on the
highest governmental level to a variety of research projects and infor-
mation gathering activities that recognize the critical need for expansion
of knowlcdge and methodology in dealing with salinity problems,

4) that such priorities result in the establishment of information-.
gathering and research-directed irrigation and salinity study institutes,
long-term funded and divorced from university departments or other
specialty organizations, managed and staffed in ways appropriate to the
conduct of multidisciplinary studies. Itis stressed that many institutes
are needed, not a single monolith, and, finally,

5) that planning, construction and reclamation of arid lands irrigation
projects be largely suspended or slowed until it is reasonably possible

to assess their value and contributions vis-a-vis their seldom-recognized
weaknesses.

The last recommendation will, for obvious reasons, be the most difficult to
implement, and yet it is critically important that such a step be taken. It is only
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through such a hiatus that it will be possible to step back and realistically evaluate
such projects, divorced of tunnel vision, vested interest, prejudice, and unrealistic
expectations.

Many will again repeat the argument that in a growing, overpopulated world
it is absolutely necessary to continue such projects lest food production fail to keep
pace with hungry mouths. While this argument has some substance, no responsible
scientist can fail to see that the world's population can not continue to grow indefinitely
and that practices that may be wreaking long-term destruction to the world's food-
producing capabilities in order to achieve short-term gains, may possibly be worse
than we have been willing to admit. Certainly it would seem that the nations of the
world, both developed and underdeveloped, would be better off with realistic assess-
ments of our food-producing abilities, rather than with complacent dependence on a
form of agriculture that in a long-term sense may not be adequate to the needs of
the future.

-61-






1. GENERAL PERSPECTIVE

Adams, R. H.

1961 Early civilizations, subsistence, and environment. In C. H.
Kraeling and R. M. Adams, eds., City invincible: A symposium
on urbanization and cultural development in the ancient Near East,
P. 269-297. University of Chicago Press.

Adams, R. M.
1962 Agriculture and urban life in early southwestern Iran. Science
136(3511):109-122.

Armillas, P.
1961 Land use in pre-Columbian America. In L. D. Stamp, ed., A
history of land use in arid regions. Unesco, Paris. Arid Zone
Research 17:255-276.

Ayres, J. E.
1971 Use and abuse of southwestern rivers: The desert farmers. In
Hydrology and water resources in Arizona and the Southwest.
American Water Resources Association, Arizona Section / Arizona
Academy of Science, Hydrology Section, 1971 Meetings, Tempe,
Arizona, Proceedings p. 373-380.

Beals, R. L.

1955 Symposium on irrigation civilizations: Discussion. InJ. H.
Steward, et al, eds., Irrigation civilizations: A comparative
study. Pan American Union, Washington, D. C., Social Science
Monograph 1. 78 p.

Borlaug, N. E.
1972 In balance with nature, a biological myth. BioScience 22(1):41-44.

Butler, S. S. .
1960 Irrigation systems of the Tigris and Euphrates Valleys. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 86(4):59-79.

-62-



10.

11.

12.

13.

14.

15.

16.

17.

Childe, V. G.

1957

Civilizations, cities and towns. Antiquity 31:36-38.

Clyma, W./Young, R. A.

1968

Collier, E.
1955

Environmental effects of irrigation in the Central Valley of Arizona.
American Society of Civil Engineers, National Meeting on Environ-
mental Engineering, Chattanooga, Tennessee, May 13-17, 1968.
Preprint. 28 p. SWRA W70-07053.

Development of civilization on the coast of Peru. In J. H. Steward,
et al, eds., Irrigation civilizations: A comparative study. Pan
American Union, Washington, D. C., Social Science Monograph
1:19-27.

Dieleman , P, J., ed

1963

Drower, M.

1954

Reclamation of salt affected soils in Iraq: Soil hydrological and
agricultural studies. International Institute for Land Reclamation
and Improvement, Wageningen, The Netherlands, Publication 11.
175 p.

S.

Water-supply, irrigation and agriculture. In C. J. Singer, et al,
eds., A history of technology. Oxford University Press, Toronto.
1:520-557.

Eaton, F. M.

1949

Irrigation agriculture along the Nile and Euphrates. Scientific
Monthly (69):34-43.

Evenari, M., et al

1961

Ancient agriculture in the Negev. Science 133:979-996.

Evenari, M. /Koller, D.

1956 Ancient masters of the desert. Scientific American 194:39-45.
Gardi, O. R.
1964 Iraq. In Irrigation Practices Seminar, 5th, NESA Region, p.

71-80. Government of India and US Agency for International
Development, New Delhi.

Gulhat, N. D./Smith, W. C.

1967

Irrigated agriculture: An historical review. In R. M. Hagan,
H. R. Haise, and T. W. Edminster, eds., Irrigation of agricul-
tural lands, p. 3-11. American Society of Agronomy, Madison,
Wisconsin.

-63-



18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Hamdan, G.
1961 Evolution of irrigation agriculture in Egypt. In L. D. Stamp,
ed., A history of land use in arid regions. Unesco, Paris. Arid
Zone Research 17:119-142,

Haury, E. W.
1956 Speculations on prehistoric settlement patterns in the southwest.
In Prehistoric settlement patterns in the New World. Viking Fund
Publications in Anthropology 23:3-10.

Haury, E. W.
1967 The Hohokam, first masters of the American desert. National
Geographic 131(5):670-695.

Horkheimer, H. ‘
1958 La alimentacién en el Peril prehispanico y su interdependencia con
la agricultura. Unesco, Programa de Estudios de la Zona Arida
Peruana. ILima. Processed.

Jacobsen, T.

1958 Salinity and irrigation agriculture in antiquity. Diyala Basin [Iraq-
Iran] Archaeological Project, Report on essential results. Univer-
sity of Chicago, Oriental Institute / Iraq Directorate General of
Antiquities. Processed.

Jacobsen, T./Adams, R. M.
1958 Salt and silt in ancient Mesopotamian agriculture. Science 128:
- 1251-1258,

Kelley, J. C.
1952 Factors involved in the abandonment of certain peripheral south-
western settlements. American Anthropologist 54(3):356-387.

Lees, G. M./Falcon, N. L.
1952 The geographical history of the Mesopotamian Plain. Geographical
Journal 118:24-39.

Lewis, M. R.
1960 Heritage of irrigation in Irag. American Society of Civil Engineers,
Irrigation and Drainage Division, Journal 86(2):9-19.

Logan, R. F. ;
1961 Post-Columbian developments in the arid regions of the USA. In-
L. D, Stamp, ed., A history of land use in arid regions. Unesco,
Paris. Arid Zone Research 17:277-298.

-64-



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Marr, P. D.
1967 The social context of irrigation. In R. M. Hagan, H. R. Haise,
and T. W. Edminster, eds., Irrigaticu of agricultural lands,
p. 12-22. American Society of Agronomy, Madison, Wisconsin.

Nace, R. L. : ,
1972 Man and water: A lesson in history. Bulletin of the Atomic Sci-
entists 28:34-38.

Osborne, D.
1958 Western American prehistory, an hypothes1s American Antiquity
24(1):47-52,

Palerm, A.
1955 The agricultural basis of urban civilization in Mesoamerica. In
J. H. Steward, et al, eds., Irrigation civilizations: A comparative
study. Pan American Union, Washington, D. C., Social Science
Monograph 1:28-42,

Parsons, J. J.
1957 Irrigation civilizations. Geographical Review 47:136-137.

Pawley, W. H.
1971 In the year 2070. Ceres: FAO Review 4(4):22-27,

Reeve, R. C./Fireman, M.

1967 Salt problems in relation to irrigation. In R. M. Hagan, H. R.
Haise, and T. W. Edminster, eds., Irrigation of agricultural
lands, p. 988~1008. American Society of Agronomy, Madison,
Wisconsin, '

Sauer, C.
1956 The agency of man on the Earth. In W. L. Thomas, Jr., ed.,
Man's role in changing the face of the Earth, p. 19-69. University
of Chicago Press.

Sears, P. B.
1958 Environment and culture in retrospect. In T. L. Smiley, ed.,
Climate and man in the southwest p. 77-84., University of Arizona
Press, Tucson. ’

Semple, E. C.

1929 Irrigation and reclamation in the ancient Mediterranean region.
Association of American Geographers, Annals 19(3):111-148.

-65-



38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Smith, R./Robertson, V. C.
1956 A classification of the saline soils of the old irrigation lands of the
middle Tigris Valley. International Congress of Soil Science, 6th,
Paris, 1965, Report D:693-698.

Stamp, L. D., ed _
1961 A history of land use in arid regions. Unesco, Paris. Arid Zone
Research 17. 427 p.

Steward, J. H., et al, eds.
1955 Irrigation civilizations: A comparative study. Pan American Union,
Washington, D. C., Social Science Monograph 1. 178 p.

Taylor, G. C.
1965 Water, history, and the Indus Plain. Natural History 74(5):40-49,

Thomas, G.
1920 The development of institutions under irrigation. Macmillan, New
York. 293 p. '

Turney, O. A.
1929 Prehistoric irrigation in Arizona. Arizona Historical Review 2:11-52.

US White House / Department of the Interior Panel on Waterlogging and Salinity
in West Pakistan
1964 Report on land and water development in the Indus Plain. US Govern-
ment Printing Office, Washington, D. C. 453 p.

Westermann, W. L. :
1919 The development of the irrigation of Egypt. Classical Philology
14(2):158-164.

Wheeler, Sir M.
1955 The Indus civilization. In Cambridge History of India, supplementary
volume. Cambridge University Press. 143 p.

Whyte, R. O.
1961 Evolution of land use in southwestern Asia. In L. D. Stamp, ed.,
A history of land use in arid regions. Unesco, Paris. Arid Zone
Research 17:57-118.

Willcocks, W. ‘
1917 The irrigation of Mesopotamia. 2d ed. Spon, London. 136 p.

-66-



49.

50.

51.

52.

53.

Wittfogel, K. A.
1956 The hydraulic civilization. In W. L. Thomas, Jr., ed., Man's
role in changing the face of the earth, p. 1562-164. University of
Chicago Press.

Wittfogel, K. A, :
1957 Oriental despotism: A comparative study of total power. Yale
University Press. 556 p.

Woodbury, R. B.
1960 The Hohokam canal at Pueblo Grande, Arizona. American Antiquity
26(2):267-270.

Woodbury, R. B./Ressler, J. Q.
1962 Effects of environmental and cultural limitations upon Hohokam
agriculture, Southern Arizona. University of Utah, Anthropological
Papers 62:41-51.

Zohary, M.

1954 Notes on ancient agriculture in the central Negev. Israel Exploration
Journal 4:17-25.

-67-



2.1. GENERAL: WATER BALANCE PROBLEMS

54, Doneen, L. D.
1971 Irrigation practice and water management. Food and Agriculture

Organization of the United Nations, Rome. FAO Irrigation and
Drainage Paper 1. 84 p.

Irrigation management is developed as a series of inputs along the soil-
water-plant-atmosphere continuum in a fairly elementary, logical,
orderly manner. Starting with no background at all, one could achieve ,
a substantial amount of understanding of irrigation technology by reading
this book.

55. Hagan, R. M./Haise, H. R./Edminster, T. W., eds
1967 Irrigation of agricultural lands. American Society of Agronomy,
Madison, Wisconsin. 1180 p.

This massive compendium of 62 review papers covers virtually every
aspect of irrigation agriculture. Almost every review is up-to-date,
extremely well-written, and thorough. The book is absolutely indispensable
and thc most important entry of this list,

56. International Congress of Soil Science, 9th, Adelaide, 1968
1968 Transactions 1: Transport process in soils. American Elsevier
Publishing Co., New York. 834 p.

Contains a large number of articles on soil-water-plant phenomena by
scientists from all over the world. While these are not review articles,
their range and subject matter lend insights into the problems and progress
of the current important research areas.

57. Kramer, P. J.
1969 Plant and soil water relationships: a modern synthesis. McGraw-

Hill, New York. 482 p.

A thorough review of soils, plants and the important underlying phenomena
of soil-water-plant relationships by one of the giants of plant physiology.
Not highly technical. Much background material is presented on an inter-
mediate level.

~-68-



58. Richards, L. A.
1953 Water conducting and retaining properties of soils in relation to
irrigation. In Desert Research, Proceedings International
Symposium held in Jerusalem, May 7-14, 1952, sponsored by
the Research Council of Israel and UNESCO. Research Council
of Israel, Special Publication 2:523-546,

A brief, but clear discussion of soil water, particularly as it applies to
arid region soils.

59, Rose, C. W.
1966 Agricultural physics. Pergamon Press, Oxford. 226 p.

A relatively short, but reasonably thorough coverage of the concepts
covered in this chapter, particularly soil water phenomena.

60. Thomas, M. F./Whittington, G. W., eds
1969 Environment and land use in Africa. Methuen, London. 554 p.

A collection of 18 excellent papers, written mainly by interdisciplinary-
minded geographers. Studies of soil, water, and climatic resources are
integrated with studies of social resources to illustrate the problems and
accomplishments of agricultural development in West Africa, whichis a
land ranging from extremely humid to arid climatic regions.

61. UNESCO
1957 Guide book to research data for arid zone development. Unesco,
Paris. Arid Zone Research 9. 191 p.

Important physical, biological, and human factors relevant to the develop-
ment of the world's arid lands are covered in 14 papers by outstanding
scientists from all over the world. This and subsequent volumes in the
series contain an enormous amount of basic and applied information on
the climatic, soil, and plant concepts covered in this chapter.

62. UNESCO :
1958 Climatology, reviews of research. Unesco, Paris. Arid Zone

Research 10. 190 p.

Contains 8 review articles of theoretical and applied problems which
nicely mesh with No. 11 of this series.

-69-



63. UNESCO S L , ,
1958 Climatology and microclimatology, proceedings of the Canberra

Symposium. Unesco, . Paris. Arid Zone Research 11. 355 p.

Many papers on basic soil, plant and climate phenomena are presented.
Further papers utilize these concepts in a developing process of agro-
climatological synthesis. , ,

64. UNESCO ,
1962 The problems of the arid zone, proceedings of the Paris Symposium.

Unesco, Paris. Arid Zone Research 18, 481 p.

Contains reports commissioned for the Paris Symposium describing the
state and perspectives of knowledge in the various scientific disciplines
involved in UNESCO's Arid Zone Programme. A number of papers,
representative of the difficulties of translating knowledge into action,

were commissioned too, including alternative uses of limited water supplies

and salinity problems.

65. UNESCO
1968 Agroclimatological methods, proceedings of the Reading Symposium.

Unesco, Paris. Natural Resources Research 7. 392 p.

Presents 43 articles on soils, climate, plant phenology, and agriculture

by scientists from all over the world. Both theory and application are
extensively considered. Syntheses of these different disciplines to ensure
greater agricultural productivity seem well advanced on the basis of these
papers. A number of arid lands studies are included. This volume is
essentially an updated and expanded version of '"Climatology and Microclima-
tology, ' published ten years earlier in the Arid Zone Research series.

66. UNESCO
1971 Scientific framework of world water balance. Unesco, Paris.

Technical Papers in Hydrology 7. 27 p.
Written as a contribution to the International Hydrological Decade. This is

a fairly elementary, but thorough, explanation of the components of world
water balance. Includes a development of the water-balance concept.

-70-



67. US Department of Agriculture
1955 Water, the yearbook of agriculture, 1955. US Government
Printing Office, Washington, D. C. 751 p.

Contains almost 100 articles on applied water subjects. Although short,
most papers seem to accomplish the presentation of elementary concepts
and basic background information while preserving vigor and cutting to
the heart of major research problems. Frequent references to these
papers testify to their success. For students of many agricultural-
hydrological problems, a natural continuum exists between the papers

in this volume and those in the Hagan, Haise and Edminster, Irrigation
of Agricultural Lands (1967) volume.

-71-



68.

69.

70.

71.

72,

73.

4.

75.

2.2. ARID LANDS AND CLIMATIC CLASSIFICATION

Bhatia, S. S.
1957 Arid zone of India and Pakistan: A study in its water balance and
delimitation. Indian Journal of Meteorology and Geophysics
8:355-366.
Greene, H.
1966 Irrigation in arid lands. In E. S. Hills, ed., Arid lands, A
geographical appraisal, p. 256-271. Methuen, London / Unesco,
Paris.
Hare, F. K.
1961 The causation of the arid zone. In L. D. Stamp, ed., A history
of land use in the arid regions. Unesco, Paris. Arid Zone
Research 17:25-30,
Hoare, E. R.

1967 Irrigation in arid lands. Institution of Agricultural Engineers,
Journal and Proceedings 23(1):29-34.

Hoare, E. R.
1967 Irrigation in semi-arid regions. Outlook on Agriculture 5(4):
139-143.

Hudson, J. P.
1965 Irrigation problems under hot arid conditions. Advancement of
Science 22(98):218-226,

KOppen, W. P. :
1931 Grundriss der Klimakunde. 2d ed. Walter de Gruyter, Berlin.
388 p.

Landsberg, H. E./Schloemer, R. W.
1967 World climatic regions in relation to irrigation. In R. M. Hagan,
H. R. Haise, and T. W. Edminster, eds., Irrigation of agricultural
lands, p. 25-32. American Society of Agronomy, Madison, Wisconsin.

-72-



76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

McGehee, R. M.
1963 Weather: Complex causes of aridity. In C. Hodge and P. C.
Duisberg, eds., Aridity and man, p. 117-143. American
Association for the Advancement of Science, Washington, D. C.
Publication 74.

Martonne, E. de
1926 L'indice d'aridité. Association de Géographes Frangais,
Bulletin 35(9):3-5.

Meigs, P.
1953 World distribution of arid and semi-arid homoclimates. In
Unesco, Reviews of Research on Arid Zone Hydrology. Unesco,
Paris. Arid Zone Programme 1:203-209.
Paltridge, T. B.

1965 An Australian approach to aridity. World Crops 17(2):24-32.

Patton, C. P. '
1
1962 A note on the classification of dry climates in the Koppen system.
California Geographer 3:105-112.

Peterson, D. F.
1970 Water in the deserts. In H. E. Dregne, ed., Arid lands in
transition, p. 15-30. American Association for the Advancement
of Science, Washington, D. C. Publication 90.

Sears, P. B.
1951 Biological problems involved in the agricultural use of arid regions.
International Union of Biological Sciences, Ser. B, Collog. 9:45-49,

Simons, M.
1967 Deserts, the problem of water in arid lands. Oxford University
Press, London. 96 p.

Slatyer, R. O./Perry, R. A., eds
1969 Arid lands of Australia. Australian National University Press,
Canberra. 334 p.

Stretta, E. J. P./Mosino A, P. A.

1963 Distribucién de las zonas aridas de la Republica Mexicana.
Ingenierfa Hidriulica en México, México, D. F. 8 p.

-73-



86.

87.

88.

89.

90.

Thornthwaite, C. W.
1933 The climates of the earth. Geographical Review 23:433-440.

Trewartha, G. T.
1961 The earth's problem climates. University of Wisconsin Press,
Madison. 334 p.

UNESCO
1963 Bioclimatic map of the Mediterranean zone. Unesco, Paris.

Arid Zone Research 21. 58 p.

Wallén, C. C.
1967 Aridity definitions and their applicability. Geografiska Annaler
49A(2/4):367-384.

Whyte, R. O.
1966 The use of arid and semi-arid land. In E. S. Hills, ed., Arid
lands, a geographical appraisal, p. 301-361. Methuen, London;
Unesco, Paris.

-74-



91.

92.

93.

9.

95.

96.

97.

2.3. SOIL INFILTRATION AND PERMEABILITY

Bodman, G. B./Colman, E. A.
1943 Moisture and energy conditions during downward entry of water
into soils. Soil Science Society of America, Proceedings
8:116-122.

Corey, G. L./Fitzsimmons, D. W.
1962 Infiltration patterns from irrigation furrows. Idaho Agricultural
Experiment Station, Research Bulletin 59. 16 p.

Duley, F. L.
1939 Surface factors affecting the rate of intake of water by soils.
Soil Science Society of America, Proceedings 4(1):60-64,

Hanks, R. J.
1965 Estimating infiltration from soil moisture properties. Journal
of Soil and Water Conservation 20(2):49-51.

Hanks, R. J./Bowers, S. A.
1962 Numerical solution of the moisture flow equation for infiltration
into layered soils. Soil Science Society of America, Proceedings
26:530~-534.,

Henderson, D. W, /Haise, H. R.
1967 Control of water intake rates. In R. M. Hagan, H. R. Haise,
and T. W. Edminster, eds., Irrigation of agricultural lands,
p. 925-939. American Society of Agronomy, Madison, Wisconsin.

Hillel, D./Gardner, W. R.
1970 Transient infiltration into crust-topped profiles. Soil Science
109:69-76.

Holmen, H./Schaak, J. M./Strand, R. I.
1964 Infiltration of water into potentially irrigable soils. North Dakota
Farm Research 23(5):16-19. (North Dakota Agricultural Experi-
ment Station, Reprint 613). '

-75~-



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Horton, J. H./Hawkins, R. H.
1965 Flow path of rain from the soil surface to the water table. Soil
Science 100(6):377-383.

Miller, D. E./Gardner, W. H.
1962 Water infiltration into stratified soil. Soil Science Society of
America, Proceedings 26:115-118.

Mistry, P. C./Chatterjee, B. N.
1965 Infiltration capacities of soils in Ranchi. Soil and Water Conserva-
tion in India 13(1/2):43-417.

Musgrave, G. W.
1955 How much of the rain enters the soil? In Water, the yearbook
of agriculture, 1955, p. 151-159. US Department of Agriculture,
Washington, D. C.

Parr, J. F./Bertrand, A. R.
1960 Water infiltration into soils. Advances in Agronomy 12:311-363.

Peck, A. J./Talsma, T.
1968 Some aspects of two-dimensional infiltration. International
Congress of Soil Science, 9th, Adelaide, 1968, Transactions
1:11-21.,

Quirk, J. P./Schofield, R. K.
1955 The effect of electrolyte concentration on soil permeability.
Journal of Soil Science 6(2):163-178.

Reeve, R. C./Luthin, J. N.
1957 Methods of measuring soil permeability. Agronomy 7:395-445.

Rubin, J./Steinhardt, R.
1963 Soil water relations during rain infiltration. I: Theory. Soil
Science Society of America, Proceedings 27:246-250.

Sherman, L. K.
1944 Infiltration and the physics of soil moisture. American Geo-
physical Union, Transactions 25:57-71.

Staple, W. J.

1966 Infiltration and redistribution of water in vertical columns. Soil
Science Society of America, Proceedings 30:553-558.

-76-



110. Stolzy, L. H./Szuszkiewicz, T. E./ Garber, M. J./Harding, R. B.
1960 Effects of soil management practices on infiltration rates.
Soil Science 89:338-341.

111, Williams, W, A./Doneen, L. D.
1960 Field infiltration studies with green manures and crop residues
on irrigation soils. Soil Science Society of America, Proceedings
24(1):58-61.

-77-



112.

113.

114.

115.

116.

117.

118.

119,

2.4. SOIL WATER BALANCE, STORAGE, AND MOVEMENT

Behnke, J. J./Schiff, L.
1963 Hydraulic conductivity of uniform, stratified, and mixed sands.
Journal of Geophysical Research 68(16):4769-4775.

Bianchi, W. C.
1962 Measuring soil moisture tension changes. Agricultural
Engineering 43:398-399, 404.

Blackmore, A, .
1968 The anisotropic nature of liquid flow in clay-water systems.
International Congress of Soil Science, 9th, Adelaide, 1968,
Transactions 1:223-231.

Blackmore, A. V./Marshall, T. J.
1965 Water movement through a swelling material. Australian
Journal of Soil Research 3:11-21,

Bolt, G. H./Miller, R. D.
1958 Calculation of total and component potentials of water in soil.
American Geophysical Union, Transactions 39:917-928.

Bonner, J.
1959 Water transport. Science 129:447-450.

Bouwer, H., et al
1961 Measuring saturated hydraulic conductivity of soils. American
Society of Agricultural Engineers, Special Publication SP-SW-0262.

19 po :

Burgos, J. J./Tschapek, M.
1958 Water storage in arid soils. In UNESCO, Climatology and micro-
climatology, proceedings of the Canberra symposium. Unesco,
Paris. Arid Zone Research 11:72-91.

-78-



120.

121.

122.

123.

124.

125.

126.

127.

128.

129,

Carson, M. A.
1969 Soil moisture. In R. V. Chorley, ed., Water, earth and man,
p. 185-195. Methuen, London.

Corey, A. T./Kemper, W. D,
1961 Concept of total potential in water and its limitations. . Soil
Science 91:299-302.

Cowan, I. R.
1965 Transport of water in the soil-plant-atmosphere system.
Journal of Applied Ecology 2:221-239,

Davidson, J. R./Stone, L. R./Nielsen, D. R./LaRue, M. E.
1969 Field measurement and use of soil-water properties. Water
Resources Research 5:1312-1321.

Day, P. R./Bolt, G. H./Anderson, D. M.
1967 Nature of soil water. In R. M. Hagan, H. R. Haise, and T. W.
Edminster, eds., Irrigation of agricultural lands, p. 193-208.
American Society of Agronomy, Madison, Wisconsin.

Donnan, W. W./Aronovici, V. S.
1961 Field measurement of hydraulic conductivity. American Society
of Civil Engineers, Irrigation and Drainage Division, Journal
87(IR 2):1-13.

Elrick, D. E.
1963 Unsaturated flow properties of soils. Australian Journal of

Soil Research 1:1-8.

Gardner, W. R. :
1958 Some steady state solutions of the unsaturated moisture flow
equation with application to evaporation from a water table. Soil
Science 85:228-232.

Gardner, W. R. :

1960 Soil water relations in arid and semi-arid conditions. In UNESCO,

Plant-water relationships in arid and semi-arid conditions,
reviews of research. Unesco, Paris. Arid Zone Research
15:37-62.

Gardner, W. R. ‘
1968 Availability and measurement of soil water. In T. T. Kozlowski,

ed., Water deficits and plant growth, 1:107-135. Academic Press,

New York.

-79-



130.

131.

132.

133.

134.

135.

136.

137.

138.

Hadas, A.
1964 Deviations from Darcy's law for the flow of water in unsaturated
soils. Israel Journal of Agricultural Research 14:159-168.

Holmes, J. W./Taylor, S. A./Richards, S. J.
1967 Measurement of soil water. In R. M. Hagan, H. R. Haise, and
T. W. Edminster, eds., Irrigation of agricultural lands, p.
275-304. American Society of Agronomy, Madison, Wisconsin.

Jackson, R. D.
1963 Porosity and soil water diffusivity. Soil Science Society of
America, Proceedings 27:123-126.

Jackson, R. D./Reginator, R. J./van Bavel, C. H. M.
1965 Comparison of measured and calculated hydraulic conductivities
of unsaturated soils. Water Resources Research 1:375-380.

Katz, D. M.
1965 Principles of choosing experimental plots for water balance
studies in irrigation regions of the arid zone. International
Association of Scientific Hydrology, Bulletin 10(4):42-47.

Kemper, W. D.

1961 Movement of water as affected by free energy and pressure
gradients. II: Experimental analysis of porous systems in which
free energy and pressure gradients act in opposite directions.
Soil Science So ciety of America, Proceedings 25:260-265.

Kunze, R. J./Uehara, G./Graham, K.
1968 Factors important in the calculation of hydraulic conductivity.
Soil Science Society of America, Proceedings 32:760-764.

Letey, J./Kemper, W. D./Noonan, L.
1969 The effect of osmotic pressure gradients on water movement in
unsaturated soil. Soil Science Society of America, Proceedings
33:15-18.

Liakopoulos, A, C, -
1965 Theoretical solution of the unsteady unsaturated flow problem in
soils. International Association of Scientific Hydrology,
Bulletin 10:5-39.

~80-



139.

140.

141.

142,

143.

144.

145.

146.

147.

148.

Luthin, J. N,

1970 Movement of water through soils. In Conference on Agricultural
Waste Management, Cornell University, 1970, Relationship of
agriculture to soil and water pollution, p. 21-28, Ithaca, New
York. :

Marshall, T. dJ.
1959 Relations between water and soile Commonwealth Bureau of
Soils, Harpenden, England, Technical Communication 50. 91 p.

Milthorpe, F. L.

1960 The income and loss of water in arid and semi-arid zones. In
UNESCO, Plant-water relationships in arid and semi-arid condi-
tions, reviews of research. Unesco, Paris. Ariz Zone Research
15:9-36.

Oster, J. D./Rawlins, S. L./Invalson, R.
1969 Independent measurement of matric and osmotic potential of soil
water. Soil Science Society of America, Proceedings 33:188-192,

Philip, J. R.
1968 Comments on the paper by R. Singh and J. B. Franzini, Unsteady
flow in unsaturated soil-water movement from a cylindrical source.
Journal of Geophysical Research 73(12):3968-3970.

Philip, J. R.
1968 Extended techniques of calculation of soil water movement, with
some physical consequences. In International Congress of Soil
Science, 9th, Adelaide, 1968, Transactions 1:1-9.

Remson, I./Randolph, J. R.
1962 Review of some elements of soil-moisture theory. US Geological
Survey, Professional Paper 411-D. 38 p.

Remson, I./Drake, R. L./McNeary, S. S./Wallo, E. M.
1965 Vertical drainage of an unsaturated soil. American Society of
Civil Engineers, Hydraulics Division, Journal 91 (HY 1):55-74.

Richards, L. A./Richards, S. J.
1957 Soil moisture. In Soil, the yearbook of agriculture, 1957, p.
49-60. US Department of Agriculture, Washington, D. C.

Rode, A. A.
1968 Hydrological profile of the soil. International Congress of Soil
Science, 9th, Adelaide, 1968, Transactions 1:165-172.

-81-



149, Russell, M. B.

1966

150. Saxton, K.

1967

Water dynamics in the soil-plant ecosystem. Water Resources
Bulletin 2(1):5-9,

E./Lenz, A. T.

Antecedent retention indexes predict soil moisture. American
Society of Civil Engineers, Hydraulics Division, Journal 93(HY 4):
223-241.

151. Slatyer, R. O.

1968

The use of soil water balance relationships in agroclimatology.
In UNESCO, Agroclimatological methods, proceedings of the

Reading symposium. Unesco, Paris. Natural Resources Research
7:73-87,

152, Stockinger, K. R./Perrier, E. R. /Fleming, W. D.

1965

Experimental relations of water movement in unsaturated soils,
Soil Science 100(2):124-129.

153. Stol, P. T.

1969
154. Tames, C.

1961

155. Taylor, S.
1965

156. Watson, K.
1968

On evaluating applied water balance research. Netherlands Journal
of Agricultural Science 17:3-13.

Considerations on water balance in dry climates and in different
types of soil. In UNESCO, Plant-water relationships in arid and
Semi-arid conditions, broceedings of the Madrid Symposium,
Unesco, Paris. Arid Zone Research 16:57-59,

A. /Kijne, J. W.

Evaluating thermodynamic broperties of soil water, In International
Symposium on humidity and moisture, Washington, D. C. » 1963,
Humidity and moisture: Measurement and control in science and
industry, 3:335-342. Reinhold, New York.

K.

Dynamic measurement of the hydrologic characteristics of unsaturated
borous materials. International Congress of Soil Science, 9th,
Adelaide, 1968, Transactions 1:283-290,

-82-



157.

158.

159.

160.

161.

162.

163.

2.5. EVAPOTRANSPIRATION, CONSUMPTIVE USE, AND
IRRIGATION SCHEDULING

Abdel Azeez, M. H./Taylor, S. A./Ashcroft, G. L.
1964 Influence of advective energy on transpiration. Agronomy
Journal 56:139-142.

Alizai, H. U./Hulbert, L. C.
1970 Effects of soil texture on evaporative loss and available water
in semi-arid climates. Soil Science 110-328-332.

Blaney, H. F./Criddle, W. D.
1950 Determining water requirements in irrigated areas from clima-
tological and irrigation data. US Department of Agriculture,
Soil Conservation Service SCS-TP-96. 48 p.

Bonython, C. W.
1958 The influence of salinity upon the rate of natural evaporation.
In UNESCO, Climatology and microclimatology, proceedings of
the Canberra symposium. Unesco, Paris. Arid Zone Research
11:65-71.

Boumans, J. H.

1963 Consumptive use. In P. J. Dieleman, ed., Reclamation of salt
affected soils in Iraq, p. 69-82. International Institute for Land
Reclamation and Improvement, Wageningen, The Netherlands,
Publication 11.

Brutsaert, W.
1965 Evaluation of some practical methods of estimating evapotranspira-
tion in arid climates at low latitudes. Water Resources Research
1:187-191.

Christiansen, J. E.
1968 Pan evaporation and evapotranspiration from climatic data.
American Society of Civil Engineers, Irrigation and Drainage
Division, Journal 94(IR 2):243-265.

-83-



164. Christiansen, J. E./Hargreaves, G. H.
1969 Irrigation requirements from evaporation. International Commis-
sion on Irrigation and Drainage, Congress on Irrigation and Drainage,
7th, Mexico City, 1969, Transactions 3(R36):23.569-23.596.

165. Cruff, R, W./Thompson, T. H.
1967 A comparison of methods of estimating potential evapotranspiration
from climatological data in arid and sub-humid environments.
US Geological Survey, Water Supply Paper 1839-M. 28 p.

166. Damagnez, J.
1968 f:vapotranspirai:ion potentielle, évapotranspiraﬁon réelle et
rendement des cultures en zone aride Méditerranéenne. In
UNESCO, Agroclimatological methods, proceedings of the Reading
symposium. Unesco, Paris. Natural Resources Research
7:89-95,

167. Davies, J./Robinson, P, F.

1969 A simple energy balance approach to the moisture balance
climatology of Africa. In M. F. Thomas and G, W. Whittington,
eds., Environment and land use in Africa, p. 23-56. Methuen,
London,

168. Eagleman, J. R.
1967 Pan evaporation, potential and actual evapotranspiration. Journal
of Applied Meteorology 6:482-488,

169. Erie, L. J./Orrin, F. F./Harris, K.
1965 Consumptive use of water by crops in Arizona. Arizona Agri-
cultural Experiment Station, Technical Bulletin 169, 43 p.

170. Fireman, M,
1960 Relation of irrigation water quality to soil problems. International
Commission on Irrigation and Drainage, Congress on Irrigation
and Drainage, 4th, Madrid, 1960, Transactions 5(R 13):13.31-~13.43.

171. Food and Agriculture Organization of the United Nations
1962 A study of agroclimatology in semi-arid and arid zones in the
Near East, FAO/UNESCO/WMO, 23061/2.

172. Gavande, S. A./Taylor, S. A.
1967 The influence of soil water potential and atmospheric evaporative
demand on transpiration and the energy status of water in plants.
Agronomy Journal 59:4-7,



173. Haise, H. R./Hagan, R. M.

1967 Soil, plant, and evaporative measurements as criteria for

scheduling irrigation. In R. M. Hagan, H. R. Haise, and
T. W. Edminster, eds., Irrigation of agricultural lands,

p. 577-604. Ameridan Society of Agronomy, Madison,
Wisconsin.

174. Hargreaves, G. H.

1969 Water requirements for increased arid land productivity. In

T. W. Box and P. Rojas-Mendoza, eds., International
symposium on increasing food production in arid lands,
Monterrey, Nuevo Ledn, Mexico, 1968, p. 256-272. Texas
Technological College, Lubbock, International Center for Arid
and Semi-arid Land Studies, ICASALS Publication 3.

175. Hoare, E. R.
1967 Water use in large scale irrigation schemes. International

Horticultural Congress, 17th, University of Maryland, 1966,
Proceedings 2:105-112,

176. Hudson, J. P.

1964 Evaporation under hot arid conditions. Empire Cotton Growing
Review 41:241-254.
177. Kohler, M. A./Nordenson, T. J./Baker, D. R.
1959 Evaporation maps for the United States. US Weather Bureau,
Technical Paper 37. 13 p.
178, Krishnan, A./Kushwaha, R. S.

1971 A critical study of evaporation by Penman's method during the

growing season of vegetation in the arid zone of India. Archiv
fur Meteorologische, Geophysik und Bioklimatologie 19(B):267-276.
179. Lane, R. K.

1964 Estimating evaporation from insolation. American Society of

Civil Engineers, Hydraulics Division, Journal 90(HY 5):33-41.
180. Linacre, E. T.

1967 Climate and the evaporation from crops. American Society of

Civil Engineers, Irrigation and Drainage Division, Journal
93(IR 4):61-79.
181. Oliver, J.

1969 Problems of determining evapotranspiration in semiarid tropics.
Journal of Tropical Geography 20(1):64-74.

-85~



182,

183.

184.

185.

186,

187,

188,

189,

190,

191.

Omar, M. H.
1968 Potential evapotranspiration in 2 warm arid climate. In
UNESCO, Agroclimatological methods, proceedings of the
Reading symposium. Unesco, Paris. Natural Resources
Research 7:347-353.

Pelton, W. L./Korven, H. C.
1969 Evapotranspiration estimates in a semiarid climate. Canadian
Agricultural Engineering 11(2):50-53,

Penman, H. L,
1948 Natural evapotranspiration from open water, bare soil, and
grass. Royal Society of London, Proceedings 193(A):120-145.

Ramda,S, L. A,
1957 Evaporation and potential evaporation over the Indian sub-
continent. Indian Journal of Agricultural Science 28(2):
137-149,

Ritjema, P. E.

1961 Evapotranspiration in relation to suction and capillary con-
ductivity, In UNESCO, Plant-water relationships in arid and
semi-arid conditions, proceedings of the Madrid symposium,
Unesco, Paris. Arid Zone Research 16:99-106.

Robinson, T. W, /Johnson, A. I.
1961 Selected bibliography on evaporation and transpiration. US
Geological Survey, Water Supply Paper 1539-R. 25 p.

Sellers, W, D.
1964 Potential evapotranspiration in arid regions. Journal of
Applied Meteorology 3:98-104.

Sibbons, J. L. H.
1962 A contribution to the study of potential evapotranspiration.
Geografiska Annaler 44:249-292.

Slatyer, R. O./Mcllroy, I. C.
1961 Practical microclimatology, UNESCO/CSIRO, Melbourne, 334 p.

Stanhill, G.
1965 The concept of potential evapotranspiration in arid zone agriculture,
In F. E. Eckardt, ed., Methodology of plant eco-physiology, '
proceedings of the Montpellier s ymposium. Unesco, Paris. Arid
Zone Research 25:109-117.

-86-



192. Starr, V. P./Peixoto, J. P.
1958 On the global balance of water vapor and the hydrology of
deserts. Tellus 10:188-194.

193. Stephens, J. C./Stewart, E. H.
1963 A comparison of procedures for computing evaporation and
evapotranspiration. In International Association of Scientific
Hydrology, General Assembly of Berkeley, 1963, Publication
62:123-133.

194, Stork, C.
1959 Evapotranspiration problems in Iraq. Netherlands Journal of
Agricultural Science 7:269-282,

195. Thornthwaite, C. W.
1948 An approach toward a rational classification of climate. Geo-
graphical Review 38:55-94.

196. van Bavel, C. H. M.
1959 Practical use of knowledge about evapotranspiration. American
Society of Agricultural Engineers, Transactions 2(1):39-40,

197, van Bavel, C. H. M. s
1966 Potential evaporation: The combination concept and its experi-
mental verification. Water Resources Research 2(3):455-4617.

198. Venkatamaran, S.

1961 Evaporation as an agronomic factor. In UNESCO, Plant-water
relationships in arid and semi-arid conditions, proceedings of
the Madrid symposium. Unesco, Paris. Arid Zone Research
16:147-153.

199. Wallén, C. C.
1966 Arid zone meteorology. In E. S. Hills, ed., Arid lands, a
geographical appraisal, p. 31-51, Methuen, London; Unesco,
Paris. :

200. Wang, J. Y./Barger, G. L. o
1962 Bibliography of agricultural meteorology. University of Wisconsin
Press, Madison. 673 p.

201. Wiser, E. H. .
1965 Irrigation planning using climatological data. American Society
of Civil Engineers, Irrigation and Drainage Division, Journal
91(IR 4):1-11.

-87-



2.6. SOIL DRAINAGE AND THE WATER TABLE

202. Anat, A.
1965 Steady upward flow from water tables. University of Colorado
(unpublished Ph.D. Thesis).

203, Childs, E. C.
1947 The water table, equipotentials, and streamlines in drained land.
V: The moving water table. Soil Science 63:361-376.

204. Childs, E. C.
1960 The nonsteady state of the water table in drained land. Journal
of Geophysical Research 65:780-782.

205. Hallaire, M.
1961  La circulation de 1'eau dans le sol sous l'effet de 1'évapotrans-
piration et 1'utilisation des réserves profondes. (Summary in
English). In UNESCO, Plant-water relationships in arid and
semi-arid conditions, proceedings of the Madrid symposium,
Unesco, Paris. Arid Zone Research 16:49-56.

206. Hiler, E. A./Clark, R. N./Glass, L. J.
1971 Effects of water table height on soil aeration and crop response.
American Society of Agricultural Engineers, Transactions
14:879-882.

207, Miller, D. E./Aarstad, J. S.
1972 Estimating deep drainage between irrigations. Soil Science
Society of America, Proceedings 36:124-127.

208. Moore, R. E.

1939 Water conduction from shallow water-table. Hilgardia 12(4):
383-426.,

-88-



209.

210.

211,

212,

Schufle, J. A.

1970 Long term movement of water and soil salinity in the weathering
zone of arid zone sediments. In R. B. Mattox, ed., Saline
water. American Association for the Advancement of Science,
Committee on Desert and Arid Zones Research, Contribution
13:46-56.

Soliman, M. M. /Jensen, M. C.
1969 Discharge of water in the negative pressure region above the
water table. International Commission on Irrigation and Drainage,
Congress on Irrigation and Drainage, 7th, Mexico City, 1969,
Transactions 5(R 1):25.1-25.10.

Van Heesen, H. C. .
1970 Presentation of the seasonal fluctuation of the water table on
soil maps. Geoderma 4:257-278.

Van Schaik, J. C./Stevenson, D. S.

1967 Water movement above shallow water tables in southern Alberta.
Journal of Hydrology 5(2):179-186.

-89-



213.

214.

216.

217,

218.

219.

3.1. GENERAL: SOIL AND WATER SALTS

Allison, L. E.
1964 Salinity in relation to irrigation. Advances in Agronomy 16:

139-180.

Chapman, H. D., ed
1966 Diagnostic criteria for plants and soils. University of California,

Division of Agricultural Sciences, Berkeley. 793 p.

Dickson, B. T.
1956 Challenge of arid lands. Scientific Monthly 82(2):67-74.

England, H. N.
1964 Problems of irrigated areas. In Water resources, use and manage-
ment; proceedings of a symposium held at Canberra by the Australian
Academy of Science, 9-13 September 1963, p. 399-418. Melbourne
University Press, Melbourne; Cambridge University Press, New

York.

Hills, E. 8., ed
1966. Arid lands, a geographical appraisal. Methuen, London; Unesco,

Paris. 461 p.

Hodge, C./Duisberg, P. C., eds
1965 Aridity and man, the challenge of the arid lands in the United States.
American Association for the Advancement of Science, Washington,

D. C. Publication 74. 604 p.

International Commission on Irrigation and Drainage. Congress on Irrigation
and Drainage.
1951- Transactions. New Delhi.
1969 1st, New Delhi, 1951
2nd, Algiers, 1954
3rd, San Francisco, 1957
4th, Madrid, 1960
5th, Tokyo, 1963
6th, New Delhi, 1966
Tth, Mexico City, 1969



220,

221,

222.

223.

224,

225,

226,

2217,

228.

Jewitt, T. N.
1966 Soils of arid lands. In E. S. Hills, ed., Arid lands, a geographical
appraisal, p. 103-125, Methuen, London; Unesco, Paris.

Reeve, R. C./Doering, E. J.
1965 Sampling the soil solution for salinity appraisal. Soil Science -
99:339-344.

Richards, L. A., ed
1954 Diagnosis and improvement of saline and alkali soils. US Depart-
ment of Agriculture, Agriculture Handbook 60. 160 p.

Szabolcs, I., ed
1965 Proceedings of the symposium on sodic soils, Budapest, 1964.
Agrokémia és Talajtan 14(sup.) 480 p.

Thomas, H. E.
1956 Changes in quantities and qualities of ground and surface waters.
In W. L. Thomas, Jr., ed., Man's role in changing the face of
the earth, p. 542-563. University of Chicago Press, Chicago.

Thorne, W./Peterson, H. B.
1967 Salinity in United States waters. In N. C. Brady, ed., Agriculture
and the quality of our environment. American Association for the
Advancement of Science, Washington, D. C., Publication 85:

221-240.
UNESCO
1956 Utilization of saline water, reviews of research. 2d ed. Unesco,
Paris. Arid Zone Research 4. 102 p.
UNESCO
1961 Salinity problems in the'arid zones, proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14. 395 p.
UNESCO

1964 Land use in semi-arid Mediterranean climates; Unesco/IGU
symposium Iraklion (Greece), 19-26 September 1962. Unesco, -
Paris. Arid Zone Research 26, 170 p.

-91-



229. US Department of Agriculture

230.

231.

1962

Wilcox, L.
1957

Wilcox, L.
1967

A hibliography of publications in the field of saline and sodic
soils through 1961. Agricultural Research Service 41-80,
47 p.

V. .

Analysis of salt balance and burden data on the Rio Grande.
In Symposium on Problems of the Rio Grande, Albuquerque,
New Mexico, p. 39-44. New Mexico State Engineer Office.

V./Durum, W. H.

Quality of irrigation water. In R. M. Hagan, H. R. Haise,
and T. W. Edminster, eds., Irrigation of agricultural lands,
p. 104-122. American Society of Agronomy, Madison,
Wisconsin.

~92.



232,

233.

234.

235.

236.

237.

238.

3.2. WATER QUALITY CRITERIA AND ANALYSIS

Bank. H. O./Lawrence, J. H.
1953 Water quality problems in California. American Geophysical
Union, Transactions 34(1):58-66.

Bernstein, L.
1967 Quantitative assessment of irrigation water quality. American
Society for Testing Materials, Special Technical Publication
416:51-65,

Biswas, T. D./Jain, B. L.
1969 Quality rating or irrigation water. Science and Culture 35(10):
541-549,

Bower, C. A./Maasland, M.
1963 Sodium hazard of Punjab ground waters. Symposium on water-
logging salinity in West Pakistan, Proceedings, p. 49-61.

Bower, C. A./Ogata, G./Tucker, J. M. ‘
1968 Sodium hazard of irrigation waters as influenced by leaching fraction
’ and by precipitation or solution of calcium carbonate. Soil Science
106(1):29-34. '

Dixey, F./Shaw, S. H.
1961 Introductory paper: Hydrology with respect to salinity. In UNESCO,
Salinity problems in the arid zones, proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14:15-23.

Doneen, L. D.

1949 The quality of irrigation water and soil permeability. Soil Science
Society of America, Proceedings 13:523-526.

Doneen, L. D.

1966 Factors contributing to the quality of agricultural waste waters in
California. In L. D. Doneen, ed., Symposium on agricultural waste
waters, University of California, Davis, 1966, Proceedings. Univer-
sity of California, Water Resources Center, Report 10:6-9.

-93-



240,

241.

242,

243.

244.

245.

246,

2417,

248,

249,

Dutt, G. R./McCreary, T. W.

1970 The quality of Arizona's domestic, agricultural and industrial
waters. Arizona Agricultural Experiment Station, Report 256.
83 p.
Eaton, F. M.
1950 Significance of carbonates in irrigation waters. Soil Science
69:123-133.
Eaton, F. M.

1966 Total salt and water quality appraisal. In H. D. Chapman, ed.,
Diagnostic criteria for plants and soils, p. 501-509. University
of California, Division of Agricultural Sciences, Berkeley.

Gupta, I. C./Abichandani, C. T.
1967 Seasonal variations in the composition of some saline irrigation
waters of western Rajasthan. Annals of Arid Zone 6(2):108-116.

Hill, R. A.
1942 Salts in irrigation water. American Society of Civil Engineers,
Proceedings (Transactions number) 68(8, part 2):1478-1493.

Kanwar, J. S./Kanwar, B. S.
1968 Quality of irrigation water. International Congress of Soil Science,
9th, Adelaide, 1968, Transactions 1:391-403.

Kelley, W. P.
1941 Permissible composition and concentration of irrigation water.
American Society of Civil Engineers, Transactions 106:849-855.

Krone, R. B.

1966 The role of suspended mineral solids in water quality. In L. D.
Doneen, ed., Symposium on agricultural waste waters, University
of California, Davis, 1966, Proceedings. University of California,
Water Resources Center, Report 10:126-130.

Love, S. K.
1967 Quality of surface waters for irrigation, Western States, 1963.
US Geological Survey, Water Supply Paper 1952. 148 p.
McKee, J. E./Wolf, H, W., eds

1963 Water quality criteria. California State Water Quality Control
Board, Publication 3-A,

-94-



250.

251.

252,

253.

254.

255.

256.

257,

258,

Neuhold, J. M. «
1970 Natural pollution in arid land waters. US Federal Water Quality
Administration, Water Pollution Control Research Series 13030 y

DYY-6/69:79-84.

Pla, I
1968 Evaluation of the quality of irrigation waters with high bicarbonate
content in relation to the drainage conditions. In International
Congress of Soil Science, 9th, Adeliade, 1968, Transactions

1:357-370.

Pratt, P. F./Blair, F. L.
1969 Sodium hazard of bicarbonate irrigation waters. Soil Science
Society of America, Proceedings 33:880-884.

Schoonover, W. R.

1966 Evaluation of water quality. In L. D. Doneen, ed., Symposium on
agricultural waste waters, University of California, Davis, 1966,
Proceedings. University of California, Water Resources Center,
Report 10:42-48,

Shea, P. F.
1961 Interpretation of water quality analysis for irrigation. Victoria,
Australia, State Rivers and Water Supply Commission, Technical
Bulletin 12,

Smith, H. V./Draper, G. E./Fuller, W. H.
1964 The quality of Arizona irrigation waters. Arizona Agricultural
Experiment Station, Mimeo Report 223. 96 p.

US Federal Water Pollution Control Administration
1968 Water quality criteria, report of the National Technical Advisory
Committee on Water Quality Criteria. US Government Printing
Office, Washington, D. C. 234 p.

Wilcox, L. V. :
1955 Classification and use of irrigation waters. US Department of
Agriculture, Circular 969. 19 p.

Wilcox, L. V.

1958 Determining the quality of irrigation water. US Department of
Agriculture, Agriculture Information Bulletin 197. 6 p.

-95-



259, Wilcox, L. V.
1959 Effect of industrial wastes on water for irrigation use. American
Society for Testing Materials, Special Technical Publication
273:58-64.

260. Wilcox, L. V./Blair, G. Y./Bower, C. A.

1954 Effect of bicarbonate on suitability of water for irrigation.
Soil Science 77:259-266.

-96-



261,

262,

263.

264.

265,

266.

267.

268,

3.3. IRRIGATION WITH LOW QUALITY WATERS

Asghar, A. G.

1961 Use of saline water for irrigation with special references to
saline soils. In UNESCO, Salinity problems in the arid zones,
proceedings of the Teheran symposium. Unesco, Paris. Arid
Zone Research 14:259-266.

Baneriji, S.
1969 Hydrological problems related to the use of saline waters. Nature
and Resources 5(2):13-15.

Bower, C. A.
1961 Prediction of the effects of irrigation waters on soils. In UNESCO,
Salinity problems in the arid zones, proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14:215-222,

Brooks, R. H./Goertzen, J. O./Bower, C. A.
1958 Prediction of changes in the compositions of the disolved and
exchangeable cations in soils upon irrigation with high~sodium
waters. Soils Science Society of America, Proceedings 22:122-124.

Chapman, H. D./Harding, R. B. :
1956 Some effects of irrigation waters on soils. California Citrograph
41(6):206, 222, 224-226,

Doneen, L. D.
1954 Salination of soil by salts in the irrigation water. American
Geophysical Union, Transactions 35:943-950.

Eaton, F. M.
1958 Salts in irrigation waters and soils. California Citrograph 44(1):
4, 20-22.

Hamdi, H./Youssef, S./Mansey, M. M. el
1966 The effect of saline irrigation water with different sodium and calcium
concentrations on some soil properties. Journal of Soil Science of the

United Arab Republic 6(1):63-71.

-97-



269.

270.

271.

272,

273.

274.

275.

276.

271.

Hamdi, H./Youssef, S./Mansey, M. M. el
1966 The effect of using different concentrations of saline water contain-
ing different Na:Ca ratios on the growth and chemical composition
of alfalfa. Journal of Soil Science of the United Arab Republic
6(2):131-143.

Hausenbuiller, R. L./Haque, M. A./Wahhab, A.
1961 Some effects of irrigation waters of differing guality on soil
properties. Soil Science 90:357-364.

Jones, L. D.
1966 Measuring the effects of irrigation and drainage on soil salt content.
International Commission on Irrigation and Drainage, Congress on
Irrigation and Drainage, 6th, New Delhi, 1966, Transactions 2(R 13):
19.159-19.169.

Kelley, W. P./Lawrence, B. M./Chapman, H. D.
1949 Soil salinity in relation to irrigation. Hilgardia 18(18):635-665.

Longnecker, D. E./Thaxton, E. L., Jr./Lyerly, P. J.
1969 Salt concentrations in soils furrow-irrigated with saline waters.
Texas Agricultural Experiment Station, Miscellaneous Publication
MP-939. 12 p.

Ollat, C., et al
1969 Salinization and alkalization of a saline-calcareous soil irrigated
with saline water. Agrokémia és Talajtan 18(sup.):113-120.

Ravikovitch, S./Muravsky, E
1960 Irrigation with waters of varying degrees of salinity and its influence
on soil and crops. International Commission on Irrigation and
Drainage, Congress on Irrigation and Drainage, 4th, Madrid, 1960,
Transactions 5(R 13):13.177-13.209.

Thorne, D. W./Thorne, J. P.
1954 Changes in composition of irrigated soils as related to the quality
of irrigation waters. Soil Science Society of America, Proceedings
18:92-97.

Wahhab, A.
1961 Effect of saline irrigation waters on some soil properties. In
UNESCO, Salinity problems in the arid zones, proceedings of the
Teheran symposium. Unesoo, Paris. Arid Zone Research 14:
233-237.

-98-



278. Wilcox, 1. V,
1962 Salinity caused by irrigation. American Water Works Association,

Journal 54:217-222.

279. Yaalon, D. H.
1955 Studies of the effect of saline irrigation water on calcareous soils.

Research Council of Israel, Bulletin 5B(1):83-97.

-99-



280.

281.

282,

283.

284.

285.

286.

2817.

3.4. DISTRIBUTION AND PROPERTIES OF SALINE AND
ALKALINE SOILS

Ahmad, N.

1961 Soil salinity in West Pakistan and means to deal with it. In
UNESCO, Salinity problems in the arid zones, proceedings of
the Teheran symposium. Unesco, Paris. Arid Zone Research
14:117-125.

Ahmad, N.

1965 A review of salinity-alkalinity status of irrigated soils of West

Pakistan. Agrokémia &s Talajtan 14(sup.):117-154.
Bonnet, J. A.

1962 Edafologfa de los suelos salinos y sédicos (The soil science of
saline and sodic soils). Estacion Experimental Agrfcola,
Universidad de Puerto Rico, Rio Piedras. 337p.

Borovskiy, V. M.

1968 The salting factors of irrigated soils in the Turan Plain. Inter-
national Congress of Soil Science, 9th, Adelaide, 1968, Transactions
1:473-481,
Bower, C. A.
1963 Diagnosing soil salinity. US Department of Agriculture, Agricul-
ture Information Bulletin 27. 11 p.
Bower, C. A.
1964 Salinity control in irrigation agriculture. Paper presented at
seminar of waterlogging in relation to irrigation and salinity
problems, November 16-28, Lahore, Pakistan. 9 p.
Bower, C. A./Wilcox, L. V.

1965 Precipitation and solution of calcium carbonate in irrigation operations.
Soil Science Society of America, Proceedings 29:93-94.

Breburda, J. ‘
1966 Salz- und alkaliboden in trockengebieten der Sovjet-Union und ihre’
Verbesserung. Zeitschrift filr Kulturtechnik und Flurbereinigung

7(2):81-90.

-100-



288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

Buringh, P.
1960 Soils and soil conditions in Iraq. Ministry of Agriculture,
Baghdad. 322 p.

Carpena, O./Guillen, M. G./Fernandez, F. G./Caro, M.
1968 Saline soil classification using the 5:1 aqueous extract. Inter-
national Congress of Soil Science, 9th, Adelaide, 1968, Trans-
actions 1:483-490.

Chebotarev, I. I.
1955 The salinity problem in the arid regions. Water and Water Engineer-
ing 59(707):10-19; 59(708):58-68.

Dregne, H. E./Mojallali, H. _
1969 Salt-fertilizer-specific ion interactions in soil. New Mexico
Agricultural Experiment Station, Bulletin 541. 16 p.

Egorov, V. V.
1968 Salinization of soils of piedmont plains. International Congress of
Soil Science, 9th, Adelaide, 1968, Transactions 1:437-441.

Elgabaly, M. M.
1971 Problems of sampling, analyzing and mapping of salt affected soils.
In Salinity seminar, Baghdad, report of regional seminar on methods
of amelioration of saline and waterlogged soils, Baghdad, Iraq, 5-14
December 1970. Food and Agriculture Organization of the United
Nations, Rome, FAO Irrigation and Drainage Paper 7:29-38.

Emerson, W. W, :
1967 A classification of soil aggregates based on their coherence in
water. Australian Journal of Soil Research 5:47-57.

Ganssen, R.
1965 Bodenversalzung und Fruchbarkeit. Bild der Wissenschaft 2(5):

368-278.
Gardner, R.
1945 Some soil properties related to the sodium salt problem in irrigated

soils. US Department of Agriculture, Technical Bulletin 902. 28 p.

Gorbunov, B. V.
1968 Irrigated soils of central Asia. In V. A. Kovda and E. V. Lobova,
eds., Geography and classification of soils of Asia, p. 34-45. Israel
Program for Scientific Translations, Jerusalem. Available NTIS as
TT 68-50439 (IPST 5270).

-101-



298.

299,

300.

301.

302.

303.

304.

305.

306.

307.

Greenlee, G. M. /Pauluk, S./Bowser, W. E.
1968 Occurrence of soil salinity in the dry lands of southwestern
alberta. Canadian Journal of Soil Science 48(1):65-75.

Hafiz, A.
1958 Report on Unseco-Iran symposium on soil salinity problems in
arid zones with special reference to Pakistan. Agriculture
Pakistan 9(4):311-321.
Harris, R. F./Chesters, G./Allen, O. N.

1966 Dynamics of soil aggregation. Advances in Agronomy 18:107-169.

Jackson, E. A./Blackburn, G./Clarke, A. R.
1956 Seasonal changes in soil salinity at Tintinara, South Australia.
Australian Journal of Agricultural Research 7:20-44.

Johnsgard, G. A.
1965 Salt affected problem soils in North Dakota; their properties, use,
suitability and management. North Dakota Agricultural Experiment
Station, Bulletin 453. 15 p.

Kerr, P. F./Marder, M. /Klink, K. E.
1959 Saline deposition in the Great Basin--a preliminary literature
summary. Columbia University, Department of Geology, New
York. 126 p.

McNeal, R. L./Sansoterra, T.
1963 The mineralogical examination of arid-land soils. Soil Science
97:367-3175.

Maker, H. J./Pease, D. S./Anderson, J. U.
1970 Soil associations and land classification for irrigation, Harding
County. New Mexico Agricultural Experiment Station, Research
Report 165. 33 p.

Minashina, N. G.
1968 Soil formation and salt mlgratlon in the Murgab River delta.
International Congress of Soil Science, 9th, Adelaide, 1968,
Transactions 1:425-435.

Qayyum, M. A./Kemper, W. D.

1962 Salt concentration gradients in soils and their effects on m01sture
movement and evaporation. ‘Soil Science 93:333-342.

-102-



308. Raychaudhuri, S. P.
1965 Classification of saline and alkali soils of India. Agrokémia
€s Talajtan 14 (sup. ):83-89.

309, Salem, M. Z./Hole, F. D.
1969 Soil geography and factors of soil formation in Afghanistan. Soil
Science 107(4):289-295.

310. Schoonover, W. R./Elgabaly, M. M. /Hassan, M. N.
1957 A study of some Egyptian saline and alkali soils. Hilgardia 26(13):
565-596.,

311. Singh, S. S./Moorthy, B. R.
1966 Indices of calcium availability and degree of dispersion in soils.
Plant and Soil 25(2):297-304.

312. Smith, R./Robertson, V. C.
1956 A classification of the saline soils of the old irrigation lands of the
middle Tigris valley. International Congress of Soil Science, 6th,
Paris, 1956, Reports D:693-698.

313. Szabolcs, S.
1965 Salt affected soils in Hungary. Agrokémia és Talajtan 14(sup.):
275-306.

314. Szaboles, I./Darab, K.
1965 Chemical properties of solonetz soils as affected by alfalfa production
under irrigation. Agrokémia &s Talajtan 14(3/4):191-202.

315. Tamboli, P. M./Pathak, N. K. S.
1964 Studies on the saline and alkali soils of Madhya Pradesh. Indian
Society of Soil Science, Journal 12(3):195-202.

316. Vérallyay, G.
1968 Salt accumulation processes in the Hungarian Danube Valley.
International Congress of Soil Science, 9th, Adelaide, 1968,
Transactions 1:371-380.

317. Williams, M. A, J.
1968 The influence of salinity, alkalinity and clay content on the hydraulic
conductivity of soils in the west central Gezira. African Soils 13(1):
35_490

-103-



318. Yaalon, D. H.
1954 Calcareous soils of Israel. Israel Exploration Journal
4.278-285.

319. Yaalon, D. H.
1954 Physico-chemical relationships of CaCOg, pH, and COy in
calcareous soils. International Congress of Soil Science, 5th,
Leopoldville, Transactions 2:356-363.

320. Zavaleta, A. G.

1965 The nature of saline and alkaline soils of the Peruvian coastal
zone. Agrokémia &s Talajtan 14(sup. ):415-422.

-104-



321.

322.

323.

324,

3256.

326.

327,

3.5. LEACHING AND THE MIXING AND MOVEMENTS OF
SALTS IN SOIL SOLUTIONS

Biggar, J. W./Nielsen, D. R.

1967 Miscible displacement and leaching phenomenon. In R. H. Hagan,
H. R. Haise, and T. W. Edminister, eds., Irrigation of agricultural
lands, p. 254-274. American Society of Agronomy, Madison,
Wisconsin.,

Blackwell, R. J./Rayne, J. R./Terry, W. M.
1959 Factors influencing the efficiency of miscible displacement. Ameri-
can Institute of Mining, Metallurgical and Petroleum Engineers,
[Petroleum] Transactions 216:1-8 (Technical Paper 8047).

Bresler, E.
1967 A model for tracing salt distribution in the soil profile and estimating
the efficient combination of water quality and quantity under varying
field conditions. Soil Science 104(4):227-233.

Craig, J. R.
1970 Saline waters: Genesis and relationship to sediments and host rocks.
In R. B. Mattox, ed., Saline water. American Association for the
Advancement of Science, Committee on Desert and Arid Zones
Research, Contribution 13:3-30.
Corey, J. C./Nielsen, D. R./Biggar, J. W.

1963 Miscible displacement in saturated and unsaturated sandstone. Soil
Science Society of America, Proceedings 27:258-262.

Day, P. R.
1956 Dispersion of a moving salt-water boundary advancing through
saturated sand. American Geophysical Union, Transactions 37:
595-601. .

Day, P. R./Forsythe, W. M.

1957 Hydrodynamic dispersion of solutes in the soil moisture stream.
Soil Science Society of America, Proceedings 21:477-480.

-105-



328.

329.

330.

331.

332.

333.

334.

335.

Dieleman , P. J.

1971

Dynamics of salts in the soil-water system. In Salinity seminar,

Baghdad, report of regional seminar on methods of amelioration

of saline and waterlogged soils, Baghdad, Iraq, 5-14 December

1970. Food and Agriculture Organization of the United Nations,
Rome, FAO Irrigation and Drainage Paper 7:39-49.

Dutt, G. R./Tanji, K. K.

1962

Predicting concentrations of solutes in water percolating through
a column of soil. Journal of Geophysical Research 67:3437-3439.

Eriksson, E.

1958

A note on the dispersion of a salt-water boundary moving through
saturated sand. American Geophysical Union, Transactions
39(5):937-938.

Gardner, W. R.

1967

Water uptake and salt-distribution patterns in saline soils. In
Symposium on the use of isotope and radiation techniques in soil
physics and irrigation studies, Istanbul, 1967, p. 335-341. Inter-
national Atomic Energy Agency, Vienna.

Kemper, W. D.

1960 Water and ion movement in thin films as influenced by the electro-
static charge and diffuse layer of cations associated with clay
mineral surfaces. Soil Science Society of America, Proceedings
24:10-16,

McNeal, B. L. :

1968 Prediction of the effect of mixed-salt solutions on hydraulic

conductivity. Soil Science Society of America, Proceedings 32(2):
190-193.

McNeal, B. L./Coleman, N. T.

1966

Effect of solution composition on soil hydraulic conductivity. Soil
Science Society of America, Proceedings 30:308-312.

McNeal, B. L./Layfield, D. A./Norvell, W. A./Rhoades, J. D.

1968

Factors influencing hydraulic conductivity of soils in the presence
of mixed-salt solutions. Soil Science Society of America, Proceedings
32:187-190.

-106-



336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

Nielsen, D. R./Biggar, J. W.
1961 Miscible displacement in soils. I: Experimental Information.
Soil Science Society of America, Proceedings 25:1-5.

Nielsen, D. R./Biggar, J. W.
1962 Miscible displacement. III: Theoretical considerations.
Soil Science Society of America, Proceedings 26:216-221.

Nielsen, D. R./Biggar, J. W./Miller, R. J.
1964 Soil profile studies aid water management for salinity control.
California Agriculture 18(8):4-5.

Nielsen, D. R./Biggar, J. W./Luthin, J. N.
1966 Desalinization of soils under controlled unsaturated flow conditions.
International Commission on Irrigation and Drainage, Congress
on Irrigation and Drainage, 6th, New Delhi, 1966, Transactions
2(R 2):19.15-19.24.

Sadler, L. D. M./Taylor, S. A./Willardson, L. S. /Keller, J.
1965 Miscible displacement of soluble salts in reclaiming a salted soil.
Soil Science 100(4):348-355.

Scheidegger, A. E.
1960 The physics of flow through porous media. Rev. ed. Macmillan

Co., New York. 313 p.

Shalhevet, J./Reiniger, P.
1964 The development of salinity profiles following irrigation of field
crops with saline water. Israel Journal of Agriculture 14(4):
187-196.

Stoneman, T. C.
1958 Salt movement in soil. Western Australia Department of Agriculture
Journal, Series 3, 7(5):577-579.

Tanji, K. K. :
1970 A computer analysis on leaching of boron from stratified soil
columns. Soil Science 110:44-51.

Tanji, K. K./Doneen, L. D.
1966 A computer technique for prediction of CaCO, precipitation in HCO3-
salt solutions. Soil Science Society of America, Proceedings 30:
53-56. ‘ -

-107-



346, Tanji, K. K./Dutt, G. R./Paul, J. L./Doneen, L. D.
1967 Quality of percolating waters. II: A computer method for
predicting salt concentrations in soils at variable moisture
contents. Hilgardia 38:307-318.

347. Tanji, K. K./Doneen, L. D./Paul, J. L.
1967 Quality of percolating water. III: Predictions on the quality
of water percolating through stratified substrata by computer
analyses. Hilgardia 38:319-347.

348. Tanji, K. K./Doneen, L. D./Ferry, G. U./Ayers, R. S.
1972 Computer simulation analysis on reclamation of salt-affected
soils in San Joaquin Valley, California. Soil Science Society
of America, Proceedings. 36:129-133.

349. Terkeltoub, R. W./Babcock, K. L.
1971 Calculation of the leaching required to reduce the salinity of a
particular soil depth beneath a specified value. Soil Science
Society of America, Proceedings 35:411-414.

350. Terkeltoub, R. W./Babcock, K. L.
1971 A simple method for predicting salt movement through soil.
Soil Science 111:182-187.

351. van Schaik, J. C./Cairns, R. R.
1969 Salt and water movement into solonetzic soils. Canadian Journal

of Soil Science 49(2):205-210.

352. Velasco-Molina, H. A./Swoboda, A. R./Godfrey, C. L. :
1971 Dispersion of soils of different mineralogy in relation to sodium
adsorption ratio and electrolytic concentration. Soil Science
111(5):282-287.

-108-



3.6. CATION EXCHANGE PROCESSES

353. Bower, C. A.
1959 Cation-exchange equilibria in soils affected by sodium salts.
Soil Science 88:32-35.

354. Bower, C. A./Goertzen, J. O.
1958 Replacement of adsorbed sodium in soils by hydrolysis of calcium
carbonate, Soil Science Society of America, Proceedings 22:33-35.

355. Brooks, R. H./Bower, C. A./Reeve, R. C.
1956 The effects of various exchangeable cations on physical conditions
of soils. Soil Science Society of America, Proceedings 20:325-327.

356, Chang, C. W./Dregne, H. E.
1955 Effect of exchangeable sodium on soil properties and on growth
and cation content of alfalfa and cotton. Soil Science Society of
America, Proceedings 19:29-35,

357. Gardner, W. R./Mayhugh, M. S./Geortzen, J. O./Bower, C. A.
1959 Effect of electrolyte concentration and exchangeable sodium percentage
on diffusivity of water in soils. Soil Science 88:270-274. ’

358. Harris, A. E.
1931 Effect of replaceable sodium on soil permeability. Soil Science
32:435-446.

359. Hilmy, A. K./Elgabaly, M. M.
1954 Exchange reaction between sodium salts and calcium saturated
soils. Alexandria Journal of Agricultural Research 11(1):42-57.

360. Kelley, W. P,
1930 The agronomic significance of base exchange. American Society
of Agronomy, Journal 22:977-985.

361. Kelley, W. P.

1948 Cation exchange in soils. Reinhold, New York. 144 pP. (American
Chemical Society, Monograph Series 109).

-109-



362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

Kelley, W. P.
1957 Adsorbed Nat, cation-exchange capacity and percentage Na™*
saturation of alkali soils. Soil Science 84(6):473-478.

Kelley, W. P.
1962 Sodium carbonate and absorbed sodium in semiarid soils.
Soil Science 94:1-5.

Kelley, W. P.
1964 Review of investigations on cation exchange and semiarid soils.
Soil Science 97(2):80-88,

Kutilek, M.

1960 The effect of exchangeable cations on hygroscopic soil water.
International Commission on Irrigation and Drainage, Congress
on Irrigation and Drainage, 4th, Madrid, 1960, Transactions
5(R6):13.65-13.76.

Levy, R./Hillel, D.
1968 Thermodynamic equilibrium constants of sodium-calcium
exchange in some Israel soils. Soil Science 106(5):393-399.

Martin, J. P./Richards, S. J./Pratt, P. F.
1964 Relationships of exchangeable Na percentage at different soil pH
levels to hydraulic conductivity. Soil Science Society of America,
Proceedings 28:620-622.

Paliwal, K. U./Maliwal, G. L.
1971 Prediction of exchangeable sodium percentage from cation
exchange equilibria. Geoderma 6:75-78.

Reeve, R. C./Bower, C. A./Brooks, R. H./Gschwend, F. B.
1954 A comparison of the effects of exchangeable sodium and potassium
upon the physical condition of soils. Soil Science Society of America,
Proceedings 18:130-132.

Sawhney, B. L./Frink, C. R./Hill, D. E.
1970 Components of pH dependent cation exchange capacity. Soil Science
109(5):272-2178.

Thomas, G. W./Yaron, B.

1968 Adsorption of sodium from irrigation water by four Texas soils.
Soil Science 106(3):213-219.

-110-



372, Thomas, G. W./Swoboda, A. R.
1970 Anion exclusion effects on chloride movement in soils. Soil
Science 110(3):163-166.

-111-



4.1. GENERAL: SALINITY AND DROUGHT EFFECTS ON PLANTS

373. Bernstein, L.
1962 Salt-affected soils and plants. In UNESCO, The problems of
the arid zone, proceedings of the Paris symposium. Unesco,
Paris. Arid Zone Research 18:139-179.

Probably the most extensive review of the field prior to 1960.

374. Kozlowski, T. T., ed
1968 Water deficits and plant growth. Vol. 1, Development, control
and measurement; Vol. 2, Plant water consumption and response.
Academic Press, New York., 2 vols.

Contains review papers which extensively cover every aspect of the soil-
plant-atmosphere continuum of water movement. Perhaps the most
distinctive contributions are the detailed descriptions and discussions

of water potential measurement.

375. Ruhland, W., ed
1956-  Encyclopedia of plant physiology. Vol. 3, Water relations of
1958 plants, 1073 p.; Vol. 4, Mineral nutrition of plants, 1210 p.
Springer-Verlag, Berlin.

376. Slatyer, R. O.
1967 Plant-water relationships. Academic Press, New York. 366 p.

Also written by one of the great plant physiologists, this volume covers
much of the same material as the 1969 Kramer book, Plant and soil water
relationships, but on a generally more sophisticated level. Treatments
of soil and water potential concepts, for instance, utilize relatively
rigorous chemical thermodynamics.

377, Strogonov, B. P.

1964 Physiological basis of salt tolerance of plants. D. Davey and Co.,
Inc., New York. 279 p.

-112-



378. UNESCO
1961 Plant-water relationships in arid and semi-arid conditions,
proceedings of the Madrid symposium. Unesco, Paris.
Arid Zone Research 16, 352 p.

An extensive survey of the mechanisms of plant-water relations in
arid regions and the problems of water scarcity.

379. Vaadia, V./Raney, F. C./Hagan, R. M.

1961 Plant water deficits and physiological processes. Annual
Review of Plant Physiology 12:265-292.

-113-



4.2. PLANT-WATER RELATIONS: ABSORPTION, TRANSPIRATION,
AND WATER POTENTIAL MEASUREMENT

380. Barrs, H. D.
1968 Determination of water deficits in plant tissues. In T. T.
Kozlowski, ed., Water deficits and plant growth, Vol. 1,
p. 236-281. Academic Press, New York.

381. Boyer, J. S.

1968 Relationship of water potenﬁal to growth of leaves. Plant
Physiology 43:1056-1062.

382. Cohen, D.
1970 The expected efficiency of water utilization in plants under

different competition and selection regimes. Israel Journal of
Botany 19(1):50-54.

383. Currier, H. B.
1967 Nature of plant water. In R. H. Hagan, H. R. Haise, and T. W.
Edminster, eds., Irrigation of agricultural lands, p. 307-319.
American Society of Agronomy, Madison, Wisconsin.

384. Danielson, R. E.
1967 Root systems in relation to irrigation. In R. M. Hagan, H. R.
Haise, and T. W. Edminster, eds., Irrigation of agricultural

lands, p. 390-424. American Society of Agronomy, Madison,
Wisconsin.

385. Denmead, O. T./Shaw, R. H.
1962 Availability of soil water to plants as affected by soil moisture
content and meteorological conditions. Agronomy Journal 45:
385-390.

386. Gardner, W. R.

1961 Factors governing the pattern of water utilization in a plant root
zone. In UNESCO, Plant-water relationships in arid and semi-
arid conditions, proceedings of the Madrid symposium. Unesco,
Paris. Arid Zone Research 16:93-97.

~114-



387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

Gracanin, M,
1970 Water deficit in plant communities. Canadian Journal of
Botany 48(6):1199-1201.

Hellmuth, E. O./Grieve, B. J.
1970 Measurement of water potential of leaves with particular reference
to the Schardaleow method. Flora 160(1/2):147-167.

Henckel, P. A.
1964 Physiology of plants under drought. Annual Review of Plant
Physiology 15:363-386.

Idso, S.
1968 Atmospheric- and soil-induced water stresses in plants and
effects on transpiration and photosynthesis. Journal of Theoretical
Biology 21(1):1-12,
Jarvis, P. G.

1967 Comparative plant-water relations. Annals of Arid Zone 6(1):
74-91.

Lambert, J. R./van Schilfgaarde, J.
1965 A method of determining the water potential of intact plants. Soil
Science 100:1-9,

More, R. J.
1969 Water and crops. In R. J. Chorley, ed., Water, earth and man,
p. 197-208. Methuen, London.
Oertli, J. J.
1966 The significance of transpiration and various components of the
water potential to plant behavior. Advancing Frontiers of Plant
Sciences 17:149-172,
Philip, J. R.
1966 Plant water relations: Some physical aspects. Annual Review of
Plant Physiology 17:245-268.
Rawlins, S. L.

1971 Some new methods for measuring the components of water potential.
Soil Science 112(1):8-16.

Rutter, A. J./Whitehead, F. H., eds

1963 The water relations of plants. British Ecological Society Symposium,
3. Blackwell Scientific Publications, London. 394 p.

-115-



398, Slatyer, R. O.
1958 Availability of water to plants. In UNESCO, Climatology and
microclimatology, proceedings of the Canberra symposium.
Unesco, Paris. Arid Zone Research 11:159-163.

399. Slatyer, R. O.
1960 Absorption of water by plants. Botanical Review 26:331-392,

400. Stanhill, G./Vaadia, Y.
1967 Factors affecting plant responses to soil water. In R. M. Hagan,
H. R. Haise, and T. W. Edminster, eds., Irrigation of agricul-
tural lands, p. 446-457. American Society of Agronomy,
Madison, Wisconsin.

401. Stewart, J. I./Hagan, R. M.
1969 Predicting effects of water shortage on crop yield. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 95(IR 1):91-104.

402. Vaadia, Y./Waisel, Y.
1967 Physiological processes as affected by water balance. In R. M.
Hagan, H. R. Haise, and T. W. Edminster, eds., Irrigation of
agricultural lands, p. 354-372, American Society of Agronomy,
Madison, Wisconsin.

-116-



403.

404.

405.

406.

407.

408.

409.

410.

4,3, OSMOTIC EFFECTS AND PHYSIOLOGICAL SYSTEMS

Bernstein, L.
1961 Osmotic adjustment of plants to saline media. I: Steady state.
American Journal of Botany 48:909-918.

Bernstein, L.
1963 Osmotic adjustment of plants to saline media. IH: Dynamic
phase. American Journal of Botany 50(4):360-370.

Boyer, J. S.
1965 Effects of osmotic water stress on metabolic rates of cotton
plants with open stomata. Plant Physiology 40:229-234.

Butler, G. W.
1953 The connection between respiration and salt accumulation.
Physiologia Plantarum 6:662-671.

Gale, J./Kohl, H. C./Hagan, R. M.
1967 Changes in the water balance and photosynthesis of onion, bean
and cotton plants under saline conditions. Physiologia Plantarum
20:408-420.

Gale, J./Poljakoff-Mayber, A.
1968 Physiological basis of salt damage. Israel Journal of Botany
17:124.

Gale, J./Naaman, R./Poljakoff-Mayber, A.
1970 Growth of Atriplex halimus L. in sodium chloride salinated
culture solutions as affected by the relative humidity of the air.
Australian Journal of Biological Sciences 23(5):947-952.

Gingrich, J. R./Russell, M. B.
1957 A comparison of the effects of soil moisture tension and osmotic
stress on root growth. Soil Science 85:185-194.

=117~



411,

412,

413,

414,

415.

416.

417,

418,

419,

420,

Henckel, P. A./Strogonov, B. P.
1961 Physiology of plants consuming saline water. In UNESCO,
Salinity problems in the arid zones, proceedings of the Teheran
symposium, Unesco, Paris. Arid Zone Research 14:145-151.

Kirkham, M. B./Gardner, W. R./Gerloff, G. C.
1972 Stomatal conductance of differentially salinized plants. Plant
Physiology 49(3):345-347,

Kling, E. G.
1954 The physiology of plants on saline soil. Moskov. Glavnyi Botan.
Sad Binl USSR 18:59-73. (Quoted from L. Bernstein and H. E.
Hayward, Physiology of salt tolerance. Annual Review of Plant
Physiology 9:25-46. 1958).

Lagerwerff, J. V.
1962 Transpiration related to ion uptake by beans from saline substrates.

Soil Science 93:420-430.

Lagerwerff, J. V/Eagle, H. E.
1961 Osmotic and specific effects of excess salts on beans. Plant
Physiology 36:472-4717.

Meiri, A./Poljakoff-Mayber, A.
1967 The effect of chlorine salinity on growth of bean leaves in thickness
and in area. Israel Journal of Botany 16:115-123.

Meiri, A./Poljakoff-Mayber, A.
1969 Effect of variations in substrate salinity on the water balance and
ionic composition of bean leaves. Israel Journal of Botany 18:
99-112,

Meiri, A./Poljakoff-Mayber, A.
1970 Effect of various salinity regimes on growth, leaf expansion and
transpiration rate of bean plants. Soil Science 109(1):26~-34.

Meyer, R. E./Gingrich, J. R.
1964 Osmotic stress: Effects of its application to a portion of wheat
root systems. Science 144:1463-1464.

Nieman, R. H.
1962 Some effects of sodium chloride on growth, photosynthesis, and
respiration of twelve crop plants. Botanical Gazette 123:279-285."

-118-



421. Nieman, R. H./Poulsen, L. L.
1967 Interactive effects of salinity and atmospheric humidity
on the growth of bean and cotton plants. Botanical Gazette
128:69-73.

422, Nieman, R. H./Poulsen, L. L.
1971 Plant growth suppression on saline media: Interactions with
light. Botanical Gazette 132(1):14-19.

423. Oerthl, J. J.

1967 Effects of external salt concentrations on water relations in
plants. III: Concentration dependence of the osmotic dif-
ferential between xylem and external medium. Soil Science
104(1):56-62.

424, O'Leary, J. W.
1969 The effect of salinity on permeability of roots to water. Israel
Journal of Botany 18(1):1-9.

425, O'Leary, J. W./Riley, J. J.
1970 Physiological response of plants to salinity and humidity.
A-016-ARIZ Research Project Technical Completion Report.
Available NTIS as PB-190 484.

426. Riley, J. J.
1969 Physiological responses of plants to salinity: Plant-water relations.
In C. C. Hoff and M. L. Riedesel, eds., Physiological systems
in semiarid environments, p. 249-254, University of New Mexico
Press, Albuquerque.

427, Ruf, R. H./Eckert, R. E./Gifford, R. O.
1967 Components of osmotic adjustment of plants to rapid changes in
root medium osmotic pressure. Soil Science 104(3):159-162.

428. Russell, R. S./Barber, D. A.
1960 The relationship between salt uptake and the absorption of water by
intact plants. Annual Review of Plant Physiology 11:127-140.

429, Wadleigh, C. H.

1946 The integrated soil moisture stress upon a root system in a large
container of saline soil. Soil Science 61:225-238.

~-119-



430.

431.

432'

433.

434.

435.

436.

437.

4.4. JON ABSORPTION, DISTRIBUTION, AND GENERAL
NUTRITION EFFECTS

Al-Ani, T. A./Koontz, H. V.
1969 Distribution of calcium absorbed by all or part of the root
system of beans. Plant Physiology 44:711-716.

Arnold, P. W.
1962 Soil potassium and its availability to plants. Outlook on Agricul-

ture 3(6):263-267.

Bernstein, L.
1964 Effects of salinity on mineral composition and growth of planfs.
In Collogium on plant analysis and fertilizer problems, 4th,
Brussels, 1962, Plant analysis and fertilizer problems, IVv:
25-45. W. F. Humphrey Press, Geneva, New York. 430 p.

Burstrom, H. G.
1968 Calcium and plant growth. Biological Reviews 43:287-316.

Cassidy, N. G.
1970 The distribution of potassium in plants. Plant and Soil 32:

263-2617.
Drew, D. H.

1967 Mineral nutrition and the water relations of plants. II: On the
role of mineral salts in the water relations of the leaves. Plant
and Soil 27(1):92-102.

Eaton, F. M.

1942 Toxicity and accumulation of chloride and sulfate salts in plants.

Journal of Agricultural Research 64:357-399.
Eaton, F. M./Olmstead, W. R./Taylor, O. C.

1971 Salt injury to plants with special reference to cations versus
anions and ion activities. Plant and Soil 35:533-547.

-120-



438.

439.

440,

441.

442,

443,

444.

445,

446.

4417,

448.

Elleboudi, A. E.
1969 A preliminary study on the absorption of phosphate and growth
of plants under saline conditions. Plant and Soil 31(1):193-195.

Elzam, O. E./Epstein, E.
1965 Absorption of chloride by barley roots: Kinetics and selectivity.
Plant Physiology 40:620-624.

Epstein, E.
1956 Mineral nutrition of plants: Mechanisms of uptake and transport.
Annual Review of Plant Physiology 7:1-24.

Epstein, E.
1960 Selective ion transport in plants and its genetic control. In
Desalination research conference, p. 284-295. National Academy
of Sciences/National Research Council, Publication 942.

Epstein, E./Jefferies, R. L.
1964 The genetic basis of selective ion transport in plants. Annual
Review of Plant Physiology 15:169-184.

Fried, M./Shapiro, R. E.
1961 Soil-plant relationships in ion uptake. Annual Review of Plant
Physiology 12:91-112.

Greenway, H./Klepper, B.
1969 Relation between anion transport and water flow in tomato plants.
Physiologia Plantarum 22:208-219,

Hendricks, S. B. ‘
1966 Salt entry into plants. Soil Science Society of America, Proceedings
30(1):1-7. SWRA W69-02747. »

Jyung, W. H./Wittwer, S. H.
1964 Foliar absorption: An active process. American Journal of
Botany 51:437-445.

Kozlowski, T. T.
1956 The uptake of salts by plant cells. In W. Ruhland, ed., Encyclo-
pedia of plant physiolagy, Vol. 2, p. 290-315. Springer-Verlag,
Berlin.

Laties, G. G.

1959 Active transport of salt into plant tissue. Annual Review of Plant
Physiology 10:87-112,

-121-



449.

450.

451.

452,

453.

454,

455.

456.

Laties, G. G.
1969 Dual mechanisms of salt uptake in relation to compartmentation
and long-distance transport. Annual Review of Plant Physiolggy
20:89-116.

Lundegardh, H.
1955 Mechanisms of absorption, transport, accumulation, and secretion
of ions. Annual Review of Plant Physiology 6:1-24.

Rains, D. W./Epstein, E.
1967 Sodium absorption by barley roots: Role of the dual mechanisms
of alkali cation transport. Plant Physiology 42:314-318.

Stenlid, G.
1958  Salt losses and redistribution of salts in higher plants. In W.
Ruhland, ed., Encyclopedia of plant physiology, Vol. 4, p.
615-637. Springer-Verlag, Berlin.

Thenabadu, M. W.
1968 Magnesium-sodium interactions effecting the uptake and distribution
of potassium and calcium by cotton. Plant and Soil 29(1):132-143.

Vervelde, C. J.
1955 A physico-chemical analysis of salt accumulation by plant roots.
Plant and Soil 6:226-244.

Vlamis, J./Williams, D. E.
1962 Ton competition in manganese uptake by barley plants. Plant
Physiology 37(5):650-655.

Welch, R. M. /Epstein, E.

1969 The plasmalemma: Seat of the type 2 mechanisms of ion absorption.
Plant Physiology 44:301-304.

-122-



457.

458.

459.

460.

461.

462.

463.

4.5. SALT TOLERANCE AND SALINITY EFFECTS ON
GENERAL PLANT GROUPS

Abdel Salam, M. A./Hour, S. A.
1965 Interaction of saline water irrigation and nitrogen fertilization
on corn production in calcareous soils. Journal of Soil Science
of the UAR 5(2):120-133.

Asana, R. D.

1961 Physiological problems concerning crop production under saline
conditions in India. In UNESCO, Salinity problems in the arid
zones, proceedings of the Teheran symposium. Unesco, Paris,
Arid Zone Research 14:181-183.

Asghar, A. G.

1960 Tolerance of plants to minerals in solution in irrigation water and
in soil. International Commission on Irrigation and Drainage, 4th
Congress, Madrid, Transactions 5:13.95-13.112.

Bains, S. S./Fireman, M.
1964 Effect of exchangeable sodium on the growth and absorption of
nutrients and sodium by crop plants. Agronomy Journal 56:
432-435.

Bernstein, 1.
1960 Salt tolerance of field crops. US Department of Agriculture,
Information Bulletin 217. 5 p.

Bernstein, L.
1961 Tolerance of plants to salinity. American Society of Civil Engineers,
Irrigation and Drainage Division, Journal 87:1-12.

Bernstein, L./Hayward, H. E.

1958 Physiology of salt tolerance. Annual Review of Plant Physiology
9:24-45.

-123-



464.

465.

466.

467.

468.

469.

470.

471.

472.

Bower, C. A./Ogata, G./Tucker, J. M.
1970 Growth of sudan and tall fescue grasses as influenced by
irrigation water salinity and leaching fraction. Agronomy
Journal 62:793-794.

Cooper, W. C./Peynado, A./Olson, E. O.
1958 Response of grapefruit on two rootstocks to calcium additions
to high-sodium, boron-contaminated and saline irrigation
water. Soil Science 86(4):180-189.

Draghetti, M. A.
1960 Tolérance des plante aux minéraux en solution dans les eaux
d'irrigation et dans les sols. International Commission on
Irrigation and Drainage, 4th Congress, Madrid, Transactions
5:13.1-13.16. ’

Dregne, H. E.
1969 Prediction of crop yields from quantity and salinity of irrigation
water. New Mexico Agricultural Experiment Station, Bulletin
543. 16 p.

Eaton, F. M.
1927 The water-requirement and cell-sap concentration of Australian
saltbush and wheat as related to the salinity of the soil. American
Journal of Botany 14:212-226.

Gabaly, M. M, el
1961 Studies on salt tolerance and specific ion effects on plants. Unesco,
Paris. Arid Zone Research 14:169-174.

Grammaticati, O. G./Polikarpova, Z. D.
1968 Utilization of soil moisture and groundwater by cotton plants in the
case of saline groundwater. International Congress of Soil Science,
9th, Adelaide, Transactions 1:465-472.

Greenway, H. _
1962 Plant responses to saline substrates. I: Growth and ion uptake of
several varieties of Hordeum during and after sodium chloride
treatment. Australian Journal of Biological Sciences 15:16-38.

Grillot, G.

1956 The biological and agricultural problems presented by plants tolerant
of saline brackish water and the employment of such water for
irrigation. In Utilization of saline water, Reviews of research,
2d ed. Unesco, Paris. Arid Zone Research 4:9-35.

-124-



473.

474,

475,

476,

477,

478,

479.

480.

481,

Hayward, H. E.
1954 Plant growth under saline conditions. In Utilization of saline
waters, Reviews of research. Unesco, Paris. Arid Zone
Research 4:37-71.

Hayward, H. E./Bernstein, L.
1958 Plant-growth relationships on salt-affected soils. Botanical
Review 24:584-635.

Hayward, H. E./Wadleigh, C. H.
1949 Plant growth on saline and alkali soils. Advances in Agronomy
1:1_380

Kim, C. M A
1958 Effect of saline and alkaline salts on the growth and internal
components of selected vegetable plants. Phys1olog10a1
Plantarum 11(13):441-450.

Lagerwerff, J. V.
1958 Comparable effects of adsorbed and dissolved cations on plant
growth. Soil Science 86(2):63-69.

Lagerwerff, J. V.
1969 Osmotic growth inhibition and electrometric salt-tolerance
evaluation of plants: A review and experimental asséssment.
Plant and Soil 31(1):77-96.

Lagerwerff, J. V./Ogata, G.
1960 Plant growth as a function of interacting activities of water and
ions under saline conditions. International Congress of Soil
Science, Tth, Madison, Transactions 3:475-480,

Lunin, J./Galletin, M. H./Batchelder, A. R.
1964 Interactive effects of soil fertility and salinity on growth and
composition of beans. American Society of Horticultural Science,
Proceedings 85:350-360.

Mehta, B. V./Desai, R. S.
1959 Salt tolerance studies. I: Effect of soil salinity on the'growth
and chemical composition of plants. Journal of Soil and Water
Conservation in India 7:101-105.

-125-



482,

483.

484,

485,

486,

4817,

488.

489.

490.

Namken, L. N./Wiegand, C. L./Brown, R. G.
1969 ~ Water use by cotton from low and moderately saline static
water tables. Agronomy Journal 61:305-310.

Nieman, R. H.
1965 Expansion of bean leaves and its suppression by salinity.
Plant Physiology 40:156-161.

Peterson, H. B.
1961 Some effects on plants of salt and sodium from saline and
sodic soils. In Salinity problems in the arid zones, proceedings
of the Teheran symposium. Unesco, Paris. Arid Zone Research
14:163-167.

Ravikovitch, S./Porath, A.
1967 The effect of nutrients on the salt tolerance of crops. Plant
and Soil 26(1):49-71.

Reddy, P. R./Goss, J. A.

1971 Effects of salinity on pollen. I: Pollen viability as altered by
increasing osmotic pressure with sodium chloride, magnesium
chloride, and calcium chloride. American Journal of Botany
58(8):721-725,

Repp, G.

1961 The salt tolerance of plants: Basic research and tests. In
Salinity problems in the arid zones, proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14:153-161.

Richards, L. A.

1959 Availability of water to crops on saline soils. US Department of
Agriculture, Information Bulletin 210. 10 p.

Shalhevet, J./Bernstein, L.
1968 Effects of vertically heterogenous soil salinity on plant growth
and water uptake. Soil Science 106(2):85-93.

Terra, G. J. A.
1955 Suitability of plants for dry and saline regions. International
Horticultural Congress, 14th, Schveningen, Report 14(1):377-384.

-126-



491. Van Hoorn, J. W,
1971 Salt tolerance and crop management on salt-affected soils.
In Salinity seminar Baghdad, report of regional seminar on
methods of amelioration of saline and waterlogged soils,
Baghdad, Iraq, 5-14 December 1970. Food and Agriculture
Organization, Rome, FAO Irrigation and Drainage Paper
7:136-148.

492. Walter, H.
1961 The adaptation of plants to saline soils. In Salinity problems
of the arid zones, proceedings of the Teheran symposium.
Unesco, Paris. Arid Zone Research 14:129-134.

-127-



493.

494.

495.

496.

497,

498.

499.

500.

4.6.

INVESTIGATIONS OF SALT EFFECTS ON SPECIFIC CROPS

Abdel Rahman, A. A./Sharkawi, M. H.

1968 Effect of salinity and water supply on olive. Plant and Soil
28(2):280-290.
Bernstein, L.
1959 Salt tolerance of vegetable crops in the West. US Department
of Agriculture, Information Bulletin 205. 5 p.
Bernstein, L.
1965 Salinity in citrus. Calfiornia Citrograph 50:273-276.
Bernstein, L.
1965 Salt tolerance of fruit crops. US Department of Agriculture,
Information Bulletin 292. 8 p.
Bernstein, L./Ayers, A. D.
1953 Salt tolerance of five varieties of carrots. American Society of
Horticultural Science, Proceedings 61:360-366.
Bernstein, L./Pearson, G. H.
1956 Influence of exchangeable sodium on the yield and chemical
composition of plants. I: Green beans, garden beets, clover,
and alfalfa. Soil Science 82:247-258.
Carter, D. L./Peterson, H. B.
1962 Sodic tolerance of tall wheatgrass. Agronomy Journal 45:
382-384.
Ehlig, C. F.
1960 Effect of salinity on four varieties of table grapes grown in sand

culture. American Society of Horticultural Science, Proceedings
76:323-335.

501. Ehlig, C. F./Bernstein, L.

1958

Salt tolerance of strawberries. American Society of Horticultural
Science, Proceedings 72:198-206.

-128-



502. Francois, L. E./Bernstein, L.
1964 Salt tolerance of safflower. Agronomy Journal 56:38-40.

503. Greig, J. K./Smith, F. W.
1962 Salinity effects on sweet potato growth. Agronomy Journal

45:309-313.

504. Kaddah, M. T./Fakhry, S. I.
1961 Tolerance of Egyptian rice to salt. I: Salinity effects when
applied continuously and intermittently at different stages of
growth after transplanting. Soil Science 91:113-120.

505. Pearson, G. A./Goss, J. A./Hayward, H. E.
1957 The influence of salinity and water table on the growth and
mineral composition of young grapefruit trees. American
Society of Horticultural Science, Proceedings 69:197-203.

506. Ravikovitch, S./Bidner, N.
1937 The deterioration of grapevines in saline soils. Empire Journal
of Experimental Agriculture 5:197-203.

507. Shalhevet, J./Reiniger, P./Shimshi, D.

1969 Peanut response to uniform and non-uniform soil salinity.
Agronomy Journal 61(3):384-387.

-129-



508.

509.

510.

511.

512.

4.7. SALT TOLERANCE IN WILD PLANTS

Ahmad, R.
1968 The mechanism of salt tolerance in Suaeda fruticosa and Haloxylon
recurvum. Plant and Soil 28(2):357-362.
Ashby, W. C./Beadle, N. C. W.

1957 Studies in halophytes. III: Salinity factors in the growth of
Australian saltbushes. Ecology 38(2):344-352.

Barbour, M. G.
1970 Is any angiosperm an obligate halophyte? American Midland
Naturalist 84(1):105-120.

Brownell, P. F,.
1968 Sodium as an essential micronutrient element for some higher
plants. Plant and Soil 28(1):161-164.

Mozafar, A./Goodin, J. R.

1970 Vesiculated hairs: A mechanism for salt tolerance in Atriplex
halimus L. Plant Physiology 45(1):62-65.

-130-



513.

514,

515.

516.

517.

518.

519.

520.

4.8. GERMINATION PROBLEMS

Ayers, A. D.
1952 Seed germination as affected by soil moisture and salinity.
Agronomy Journal 44:82~84.

Barker, A. V./Maynard, D. N./Mioduchowska, B./Buch, A.
1970 Ammonium and salt inhibition of some physiological processes
associated with seed germination. Physiologia Plantarum 23:
898-907.

Bernstein, L./MacKenzie, A. J./Krantz, B. A.
1955 The interaction of salinity and planting practice on the germination
of irrigated row crops. Soil Science Society of America,
Proceedings 19:240~243.

Chaudhuri, I. I./Wiebe, H. H.
1968 Influence of calcium pretreatment on wheat germination on saline
media. Plant and Soil 28(2):208-216.

Heydeck, W.
1967 Drought hazards to seed germination. Annals of Arid Zone
6(1):22-34.

Koller, D./Mayer, A. M./Poljakoff-Mayber, A./Klein, S.
1962 Seed germination. Annual Review of Plant Physiology 13:437-464.

Maliwal, G. W./Paliwal, K. V.
1969 Salt tolerance of crops at germination stage. Annals of Arid Zone
8(1):109-125.

Manohar, M. S./Bhan, S./Prasad, R.

1968 Germination in lower osmotic potential as an index of drought
resistance in crop plants - a review. Annals of Arid Zone 7(1):
82-90.

-131-



521.

522.

523.

524.

525.

526.

5217,

Mayer, A. M./Poljakoff-Mayber, A.
1963 The germination of seeds. Macmillan, New York.

Mehta, B. V./Desai, R. S.
1958 Effect of soil salinity on germination of some seeds. Journal
of Soil and Water Conservation in India 7:101-115.

Prisco, J. T./O'Leary, J. W.
1970 Osmotic and "toxic" effects of salinity on germination of Phaseolus
vulgaris L. seeds. Turrialba 20(2):177-184.

Sarin, M. N./Narayanan, A.
1968 Effects of soil salinity and growth regulators on germination and
seedling metabolism of wheat. Physiologia Plantarum 21:1201-1209.

Toole, E. H./Hendricks, S. B./Borthwick, H. A./Toole, V. K.
1956 Physiology of seed germination. Annual Review of Plant Physiology

7:299.
Wahab, A.

1961 Salt tolerance of various varieties of agricultural crops at the
germination stage. In Salinity problems in arid zones, proceedings
of the Teheran symposium. Unesco, Paris. Arid Zone Research
14:185-192.

Younis, A. F./Hatata, M. A.

1971 Studies on the effects of certain salts on germination, on growth
: of root, and on metabolism. Plant and Soil 34:183-200.

-132-



528.

529.

530.

531.

532.

533.

534.

535.

536.

4.9. SALINITY EFFECTS ON PLANT HORMONES, CELL
BIOCHEMISTRY, AND MICROSTRUCTURE

Ben-Zioni, A./Itai, C./Vaadia, Y.
1967 Water and salt stresses, kinetin and protein synthesis in
tobacco leaves. Plant Physiology 42:361-365.

Blumenthal-Goldschmidt, S./Poljakoff-Mayber, A.
1968 Effect of substrate salinity on growth and submicroscopic structure
of leaf cells of Atriplex halimus L. Australian Journal of Botany
16:469-478.

Flowers, T. J./Hanson, J. B.
1969 The effect of reduced water potential on soybean mitochondria.
Plant physiology 44(7):939-945.

Greenway, H./Osmond, C. B.
1972 Salt responses of enzymes from species differing in salt tolerance.

Plant physiology 49:256-259.

Hasson-Porath, E./Poljakoff-Mayber, A.
1969 The effect of salinity on the malic dehydrogenase of pea roots.
Plant Physiology 44:1031-1034.

Hasson-Porath, E./Poljakoff-Mayber, A.
1971 Content of adenosine phosphate compounds in pea roots grown in
saline media. Plant Physiology 47(1):109-113.

Ilan, 1.
1971 Evidence for hormonal regulation of the selectivity of ion uptake
by plant cells. Physiologia Plantarum 25:230-233.

Itai, C/Richmond, A./Vaadia, Y.
1968 The role of root cytokinins during water and salinity stress.
Israel Journal of Botany 17:187-195.

Itai, C./Vaadia, Y.

1971 Cytokinin activity in water-stressed shoots. Plant Physiology
47.87-90.

-133-



537.

538.

539.

540.

541.

542.

543,

544,

545,

546.

Kahane, I./Poljakoff-Mayber, A.
1968 Effect of substrate salinity on the ability for protein synthesis
in pea roots. Plant Physiology 43:1115-1119.

Lips, S. H./Roth-Bejerano, N./Ben-Zioni, A.
1968 Kinetin, leaf age and photosynthesis. Israel Journal of Botany
17:130.

Mayak, S./Halevy, A. H.
1970 Cytokinin activity in rose petals and its relation to senescence.
Plant Physiology 46:497-499.

Mizrahi, Y./Blumenfeld, A./Bittner, S./Richmond, A. E.
1971 Abscisic acid and cytokinin contents of leaves in relation to
salinity and relative humidity. Plant Physiology 48:752-755.

Nir, L. /Poljakoff-Mayber, A.
1966 The effect of water stress on activity of phosphatases from Swiss
chard chloroplasts. Israel Journal of Botany 15:12-16.

Nir, I./Poljakoff-Mayber, A.
1970 The effect of water stress on mitochondria of root cells. A
biochemical and cytochemical study. Plant Physiology 45(2):
173-1171.

O'Leary, J. W.

1970 The influence of groundwater salinity on plant growth. In R. B.
Mattox, ed., Saline water, p. 57-63. American Association for
the Advancement of Science, Committee on Desert and Arid
Zones Research, Contribution 13.

O'Leary, J. W, /Prisco, J. T.
1970 Response of osmotically stressed plants to growth regulators,
In L. Chandra, ed., Advancing Frontiers of Plant Science
25:129-139.

Osmond, C. B./Greenway, H.
1972 Salt responses of carboxylation enzymes from species differing
in salt tolerance. Plant Physiology 49:260-263.

Poljakoff-Mayber, A./Porath, E.

1968 The effects of chloride and sulphate salinity on carbohydrate
metabolism in pea roots. Israel Journal of Botany 17:128-129.

-134-



5417.

548.

549.

550.

551.

552.

553.

554.

Porath, E./Poljakoff-Mayber, A.
1964 Effect of salinity on metabolic pathways in pea root tips.
Israel Journal of Botany 13:115-121.

Richmond, A.
1968 Hormonal aspects involved in root stress. Israel Journal of
Botany 18:127-128.

Stadelmann, E. J.

1971 The protoplasmic basis for drought-resistance. A quantitative
approach for measuring protoplasmic properties. In W. G.
McGinnies, B. J. Goldman, and P. Paylore, eds., Food, fiber
and the arid lands, p.337-352. University of Arizona Press,
Tucson., :

Totawat, K. L./Saxena, S. N.
1970 Effect of variations in salinity and alkalinity of applied irrigation
waters on the amino acid make-up of Phaseolus aureus. Plant
and Soil 33(1):43-47.

Waisel, Y./Eshel, A.
1971 Localization of ions in the mesophyll cells of the succulent
halophyte Suaeda monoica forssk by X-ray microanalysis.
Experientia 27(2):230-232,

Weimberg, R.
1970 Enzyme levels in pea seedlings grown on highly salinized media.
Plant Physiology 46:466-470.

West, S. H.
1962 Protein, nucleotide and ribonucleic acid metabolism in corn
during germination under water stress. Plant Physiology 37(5):
565-5171.
Ziv, D.

1968 The effect of salt on plastids and mitochondria during greening
of isolated bean leaves. Israel Journal of Botany 17:129.

-135-



4.10. MICROORGANISMS

555. Alexander, M.
1969 Microbiological problems of the arid zone. In Conference on
Global Impacts of Applied Microbiology, 2d, Addis Ababa, Ethiopia,
1967, Global Impacts of Applied Microbiology, proceedings,
p. 285-291, Interscience Publishers, New York. SWRA W70-07779.

556. Greaves, J. E.
1916 The influence of salts on the bacterial activities of the soil.
Soil Science 2:443-480.

557. Iswaran, V./Sen, A.
1958 Effect of salinity on nitrogen fixation by Azotobacter sp. in some
Indian soils. Indian Society of Soil Science, Journal 6(2):109-113.

558. Keller, P.
1969 The effect of sodium chloride and sulphate on sulphur oxidation
in soil. Plant and Soil 30(1):15-22.

559. Mahmoud, S. A. Z./Taha, S. M./Ed-Damaty, A./Anter, F.
1969 The effect of some soil amendments of chemical and microbiological
properties of an alkali soil. Plant and Soil 30(1):1-22. -

560. Pathak, A. N./Jain, S. L.
1966 Effect of alkali salts. II: On nitrification. Journal of Soil and
Water Conservation in India 13:30-32.

561. Siegel, S. M./Roberts, K./Lederman, M. /Daly, O.
1967 Microbiology of saturated salt solutions and other harsh environments.
II: Ribonucleotide dependency in the growth of a salt-habituated
Penicillium notatum in salt-free media. Plant Physiology 42:201-204.

562, Taha, S, M./Mahmoud, S. A. Z./Moubarek, M. S. M.

1970 Effect of reclamation of sandy soil on some chemical and micro-
biological properties. Plant and Soil 32:282-292,

-136-



563.

564.

565.

566.

5617,

568.

4.11. BORON EFFECTS ON PLANTS

Eaton, F. M.
1935 Boron in soils and irrigation waters and its effect on plants,

with particular reference to the San Joaquin Valley of California.
US Department of Agriculture, Technical Bulletin 448. 131 p.

Eaton, F. M. A
1954 Deficiency, toxicity and accumulation of boron in plants. Journal

of Agricultural Research 69:237.

Eaton, S. V.
1940 Effects of boron deficiency and excess on plants. Plant Physiology

15:95-107.

Khudairi, A. K.
1961 Boron toxicity and plant growth. In Salinity problems in the arid
zones, Proceedings of the Teheran symposium. Unesco, Paris.

Arid Zone Research 14:175-183.

Rajaratnam, J. A./Lowry, J. B./Avadhani, P. N./Corley, R. H. V.
1971 Boron: Possible role in plant metabolism. Science 172:1142-1143.

Schuman, G. E.

1969 Boron tolerance of tall wheatgrass. Agronomy Journal 61(3):
445-447,

-137-



5.1. GENERAL RECLAMATION AND SALINITY PREVENTION PRACTICES

569. el-Abedine, A. Z./Abdel Barr, A./ el Akyabi, A. M,
1965 Effect of reclamation system and cultivation on the distribution
of salinity and alkalinity in soil profiles in an area in the northern
part of the Nile Delta. Journal of Soil Science of the UAR 5:
89-109.

570. Abell, L. F./Gelderman, W. J.
1964 Annotated bibliography on reclamation and improvement of
saline and alkali soils (1957-1964). International Institute for
Land Reclamation and Improvement, Wageningen, Bibliography
4, 59 p.

571. Alfaro, J. F./Keller, J.
1970 Model theory for predicting process of leaching. American
Society of Agricultural Engineers, Transactions 13(3):362-368.

572. Arar, A.
1971 Irrigation and drainage in relation to salinity and waterlogging.
In Salinity seminar Baghdad, Report of regional seminar methods
of amelioration of saline and waterlogged soils, Baghdad, Iraq,
5-14 December 1970. FAO, Rome, Irrigation and Drainage
Paper 7:86-111.

573. Ayers, A. D.
1962 The improvement of saline and sodic soils. In Potassium Symposium,
Athens, 1962, Papers, 7th Congress of the International Potash
Institute, p. 259-270. Berne.

574. Benyaminovich, E. M. /Sheder, V. R./Korotkov, P. A./Okulich-Kazarin, E. L.
1966 Irrigation and reclamation of Golodnaya Steppe. International
Commission on Irrigation and Drainage, 6th Congress, New Delhi,
1966, Transactions 2:19.493-19.505.

575. Bobchenko, V. E./Sydko, A. A. ‘
1968 Experience in accelerated irreversible desalination of soils in
Golodnaya Steppe. International Congress of Soil Science, 9th,
Adelaide, 1968, Transactions 1:443-453.

-138-



576.

5717.

578.

579.

580.

581.

582.

583.

584.

Boumans, J. H./Hulsbos, W. C.
1960 The alkali aspects of the reclamation of saline soils in Iraq.
Netherlands Journal of Agricultural Science 8(3):225-235.

Bouwer, H.
1969 Salt balance, irrigation efficiency, and drainage design. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 95(IR 1):153-170.

Brooks, D. R.
1966 Leaching agricultural soils. American Society of Agricultural
Engineers, Transactions 9(6):826-827, 833.

Dieleman, P. J. ‘

1971 Dynamics of salts in the soil-water system. In Salinity seminar
Baghdad, Report of regional seminar on methods of amelioration
of saline and waterlogged soils, Baghdad, Iraq, 5-14 December
1970. FAO, Rome, Irrigation and Drainage Paper 7:39-49.

Doneen, 1.. D.
1949 The quality of irrigation water and soil permeability. Soil
Science Society of America, Proceedings 13:523-526.

Eaton, F. M.

1954 Formulas for estimating leaching and gypsum requirements of
irrigation waters. Texas Agricultural Experiment Station,
Miscellaneous Publication 3. 18 p.

Egorov,b V. V. ,

1965 The sodic salinization of the soil in tlne Soviet Union and some
methods of overcoming on it. Agrokemia &s Talajtan 14(suppl. ):
99-106,

Evans, N. A,

1960 Reclamation and drainage of saline-sodic soils in the Upper
Colorado River Basin. International Commission on Irrigation
and Drainage, 4th, Madrid, Transactions 5:113-130.

Flannery, R. D.
1960 Field reclamation testing procedures and results in the Middle
East. International Congress of Soil Science, 7th, Madison,
1960, Transactions 1:553-559,

-139-



585. el-Gabaly, M. M.

1971 Reclamation and management of salt affected soils. In Salinity
seminar Baghdad, Report of regional seminar on methods of
amelioration of saline and waterlogged soils, Baghdad, Iraq,
5-14 December 1970, FAO, Rome, Irrigation and Drainage
Paper 7:51-79.

586. Gardner, W. R./Brooks, R. H.
1957 A descriptive theory of leaching. Soil Science 83:295-304.

587. Halkias, N. A.
1966 Experimental work on the reclamation of saline and alkali soils
in the Thessaloniki plain, Greece. International Commission on
Irrigation and Drainage, 6th Congress, New Delhi, 1966,
Transactions 2:19.481-19.492,

588, Hill, R. A.
1961 Leaching requirements in irrigation. American Society of
Civil Engineers, Irrigation and Drainage Division, Journal
89(R 1):1-5.

589, Hoon, R. C.
1966 Reclamation of saline lands under irrigation. International
Commission on Irrigation and Drainage, 6th Congress, New
Delhi, 1966, Transactions 2:19,301-19, 317.

590. Hussain, Ch. M.
1965 Irrigation and agricultural practices for salinity control and
increased crop production. In Seminar on Waterlogging in-relation-
to Irrigation and Salinity Problems, Lahore, Pakistan, 1964.
FAO, Rome, EPTA Report 1932:99-103.

591, Janitzky, P.
1957 Salz- und Alkaliboden und Wege zu ihrer Verbesserung; ein
Vergleich russischer und amerikanischer Forschungsergebnisse
(Saline and sodic soils and means of their reclamation; a comparison
of results of Russian and American research). Giessener "
Abhandlungen zur Agrar- und Wirt-schaftsforschung des Europaischen
Ostens 2. 196 p.

592. Keller, J./Alfaro, J. F.
1966 Effect of water application rate on leaching. Soil Science 102:107-114.

-140-



593.

594.

595.

596.

597.

598.

599.

600.

601.

Kovda, V. A,

1961 Principles of the theory and practice of reclamation and
utilization of saline soils in the arid zones. In Salinity problems
in the arid zones, proceedings of the Teheran symposium.
Unesco, Paris, Arid Zone Research 14:201-213.

Kovda, V. A.
1965 Review of principles of salinization and reclamation of
irrigated soils. In Seminar on Waterlogging in-relation-to
Irrigation and Salinity Problems, Lahore, Pakistan, 1964.
FAO, Rome, EPTA Report 1932:158-164.

Matheson, W, E.
1968 When salt takes over. Journal of Agriculture of South Australia
7(8):266-272,

Molina, J. S./Sauberan, C.
1965 Reclamation of sodic soils by biological methods. Agrokémia
és Talajtan 14(supplementum):411-414.

Pak, K. P., etal
1964 Solonetz melioration methods in different zones of the USSR.
International Congress of Soil Science, 8th, Bucharest, 1964,
Transactions 2:891-896.

Penman, F.
1968 Soil and salinity factors in irrigation and drainage of Mallee lands.
I In International Congress of Soil Science, 9th, Adelaide, Trans-
actions 1:415-423.

Repp, G.
1961 The importance of biological factors in the improvement of saline
soils. In Salinity problems in the arid zones, Proceedings of the
Teheran symposium. Unesco, Paris. Arid Zone Research 14:
295-298,
Rhoades, J. D.

1968 Leaching requirement for exchangeable sodium control. Soil
Science Society of America, Proceedings 32(5):652-656.

Robinson, C. W.
1968 Reclamation of saline-sodic soils in the Upper Colorado River
Basin. Colorado Agricultural Experiment Station, Bulletin
535-S. 19 p.

-141-



602.

603.

604.

605.

606.

607.

608.

609.

610.

Robinson, C. W, /Kemper, W. D., et al
1965 Requirements for achieving and maintaining uniformly low salt
in a saline soil. Soil Science Society of America, Proceedings
29(5):597-601.

Sandoval, F. M. et al
1961 Effects of runoff prevention and leaching water on a saline soil.
Canadian Journal of Soil Science 41:207-2117.

Schroo, H.
1967 Notes on the reclamation of salt-affected soils in the Indus Plain
of West Pakistan. Netherlands Journal of Agricultural Science
15(3):207-220,

Shanin, M./Arnout, Z.
1966 Reclamation of the northern part of the Nile delta area. Inter-
national Commission on Irrigation and Drainage, 6th Congress,
New Delhi, 1966, Transactions 2:19.187-19.218.

Sinha, R. L.
1963 The foundaments of conservation in saline and alkali soils.
Journal of Soil and Water Conservation in India 2(1-2):70-75.

Tucker, T. C./Fuller, W. H.
1971 Soil management: Humid versus arid areas. In W. G. McGinnies,
B. J. Goldman, and P. Paylore, eds., Food, fiber and the arid
lands, p. 271-286. University of Arizona Press, Tucson.

van Alphen, J. G./Abell, L. F. »
1967 Annotated bibliography on reclamation and improvement of saline
and sodic soils (1966-1960). International Institute for Land
Reclamation and Improvement, Wageningen, Bibliography 6. 43 p.

Van Rooyen, P. C.
1970 The reclamation of a saline-sodic soil under a low moisture
regime. University of Stellenbosch (unpublished thesis). 125 p.

Veit, M.

1967 Ein beitragzur L’o'sung des Salzproblems in der bewasserten Land-
wirtschaft arider und semiarider Gebiete (Contribution to the
solution of the salt problem in irrigated arid or semi-arid regions).
Afrika Heute, special Supplement 7, p. 8.

-142-



611.

612.

613.

614.

Verhoeven, B.
1965 Leaching of sodic soils as influenced by application of gypsum.
Agrokémia €s Talajtan 14(Suppl. ):263-268.

Volobuyev, V. R.
1964 General pattern of changes in the salt content of irrigated and
meliorated soils. Soviet Soil Science 5:483-489,

Wilcox, L. W./Resch, W. F.
1963 Salt balance and leaching requirement in irrigated lands. US
Department of Agriculture, Technical Bulletin 1290. 22 p.

Zaidi, H. S./Nur-ud-din, M. A./Qayyum, K. D./Gowans, K. D.

1968 Reclamation of a saline-alkali soil in the Upper Indus Basin.
Pakistan Journal of Science 4:170-177.

-143~



615.

616.

617.

618.

619.

620.

621.

622.

5.2. DRAINAGE

Ayazi, M.
1961 Drainage and reclamation problems in the Garmsar area. In
Salinity problems in the arid zones, Proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14:285-290.

Beers, M. F. J. van
1963 The auger hole method. International Institute for Land
Reclamation and Improvement, Wageningen, Bulletin 1. 32 p.

Benoit, G. R./Bornstein, J.
1970 Freezing and thawing effects on drainage. Soil Science Society
of America, Proceedings 34:551-5517.

Boumans, J. H./Molen, W. H. van der
1964 Drainage requirements of irrigated soils in relation to their
salinity. Landbouwkundig Tijdschrift 76:880-887.

Bouwer, H.
1965 Developing design requirements for parallel drains. In J. van
Schilfgaarde, ed., Drainage for efficient crop production conference,
Chicago, 1965, Conference Proceedings, p. 62-65. American
Society of Agricultural Engineers, St. Joseph, Michigan.

Bouwmans, J. H.
1961 Some principles governing the drainage and irrigation of saline
soils. International Institute for Land Reclamation and Improve-
ment, Wageningen, Publication 11:83-96.

Branson, R. L./Fireman, M.
1960 Reclamation of an impossible alkali soil. International Congress
of Soil Science, 7th, Madison, 1960, Transactions 1:543-552.

Childs, E. C.

1957 The scientific aspects of field drainage. Science Progress 45:
209-223. ‘

-144-



623.

624.

625.

626.

6217.

628.

629.

630.

631.

Childs, E. C.
1968 The achievements of drainage theory in relation to practical
needs: Taking stock. In International Congress of Soil Science,
9th, Adelaide, 1968, Transactions 1:349-356.

Donnan, W. W./Houston, C. E.

1967 Draipage related to irrigation management. In R. M. Hagan,
H. B. Haise, and T. W. Edminster, eds., Irrigation in
agricultural lands, p. 974-987. American Society of Agronomy,
Madison, Wisconsin.

De Vries, C. A./Van Baak, B. C. P, H., compilers
1966 Drainage of agricultural land; a bibliography. International
Institute for Land Reclamation and Improvement, Wageningen. 28 p.

Food and Agriculture Organization of the United Nations / UNESCO
1971 International source-book on irrigation and drainage of arid lands
in relation to salinity and alkalinity. 667 p.

European Commission on Agriculture, Working Party on Water Resources and
Irrigation, Tel Aviv, Israel, 1970
1971 Drainage of heavy soils. European Commission on Agriculture,
Working Party on Water Resources and Irrigation, Tel Aviv, Israel,
1970. FAO, Rome, Irrigation and Drainage Paper 6. 109 p.

Food and Agriculture Organization of the United Nations
1971 Salinity seminar Baghdad. Report of regional seminar on methods
of amelioration of saline and waterlogged soils. Baghdad, Iraq,
5-14 December 1970. FAO, Rome, Irrigation and Drainage Paper
7. 254 p.

Grass, L. B.
1969 Tile clogging by iron and manganese in Imperial Valley, California.
dJournal of Soil and Water Conservation 24(4):135-138.

Hammad, H. Y. ‘
1964 Design of tile drainage for arid regions. American Society of Civil
Engineers, Irrigation and Drainage Division, Journal 90(IR 3):1-15.

Kovda, V. A./Egorov, V. V., eds
1958 The application of drainage in the reclamation of salinized soils
(Translated title). The Academy of Sciences of the U.S.S.R.,
Moscow. 228 p. '

-145-



632.

633.

634.

635.

636.

6317,

638.

639.

640.

Kraatz, D. B.

1971 Recent materials and techniques for the construction of horizontal
subsurface drains. In Salinity seminar, Baghdad, Report of
regional seminar on methods of amelioration of saline and water-
logged soils, Baghdad, Iraq, 5-14 December 1970. FAO, Rome,
Irrigation and Drainage Paper 7:112-135.

Livesley, M. C.
1960 Field drainage. Spon, London. 204 p.

Luthin, J. N., ed
1957 Drainage of agricultural lands. American Society of Agronomy,
Madison, Monograph 7. 620 p.

Luthin, J. N.
1966 Drainage engineering. John Wiley, New York. 250 p.

Luthin, J. N.
1966 The need for drainage. University of California, Water Resources
Center, Report 10:232-234,

Luthin, J. N.
1970 Drainage design as influenced by conditions in the vicinity of the
drain line. University of California, Los Angeles, Water Resources
Center, Report 21:147-169.

Molen, W. H. van der/Boumans, J. H.
1964 Drainage requirements of irrigated soils in relation to salinity.
International Congress of Soil Science, 8th, Bucharest, 1964,
Transactions 2:847-854,

Pedrero, J. J.
1969 On conservation of agricultural drainage systems. International
Commission on Irrigation and Drainage, 7th Congress, Mexico City,
1969, Transactions 5:25.41-25, 43,

Penman, F.
1966 Slow reclamation by tile drainage of sodic soils containing boron.
International Commission on Irrigation and Drainage, 6th Congress,
New Delhi, Transactions 2:19.113-19.121.

-146-



641.

642,

643.

644.

645,

646,

647,

648,

649.

650.

Pillsbury, A, F.

1960

Water table control in arid and semi-arid regions. International
Commission on Irrigation and Drainage, 4th Congress, Madrid,
Transactions 3:11.65-11. 84.

Pillsbury, A. ¥./Johnston, W. R.

1965

Tile drainage in the San Joaquin Valley of California. University
of California, Los Angeles, Water Resources Center, Contribution
97. 245 p.

Reeve, R. C.

1957

The relation of salinity to irrigation and drainage requirements.
International Commission on Irrigation and Drainage, 3d Congress,
San Francisco, 1957, Transactions 5:10.175-10. 187.

Robinson, F. E./Luthin, J. N.

1967

A comparison of deep and shallow drain tile for reduction of soil
salinity in Imperial Valley. California Agriculture 21:2-4,

Schilfgaarde, J. van, ed

1965

Drainage for efficient crop production conference, Chicago, 1965,
Conference Proceedings. American Society of Agricultural
Engineers, St. Joseph, Michigan. 78 p.

Schilfgaarde, J. van/Kirkham, D./Frevert, R. K.

1956

Physical and mathematical theories of tile and ditch drainage and
their usefulness in design. Iowa Agricultural Experiment Station,
Research Bulletin 436. 39 p.

Someren, C. L. van

1965

Talsma, T.
1963

The use of plastic drainage pipes in the Netherlands. Cultuurtechnische
Dienst Utrecht, Mededeling 62. 32 p.

The control of saline groundwater. Wageningen, Landbouwhogeschool,
Mededelingen 63(10). 68 p.

US Soil Conservation Service

1961

Vlugter, H.
1966

National engineering handbook. 16: Drainage. US Government
Printing Office, Washington.

Irrigation cum drainage. International Commission on Irrigation and
Drainage, 6th Congress, New Delhi, 1966, Transactions 2:19.105-19.111.

-147-



651.

652.

653.

University of California, Water Resources Center

1968

Tile Drainage Conference, 18 - 20 November, Proceedings,
Report 15. 59 p.

Watts, D. G./Luthin, J. N.

1963

Tests of thick fiberglass filters for subsurface drains. Hilgardia
35(3):33-46.

Woolley, J. T.

1965

Drainage requirements of plants. In J. van Schilfgaarde, ed.,
Drainage for efficient crop production conference, Chicago, 1965,
Conference Proceedings, p. 2-56. American Society of Agricultural
Engineers, St. Joseph, Michigan.

~148~



5.3. SYSTEMS OF IRRIGATION WATER APPLICATION

654. Busch, C. D./Kneebone, W. R.
1965 Subsurface irrigation with perforated plastic pipe. American
Society of Agricultural Engineers, Transactions 9(1):100-101.

655. Christiansen, J. E./Davis, J. R.
1967 Sprinkler irrigation systems. In R. M. Hagan, H. R. Haise
and T. W. Edminster, eds., Irrigation in agricultural lands,
p. 885-903. American Society of Agronomy, Madison, Wisconsin.

656. Criddle, W. D./Kalisvaart, C.
1967 Subirrigation systems. In R. M. Hagan, H. R. Haise, and T. W.
Edminster, eds., Irrigation in agricultural lands, p. 905-907.
American Society of Agronomy, Madison, Wisconsin.

657. Davis, S.
1967 Subsurface irrigation - How soon a reality? Agricultural
Engineering 48(11):655,

658. Douglas, C. L./Pair, C. H./Smith, J. H.
1969. Sprinkler fertilization and plant damage. Agricultural Engineering
50(11):687, .

659. Floss, L.
1970 Sprinkler irrigation. US Department of the Interior, Office of
Library Services, Washington, D. C., Bibliography Series 15. 54 p.

660. Fok, Y-S/Willardson, L. S.
1971 Subsurface irrigation system analysis and design, American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 97(IR 3):449-454.

661. Goldberg, D.
1968 Modern irrigation for increased agricultural production. International

Conference on Water for Peace, Washington, D. C., 3:395-406.
SWRA W69-06454.

-149-



662.

663.

664.

665.

666.

6617.

668.

669.

670.

Goldberg, D./Gornat, B./Shmueli, M./Ben-Asher, I./Rinot, M.
1971 Increasing the agricultural use of saline water by means of
trickle irrigation. Water Resources Bulletin 7(4):802-809.

Goldberg, D./Shmueli, M.
1970 Drip irrigation - a method used under arid and desert conditions
of high water and soil salinity. American Society of Agricultural
Engineers, Transactions 13(1):38-41.

Johnson, H./Marsh, A. W./McRae, G. N./Mowbray, P. G.
1970 Sprinklers and vegetable crop mechanization in desert areas.
Agricultural Engineering 50(1):20-21.

Preobrazhenskaya, M. V. ,

1968 Use of soil moisture and groundwater by cotton plants under
sprinkling irrigation in arid zones. In Water in the unsaturated
zone, Vol. II, Proceedings of the Wageningen symposium, The
Netherlands, 1966. International Association of Scientific
Hydrology, Publication 83:688-693.

Robinson, F. E.
1968 Improving soil salt removal with sprinklers. Sprinkler irrigation
Association, Annual Technical Conference, Denver, Colorado,
1968, Proceedings p. 19-26.

Robinson, F. E.
1968 The place of sprinkler irrigation in the automation of desert
: agriculture. American Society of Civil Engineers, Technical
Sessions on Automation of Irrigation and Drainage Systems,
Phoenix, Arizona, November 13-15, 1968, 5 p.

Robinson, F. E.
1970 Modifying an arid microclimate with sprinklers. Agricultural
Engineering 51:465.

Robinson, F. E./Lehman, W. F.
1969 Comparison of irrigation methods in an arid environment.
International Conference on Arid Lands in a Changing World,
June 3-13, 1969. University of Arizona, Tucson. SWRA W69-07357.

Robinson, F. E./McCoy, O. D./Worker, G. F., Jr./Lehman, W. F.

1968 Sprinkler and surface irrigation of vegetable and field crops in
an arid environment. Agronomy Journal 60:696-700.

-150-



671. Seckler, D. W./Seckler, F. H./DeRemer, E. D.
1971 Sprinkler Irrigation. Agricultural Engineering 52(7):374.

672. Snyder, W. C./Grogin, R. G./Bardin, R.
1965 Overhead irrigation encourages wet-weather plant diseases.
California Agriculture 19(5):11.

673. Whitney, L. F./Kazuki, M./Pira, E. S.
1969 Effect of soil profiles on movement of water on subsurface
irrigation. American Society of Agricultural Engineers,
Transactions 12(1):98-99.

-151-



5.4. SOIL AMENDMENTS

674. Abraham, L
1965 The application of small amounts of ameliorating materials to
alkali soils. Agrokémia és Talajtan 14(supplementum):329-332.

675. Abraham, L./Szabolcs, I.
1964 Improving of alkali soils with small doses of reclamation
materials. International Congress of Soil Science, 8th, Bucharest,
1964, Transactions 2:875-880.

676. Bohn, H. L./Westerman, R. L.
1971 Sulfuric acid: Its potential for improving irrigation water quality.
In Hydrology and water resources in Arizona and the Southwest.
American Water Resources Association, Arizona Section / Arizona
Academy of Science, Hydrology Section, 1971 Meetings, Tempe,
Arizona, Proceedings p. 43-52.

677. Davidson, J. L./Quirk, J. P.
1961 The influence of dissolved gypsum on pasture establishment on
irrigated sodic clays. Australian Journal of Agricultural Research
12:100-110.

678. El-Gabaly, H.
1960 Gypsum fineness in relation to reclamation of alkali soil. Inter-
national Congress of Soil Science, Tth, Madison, 1960, Transactions
1:528-534.

679. Fuller, W. H./Ray, H. E.
1963 Gypsum and sulfur-bearing amendments for Arizona soils. Arizona
Agricultural Experiment Station, Bulletin A-27. 12 p.

680. Overstreet, R.
1966 Soil Amendments, their reaction in soil and contribution to waste
waters. University of California, Water Resources Center,
Report 10:69-73.

-152-



681.

682.

683.

684.

685.

686.

Overstreet, R./Martin, J. C./King, H. M.
1951 Gypsum, sulphur, and sulphuric acid for reclaiming an alkali
soil of the Fresno series. Hilgardia 21:113.

Sharma, M. L.
1971 Physical and physico-chemical changes in the profile of a sodic
soil treated with gypsum. Australian Journal of Soil Research
9:73-82.

Stoneman, T. C.
1958 Gypsum for salt land? Western Australia Department of
Agriculture, Journal, Ser. 3, 7(2):155-156.

Szabolcs, S./Darab, K.
1964 Examination of the improving effect of CaCOg on alkali ("szik")
soils by radioactive indication. Acta Agronomica 13:93-100.

Tisdale, S. L.
1970 The use of sulphur compounds in irrigated arid-land agriculture.
Sulphur Institute, Journal 6:2-7.

Uppal, H. L./Singh, M.
1966 Use of kankar lime in reclamation of alkaline soils and soils
irrigated by slightly saline waters. International Commission on
Irrigation and Drainage, 6th Congress, New Delhi, 1966,
Transactions 2:19,287-19. 300.

-153-



5.5. POTENTIALLY IMPORTANT SOIL RECLAMATION TECHNIQUES:
ELECTRODIALYSIS, MULCHES, POLYSACCHARIDES, SANDING
AND TILLAGE PRACTICES

687. Balls, J.
1964 Vertical mulching for soil and water management. Journal
of Soil and Water Conservation in India 12(1-2):55-61.

688. Benz, L. C./Sandoval, F. M./Willis, W. O.
1967 Soil-salinity changes with fallow and a straw mulch on fallow.
Soil Science 104(1):63-68.

689. Berezin, P. N.
1968 Dynamics of specific resistance during electrical melioration
of saline soils. Doklady Soil Science; a Supplement to Soviet
Soil Science 13:1869-1874. Translated from: Vestnik
Moskovskogo Universiteta, Seriya VI, Pochvovedeniye, 1968,
5:99-105.

690. Berezin, P. N,
' 1968 A field experiment on the electrical melioration of saline
(sodium carbonate-sulfate) solonetzic soils of the Karabakh Plain
of Azerbaijan S.S.R. Doklady Soil Science, a Supplement to
Soviet Soil Science, 13:1857-1862. Translated from: Nauchnyye
Doklady Vysshey Shkoly, Biologicheskiye Nauki, 1968, 10:100-105.

691. Cairns, R. R.
1962 Some effects of deep working on solonetz soil. Canadian Journal
of Soil Science 42:273-275.

692. Carter, D. L./Fanning, C. D.
1964 Combining surface mulches and periodic water applications for
reclaiming saline soils. Soil Science Society of America, Proceedings
28:564-567.

693. Cobos, L. P. de los
1960 Sanding in saline soils; Dalias project, Almeria, Spain. Inter-
national Commission on Irrigation and Drainage, 4th Congress,
Madrid, 1960, Transactions 5:13.57-13.63.

-154~



694.

695.

696.

697.

698.

699.

700.

701.

702,

703.

Fanning, C. D./Carter, D. L.
1963 The effectiveness of a cotton bur mulch and a ridge-furrow
system in reclaiming saline soils by rainfall. Soil Science
Society of America, Proceedings 27(6):703-706.

Filippova, V. N.
1963 Reclamation and increase in the fertility of solonetz soils.
Soviet Soil Science 10:996-998.

Gibbs, H. J.
1966 Research on electroreclamation of saline-alkali soils. American
Society of Agricultural Engineers, Transactions 9(2):164-169.

Hamdi, H., et al ,
1963 The effect of sanding on the leaching and distribution of salts in
the soils of Kharga Oasis. Journal of Soil Science of the UAR
3(1):31-58.

Hamdi, H., et al
1963 The effect of sand application on the physical properties and plant
root development in Kharga Oasis soils. Journal of Soil Science
of the UAR 3(1):117-142,

Harris, R. F./Chesters, G./Allen, O. N.
1966 Dynamics of soil aggregation. Advances in Agronomy 18:107-169.

Kurkin, K. A,
1964 Surface cultivation as a method of conserving soil moisture in the
saline meadows of Baraba. Soviet Soil Science 3:287-297.

Mannering, J. V./Meyer, L. D.
1963 The effects of various rates of surface mulch on infiltration
and erosion. Soil Science Society of America, Proceedings 27(1):
84-86,

Martin, J. P. ,
1971 Decomposition and binding action of polysaccharides in soil. Soil
Biology and Biochemistry 3:33-41,

Mirchandani, P. M./Smith, H., V.
1955 Subsoil tillage as an aid in the reclamation of the soils in the Casa
Grande Series in Arizona. Journal of Soil and Water Conservation
in India 4(1):23-30. '

-155-~



704.

705.

706.

707.

708.

709.

710.

711.

712.

Peebles, R. W./Oebker, N. F.
1971 Mulching techniques for arid lands vegetable production. In
Hydrology and water resources in Arizona and the Southwest.
American Water Resources Association, Arizona Section /
Arizona Academy of Science, Hydrology Section, 1971 Meetings,
Tempe, Arizona, Proceedings p. 133-142.

Perez Escolar, R.
1966 Reclamation of a saline-sodic soil by use of molasses and
distillery slops. University of Puerto Rico, Journal of
Agriculture 50(3):209-217.

Puri, A. N./Anand, B.
1936 Reclamation of alkali soils by electrodialysis. Soil Science
42:23-217,

Robinson, F. E./Luthin, J. N.
1968 Slip plowing in non-stratified soils. California Agriculture
22:8-9.

Sandoval, F. M./Benz, L. C.
1966 Effect of bare fallow, barley and grass on salinity of a soil over
a saline water table. Soil Science Society of America, Proceedings
30:392-396.

Shou-chun, W./Tsung-ju, M.
1966 Cotton and wheat from the saline soils of north Honan. Outlook
on Agriculture 5(2):85-89,

Swincer, G. D./Oades, J. M./Greenlands, D. J.
1969 The extraction, characterization and significance of soil poly-
saccharides. Advances in Agronomy 21:195-235.

Weber, H. W./Van Rooyen, P. C.
1971 Polysaccharides in molasses meal as an ameliorant for saline-sodic
soils compared to other reclamation agents. Geoderma 6:233-253.

Wiegand, C. L./Heilman, M. D./Swanson, W. A.
1968 Sand and cotton bur mulches, bermuda grass sod, and bare soil
effects on evaporation suppression. Soil Science Society of
America, Proceedings 32:276-280.

-156-



5.6. IRRIGATION WITH SALINE WATER, AND SALT WATER
DILUTION EFFECTS

713. Abdel Salam, M. A./S8abet, S. A./Kadi, M. A. el/Harga, A. A.
1965 Plant growth and mineral content as related to varying bicarbonate
ion levels in irrigation water. Plant and Soil 23(2):192-202.

714. Bagley, J. M.
1967 The salinity problem in reuse of water. In J. I. Gardner and
I. E. Myers, eds., Water supplies for arid regions. American
Association for the Advancement of Science, Committee on
Desert and Arid Zones Research, Contribution 10:54-62.

715. Bear, J./Zaslavsky, D./Irmay, S.
1968 Physical principles of water percolation and seepage.
Unesco, Paris. Arid Zone Research 29. 465 p.

716. Bliss, J. H.
1966 Discussion. Salinity problems and management in river
systems. American Society of Civil Engineers, Irrigation and
Drainage Division, Journal 92(IR 4):96-97.

717. Bottini,. O. »
1961 Tradition et recherche en Italie dans 1'emploi des eaux -
saumftres pour 1'irrigation. In Salinity problems in the
Arid Zones, proceedings of the Teheran symposium. Unesco,
Paris. Arid Zone Research 14:251-257.

718. Boyko, H., ed
1966 Salinity and aridity: New approaches to old problems.
Monographiae Biologicae, Vol. 16, Dr. W. Junk, The Hague,
Netherlands. 408 p.

719. Boyko, H./Boyko, E.
1969 Productivization of sand deserts by saline and marine agriculture.
International Conference on Arid Lands in a Changing World,
University of Arizona, Tucson, June 3-13, 1969. 9 p.

720. Cantor, Lo Mo N
1967 Aworld geography of irrigation. Oliver and Boyd, Edinburgh.
252 p.

-157-



721.

722.

723.

724,

725.

726.

727.

728.

729.

De Forges, J. M.
1970 Research on the utilization of saline water for irrigation in
Tunisia. Nature and Resources 6(1):2-6.

Doering, E. J./Reeve, R. C.
1965 Engineering aspects of the reclamation of sodic soils with high
salt waters. American Society of Civil Engineers, Irrigation
and Drai nage Division, Journal 91(IR 4):59-72.

Hoorn, J. W. van/Ollat, C. H./Combrement, R., et al
1968 Irrigation with salty water in Tunisia. In H. Boyko, ed.,
Irrigation for agriculture and forestry, p. 168-186. W. Junk,
The Hague, Netherlands.

International Symposium on Plantgrowing with Highly Saline or Sea-Water,
With and Without Desalination, Rome, 1965
1968 Saline irrigation for agriculture and forestry. W. Junk, The
Hague. 328 p. (World Academy of Art and Science [Publication] 4).

Ravikovich, S./Muravsky, E.
1960 Irrigation with waters of varying degrees of salinity and its
influence on soil and crops. International Commission on
Irrigation and Drainage, 4th Congress, Madrid, Transactions
5:R13.177-13.209.

Reeve, R. C./Bower, C. A.
1960 Use of high-salt waters as a flocculant and source of divalent
cations for reclaiming sodic soils. Soil Science 90(2):139-144.

Reeve, R. C./Doering, E. J.
1966 The high salt-water dilution method for reclaiming sodic soils.
Soil Science Society of America, Proceedings 30:498-504.

Reeve, R. C./Doering, E. J.

1966 Field comparison of the high salt water dilution method and
conventional methods for reclaiming sodic soils. In Inter-
national Commission on Irrigation and Drainage, 6th Congress,
New Delhi, 1966, Transactions 2:19.1-19.14.

UNESCO

1956 Utilization of saline water, reviews of research. Unesco, Paris.
Arid Zone Research 4. 102 p.

-158~



730. Van't Leven, J. A./Haddad, M. A.
1967 Surface irrigation with saline water on a heavy clay soil in the
Medjerda Valley, Tunisia. Netherlands Journal of Agricultural
Science 15(4):281-303. SWRA WT70-07793.

-159-



731.

732.

733.

734.

735.

736.

7317.

738.

5.7. RICE GROWING AND CROP ROTATION

Asghar, A. G./Khan, M. A. H.
1961 Field studies in prevention of soil salinization. Agronomy
Journal 53:667-671.

Kelley, W. P.
1951 Alkali soils, their formation, properties, and reclamation.
Reinhold Publishing Corp., New York. 176 p.

McNeal, B. L./Pearson, G. A., etal
1966 Effect of rice culture on the reclamation of sodic soils.
Agronomy Journal 58:238-240.

Overstreet, R./Schulz, R. K.
1958 The effect of rice culture on a nonsaline sodic soil of the Fresno
series. Hilgardia 27(12):319-332.

Oztan, B./Dinger, D.

1961 Rice growing for reclamation of salt and sodium affected soils
in the Cukurova plain. In Salinity problems in the arid zones,
Proceedings of the Teheran symposium. Unesco, Paris. Arid
Zone Research 14:291-294,

Pearson, G. A./Ayres, A. D.
1960 Rice as a crop for salt-affected soil in process of reclamation.
US Department of Agriculture, Production Research Report 43:
13 p.

Pcowv, A. A./Fisher, E. Y./Dmitryukova, N. A.
1970 Rice as a reclamation crop on saline soils in the dry steppe zone.
Soviet Soil Science 2(2):196-206.

Szabolcs, S./Kovocs, G./Budavari, K./Harmati, I.

1966 The types of salt affected soils in Hungary and the methods of their
utilization with particular regard to irrigation and leaching. In
International Commission on‘Irrigation and Drainage, 6th Congress,
New Delhi, 1966, Transactions 2:19.171-19.186.

-160-



739.

740.

741.

742.

743.

744,

745,

5.8. SOIL SALINITY MEASUREMENT

Enfield, C. G./Evans, D. D.
1969 Conductivity instrumentation for in situ measurement of soil

salinity. Soil Science Society of America, Proceedings
33:787-789.

McNeal, B. L./Oster, J. D./Hatcher, J. T.
1970 Calculation of electrical conductivity from solution composition
data as an aid to in-situ estimation of soil salinity. Soil
Science 110:405-414.

Myers, V. I./Carter, D. L./Rippert, W. J.
1966 Photogrammetry and temperature sensing for estimating soil
salinity. In International Commission on Irrigation and Drainage,
6th Congress, New Delhi, 1966, Transactions 2:19, 39-19. 49,

Reeve, R. C./Doering, E. J.
1965 Sampling the soil solution for salinity appraisal. Soil Science

99:339-344.

Reicovsky, D. C./Millington, R. J./Peters, D. B.
1970 A salt sensor for use in saturated and unsaturated soils. Soil

Science Society of America, Proceedings 34:214-217.

Rhoades, J. D./Ingvalson, R. D.
1971 Determining salinity in field soils with soil resistance measure-

ments. Soil Science Society of America, Proceedings 35:54-57.

Richards, L. A.
1966 A soil salinity sensor of improved design. Soil Science Society

of America, Proceedings 30:333-337.

-161-



5.9. GREENHOUSE PRODUCTION

746. Fontes, M. R./O'Toole, J. O./Jensen, M. H.
1971 Vegetable production under plastic on the desert seacoast of
Abu Dhabi. In J. W. Courter, ed., National Agricultural
Plastics Conference, 10th, 1971, Chicago, Proceedings, P-
93-102.

747. Jensen, M. H.
1971 The use of polyethylene barriers between soil and growing
medium in greenhouse vegetable production. In J. W. Courter,
ed., National Agricultural Plastics Conference, 10th, 1971,
Chicago, Proceedings, p. 144-150.

748. University of Arizona, Environmental Research Laboratory, Tucson/

Arid Lands Research Center, Abu Dhabi
1971?  Annual report, 1970-1971. 66 p.

-162-



6.1. GENERAL REFERENCES: SALINITY IN RIVER BASINS

749. American Association for the Advancement of Science, Southwestern and
Rocky Mountain Division
1960 Symposium [on] water yield in relation to environment in the
southwestern United States, held at Sul Ross State College during
the 36th Annual Meeting, May 3, 1960, B. H. Warnock and J. L.
Gardner, eds., Alpine, Texas. 74 p.

750. Doneen, L. D., ed
1966 Symposium on agricultural waste waters, University of California,
Davis, 1966, Proceedings. University of California, Water
Resources Center, Report 10. 368 p.

751. Humlum, J.
1969 Water development and water planning in the southwestern
United States. Kulturtgeografisk Institut, Aarhus Universitet,
Aarhus, Denmark. 240 p.

752. International Commission on Irrigation and Drainage, Congress on Irrigation
and Drainage, 6th, New Delhi, 1966
1966 Transactions, Vol. 2, Question 19: Reclamation of saline lands
under irrigation. New Delhi. various pagings.

753. Pillsbury, A. F./Blaney, H. F.
1966 Salinity problems and management in river systems. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 92 (IR 1):77-90.

754. US Enviropmental Protection Agency, Regions VIII and IX
1971 The mineral quality problem in the Colorado River Basin: Summary
report. US Government Printing Office [Washington]. 65 p.

755. US Environmental Protection Agency, Regions VIII and IX
1971 The mineral quality problem in the Colorado River Basin: Appendix
A, Natural and man-made conditions affecting mineral quality. US
Government Printing Office [Washlngton] 168 p.

-163-



756. US Environmental Protection Agency, Regions VIII and IX
1971 The mineral quality problem in the Colorado River Basin:
Appendix B, Physical and economic impacts. US Government
Printing Office [Washington]. 166 p.

757. US Environmental Protection Agency, Regions VIII and IX

1971 The mineral quality problem in the Colorado River Basin:
Appendix C, Salinity control and management aspects. US
Government Printing Office [Washington]. 135 p.

758. US Environmental Protection Agency, Regions VIII and IX
1971 The mineral quality problem in the Colorado River Basin:
Appendix D, Comments on draft report. US Government
Printing Office [Washington]. unpaged.

-164-~



759.

760.

761.

762.

763.

764.

765.

766.

6.2. NATURAL SALT SOURCES

Baker, R. C., et al
1964 Natural sources of salinity in the Brazos River, Texas, with
particular reference to the Croton and Salt Croton Creek Basins.
US Geological Survey, Water-Supply Paper 1669-CC. 81 p.

Black, A. P. _
1956 Salt-water encroachment - a water resource problem. Water
Works Engineering 19:338-342.

Bloch, M. R./Kaplan, D./Kertes, V./Schnerb, J.
1966 Ion separation in bursting air bubbles: An explanation for the
irregular ion ratios in atmospheric precipitations. Nature
209:802-803.

Brierly, W. B.
1970 Bibliography on atmospheric (cyclic) sea-salts., US Army
Natick Laboratories, Technical Report 70-63-ES. 70 p.

Carroll, D.
1962 Rainwater as a chemical agent of geological processes - a
review. US Geological Survey, Water-Supply Paper 1535-G. 18 p.

Cassidy, N.

1968 The effect of cyclic salt in a maritime environment. I: The
salinity of rainfall and of the atmosphere. Plant and Soil 28(1):
106-127.

Cassidy, N. G. .
1971 Cyclic salt and plant health, Endeavor 30(110):82-86.

Clayton, R. N./Friedman, I./Graf, D. L./Moyeda, T. K./Meents, W, F./
Chimp, N. F.
1966 The origin of saline formation waters. I: Isotopic composition.
Journal of Geophysical Research 71:3869-3882.

-165-



767. DeWiest, R. J. M.

1964 Dispersion and salt water intrusion. Ground Water 2(3):39-49,

768. Downes, R. G.

1961 Soil salinity in non-irrigated arable and pastoral land as the result
of unbalance of the hydrologic cycle. In Salinity problems of the

arid zones, proceedings of the Teheran Symposium. Unesco,
Paris. Arid Zone Research 14:105-110,

769. Eriksson, F.

1958 The chemical climate and salin

Climatology, reviews of rese
Research 10:147-180,

e soils in the arid zone. In
arch. Unesco, Paris. Arid Zone

770. Evans, I. S.

1969 Salt crystallization and rock wea
Dynamique 19(4):63-78.

771. Gibbs, R. J.

1970 Mechanisms confrolli

ng world water chemistry. Science 170:
1088-1090.

772. Gorham, E.

1955 On the acidity and salinity

of rain. Geochimica et Cosmochimica
Acta 7:231-239.

773. Gorham, E.

1961 Factors influencing supply of major ions to inland waters with

Special reference to the at mosphere. Geological Society of
America, Bulletin 72:795-840,

774. Hem, J. D.

1970 Study and interpretation of the c

hemical characteristics of natural
water. US Geological Survey,

Water-Supply Paper 1473. 363 p.
775. Hutton, J, T.

1968 The redistribution of the more soluble chemical elements associated
with soils as indicated by analysis of rain-water, soils and plants.

International Congress of Soil Science, 9th, Adelaide, 1968,
Transactions 4:313-322,

776. Junge, C. E./Gustafson, P. E,.

1957 On the distribution of sea salt over the United States and its removal
by precipitation. Tellus 9:164-173,

-166-



777,

778.

779.

780.

781.

782.

783.

Moore, C. V. /Snyder, T. H.

1967? Economic problems of saltwater intrusion - A case study of the
Salinas Valley, California. In Western Agricultural Economics
Research Council, Committee on the Economics of Water Resources
Development, Agricultural Water Use, Water Transfer, Water
Quality, Common Property Resources and Competition for Water
in an Expanding Economy: Conference Proceedings, San Francisco,
California, December 12-13, 1967. No publisher, no place.
Water Resources and Economic Development of the West, Report
16:39-54.

Parker, G. G.
1955 The encroachment of salt water into fresh. In Water, the yearbook
of agriculture, p. 615-635. US Department of Agriculture,
Washington, D. C.

Pionke, H. B.
1970 Effect of climate, impoundments, and land use on stream salinity.
Journal of Soil and Water Conservation 25:62-64.

Pionke, H. B./Nicks, A. D.
1970 The effect of selected hydrologic variables on stream salinity.
International Association of Scientific Hydrology, Bulletin 15(4):
13-21.

Siline-Bektchourine, A. I.
1961 Conditions of formation of saline waters in arid zones. In Salinity
problems of the arid zones, proceedings of the Teheran symposium.
Unesco, Paris. Arid Zone Research 14:43-47.

Tsyganenko, A, F.
1968 Aeolian migration of water soluble matter and its probable geo-
chemical and soil formation significance. International Congress
of Soil Science, 9th, Adelaide, 1968, Transactions 4:333-341.

Valyaev, B. M. :
1970 Evaluation of effect of basin isolation on salt accumulation (based
on results of water-salt balance calculations). Lithology and
Mineralogy Resources 6:720-726.

-167-



784. Wellman, H. W, /Wilson, A. T.
1965 Salt weathering, a neglected geological erosive agent in coastal
and arid environments. Nature 205(4976):1097-1098.

785. White, D. E.
1965 Saline waters of sedimentary rocks, in fluids in subsurface
environments. American Association of Petroleum Geologists,
Memoir 4:342-367.

786. Woodcock, A. H.
1953 Salt nuclei in marine air as a function of altitude and wind force.

Journal of Meteorology 10:362-371.

787. Yaalon, D. H.
1963 On the origin and accumulation of salts in groundwater and in soils
of Israel. Research Council of Israel, Bulletin, Jerusalem ser.,
11G(3):105-131,

-168-



788.

789.

790.

791.

792.

793.

794,

6.3. MAN-CAUSED SALT SOURCES

Bernard, H.

1970 Effects of agriculture on water quality. In Conference on
Agricultural Waste Management, Cornell University, 1970,
Relationship of agriculture to soil and water pollution, p.
6-10, [Ithaca, New York].

Bernstein, L.

1966 Reuse of agricultural waste waters for irrigation in relation to
the salt tolerance of crops. In L. D. Doneen, ed., Symposium
on Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:185-187.

Bondurant, J. A.
1971 Quality of surface irrigation runoff water. American Society
of Agncultural Engineers, Transactions 14(6):1001-1003.
Paper 71-247,

Bunch, R. L./Ettinger, M. B.
1964 Water quality depreciation by municipal use. Water Pollution
Control Federation, Journal 36:1411-1414. :

Dregne, H. E.
1967 Water quality problems peculiar to arid regions. In J. L.
Gardner and I. E. Myers, eds., Water supplies for arid regions,
American Association for the Advancement of Science, Committee
on Desert and Arid Zones Research, Contribution 10:45-53.

Ebert, C. H. V.
1971 Irrigation and salt problems in Renmark, South Australia.
Geographical Review 61(3):355-369.

Eldridge, E. F.

1963 Irrigation as a source of water pollution. Water Pollution Control
Federation, Journal 35:614-625,

-169-



795,

796.

797.

798.

799.

800.

801,

802,

803,

Gburek, W, J. /Heald, W. R.
1970 Effects of direct runoff from agricultura] land on the water
quality of small streams, In Conference on Agricultural
Waste Management, Cornel] University, 1970, Relationship
of agriculture to soj] and water pollution, p. 61-68, [Ithaca,
New York].

Huling, E. E.
1972 Groundwater contamination by road salt: Steady-state concentra -
tions in east central Massachusetts. Science 176(4032):288-29¢,

Hurley, P, A.
1968 Predicting return flows from irrigation. American Society of
Civil Engineers, Irrigation and Drainage Division, Journal
94(IR 1):41-48,

Law, J. P./Davidson, J. M. /Reed, L. W,
1870 Degradation of water Quality in irrigation return flows. Oklahoma
Agricultural Experiment Station, Bulletin B-684. 26 p.

Law, J. P./Witherow, J. L.
1971 Irrigation residues. Journal of Soil and Water Conservation
26(2):54-56.

Law, J. P./Skogerboe, G. V.,
1972 Potential for controlling quality of irrigation return flows.
Journal of Environmenta] Quality 1(2):140-145,

Moser, T. H. :
1967 Drainage by bumped wells in Wellton-Mohawk District. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 93(IR 3):199-208.

Orlob, G. T./Woods, P. C.
1967 Water—quality management in irrigation Systems. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 93(IR 2):49-64.

Pillsbury, A. F.

1966 Quantity and quality of waste waters from agricultural tile
drainage systems, In L. D. Doneen, ed., Symposium on
Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:240-244.

-170-



804. Pillsbury, A. F./Johnston, W. R./Ittihadieh, F./Daum, R. M.
1965 Salinity of tile drainage effluent. Water Resources Research

1(4):531-535.

805. Sylvester, R. O./Seabloom, R. W,
1963 Quality and significance of irrigation retyrn flow. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 89(IR 3):1-27.

806. Utah State University Foundation
1969 Characteristics and pollution problems of irrigation return
flow. US Environmental Protection Agency, Robert S. Kerr
Water Research Center, Ada, Oklahoma. 237 p.

807. Winton, J. M.
1966 Dirty water from agriculture - its use and conveyance. In

L. D. Doneen, ed., Symposium on Agricultural Waste Waters,
University of California, Davis, 1966, Proceedings. University
of California, Water Resources Center, Report 10:258-261.

-171-~



808.

809.

810.

811.

812.

813.

814.

6.4. SURFACE WATER HYDROLbGY AND CHEMISTRY

Blasquez, L. L.
1959 Hidrogeologfa} de las regiones desérticas de México. Umversidad
Nacional Autonoma de México, Instituto de Geologfa, Anales
15. 172 p.

Chilingar, G. V. ,
1956 Durov's classification of natural waters and chemical composition
of atmospheric precipitation in USSR: A review. American
Geophysical Union, Transactions 37:193-196.

Fernandez de Lara, G. A.
1953 Hydrology and utilization of hydraulic resources in the arid and
semi-arid areas of Latin America. In Reviews of Research on
Arid Zone Hydrology. Unesco, Paris. Arid Zone Programme
1:153-178.

Hammad, H. Y.
1965 Natural drainage of river valleys. American Society of Civil
Engineers, Irrigation and Drainage Division, Journal 91(IR 2):
39-49.

Hiss, W. L.
1970 Acquisition and machine processing of saline water data from
southeastern New Mexico and western Texas. Water Resources
Research 6(5):1471-1477.

Krieger, R. A./Hatchett, J. L./Poole, J. L.
1957 Preliminary survey of the saline-water resources of the United
States. US Geological Survey, Water Supply Paper 1374. 172 p.

Leohnberg, A.

1957 Water supply and drainage in semi-arid countries. American
Geophysical Union, Transactions 38(4):501-510.

-172-



815.

816.

8117,

818,

819,

820'

821.

Love, S. K.
1964 Quality of surface waters of the United States, 1962:
Pts. 1-2. US Geological Survey, Water-Supply Paper 1941. 434 p.
Pts. 3-4. US Geological Survey, Water-Supply Paper 1942, 322 p.
Pts. 5-6. US Geological Survey, Water-Supply Paper 1943. 413 p.
Pts. 7-8. US Geological Survey, Water-Supply Paper 1944. 645 p.
Pts. 9-14. US Geological Survey, Water-Supply Paper 1945. 691 p.

MacKenzie, F. T./Garrels, R. M. ,
1966 Chemical mass balance between rivers and oceans. American
Journal of Science 264:507-525.

Rainwater, F. H.
1962 Map of conterminous United States, showing prevalent chemical
types of rivers. US Geological Survey, Hydrologic Investigation
Atlas HA-61, Plate 2.

Roberson, C. E., et al
1963 Differences between field and laboratory determinations of pH,
alkalinity, and specific conductivity of natural water. US Geological
Survey, Professional Paper 475-C:212-215.

Sharp, J., comp
1969 Bibliography of Murray Valley hydrology, 1946-1967. CSIRO,
East Melbourne, Victoria.

Silin~-Bekcurin, A. I.
1957 Types of hydrochemical maps in hydrogeology. International
Association of Scientific Hydrology, General Assembly of Toronto,
Publication, 44. Vol. 2, p. 85,

Slatyer, R. O./Mabutt, J. A.
1964 Hydrology of arid and semiarid regions. In V. T. Chow, ed.,
Handbook of applied hydrology, Section 24:1-46. McGraw-Hill,
New York. : ‘

-173-



822,

823.

824.

825.

826.

827.

828.

6.5. GROUNDWATER DISTRIBUTION AND QUALITY PROBLEMS

Barnes, I./Clark, F. E.
1969 Chemical properties of ground water and their corrosion and
encrustation effects on wells. US Geological Survey, Professional
Paper 498-D. 58 p.

Brown, R. H. .
1963 Hydrologic factors pertinent to ground water contamination.

Ground Water 1(3):5-12.

Burdon, D. J.
1971 Exploitation of groundwater for agricultural production in arid
zones. In W. G. McGinnies, B. dJ. Goldman, and P, Paylore, eds.,
Food, fiber, and the arid lands, p. 289-300. University of
Arizona Press, Tucson.

Dawdy, D. R./Feth, J. H.
1967 Applications of factor analysis in study of chemistry of ground-
water quality, Mojave River Valley, California. Water Resources
Research 3(2):505-510.

Doneen, L. D. .

1966 Influence of native salts in the San Joaquin Valley on the quality
of the ground water. In L. D. Doneen, ed., Symposium on
Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:61-65.

Feth, J. H. :
1965 Selected references on saline ground water resources of the United
States. US Geological Survey, Circular 499. 30 p.

Feth, J. H.
1970 Saline groundwater resources of the conterminous United States.

Water Resources Research 6(5):1454-1457,

-174-



829.

830.

831.

832.

833.

834,

835.

836.

8317.

Handy, A. H./Mower, R. W./Sandberg, G. W.
1969 Changes in the chemical quality of ground water in three areas
in the Great Basin, Utah. US Geological Survey, Professional
Paper 650-D:228-234.

Harshbarger, J. W. -
1968 Ground-water development in desert areas. Ground Water

Hem, J. D.
1963 Some aspects of chemical equilibrium in ground water. Ground

Water 1(4):30-34.

Hennighausen, F. H. :
1970 Change of chloride content of water in response to pumping in
the artesian aquifer in the Roswell-East Grand Plains area,
Chaves County, New Mexico. In R. B. Mattox, Saline water.
American Association for the Advancement of Science, Com-
mittee on Desert and Arid Zones Research, Contribution
13:71-86.

Kaufman, W. J.
1961 Inorganic chemical contamination of ground water. In US
Public Health Service, Robert A. Taft Sanitary Engineering
Center, Cincinnati, Ground Water Contamination: Proceedings
of the 1961 Symposium, Cincinnati, Ohio, April 5-7. Robert A.
Taft Sanitary Engineering Center Technical Report W 61-5.
Cincinnati, Ohio. 218 p.

King, W. B. R.
1957 Water supply and geology. Science Progress 45(180):609-617.

Maxey, G. B.
1968 Hydrogeology of desert basins. Ground Water 6(5):10-22.

Maxey, G. B./Farvolden, R. N.
1965 Hydrogeologic factors in problems of contamination in arid lands.
Ground Water 3(4):29-32.

Meron, A./Ludwig, H. F.

1963 Salt balances in ground water. American Society of Civil
Engineers, Sanitary Engineering Division, Journal 89(SA 3):41-61.

~-175~



838.

839.

840.

841.

842.

843.

844.

845.

846.

847.

Moustafa, A. I /Zikiri, B. S./Shehata, N./Hakim, M. el
1968 A study on the effect of ground water on soil salinity in northern
part of the delta. Agricultural Research Review (Cairo)
46(2):136-153.

Nace, R. L.
1960 Water management, agriculture, and ground-water supplies.
US Geological Survey, Circular 415. 12 p.

Navone, R. J./Harmon, J. A./Voyles, C. F.
1963 Nitrogen content of ground water in southern California.
American Water Works Association, Journal 55:615-618.

Poole, J. L.
1963 Saline ground water - a little used and unmapped resource.
Ground Water 1(3):18-20.

Rainwater, ¥. H.
1965 Natural ground water quality problems. Journal of Soil and
Water Conservation 20(6):254-255.

Riffenburg, H. B.
1925 Chemical character of ground waters of the northern Great
Plains. US Geological Survey, Water-Supply Paper 560-B:

31-562.

Robbins, J. W. D./Kriz, G. J.

1969 Relation of agriculture to ground water pollution: A review.
American Society of Agricultural Engineers, Transactions
12:397-403.

Schoeller, H.
1959 Arid zone hydrology, recent developments. Unesco, Paris.
Arid Zone Research 12. 125 p.

Summers, W. K./Schwab, G. E.
1970 A survey of saline ground water as a mineral resource. In
R. B. Mattox, ed., Saline water, Ameérican Association
for the Advancement of Science, Committee on Desert and Arid
Zones Research, Contribution 13:31-45.

Thomas, H. E./Leopold, L. B.
1964 Ground water in North America. Science 143(3610):1001-1006.

-176-



848. Trivedi, A. M. /Vora, J. C.
1960 Chemical characteristics of ground water in some saline tracts
of Gujarat. Journal of Soil and Water Conservation in India

8(2/3):40-46.

849. Turcan, A. N., Jr./Winslow, A. G.
1970 Quantitative mapping of salinity, volume and field of saline
aquifers using borehole geophysical logs. Water Resources
Research 6(5):1478-1481.

850. White, D. E./Hem, J. D./Waring, G. A.

1963 Chemical composition of subsurface waters. US Geological
Survey, Professional Paper 440-F. 67 p.

-177-



851.

852.

853.

854.

855,

856.

857.

6.6. BASIN-WIDE SALT BALANCE AND WATER QUALITY STUDIES

Agriculiural Water Quality Research Conference, Lake Arrowhead,
California, 1963
1963? Proceedings, Water Resources Center's Agricultural Water
Quality Research Conference. University of California, Water
Resources Center, Report 5. 69 p.

Banks, H. O.
1966 Decisions pending - San Joaquin master drain. In L. D. Doneen,
ed., Symposium on Agricultural Waste Waters, University of
California, Davis, 1966, Proceedings. University of California,
Water Resources Center, Report 10:351-354.
Berry, W. L. /Stetson, E. D.

1959 Drainage problems of the San Joaquin Valley. American Society
of Civil Engineers, Irrigation and Drainage Division, Journal
85(IR 3):97-106.

Bingham, F. T./Davis, S./Shade, E.
1971 Water relations, salt balance, and leaching losses of a 900-acre
citrus watershed. Soil Science 112(6):410-418.

Bower, C. A./Spencer, J. R./Weeks, L. O.
1969 Salt and water balance, Coachella Valley, California. American
Society of Civil Engineers, Irrigation andDrainage Division,
Journal 95(IR 1):55-64.

California, Regional Water Quality Control Board, Colorado River Basin
1967 Water quality control policy for Colorado River in California.
Indio, California. 39 p.

Christiansen, J. E./Thorne, J. P./Hill, R. A.
1966 Discussion. Salinity problems and management in river systems.
American Society of Civil Engineers, Irrigation and Drainage
Division, Journal 92(IR 3):84-86.

-178-



858.

8569.

860.

861.

862.

863.

864.

865.

Cobey, J. A.
1966 Agricultural waste water - the challenge, immediate and
otherwise. In L. D. Doneen, ed., Symposium on Agricultural
Waste Waters, University of California, Davis, 1966, Proceedings,
University of California, Water Resources Center, Report 10:1-6.

Culler, R. C.
1970 Water conservation by removal of phreatophytes. Eos, Trans-
actions of the American Geophysical Union 51(10):684-689.

Davis, J. F.
1971 Some recent developments in the search for solutions to California's
water supply problems. Tijdschrift voor Economische en Sociale
Geografie 62(2):95-103.

Enderlin, H. C.
1966 The protection of agricultural lands with natural and artificial
drains. In L. D. Doneen, ed., Symposium on Agricultural Waste
Waters, University of California, Davis, 1966, Proceedings.
University of California, Water Resources Center, Report

10:234-240.
Fagin, H.
1970 West side San Joaquin Valley studies. In University of California,
Water Resources Center, Annual Report, 1969-1970. University
of California, Water Resources Center, Report 21:179-181.
Hall, A.
1966 Impact of agricultural waste waters on agricultural and irrigation
management. In L. D. Doneen, ed., Symposium on Agricultural
Waste Waters, University of California, Davis, 1966, Proceedings.
University of California, Water Resources Center, Report 10:
192-194.
Harrison, J. B.

1966 Regulation of waste disposal. In L. D. Doneen, ed., Symposium
on Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:337-339.

Hely, A. G.

1969 Lower Colorado River water supply - its magnitude and distribution.
US Geological Survey, Professional Paper 486-D. 54 p. ’

~-179-



866.

867.

868.

869.

870.

871.

872.

873.

Hely, A. G./Peck, E. L.
1964 Precipitation, runoff and water loss in the Lower Colorado
River - Salton Sea area. US Geological Survey, Professional
Paper 486-B. 16 p.

Hill, R. A.
1965 Future quantity and quality of Colorado River water. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 91(IR 1):17-53.

Holburt, M. B./Valantine, V. E.
1972 Present and future salinity of Colorado River. American Society
of Civil Engineers, Hydraulics Division, Journal 98(HY 3):503-520.

Huffman, E. W.
1966 Waste water disposal: San Joaquin Valley, California. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 92(IR 2):47-60.

Hurley, P. A.
1972 Colorado pilot project: Design hydrometeorology. American
Society of Civil Engineers, Hydraulics Division, Journal 98(HY 5):
811-826.

Hyatt, M. L.

1970 Analog computer model of the hydrologic and salinity flow of
systems within the upper Colorado River basin. Utah State Univ-
ersity (Ph.D. Thesis). 441 p. Dissertation Abstracts Inter-
national 32(2)B:920~-B, Order No. 71-19, 121.

Hyatt, M./Riley, J. P./Israelsen, E. K.
1968 Utilization of the analog computer for simulating the salinity
flow system of the upper Colorado River basin. In International
Association of Scientific Hydrology, The use of analog and digital
computers in hydrology, Vol. 1, p. 101-111. Gentbrugge; Unesco,
Paris. (Publication 80).

Imperial Irrigation District
1970 The Colorado River and Imperial Valley soils; a chronicle of
Imperial Valley's continuing fight against salt. Imperial Printers,
El Centro, California. 24 p.

-180-



874.

875.

876.

8717.

878.

879.

880.

881.

882.

Irelan, B.
1971 Salinity of surface water in the Lower Colorado River - Salton
Sea area. US Geological Survey, Professional Paper 486-E. 40 p.

Jain, J. K.

1961 Hydrologic aspects of the salt problem in agriculture and its
control through improved water management in arid and semiarid
regions (with particular reference to problems in India). In
Salinity problems in the arid zones, proceedings of the Teheran
symposium. Unesco, Paris. Arid Zone Research 14:111-116.

Kapp, K. W.

1959 River valley projects in India: Their direct effects. Economic

Development and Cultural Change 8:24-45.
Kelly, W.

1924 Colorado River problems. American Society of Civil Engineers,

Proceedings 50:795-836.
Lewelling, H./Kaplan, M.

1959 What to do about salt water. Petroleum Engineer 31(7):B19-B24.

Loeltz, O. J./McDonald, C. C.
1969 Water and consumption in the Lower Colorado River valley.
American Society of Civil Engineers, Irrigation and Drainage
Division, Journal 95(IR 1):65-78.

Loftas, T.
1971 The Rajasthan canal project. World Crops 23(1):20-23.

McGauhey, P. H.
1969 Technical problems created by reuse. In A. F. Pillsbury, ed.,
Water Quality Management Symposium, University of California,
Davis, 1969, Proceedings. University of California, Water
Resources Center, Report 16:35-38.

Minnehan, R. F.
1966 An example of decision making - a comparison of alternative
drainage water disposal plans using a simplified analysis of the
San Joaquin Valley drain situation. In L. D. Doneen, ed.,
Symposium on Agricultural Waste Waters, University of California,
Davis, 1966, Proceedings. University of California, Water
Resources Center, Report 10:341-347.

-181-



883. Morton, F. I.
1965 Potential evaporation and river basin evaporation. American
Society of Civil Engineers, Hydraulics Division, Journal
91(HY 6):67-97.

884. Olmstead, F. H./McDonald, C. C.
1967 Hydrologic studies of the Lower Colorado River region. Water
Resources Bulletin 3(1):45-58.

885. Schreiner, H. E.
1966 The California drainage problem and its relation to farm economy.
In L. D. Doneen, ed., Symposium on Agricultural Waste Waters,
University of California, Davis, 1966, Proceedings. University
of California, Water Resources Center, Report 10:194-196.

886. Scofield, C. S,
1940 Salt balance in irrigated areas. Journal of Agricultural Research
61:17-39.

887. Shuval, H. I.
1967 Water pollution control in semi-arid and arid zones. Water
Research 1(4):297-308.

888, Stead, F. M.
' 1969 Desalting California. Environment 11(8):2-10.

889. Stetson, C. L.
1966. The disposal of agricultural waste water by conveyance. In
L. D. Doneen, ed., Symposium on Agricultural Waste Waters,
University of California, Davis, 1966, Proceedings. University
of California, Water Resources Center, Report 10:256-257.

890. Summers, J. B.
1966 Drainage of Tulare Lake lands. In L. D. Doneen, ed., Symposium
on Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:244-249,

891. US Congress, House, Committee on Interior and Insular Affairs, Subcommittee
on Irrigation and Reclamation '
1965- Lower Colorado River Basin project; hearings before the... 89th
1966 Congress, 1st and 2d Sessions on H. R. 4761 and similar bills...
US Government Printing Office, Washington. 2 vols. (Serial 89-17).

-182-



892.

893.

894.

895.

Vincent, J. R./Russell, J. D.
1971 Alternatives for salinity management in the Colorado River
Basin. Water Resources Bulletin 7(4):856-866.

Walker, W. R. |
1970 Hydro-salinity model of the Grand Valley. Colorado State
University (M.S. Thesis). 104 p.

Weeks, L. O,
1966 Salton Sea, depository of agricultural wastes. In L. D. Doneen,
ed., Symposium on Agricultural Waste Waters, University of
California, Davis, 1966, Proceedings. University of California,
Water Resources Center, Report 10:262-266.

Willets, D. B./McCollough, C. A.
1957 Salt balance in ground water reservoir operation. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 83(IR 2):1-10.

~-183-



896.

897.

898.

899.

900.

901.

902.

903.

6.7. NITRATE POLLUTION PROBLEMS

Bower, C. A./Wilcox, L. V.
1969 Nitrate content of the upper Rio Grande as influenced by nitrogen
fertilization of adjacent irrigated lands., Soil Science Society of
America, Proceedings 33:971-973.

Carter, D. L./Bondurant, J. A./Robbins, C. W.
1971  Water-soluble nitrate-nitrogen, phosphate-phosphorus, and total
salt balances on a large irrigation tract. Soil Science Society of
America, Proceedings 35:331-335.

ENVIRONMENT, Staff Report
1969 Poisoning the wells. Environment 11(1):16-23, 45.

Gardner, W. R.
1965 Movement of nitrogen in soil. In W. V. Bartholomew and F. E.
Clark, eds., Soil nitrogen, p. 550-572. American Society of
Agronomy, Madison, Wisconsin.

Larson, T. E./Henley, L. M.
1966 Occurrence of nitrate in well waters. University of Illinois,
‘ Water Resources Center, Research Report 1. 8 p.

Nightingale, H. I.
1970 Statistical evaluation of salinity and nitrate content and trends
beneath urban and agricultural areas - Fresno, California.
Ground Water 8(1):22-28.

Power, J. F.
1968 What happens to fertlhzer pitrogen in the soil. Journal of Soil
and Water Conservation 23(1):10-12.

Schmidt, K. D.
1971 The use of chemical hydrographs in ground water quality studies.
In Hydrology and Water Resources in Arizona and the Southwest.
American Water Resources Association, Arizona Section / Arizona
Academy of Science, Hydrology Section, 1971 Meetings, Tempe,
Arizona, Proceedings, p 211-224.

-184-



904.

905,

906.

907.

908.

909.

Schmidt, K. D.
1972 Nitrate in ground water of the Fresno - Clovis metropolitan
area, California. Ground Water 10(1):50-64.

Stanford, G./England, C. B./Taylor, A. W.
1970 Fertilizer use and water quality. US Agricultural Research
Service, ARS 41:168. 19 p. '

Stewart, B. A./Viets, F. G., Jr./Hutchinson, G. L.
1968 Agriculture's effect on nitrate pollution of groundwater. Journal
of Soil and Water Conservation 23(1):13-15.

Timmons, D. R./Holt, R. F./Lattrell, J. J.
1970 Leaching of crop residues as a source of nutrients in surface
run-off water. Water Resources Research 6:1367-1375.

Waring, F. G.
1949 Significance of nitrate in water supplies. American Water Works
Association, Journal 41:147-150.

Willardson, L. S./Meek, B. D./Grass, L. B./Dickey, G. L./Bailey, J. W.
1970 Drain installation for nitrate reduction. Ground Water 8(4):11-13.

-185-



910.

911.

912.

913.

914.

915.

916.

9117.

7. SOCIOECONOMIC ASPECTS OF SALINITY PROBLEMS

Andrews, R. D./Jones, F. P,
1966 Legal considerations in agricultural waste water management.
In L. D. Doneen, ed., Symposium on Agricultural Waste Waters,
University of California, Davis, 1966, Proceedings., University
of California, Water Resources Center, Report 10:301-308.

Archbold, J. C.
1966 The Mexicali Valley water problem. California Geographer
7:47-51, :

Arizona Daily Star, Tucson (AP)
1972 Salinization concern to Echeverria. May 30, 1972,

Arizona Daily Star, Tucson (AP)
1972 Nixon promises Mexico purer water from Colorado. June 18, 1972.

Arizona Daily Star, Tucson (AP)
1972 Americans make Colorado River 3 times too salty for drinking.
June 21, 1972,

Babaye\}, A. G./Nechayeva, N. T./Petrov, M. P./Rabochev, I. S.
1968 Basic problems in the study and development of desert territories
of the USSR. Soviet Geography, Review and Translation 9(6):
430-443.

Bedke, H. H.
1967 Man in the environment of the west side of the San Joaquin Valley.
In University of California, Los Angeles, Department of Engineering,
Man and His Total Environment; proceedings of a two day conference
at the University of California, Los Angeles, March 22-23, 1967.
University of California, Water Resources Center, Report 11:99-101.

Blanch, A. R.

1966 A new look in planning for agricultural water quality. In L. D.
Doneen, ed., Symposium on Agricultural Waste Waters, University
of California, Davis, 1966, Proceedings. University of California,
Water Resources Center, Report 10:313-318.

-186-



918.

919.

920.

921.

922.

923.

924.

925.

Bold, F., Jr.
1966 Is there a right to pollute water? In L. D. Doneen, ed.,
Symposium on Agricultural Waste Waters, University of
California, Davis, 1966, Proceedings. University of
California, Water Resources Center, Report 10:299-300.

California Legislature, Assembly, Interim Committee on Water
1964 Arizona v. California and Pacific southwest water problems.
Sacramento. Assembly Interim Committee Reports, 1963-
1965, Vol. 26, No. 13. 175 p.

Case, F. E.
1972 Economics of water quality and waste water control, American
Society of Civil Engineers, Sanitary Engineering Division,
Journal 98(SA 2):427-434.

Ciriacy-Wantrup, S. V.
1961 Water quality, a problem for the economist. Journal of Land
Economics 43(5):1133-1146.

Cole, D. E.
1966 California's stake in the Colorado River. Ground Water 4(3):
17-23.

Dominy, F. E.
1968 Role of irrigation in the west's expanding economy. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 94(IR 4):401-410.

Engelbert, E. A.
1967 The politics of planning the western San Joaquin Valley. In
University of California, Los Angeles, Department of Engineering,
Man and His Total Environment; proceedings of a two day conference
at the University of California, Los Angeles, March 22-23, 1967.
University of California, Water Resources Center, Report 11:109-113.

Erie, L. d.
1968 Management: A key to irrigation efficiency. American Society
of Civil Engineers, Irrigation and Drainage Division, Journal
94 (IR 3):285-293.

-187-



926.

927.

928.

929.

930.

931.

932.

Gianelli, W. R.

1966 Water rights and water quality as related to the Sacramento -
San Joaquin Delta. In L. D. Doneen, ed., Symposium on
Agricultural Waste Waters, University of California, Davis,
1966, Proceedings. University of California, Water Resources
Center, Report 10:309-311.

Gindler, B. J./Holburt, M. B.
1969 Water salinity problems: Approaches to legal and engineering
solutions. Natural Resources Journal 9(3):329-400.

Henderson, T. W.

1968 Major United States water problems along the international
boundary reach of the Rio Grande (Bravo). In C. S. Knowlton,
ed., International Water Law Along the Mexican-American
Border. American Association for the Advancement of Science,
Committee on Arid Zones Research, Contribution 11:26-36.

Horton, H. H.
1966 Some legal and practical aspects of management of so-called
waste waters. In L. D. Doneen, ed., Symposium on Agricultural
Waste Waters, Umversity of California, Davis, 1966, Proceedings.
University of California, Water Resources Center, Report 10:
294-298.
Ingram, H. M.

1969 Patterns of politics. In Water resource development: A case
study of New Mexico's ; role in the Colorado River Basin bill.
University of New Mexico, Division of Government Research,
Publication 79.

Kerri, K. D.

1966 The water quality factor in comprehensive state water planning.
In Western Agricultural Economics Research Council, Committee
on the Economics of Water Resources Development, Economic
Criteria, Water Transfer, Economics of Water Quality [and]
Economics of Ground Water: Conference Proceedings, Las Vegas,
Nevada, December 7-9, 1966. No publisher, no place. Water
Resources and Economic Development of the West, Report 15:
91-104.

Kneese, A. V./Bower, B, T.

1968 Managing water quality: Economws technology, institutions.
Resources for the Future, Johns Hopkins Press, Baltimore. 328 p.

-188-



933.

934,

935.

936.

937.

938.

939.

940.

Mann, D. E.
1963 The politics of water in Arizona. University of Arizona,
Tucson. 317 p.

Moser, T. H.
1967 Drainage by pumped wells in Wellton-Mohawk Project. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 93(IR 3):199-208.

National Academy of Sciences/National Research Council, Committee on
Water
1968 Water and choice in the Colorado basin. National Academy of
Sciences/National Research Council, Washington, D. C.,
Publication 1689. 107 p.

Null, J. A.
1970 The politics of water resource management through Arizona
water-related regulatory agencies. University of Arizona
(Ph.D. Thesis). 316 p.

Padfield, H./Smith, C. L.
1968 Water and culture: New decision rules for old institutions.

Rocky Mountain Social Science Journal 5(1):23-32.

Pincock, M. G.

1969 Assessing impacts of declining water quality on gross value
output of agriculture, a case study. Water Resources Research
5(1):1-12.

Reynolds, S. E.
1969 Colorado River Basin Project Act as it affects New Mexico.
In New Mexico Water Conference, 14th, 1969, Proceedings,
p. 34-43. Water Resources Research Institute, New Mexico
State University, Las Cruces, New Mexico.

Snyder, J. H. :
1966 Some economic issues in maintaining quality environment. In
L. D. Doneen, ed., Symposium on Agricultural Waste Waters,
University of California, Davis, 1966, Water Resources Center,
Report 10:319-321.

-189-



941.

Steiner, W.

1971

E.

Politics and the Colorado River. In Hydrology and water resources
in Arizona and the Southwest. American Water Resources Associa~
tion, Arizona Section / Arizona Academy of Science, Hydrology
Section, 1971 Meetings, Tempe, Arizona, Proceedings, p. 405-418.

942, Stewart, C. E./Pincock, M. G.

943.

944.

945.

946.

947,

948.

19677

Sturm, N,
1966

Taylor, E.

1967

Upton, C.
1970

Impacts of water quality on the agricultural industry in the Colorado
River Basin - an interindustry study. In Western Agricultural
Economics Research Council, Committee on the Economics of Water
Resources Development, Agricultural Water Use, Water Transfer,
Water Quality, Common Property Resources [and] Competition for
Water in an Expanding Economy: Conference Proceedings, San Fran-
cisco, California, December 12-23, 1967. No publisher, no place,
Water Resources and Economic Development of the West, Report
16:115-136

D.

Some economic aspects related to disposal of agricultural waste
waters. In L. D. Doneen, ed., Symposium on Agricultural Waste
Waters, University of California, Davis, 1966, Proceedings. Univ-
ersity of California, Water Resources Center, Report 10:322~327.

F.
Arizona v. California - landmark on the Colorado River. Ground
Water 5(2):6-12,

A model of water quality management under uncertainty. Water
Resources Research 6(3):690-699.

Vincent, J. R./Russell, J. D.

1971

Alternatives for salinity management in the Colorado River Basin.
Water Resources Bulletin 7(4):856-8617,

Western Agricultural Economics Research Council, Committee on the Economics
of Water Resources Development

19677

Agricultural water use, water transfer, water quality, common
property resources [and] competition for water in an expanding
economy: Conference Proceedings, San Francisco, California,
December 12-13, 1967. No publisher, no place. 231 p. Water
Resources and Economic Development of the West, Report 16.

Yaron, D./Bielorai, H./Shalhevet, J./Gavish, Y.

1972

Estimation procedures for response functions of crops to soil water
content and salinity. Water Resources Research 8(2):291-300.

-190~



949.

950.

951.

952.

953.

954.

955.

8. AN OVERVIEW AND RECOMMENDATIONS

Arar, A.
1971 Irrigation and drainage in relation to salinity and waterlogging.
In Salinity seminar, Baghdad; report of regional seminar on
methods of amelioration of saline and waterlogged soils, Baghdad,
Iraq, 5-14 December 1970. FAO, Rome, Irrigation and Drainage
Paper 7:86-111.

Amiran, D. H. K.
1970 El desierto de Sechura, Peru: Problems of agricultural use of
deserts. Revista Geografica 72:7-12.

Anderson, J. U.
1970 Irrigability classification of New Mexico lands. In New Mexico
Water Conference, 15th, 1970, Proceedings, p. 104-106. Water
Resources Research Institute, New Mexico State University,
Las Cruces, New Mexico.

Bliss, J. H.
1963 Water quality changes in Elephant Butte Reservoir. American
Society of Civil Engineers, Irrigation and Drainage Division,
Journal 89(IR 4):53-76.

Clawson, M./Landsberg, H. H./Alexander, L. T.
1971 The agricultural potential of the Middle East. American Elsevier
Publishing Company, Inc., New York. 312 p.

Cummings, R. G./Winkelman, D. L.
1970 Water resource management in arid environs. Water Resources
Research 6(6):1559-1568,

Cunningham, W.
1971 Elephant Butte irrigation district problems and programs. In
New Mexico Water Conference, 16th, 1970, Proceedings p. 26-31.
Water Resources Institute, New Mexico State University, Las
Cruces, New Mexico ‘

-191-



956.

9517.

958.

959.

960.

961.

962.

Dhanak, G. G./Shaligram, N. K.

1966

Reclamation of sal ine lands: Special problems of low areas
along the sea coast. International Commission on Irrigation
and Drainage, Congress on Irrigation and Drainage, 6th,
New Delhi, 1966, Transactions 2:19,219-19,253.

Food and Agriculture Organization of the United Natibns

1971

Country report of Cyprus. In Salinity seminar, Baghdad;
report of regional seminar on methods of amelioration of
saline and waterlogged soils, Baghdad, Iraq, 5-14 December
1970. FAO, Rome, Irrigation and Drainage Paper 7:194-199.

Food and Agriculture Organization of the United Nations

1971

Country report of Iran. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and

waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,

Rome, Irrigation and Drainage Paper 7:200-202.

Food and Agriculture Organization of the United Nations

1971

Country report of Iraq; reclamation, improvement and management
of salt affected and waterlogged soils in Iraq. In Salinity seminar,
Baghdad; report of regional seminar on methods of amelioration of
saline and waterlogged soils, Baghdad, Iraq, 5-14 December 1970.
FAO, Rome, Irrigation and Drainage Paper 7:157-193.

Food and Agriculture Organization of the United Nations

1971

Country report of Jordan. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:203-204.

Food and Agriculture Organization of the United Nations

1971

Country report of Lebanon. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:205-206.

Food and Agriculture Organization of the United Nations

1971

Country report of Pakistan. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:207-211,

-192-



963. Food and Agriculture Organization of the United Nations
1971 Country report of Sudan: Preliminary study of the soils and
salinity problems in the northern province of the Democratic
Republic of the Sudan. In Salinity seminar, Baghdad, report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:212-214,

964. Food and Agriculture Organization of the United Nations
1971 Country report of Syria. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:215-220.

965. Food and Agriculture Organization of the United Nations
1971 Country report of Turkey. In Salinity seminar, Baghdad; report
of regional seminar on methods of amelioration of saline and
waterlogged soils, Baghdad, Iraq, 5-14 December 1970. FAO,
Rome, Irrigation and Drainage Paper 7:221-226.

966. Food and Agriculture Organization of the United Nations
1971 Country report of the United Arab Republic. In Salinity seminar,
Baghdad; report of regional seminar on methods of amelioration
of saline and waterlogged soils, Baghdad, Iraq, 5-14 December
1970. FAO, Rome, Irrigation and Drainage Paper 7:227-229.

967. Food and Agriculture Organization of the United Nations
1971 Country report of the People's Democratic Republic of Yemen.
In Salinity seminar, Baghdad; report of regional seminar on
methods of amelioration of saline and waterlogged soils, Baghdad,
Iraq, 5-14 December 1970. FAO, Rome, Irrigation and Drainage
Paper 7:230.

968. Gerasimov, I. P.
1968 Basic problems of the transformation of nature. Soviet Geography:

Review and Translation 9(6):444-4517,

969. Greenman, D. W./Swarzenski, W. V./Bennett, G. D.

1967 Contributions to the hydrology of Asia and Oceania -- Ground-water
hydrology of the Punjab, West Pakistan, with emphasis on problems
caused by canal irrigation. US Geological Survey, Water-Supply
Paper 1608-H. 66 p.

-193-



970, Greenwood, N. H.
1965 Developments in the irrigation resources of the Sevan-Razdan
Cascade of Soviet Armenia. Association of American Geographers,
Annals 55:291-307.

971. Hagan, R. M.
1966 Making irrigation projects permanently successful. In L. D.
Doneen, ed., Symposium op Agricultural Waste Waters,
University of California, Davis, 1966, Proceedings. University
of California, Water Resources Center, Report 10:38-40.

972, Harris, S. A.
1960 Saline soils in the Kirkik Plain, Northern Irag. Journal of
Soil Science 11(1):124-130.

973. Hay, J.

1963 Upper Rio Grande: Embattled river. In C. Hodge and P. C.
Duisberg, eds., Aridity and man. American Association for
the Advancement of Science, Washington, D. C., Publication
74:221-240.

974. Hensley, M.
1970 Brak, a threat to our irrigation schemes. South African Journal
of Science 66(6):180-181.

975. Hoon, R. C.
1966 Reclamation of saline lands under irrigation. International Com-
mission on Irrigation and Drainage, Congress on Irrigation and
Drainage, 6th, New Delhi, 1966, Transactions 2:19.301~-19. 317.

976. Karpov, A. V.
1964 Indus Valley - West Pakistan's life line. American Society of
Civil Engineers, Hydraulics Division, Journal 90(HY 1):207-242,

977. Kelley, W. P,
1964 Maintenance of permanent irrigation agriculture. Soil Science
98(2):113-117.

978. Khatib, A. B.

1971 Present and potential salt-affected and waterlogged areas in the
countries of the Near East in relation to agriculture. In Salinity
seminar, Baghdad, report of regional seminar on methods of
amelioration of saline and waterlogged soils, Baghdad, Iraq,

5-14 December 1970. FAO, Rome, Irrigation and Drainage Paper
7:14-28.

-194-



979.

980.

981.

982.

983.

984.

985.

McCaull, J.
1969 Conference on the ecological aspects of international development.
Nature and Resources 5:5-12,

McGau]:'tey, P. H.
1968 Man made contamination hazards to ground water. Ground Water

6(3):10-13.

Matley, I. M.
1970 The Golodnaya Steppe: A Russian irrigation venture in Central
Asia. Geographical Review 60(3):328-346.

Midgley, D. C.
1970 Water in the service of man. South African Journal of Science
66(11):350-358.

Shul'ts, V. L.
1968 The Aral Sea problem. Soviet Hydrology: Selected Papers No. 5,
p. 489-492. Translated from: Trudy Sanigmi (Central Asian
Hydrometeorological Scientific Research Institute) 32(47):3-7.

Thomas, H., E.
1963 Central Valley: Water use at its maximum. In C. Hodge and
P. C. Duisberg, eds., Aridity and man. American Association
for the Advancement of Science, Washington, D. C., Publication
74:529-538.

Uppal, H. L.
1966 Reclamation of saline and alkali soils. International Commission
on Irrigation and Drainage, Congress on Irrigation and Drainage,
6th, New Delhi, 1966, Transactions 2:19.381-19, 440,

986. Young, R. A.

1970 The Arizona water controversy: An economist's view. Arizona
Academy of Science, Journal 6(1):3-10.

-195-~



X. PERMUTED TITLE INDEX



456
446

451

439
460

438

399
4238

450

T46
623

772
812

448

492
477

362

371
157
782
206
309

60
167

35
300
21
240

901

31
526

639
942

625
795

ABANDONMENT OF CERTAIN PERIPHERAL SOUTHWESTERN SETTLEMENTS.#$#
FACTORS INVOLVED IN THE

ABSCISIC ACID AND CYTOKININ CONTENTS OF LEAVES IN RELATION TO
SALINITY AND RELATIVE HUMIDITY.#$#

ABSORPTION. #$#THE PLASMALEMMA: SEAT OF TYPE 2 MECHANISMS OF ION

ABSORPTION: AN ACTIVE PROCESS.#$# FOLIAR

ABSORPTION BY BARLEY ROOTS: ROLE OF THE DUAL MECHANISMS OF ALKALI
CATION TRANSPORT.#$# SODIUM ’

ABSORPTION OF CHLORIDE BY BARLEY ROOTS: KINETICS AND SELECTIVITY.#$#

ABSORPTION OF NUTRIENTS AND SODIUM BY CROP PLANTS.#$# EFFECT OF
EXCHANGEABLE SODIUM ON THE GROWTH AND

"ABSCRPTION OF PHOSPHATE AND GROWTH OF PLANTS UNDER SALINE CONDITIONS.

#S#A PRELIMINARY STUDY ON THE

ABSORPTION GF WATER BY PLANTS.#$#

ABSORPTION OF WATER BY INTACT PLANTS.#$#THE RELATIONSHIP BETWEEN SALT
UPTAKE AND THE

ABSORPTICONy TRANSPORTs ACCUMULATION, AND SECRETION OF IONS.#$#
MECHANISMS OF

ABU DHABI.#$# VEGETABLE PRODUCTION UNDER PLASTIC ON THE DESERT
SEACOAST OF

ACHIEVEMENTS OF DRAINAGE THEORY IN RELATION TO PRACTICAL MNEEDS:
TAKING STOCK.#$#THE

ACIDITY AND SALINITY OF RAIN.#$# ON THE

ACQUISITION AND MACHINE PROCESSING OF SALINE WATER DATA FROM
SOUTHEASTERN NEW MEXICO AND WESTERN TEXAS.#$#

ACTIVE TRANSPORT OF SALT INTO PLANT TISSUE.#$#

ADAPTATION OF PLANTS TO SALINE SOILS.#$#THE

ADSORBED AND DISSOLVED CATIONS ON PLANT GROWTH.#$# COMPARABLE EFFECTS
OF :

ADSORBED NA&, CATION-EXCHANGE CAPACITY AND PERCENTAGE NA& SATURATION

: OF ALKALI SOILS.#$#

ACSORPTION OF SODIUM FROM IRRIGATION WATER BY FOUR TEXAS SOILS.#$#

ADVECTIVE ENERGY ON TRANSPIRATION.#$# INFLUENCE OF

AEOLTAN MIGRATION OF WATER SOLUBLE MATTER AND ITS PROBABLE

AERATION AND CROP RESPONSE.#$# EFFECTS OF WATER TABLE HEIGHT ON SOIL

AFGHANISTAN.#$# SOIL GEOGRAPHY AND FACTORS OF SOIL FORMATION IN

AFRICA.#$# ENVIRONMENT AND LAND USE IN

AFRICA.#$#A SIMPLE ENERGY BALANCE\APPROACH TO THE MOISTURE BALANCE
CLIMATOLOGY OF =

AGENCY OF MAN ON THE EARTH.#$#THE

AGGREGATION.#$# DYNAMICS OF SOIL

AGRICULTURA.#S#LA ALIMENTACION EN EL PERU PREHISPANICO Y SU

AGRICULTURAL AND INDUSTRIAL WATERS.#$#THE QUALITY OF ARIZONA S
DOMESTIC y

AGRICULTURAL AREAS - FRESNO, CALIFORN#$# STATISTICAL EVALUATION OF
SALINITY AND NITRATE CONTENT AND TRENDS BENEATH URBAN AND

AGRICULTURAL BASIS OF URBAN CIVILIZATION IN MESOAMERICA.#$#THE

AGRICULTURAL CROPS AT THE GERMINATION STAGE.#$# SALT TOLERANCE OF
VARIOQUS VARIETIES OF

AGRICULTURAL DRAINAGE SYSTEMS.#$#ON CONSERVATION OF

AGRICULTURAL INDUSTRY IN THE COLORADO RIVER BASIN - AN INTERINDUSTRY
STUDY.#$# IMPACTS OF WATER QUALITY ON THE

AGRICULTURAL LANDI A BIBLIOGRAPHY.#$# DRAINAGE OF

AGRICULTURAL LAND ON THE WATER QUALITY OF SMALL STREAMS.#$# EFFECTS



55
634
861
200

59
953
590
472

661
824

578
11

803

82
950
662
789
863
889
858
910
894
239

750
943

851

917
947

23

191

285
667

685
719

OF DIRECT RUNOFF FROM

AGRICULTURAL LANDS.#$# IRRIGATION OF

AGRICULTURAL LANDS.#$# DRAINAGE OF

AGRICULTURAL LANDS WITH NATURAL AND ARTIFICIAL DRAINS.#$#THE
PROTECTION OF

AGRITULTURAL METEOROLOGY.#$# BIBLIOGRAPHY OF

AGRICULTURAL PHYSICS.#$#

AGRICULTURAL POTENTIAL OF THE MIDDLE EAST.#$#THE

AGRICULTURAL PRACTICES FOR SALINITY. CONTROL AND INCREASED CROP
PRODUCTION.#$# IRRIGATION AND

" AGRICULTURAL PROBLEMS PRESENTED BY PLANTS TOLERANT OF SALINE BRACKISH

WATER AND THE EMPLOYMENT OF SUCH #$#THE BIOLOGICAL AND
AGRICULTURAL PRODUCTION.#$# MODERN IRRIGATION FOR INCREASED
AGRICULTURAL PRODUCTION IN ARID ZONES.#$# EXPLOITATION OF GROUNDWATER

FOR )

AGRICULTURAL SOILS.#$# LEACHING
AGRICULTURAL STUDIES.#$# RECLAMATION OF SALT AFFECTED SOILS IN 1RAQ:

SOIL HYDROLOGICAL AND .

AGRICULTURAL TILE DRAINAGE SYSTEMS.#$#QUANTITY AND QUALITY OF WASTE

WATERS FROM
AGRICULTURAL USE OF ARID REGIONS.#$# BIOLOGICAL PROBLEMS INVOLVED IN

THE
AGRICULTURAL USE OF DESERTS.#$#EL DESIERTO DE SECHURA, PERU:

PROBL EMS OF
AGRICULTURAL USE OF SALINE WATER BY MEANS OF TRICKLE IRRIGATION,#$#

INCREASING THE
AGRICULTURAL WASTE WATERS FOR IRRIGATION IN RELATION TO THE SALT

TOLERANCE OF CROPS.#$# REUSE OF
AGRICULTURAL WASTE WATERS ON AGRICULTURAL AND IRRIGATIUN MANAGEMENT.#

$# IMPACT OF
AGRICULTURAL WASTE WATER BY CONVEYANCE.#$#THE DISPOSAL OF
AGRICULTURAL WASTE WATER - THE CHALLENGE, IMMEDIATE AND OTHERWISE.#$#
AGRICULTURAL WASTE WATER MANAGEMENT.#$# LEGAL CONSIDERATIONS IN
AGRICULTURAL WASTES.#$# SALTON SEA, DEPOSITORY OF
AGRICULTURAL WASTE WATERS IN CALIFORNIA.#$# FACTORS CONTRIBUTING TO

THE QUALITY OF
AGRICULTURAL WASTE WATERSs UNIVERSITY OF CALIFORNIA, DAVIS,
AGRICULTURAL WASTE WATERS.#$# SOME ECONOMIC ASPECTS RELATED TO

DISPOSAL OF
AGRICULTURAL WATER QUALITY RESEARCH CONFERENCE.#$# PROCEEDINGS, WATER

RESOURCES CENTER S
AGRICULTURAL WATER QUALITY.#$#A NEW LODK IN PLANNING FOR
AGRICULTURAL WATER USE, WATER TRANSFER, WATER QUALITY, COMMCN

PROPERTY RESOURCES "AND- COMPETITION FOR WATER IN AN EXPAND#
AGRICULTURE.#$# SALT AND SILT IN ANCIENT MESOPOTAMIAN
AGRICULTURE.#$# WATER-SUPPLY, IRRIGATION AND
AGRICULTURELH#$HTHE CONCEPT OF POTENTIAL EVAPOTRANSPIRATION IN ARID

ZONE
AGRICULTURE.#$# SALINITY CONTROL IN IRRIGATION
AGRICULTURE.#$#THE PLACE OF SPRINKLER IRRIGATION IN THE AUTOMATION OF

DESERT
AGRICULTURE.#$#THE USE OF SULPHUR COMPOUNDS IN IRRIGATED ARID-LAND
AGRICULTURE.#$# PRODUCTIVIZATION OF SAND DESERTS BY SALINE AND MARINE



9717
978

938
13
124

839
875

591
451
476
686
320
626
317

8l8
569

AGRICULTURE.#$# MAINTENANCE OF PERMANENT IRRIGATION
AGRICULTURE «#$# PRESENT AND POTENTIAL SALT-AFFECTED AND WATERLOGGED
AREAS IN THE COUNTRIES OF THE NEAR EAST IN RELATION TO

AGRICULTUREy A CASE STUDY.#$HOASSESSING IMPACTS OF DECLINING WATER

QUALITY ON GROSS VALUE OUTPUT OF

AGRICULTURE ALONG THE NILE AND EUPHRATES.#$# IRRIGATION

AGRICULTURE AND FORESTRY.#$# SALINE IRRIGATION FOR

AGRICULTURE, AND GROUND-WATER SUPPLIES.#$# WATER MANAGEMENT,

AGRICULTURE AND ITS CONTROL THROUGH IMPROVED WATER MANAGEMENT IN ARID
AND SEMI #$# HYDROLOGIC ASPECTS OF THE SALT PROBLEM IN

AGRICULTURE AND URBAN LIFE IN EARLY SOUTHWESTERN IRAN.#$#

AGRICULTURE: AN HISTORICAL REVIEW.#$# IRRIGATED

AGRICULTURE IN ANTIQUITY.#$# SALINITY AND IRRIGATION

AGRICULTURE IN EGYPT.#$# EVOLUTION OF IRRIGATION

AGRICULTURE IN THE CENTRAL NEGEV.#%$# NOTES ON ANCIENT

AGRICULTURE IN THE NEGEV.#$# ANCIENT

AGRICULTURE - ITS USE AND CONVEYANCE.#$# DIRTY WATER FROM

AGRICULTURE ON WATER QUALITY.#$# EFFECTS OF

AGRICULTURE S EFFECT ON NITRATE POLLUTION OF GROUNDWATER.#$#

AGRICULTURE, SOUTHERN ARIZONA.#$# EFFECTS OF ENVIRONMENTAL AND
CULTURAL LIMITATIONS UPON HOHOKAM

AGRICULTURE TO GROUND WATER POLLUTION: A REVIEW.#$# RELATION OF

AGRICULTUREy 1955.#%# WATERy THE YEARBOOK OF

AGROCL IMATOLOGICAL METHODSy PROCEEDINGS OF THE READING SYMPOSIUM.#$#

AGROCLIMATOLOGY.#$#THE USE OF SOIL WATER BALANCE RELATIONSHIPS IN

AGROCL IMATOLOGY IN SEMI-ARID AND ARID ZONES IN THE NEAR EAST.#$#A
STUDY OF

AGRONOMIC FACTOR.#$# EVAPORATION AS AN

AGRONOMIC SIGNIFICANCE OF BASE EXCHANGE.#$#THE

AIR AS A FUNCTION OF ALTITUDE AND WIND FORCE.#%# SALT NUCLEI IN
MARINE

ALBERTA.#$# WATER MOVEMENT ABOVE SHALLOW WATER TABLES IN SOUTHERN

ALBERTA.#$# OCCURRENCE OF SOIL SALINITY IN THE DRY LANDS OF

ALIMENTACION EN EL PERU PREHISPANICO Y SU INTERDEPENDENCIA CON LA
AGRICULTURA.#$HLA

ALKALI ASPECTS OF THE RECLAMATION OF SALINE SOILS IN IRAQ.#$#THE

ALKAL IBODEN IN TROCKENGEBIETEN DER SOVJET-UNION UND IHRE VERBESSERUNG
#$# SALZ- UND

ALKAL IBODEN UND WEGE 2ZU IHRER VERBESSERUNG! EIN VERGLEICH RUSSISCHER
UND AMERIKANISCHER FORSCHUNGSERGEBNISSE.#$# SALZ- UND

ALKALI CATION TRANSPORT.#$# SODIUM ABSORPTION BY BARLEY ROOTS: ROLE
OF THE DUAL MECHANISMS OF

ALKAL INE SALTS ON THE GROWTH AND INTERNAL COMPONENTS OF SELECTED
VEGETABLE PLANTS.#$# EFFECT OF SALINE AND ,

ALKAL INE SOILS AND SOILS IRRIGATED BY SLIGHTLY SALINE WATERS.#$# USE
OF KANKAR LIME IN RECLAMATION OF

ALKAL INE SOILS OF THE PERUVIAN COASTAL ZONE.#$#THE NATURE OF SALINE
AND

ALKALINITY.#$# INTERNATIONAL SOURCE-BOOK ON IRRIGATION AND DRAINAGE
OF ARID LANDS IN RELATION TO SALINITY AND

ALKALINITY AND CLAY CONTENT ON THE HYDRAULIC CONDUCTIVITY OF SOILS IN
THE WEST CENTRAL GEZIRA.#$#THE INFLUENCE OF SALINITY,

ALKALINITY, AND SPECIFIC CONDUCTIVITY OF NATURAL WATER.#$#

ALKALINITY IN SOIL PROFILES IN AN AREA I#$# EFFECT OF RECLAMATION



550
281

560
559

621
678
614
681

222
310
362
475

606
674
696
985
706
587
315
308
732
675
570
684
274

892
946

20

30
914
591
550
514
872
871

230

SYSTEM AND CULTIVATION ON THE DISTRIBUTION OF SALINITY AND
ALKALINITY OF APPLIED IRRIGATION WATERS ON THE AMINO ACID MAKE-UP OF
PHASEOLUS AUREU#$# EFFECT OF VARIATIONS IN SALINITY AND .

" ALKALINITY STATUS OF IRRIGATED SOILS OF WEST PAKISTAN.#$#A REVIEW OF

SALINITY-

ALKALI SALTS. II: ON NITRIFICATION.#$# EFFECT OF

ALKALI SOIL.#$#THE EFFECT OF SOME SOIL AMENDMENTS OF CHEMICAL AND
MICROBIOLOGICAL PROPERTIES OF AN

ALKALI SOIL.#$# RECLAMATION OF AN IMPOSSIBLE

ALKALI SOIL .#$# GYPSUM FINENESS IN RELATION TO RECLAMATION OF

ALKALI SOIL IN THE UPPER INDUS BASIN.#$# RECLAMATION OF A SALINE-

ALKALI SOIL OF THE FRESNO SERIES.#$# GYPSUM, SULPHUR, AND SULPHURIC
ACID FOR RECLAIMING AN

ALKALI SOILS.#$# DIAGNOSIS AND IMPROVEMENT OF SALINE AND

ALKALI SOILS.#$#A STUDY OF SOME EGYPTIAN SALINE AND

ALKALI SOILS.#%# ADSORBED NA&, CATION-EXCHANGE CAPACITY AND

ALKALI SOILS.#%# PLANT GROWTH ON SALINE AND

ALKALI SOILS.#$#THE FOUNDAMENTS OF CONSERVATION IN SALINE AND

ALKALI SOILS.#$#THE APPLICATION OF SMALL AMOUNTS OF AMELIORATING
MATERIALS TO

ALKALI SOILS.#$# RESEARCH ON ELECTRORECLAMATION OF SALINE-

ALKALTI SOILS.#$# RECLAMATION OF SALINE AND

ALKALI SOILS BY ELECTRODIALYSIS.#$# RECLAMATION OF

ALKALI SOILS IN THE THESSALONIKI PLAINy GREECE.#$# EXPERIMENTAL WORK
ON THE RECLAMATION OF SALINE AND

ALKALI SOILS OF MADHYA PRADESH.#$# STUDIES ON THE SALINE AND

ALKALI SOILS OF INDIA.#$# CLASSIFICATION OF SALINE AND \

ALKALI SOILSs THEIR FORMATIONs PROPERTIESy AND RECLAMATION. #$#

ALKALI SOILS WITH SMALL DOSES OF RECLAMATION MATERIALS.#$# IMPROVING
OF '

ALKALI SQILS %1957-1964<.#$# ANNOTATED BIBLIOGRAPHY ON RECLAMATION
AND IMPROVEMENT OF SALINE AND

ALKALI %SZIK< SOILS BY RADIOACTIVE INDICATION. #$# EXAMINATION OF THE
IMPROVING EFFECT OF CACO3 ON

ALKALIZATION OF A SALINE-CALCAREOQUS SOIL IRRIGATED WITH SALINE WATER.
#$# SALINIZATION AND

ALTERNATIVES FOR SALINITY MANAGEMENT IN THE COLORADO RIVER BASIN.#$#

ALTERNATIVES FOR SALINITY MANAGEMENT IN THE COLORADO RIVER BASIN.#$#

AMERICA.#$# LAND USE IN PRE-COLUMBIAN

AMERICAN DESERT.#$#THE HOHOKAM, FIRST MASTERS OF THE

AMERICAN PREHISTORYs AN HYPOTHESIS.#$# WESTERN

AMERICANS MAKE COLORADO RIVER 3 TIMES TOO SALTY FOR DRINKING.#$#

AMERIKANISCHER FORSCHUNGSERGEBNISSE.#$# SALZ- UND ALKALIBODEN UND
WEGE ZU IHRER VERBESSERUNG| EIN VERGLEICH RUSSISCHER UND

AMINO ACID MAKE-UP OF PHASEOLUS AUREU#$# EFFECT OF VARIATIONS IN
SALINITY AND ALKALINITY OF APPLIED IRRIGATION WATERS ON THE

AMMONIUM AND SALT INHIBITION OF SOME PHYSIOLOGICAL PROCESSES
ASSOCIATED WITH SEED GERMINATION.#$#

ANALOG COMPUTER FOR SIMULATING THE SALINITY FLOW SYSTEM OF THE UPPER
COLORADO RIVER BASIN.#$# UTILIZATION OF THE

ANALOG COMPUTER MODEL OF THE HYDROLOGIC AND SALINITY FLOW OF SYSTEMS
WITHIN THE UPPER COLORADO RIVER BASIN.#$#

ANALYSIS OF SALT BALANCE AND BURDEN DATA ON THE RIO GRANDE, #$#



14 ANCIENT AGRICULTURE IN THE NEGEV.#$#
53 ANCIENT AGRICULTURE IN THE CENTRAL NEGEV.#$# NOTES ON
15 ANCIENT MASTERS OF THE DESERT.#$# .
882 AN EXAMPLE OF DECISION MAKING - A COMPARISON OF ALTERNATIVE DRAINAGE
' WATER DISPOSAL PLANS USING A SIMPLIFIED ANALYSIS OF #$#
372 ANION EXCLUSION EFFECTS ON CHLORIDE MOVEMENT IN SOILS.#$#
437 ANIONS AND ION ACTIVITIES.#$# SALT INJURY TO PLANTS WITH SPECIAL
REFERENCE TO CATIONS VERSUS
114 ANISOTROPIC NATURE OF LIQUID FLOW IN CLAY~ WATER SYSTEMS.#$#THE
570 ANNOTATED BIBL IOGRAPHY ON RECLAMATION AND IMPROVEMENT OF SALINE AND
ALKALT SOILS %1957-1964<.#$#
€08 ANNOTATED BIBLIODOGRAPHY ON RECLAMATION AND IMPROVEMENT OF SALINE AND
SODIC SOILS 21966-1960<.#$#
748 ANNUAL REPORTy 1970-1971.#8%#
150 ANTECEDENT RETENTION INDEXES PREDICT SOIL MOISTURE.#$#

631 APPLICATION OF DRAINAGE IN THE RECLAMATION OF SALINIZED SOILS.#$#THE
674 APPLICATION OF SMALL AMOUNTS OF AMELIORATING MATERIALS TO ALKALI
SOILS.#$#THE

825 APPLICATIONS OF FACTOR ANALYSIS IN STUDY OF CHEMISTRY OF GROUNDWATER
QUALITY, MOJAVE RIVER VALLEYs CALIFORNIA.#$#

195 APPRDACH TOWARD A RATIONAL CLASSIFICATION OF CLIMATE.#$#AN
966 ARAB REPUBLIC.#$# COUNTRY REPORT OF THE UNITED
983 ARAL SEA PROBLEM.#$#THE

663 ARID AND DESERT CONDITIONS OF HIGH WATER AND SOIL SALINITY.#$# DRIP
IRRIGATION = A METHOD USED UNDER

875 ARID AND SEMI #%# HYDROLOGIC ASPECTS OF THE SALT PROBLEM IN

78 ARID AND SEMI-ARID HOMOCL IMATES.#$# WORLD DISTRIBUTION OF

810 ARID AND SEMI-ARID AREAS OF LATIN AMERICA.#$# HYDROLOGY AND

128 ARID AND SEMI-ARID CONDITIONS.#$# SOIL WATER RELATIONS IN

378 ARID AND SEMI-ARID CONDITIONSy PRDCEEDINGS OF THE MADRID SYMPOSIUM.#$
#PLANT- WATER RELATIONSHIPS IN

90 ARID AND SEMI-ARID LAND.#$#THE USE OF

641 ARID AND SEMI-ARID REGIONS.#$# WATER TABLE CONTROL IN
821 ARID AND SEMIARID REGIDNS.#$# HYDROLOGY OF
141 ARID AND SEMI-ARID ZONES.#$#THE INCOME AND LOSS OF WATER IN

165 ARID AND SUB-HUMID ENVIRDNMES#A CDMPARISON OF METHODS OF ESTIMATING
POTENTIAL EVAPOTRANSPIRATION FROM CLIMATOLOGICAL DATA 1IN
607 ARID AREAS.#$# SOIL MANAGEMENT: HUMID VERSUS
85 ARIDAS DE LA REPUBLICA MEXICANA.#$# DISTRIBUCION DE LAS ZONAS
182 ARID CLIMATE.#S# POTENTIAL EVAPGTRANSPIRATION IN A WARM
162 ARID CLIMATES AT LOW LATITUDES.#$# EVALUATION OF SOME PRACTICAL
METHODS OF ESTIMATING EVAPOTRANSPIRATION IN
73 ARID CONDITIONS.#$# IRRIGATION PROBLEMS UNDER HOT
176 ARID CONDITIDNS.#$# EVAPORATION UNDER HOT
670 ARID ENVIRONMENT .#$# SPRINKLER AND SURFACE IRRIGATION OF VEGETABLE
AND FIELD CROPS IN AN
669 ARID ENVIRONMENT .#$# COMPARISON OF IRRIGATION METHODS IN AN
784 ARID ENVIRONMENTS .#$# SALT WEATHERINGy A NEGLECTED GEOLOGICAL EROSIVE
AGENT IN COASTAL AND
954 ARID ENVIRONS.#$¥ WATER RESOURCE MANAGEMENT IN
610 ARIDER UND SEMIARIDER GEBIETE.#$#EIN BEITRAGZUR LOSUNG DES
77 ARIDITE.#$#L INDICE D
76 ARIDITY.N$# WEATHER: COMPLEX CAUSES OF
79 ARIDITY.#$S#AN AUSTRALIAN APPROACH TO



218

89
718
685
174

83

69

71
215
220
836
2117
626

218

84
304
704
250
668

82

188
290
630
792

119
134

70
555
169
191

6l
845
199

¢
N Y]

b8

64
665

593
781

824
887

ARIDITY AND MAN, THE CHALLENGE OF THE ARID LANDS IN THE UNITED STATES
HEH
ARIDITY DEFINITIONS AND THEIR APPLICABILITY.#$#

"ARIDITY: NEW APPROACHES TO OLD PROBLEMS.#$# SALINITY AND

ARID-LAND AGRICULTURE.#$#THE USE OF SULPHUR COMPOUNDS IN IRRIGATED

ARID LAND PRODUCTIVITY.#$# WATER REQUIREMENTS FOR INCREASED

ARID LANDS.#%# DESERTSs THE PROBLEM OF WATER 1IN

ARID LANCS.#$# IRRIGATION IN

ARID LANDS.#%# IRRIGATION IN

ARID LANDS.#%# CHALLENGE OF

ARID LANDS.#%# SOILS OF

ARID LANDS.#%# HYDROGEOLOGIC FACTORS IN PROBLEMS OF CONTAMINATION IN

ARID LANDS, A GEOGRAPHICAL APPRAISAL.#$#

ARID LANDS IN RELATION TO SALINITY AND ALKALINITY.#$# INTERNATIONAL
SOURCE~-BOOK ON IRRIGATION AND DRAINAGE OF

ARID LANDS IN THE UNITED STATES.#$# ARIDITY AND MAN, THE CHALLENGE OF
THE

ARID LANDS OF AUSTRALIA.#$#

ARID=LAND SOILS.#3#THE MINERALOGICAL EXAMINATION OF

ARID LANDS YEGETABLE PRODUCTION, #$# MULCHING TECHNIQUES FOR

ARID LAND WATERS.#$# NATURAL POLLUTION IN

ARID MICROCL IMATE WITH SPRINKLERS.#$# MODIFYING AN

ARID REGIONS.#$#A HISTORY OF LAND USE IN

ARID REGIONS.#$# BIOLOGICAL PROBLEMS INVOLVED IN THE AGRICULTURAL USE
OF

ARID REGIONS.#%# POTENTIAL EVAPOTRANSPIRATION IN

ARID REGIONS.#$#THE SALINITY PROBLEM IN THE

ARID REGIONS.#%# DESIGN OF TILE DRAINAGE FOR

ARID REGIONS.#$# WATER QUALITY PROBLEMS PECULIAR TO

ARID REGIUNS OF THE USA.#$# POST-COLUMBIAN DEVELOPMENTS IN THE

ARID SOILS.#$# WATER STORAGE IN

ARID ZONFE.#%n PRINCIPLES OF CHOOSING EXPERIMENTAL PLOTS FOR WATER
BALANCE STUDIES IN IRRIGATION REGIONS OF THE

ARID ZONE.#$#THE CAUSATION GF THE

ARID ZONE.#$# MICROBIOLOGICAL PROBLEMS OF THE

ARID ZONF.#:#THE CHEMICAL CL IMATE AND SALINE SOILS IN THE

ARID ZONE ACRICULTURE.#$#THE CONCEPT OF POTENTIAL EVAPOTRANSPIRATION
IN

ARID ZONE DEVELOUPMENT.#$# GUIDE BOOK TO RESEARCH DATA FOR

ARID ZONE HYDROLOGYs RECENT DEVELOPMENTS.#$#

ARID ZONE MiT:(ROLOGY. #5#

ARID ZONr f InNDIAL#S#A CRITICAL STULY OF EVAPORATION BY PENMAN S
METHOL GURING THE GROWING SEASON OF VEGETATION IN THE

ARID ZONE OF INDIA AND PAKISTAN: A STUDY IN ITS WATER BALANCE AND
DELIMITAT [UNHS#

ARID ZONL,y PROCEEDINGS OF THE PARIS SYMPOSIUM.#$#THE PROBLEMS OF THE

ARID ZONES.#$# USE OF SOIL MCISTURE AND GROUNDWATER BY COTTON PLANTS
UNDER SPRINKLING IRRIGATION IN

ARID ZONES.#$# PRINCIPLES OF THE THEORY AND PRACTICE OF RECLAMATION
AND UTILIZATION OF SALINE SOILS IN THE

ARID ZONES.#%# CONDITIONS OF FORMATION OF SALINE WATERS 1IN

ARID ZONES.#$# EXPLUITATION OF GROUNDWATER FOR AGRICULTURAL

ARID ZONES.#$# WATER POLLUTION CONTROL IN SEMI-ARID AND



209
171
227
299
43
51
52

169
703

933
255
240
679
919
944
986
936
970
832

47
297
981

969

764
773

122
390

162
172

421
761

809
529

ARID ZONE SEDIMENTS.#$# LONG TERM MOVEMENT OF WATER AND SOIL SALINITY
IN THE WEATHERING ZONE OF

ARID ZONES IN THE NEAR EAST.#$#A STUDY OF AGROCLIMATOLOGY IN SEMI-
ARID AND -

" ARID ZONES, PROCEEDINGS OF THE TEHERAN SYMPOSIUM.#$# SALINITY

PROBLEMS IN THE

ARID ZONES WITH SPECIAL REFERENCE TO PAKISTAN.#$# REPORT ON UNESCO-
IRAN SYMPOSIUM ON SOIL SALINITY PROBLEMS IN

ARIZONA.#$# PREHISTORIC IRRIGATION IN

ARIZONA.#$#THE HOHOKAM CANAL AT PUEBLO GRANDE,

ARIZONA.#$# ENVIRONMENTAL EFFECTS OF IRRIGATION IN THE CENTRAL VALLEY
OF

ARIZONA.##$# EFFECTS OF ENVIRONMENTAL AND CULTURAL LIMITATIONS UPON
HOHOKAM AGRICULTUREy SOUTHERN

ARIZONA.#$# CONSUMPTIVE USE OF WATER BY CROPS IN

ARIZONA.#$# SUBSOIL TILLAGE AS AN AID IN THE RECLAMATION OF THE SOILS
IN THE CASA GRANDE SERIES IN

ARIZONA#S#THE POLITICS COF WATER IN

ARIZONA IRRIGATION WATERS.#$#THE QUALITY OF

ARTZONA S DOMESTICs AGRICULTURAL AND INDUSTRIAL WATERS.#$#THE QUALITY
OF

ARIZONA SOILS.#$# GYPSUM AND SULFUR-BEARING AMENDMENTS FOR

ARIZONA V. CALIFORNIA AND PACIFIC SOUTHWEST WATER PROBLEMS.#$#

ARIZONA V. CALIFORNIA - LANDMARK ON THE COLORADO RIVER.#$#

ARIZONA WATER CONTROVERSY: AN ECONOMIST S VIEW.#$#THE

ARIZONA WATER-RELATED REGULATORY AGENCIES.#$#THE POLITICS OF WATER
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CALIFORNIA.#$# TILE DRAINAGE IN THE SAN JDAQUIN VALLEY OF

CALIFORNIA.#$# ECONOMIC PRUBLEMS OF SALTWATER INTRUSION - A CASE
STUDY OF THE SALINAS VALLEY,
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OF GROUNDWATER QUALITY, MOJAVE RIVER VALLEY,
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: THE SEARCH FOR SOLUTIONS TO

CANAL AT PUEBLO GRANDE, ARIZONA.#$#THE HOHOKAM

CANAL PROJECT.#$SHTHE RAJASTHAN
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CHARACTERISTICS AND POLLUTION PROBLEMS OF IRRIGATION RETURN FLOW.#$#

CHEMICAL #$#THE EFFECT OF USING DIFFERENT CONCENTRATIONS OF SALINE
WATER CONTAINING DIFFERENT NA:CA RATIOS ON THE GROWTH AND

CHEMICAL AGENT OF GEOLOGICAL PROCESSES - A REVIEW.#$# RAINWATER AS A

CHEMICAL AND MICROBIOLOGICAL PROPERTIES.#$# EFFECT OF RECLAMATION OF
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ELOW THROUGH POROUS MEDIA.#$#THE PHYSICS OF
FLUCTUATION OF THE WATER TABLE ON SOIL MAPS.#$# PRESENTATION OF THE
SEASONAL

- FOLTIAR ABSORPTION: AN ACTIVE PROCESS.#$#

FORESTRY.#$# SALINE IRRIGATION FOR AGRICULTURE AND

FORMULAS FOR ESTIMATING LEACHING AND GYPSUM REQUIREMENTS OF

FOUNDAMENTS OF CONSERVATION IN SALINE AND ALKALI SOILS.#$#THE

FREEZING AND THAWING EFFECTS ON DRAINAGE.#$#

FRESH.#$#THE ENCROACHMENT OF SALT WATER INTO

FRESNO - CLOVIS METROPOLITAN AREA, CALIFORNIA.#$# NITRATE IN GROUND

» WATER OF THE

FRESNO SERTES.#$#THE EFFECT OF RICE CULTURE ON A NONSALINE SODIC SOIL
OF THE

FRESNO SERIES.#$# GYPSUM, SULPHUR, AND SULPHURIC ACID FOR RECLAIMING
AN ALKALI SOIL OF THE

FRUCHBARKEIT.#$# BODENVERSALZUNG UND

FUTURE QUANTITY AND QUALITY OF COLORADO RIVER WATER.#$#

GARMSAR AREA.#$# DRAINAGE AND RECLAMATION PROBLEMS IN THE

GENERAL PATTERN OF CHANGES IN THE SALT CONTENT OF IRRIGATED AND
MEL IORATED SOILS.#$#

GENESIS AND RELATIONSHIP TO SEDIMENTS AND HOST ROCKS.#$# SALINE
WATERS:

GENETIC BASIS OF SELECTIVE ION TRANSPORT IN PLANTS.#$#THE

GENETIC CONTROL.#$# SELECTIVE ION TRANSPORT IN PLANTS AND 1ITS

GEOCHEMICAL AND SOIL FORMATION SIGNIFICANCE.#$# AEOLIAN MIGRATION OF
WATER SOLUBLE MATTER AND ITS PROBABLE

GEOGRAPHICAL APPRAISAL.#$# ARID LANDS, A

GEOGRAPHICAL HISTORY OF THE MESOPOTAMIAN PLAIN.#S$#THE

GEOGRAPHY AND FACTORS OF SOIL FORMATION IN AFGHANISTAN.#$# SOIL

GEOGRAPHY OF IRRIGATION.#$#A WORLD

GEOLOGICAL EROSIVE AGENT IN COASTAL AND ARID ENVIRONMENTS.#$# SALT
WEATHERING, A NEGLECTED

GEOLOGICAL PROCESSES - A REVIEW.#$# RAINWATER AS A CHEMICAL AGENT OF

GEOLOGY.#$# WATER SUPPLY AND

GEOPHYSICAL LOGS.#$# QUANTITATIVE MAPPING OF SALINITY, VOLUME AND
FIELD OF SALINE AQUIFERS USING BOREHOLE

GERMINATION IN LOWER OSMOTIC POTENTIAL AS AN INDEX OF DROUGHT
RESISTANCE IN CROP PLANTS.#$#

GERMINATION OF SEEDS.#$#THE

GEZIRA.#S#THE INFLUENCE OF SALINITY, ALKALINITY AND CLAY CONTENT ON
THE HYDRAULIC CONDUCTIVITY OF SOILS IN THE WEST CENTRAL

GLOBAL BALANCE OF WATER VAPOR AND THE HYDROLOGY OF DESERTS.#$# ON THE

GOLODNAYA STEPPE.#$# EXPERIENCE IN ACCELERATED IRREVERSIBLE

GOLODNAYA STEPPE.#$# IRRIGATION AND RECLAMATION OF

GOLODNAYA STEPPE: A RUSSIAN IRRIGATION VENTURE IN CENTRAL ASIA.#$#
THE

GRAND PLAINS AREA,#$# CHANGE OF CHLORIDE CONTENT OF WATER IN RESPONSE
TO PUMPING IN THE ARTESIAN AQUIFER IN THE ROSWELL-EAST

GRAND VALLEY.#$# HYDRO-SALINITY MODEL OF THE

GRASS.#$# NATURAL EVAPOTRANSPIRATION FROM OPEN WATER, BARE SOIL, AND

GRASSES AS INFLUENCED BY IRRIGATION WATER SALINITY AND LEACHING
FRACTION.#$# GROWTH OF SUDAN AND TALL FESCUE

GREAT BASIN--A PREL IMINARY LITERATURE SUMMARY.#$# SALINE DEPOSITION
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IN THE
GREAT BASINy UTAH.#$# CHANGES IN THE CHEMICAL QUALITY OF GROUND WATER
IN THREE AREAS IN THE

" GREAT PLAINS.#$# CHEMICAL CHARACTER OF GROUND WATERS OF THE NORTHERN

GREECE.#%# EXPERIMENTAL WORK ON THE RECLAMATION OF SALINE AND ALKALI
SOILS IN THE THESSALONIKI PLAIN,

GREENHOUSE VEGETABLE PRODUCTION.#$#THE USE OF POLYETHYLENE BARRIERS
BETWEEN SOIL AND GROWING MEDIUM IN

GROUNDWATER.#$# UTILIZATION OF SOIL MOISTURE AND GROUNDWATER BY
COTTON PLANTS IN THE CASE OF SALINE

GROUNDWATER.#$#THE CONTROL OF SALINE

GROUNDWATER.#$# AGRICULTURE S EFFECT ON NITRATE POLLUTION OF

GROUND WATER.#$# SOME ASPECTS OF CHEMICAL EQUILIBRIUM IN

GROUND WATER.#$# SALT BALANCES IN

GROUND WATER.#$# INFLUENCE OF NATIVE SALTS IN THE SAN JOAQUIN VALLEY
ON THE QUALITY OF THE

GROUND WATER POLLUTION: A REVIEW.#$# RELATION OF AGRICULTURE TO

GROUND WATER.#$# INORGANIC CHEMICAL CONTAMINATION OF

GROUND WATER.#$# MAN MADE CONTAMINATION HAZARDS TO

GROUND WATER - A LITTLE USED AND UNMAPPED RESOURCE.#$# SALINE

GROUNDWATER AND IN SOILS OF ISRAEL.#$# ON THE ORIGIN AND ACCUMULATION
OF SALTS IN

GROUND WATER AND THEIR CORROSION AND ENCRUSTATION EFFECTS ON WELLS.#$
#CHEMICAL PROPERTIES OF

GROUND WATER AS A MINERAL RESOURCE.#$#A SURVEY OF SALINE

GROUNDWATER BY COTTON PLANTS UNDER SPRINKLING IRRIGATION IN ARID
ZONES.#$# USE OF SOIL MOISTURE AND

GROUND WATER CONTAMINATION.#$# HYDROLOGIC FACTORS PERTINENT TO

GROUNDWATER CONTAMINATION BY ROAD SALT: STEADY-STATE CONCENTRATIONS
IN EAST CENTRAL MASSACHUSETTS.#$#

GROUND-WATER DEVELOPMENT IN DESERT AREAS.#$#

GROUNDWATER FOR AGRICULTURAL PRODUCTION IN ARID ZONES.#$#

GROUND-WATER HYDROLOGY OF THE PUNJABy WEST PAKISTAN WITH EMPHASIS #$#
CONTRIBUTIONS TO THE HYDROLOGY OF ASIA AND OCEANIA ~-

GROUND WATER IN NORTH AMERICA.#$#

GROUND WATER IN SOME SALINE TRACTS OF GUJARAT.#$# CHEMICAL

GROUND WATER IN SOUTHERN CALIFORNIA.#$# NITROGEN CONTENT OF

GROUND WATER IN THREE AREAS IN THE GREAT BASIN, UTAH.#$# CHANGES IN
THE CHEMICAL QUALITY OF

GROUND WATER OF THE FRESNO - CLOVIS METROPOLITAN AREA, CALIFORNIA.#$#
NITRATE 1IN

GROUND WATER ON SOIL SALINITY IN NORTHERN PART OF THE DELTA.#$#A
STUDY ON THE EFFECT OF

GROUNDWATER QUALITYs MOJAVE RIVER VALLEY, CALIFORNIA.#$# APPLICATIONS
OF FACTOR ANALYSIS IN STUDY OF CHEMISTRY OF

GROUND WATER QUALITY PROBLEMS.#$# NATURAL

GROUND WATER QUALITY STUDIES.#$#THE USE OF CHEMICAL HYDROGRAPHS 1IN

GROUND WATER RESERVOIR OPERATION.#$# SALT BALANCE IN

GROUND WATER RESOURCES OF THE UNITED STATES.#$# SELECTED REFERENCES
ON SALINE

GROUNDWATER RESOURCES OF THE CONTERMINQOUS UNITED STATES.#$# SALINE

GROUND WATERS.#$# SODIUM HAZARD OF PUNJAB

GROUNDWATER SALINITY ON PLANT GROWTH.#$#THE INFLUENCE OF
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GROUND WATERS OF THE NORTHERN GREAT PLAINS.#$# CHEMICAL CHARACTER OF

GROUND-WATER SUPPLIES.#$# WATER MANAGEMENT, AGRICULTURE, AND

GROWTH OF ATRIPLEX HALIMUS L. IN SODIUM CHLORIDE SALINATED CULTURE
SOLUTIONS AS AFFECTED BY THE RELATIVE HUMIDITY OF THE #$#

" GROWTH OF SUDAN AND TALL FESCUE GRASSES AS INFLUENCED BY IRRIGATION

WATER SALINITY AND LEACHING FRACTION.#$#

GRUNDRISS DER KLIMAKUNDE.#$#

GUIDE BOOK TO RESEARCH DATA FOR ARID ZONE DEVELOPMENT.#$#

GUJARAT.#$# CHEMICAL CHARACTERISTICS OF GROUND WATER IN SOME SALINE
TRACTS OF

GYPSUM.#$# LEACHING OF SODIC SOILS AS INFLUENCED BY APPLICATION OF

GYPSUM.#$# PHYSICAL AND PHYSICO-CHEMICAL CHANGES IN THE PROFILE OF A
SODIC SOIL TREATED WITH

GYPSUM AND SULFUR-BEARING AMENDMENTS FOR ARIZONA SOILS.#$#

GYPSUM FINENESS IN RELATION TO RECLAMATION OF ALKALI SOIL.#$#

GYPSUM FOR SALT LAND.#$#

GYPSUM ON PASTURE ESTABLISHMENT ON IRRIGATED SODIC CLAYS.#$#THE
INFLUENCE OF DISSOLVED

GYPSUM REQUIREMENTS OF IRRIGATION WATERS.#$# FORMULAS FOR ESTIMATING
LEACHING AND

GYPSUM, SULPHURs AND SULPHURIC ACID FOR RECLAIMING AN ALKALI SOIL OF
THE FRESNO SERIES .#$#

HALOPHYTE.#$# IS ANY ANGIOSPERM AN OBLIGATE

HALOPHYTES. II1: SALINITY FACTORS IN THE GROWTH OF AUSTRALIAN
SALTBUSHES .#$# STUDIES 1IN

HALOPHYTE SUAEDA MONOICA FORSSK BY X—-RAY MICROANALYSIS.#$#

HALOXYLON RECURVUM.#$#THE MECHANISM OF SALT TOLERANCE IN SUAEDA
FRUTICOSA AND

HANDBOOK. 16t DRAINAGE.#$# NATIONAL ENGINEERING

HARDING COUNTY.#$# SOIL ASSOCIATIONS AND LAND CLASSIFICATION FOR
IRRIGATION

HERITAGE OF IRRIGATION IN IRAQ.#$#

HIDROGEOLOGIA DE LAS REGIONES DESERTICAS DE MEXICO.#$#

HIGH SALT-WATER DILUTION METHOD FOR RECLAIMING SODIC SOILS.#$#THE

HISTORICAL REVIEW.#$# IRRIGATED AGRICULTURE: AN

HISTORY.#$# MAN AND WATER: A LESSON IN

HISTORYs AND THE INDUS PLAIN.#$# WATER,

HISTORY OF LAND USE IN ARID REGIONS.#$#A

HISTORY OF THE MESOPOTAMIAN PLAIN.#$#THE GEOGRAPHICAL

HOHOKAM AGRICULTUREs SOUTHERN ARIZONA.#$# EFFECTS OF ENVIRONMENTAL
AND CULTURAL LIMITATIONS UPON

HOHOKAM CANAL AT PUEBLO GRANDEs ARIZONA.#$#THE

HOHOKAM, FIRST MASTERS OF THE AMERICAN DESERT. #$#THE

HOMOCL IMATES .#$# WORLD DISTRIBUTION OF ARID AND SEMI-ARID

HONAN.#$# COTTON AND WHEAT FROM THE SALINE SOILS OF NORTH

HORMONAL ASPECTS INVOLVED IN ROOT STRESS.#$#

HOT ARID CONDITIONS.#$# EVAPORATION UNDER

HOW MUCH OF THE RAIN ENTERS THE SOIL.#$#

HUMIDITY.#$# PHYSIOLOGICAL RESPONSE OF PLANTS TO SALINITY AND

HUMID VERSUS ARID AREAS.#$# SOIL MANAGEMENT:

HUNGARIAN DANUBE VALLEY.#$# SALT ACCUMULATION PROCESSES IN THE

HUNGARY.#$# SALT AFFECTED SOILS IN

HUNGARY AND THE METHODS OF THEIR UTILIZATION WITH PARTICULAR REGARD
TO IRRIGATION AND #$#THE TYPES OF SALT AFFECTED SOILS IN
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HYDRAUL IC CIVILIZATION.#$#THE
HYDRAULIC CONDUCTIVITY OF SOILS.#$# MEASURING SATURATED
HYDRAULIC CONDUCTIVITY.#$# FIELD MEASUREMENT OF

" HYDRAULIC CONDUCTIVITIES OF UNSATURATED SOILS.#$# COMPARISON OF

_MEASURED AND CALCULATED

HYDRAULIC CONDUCTIVITY.#$# FACTORS IMPORTANT IN THE CALCULATION OF

HYDRAULIC CONDUCTIVITY OF UNIFORM, STRATIFIED, AND MIXED SANDS.#$#

HYDRAUL IC CONDUCTIVITY OF SOILS IN THE PRESENCE OF MIXED~ SALT
SOLUTIONS . #$# FACTORS INFLUENCING

HYDRAULIC CONDUCTIVITY.#$# EFFECT OF SOLUTION COMPOSITION ON SOIL

HYDRAULIC CONDUCTIVITY OF SOILS IN THE WEST CENTRAL GEZIRA.#$#THE
INFLUENCE OF SALINITY, ALKALINITY AND CLAY CONTENT ON THE

HYDRAULIC CONDUCTIVITY.#$# RELATIONSHIPS OF EXCHANGEABLE NA

HYDRAULIC CONDUCTIVITY.#$# PREDICTION OF THE EFFECT OF MIXED- SALT
SOLUTIONS ON

HYDRAULIC RESOURCES IN THE ARID AND SEMI-ARID AREAS OF LATIN AMERICA.
#$# HYDROLOGY AND UTILIZATION OF

HYDROCHEMICAL MAPS IN HYDROGEOLOGY.#$# TYPES OF

HYDRODYNAMIC DISPERSION OF SOLUTES IN THE SOIL MOISTURE STREAM.#$#

HYDROGEOLOGIC FACTORS IN PROBLEMS OF CONTAMINATION IN ARID LANDS.#$#

HYDROGEOLOGY .#$# TYPES OF HYDROCHEMICAL MAPS 1IN

HYDROGEOLOGY OF DESERT BASINS.#$#

HYDROGRAPHS IN GROUND WATER QUALITY STUDIES.#$#THE USE OF CHEMICAL

HYDROLOGICAL AND AGRICULTURAL STUDIES.#$# RECLAMATION OF SALT
AFFECTED SOILS IN IRAQ: SOIL

HYDROLOGICAL PROBLEMS RELATED TO THE USE OF SALINE WATERS,#$#

HYDROLOGICAL PROFILE OF THE SOIL.#$#

HYDROLOGIC AND SALINITY FLOW OF SYSTEMS WITHIN THE UPPER COLORADO
RIVER BASIN.#$# ANALOG COMPUTER MODEL OF THE

HYDROLOGIC ASPECTS OF THE SALT PROBLEM IN AGRICULTURE AND ITS CONTROL
THROUGH IMPROVED WATER MANAGEMENT IN ARID AND SEMI #$#

HYDROLOGIC CHARACTERISTICS OF UNSATURATED POROUS MATERIALS.#$#
DYNAMIC MEASUREMENT OF THE

HYDROLOGIC CYCLE.#$# SOIL SALINITY IN NON- IRRIGATED ARABLE AND
PASTORAL LAND AS THE RESULT OF UNBALANCE OF THE

HYDROLOGIC FACTORS PERTINENT TO GROUND WATER CONTAMINATION,#$#

HYDROLOGIC STUDIES OF THE LOWER COLORADO RIVER REGION.#$#

HYDROLOGIC VARIABLES ON STREAM SALINITY.#$#THE EFFECT OF SELECTED

HYDROLOGY AND UTILIZATION OF HYDRAULIC RESOURCES IN THE ARID AND SEMI
-~ARID AREAS OF LATIN AMERICA.#$#

HYDROLOGY OF ARID AND SEMIARID REGIONS.#$#

HYDROLOGY OF ASIA AND OCEANIA -- GROUND-WATER HYDROLOGY OF THE
PUNJABy WEST PAKISTAN WITH EMPHASIS #$# CONTRIBUTIONS TO THE
HYDROLOGY OF DESERTS.#$# ON THE GLOBAL BALANCE OF WATER VAPOR AND THE

HYDROLOGYs RECENT DEVELOPMENTS.#$# ARID ZONE

HYDROLOGY WITH RESPECT TO SALINITY.#$# INTRODUCTORY PAPER:

HYDROLOGY s 1946-1967.#$# BIBLIOGRAPHY OF MURRAY VALLEY

HYDROLYSIS OF CALCIUM CARBONATE.#$# REPLACEMENT OF ADSORBED SODIUM IN
SOILS BY

HYDROMETEOROLOGY.#$# COLORADO PILOT PROJECT: DESIGN

HYDRO-~SALINITY MODEL OF THE GRAND VALLEY.#$#

HYGROSCOPIC SOIL WATER.#$#THE EFFECT OF EXCHANGEABLE CATIONS ON

IGU SYMPOSIUM IRAKLION ¥GREECE<, 19-26 SEPTEMBER 1962.#$# LAND USE
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IN SEMI-ARID MEDITERRANEAN CLIMATES|] UNESCO
IMPACT OF AGRICULTURAL WASTE WATERS ON AGRICULTURAL AND IRRIGATION
MANAGEMENT . #5#

IMPACTS OF WATER QUALITY ON THE AGRICULTURAL INDUSTRY IN THE COLORADO

RIVER BASIN = AN INTERINDUSTRY STUDY.#$#

IMPERIAL VALLEY.#$#A COMPARISON OF DEEP AND SHALLOW DRAIN TILE FOR
REDUCTION OF SOIL SALINITY IN

IMPERIAL VALLEYy, CALIFORNIA.#$# TILE CLOGGING BY IRON AND MANGANESE
IN

IMPERTAL VALLEY SOILS| A CHRONICLE OF IMPERIAL VALLEY S CONTINUING
FIGHT AGAINST SALT.#$#THE COLORADO RIVER AND

IMPORTANCE OF BIOLOGICAL FACTORS IN THE IMPROVEMENT OF SALINE SOILS.#
$#THE

IMPROVEMENT OF SALINE AND SODIC SOILS.#S$S#THE

IMPROVING OF ALKALI SOILS WITH SMALL DOSES OF RECLAMATION MATERIALS.#
$#

IMPROVING SOIL SALT REMOVAL WITH SPRINKLERS.#$#

IN BALANCE WITH NATUREs A BIOLOGICAL MYTH.#$#

INCOME AND LOSS OF WATER IN ARID AND SEMI-ARID ZONES . #$#THE

INCREASING THE AGRICULTURAL USE OF SALINE WATER BY MEANS OF TRICKLE
TRRIGATION . #$#

INDEPENDENT MEASUREMENT OF MATRIC AND OSMOTIC POTENTIAL OF SOIL WATER
o HSH#

INDIA.#$#A CRITICAL STUDY OF EVAPORATION BY PENMAN S METHOD DURING

THE GROWING SEASON OF VEGETATION IN THE ARID ZONE OF

INDIA.#$# CLASSIFICATION OF SALINE AND ALKALI SOILS OF

INDIA.#$# PHYSIOLOGICAL PROBLEMS CONCERNING CROP PRODUCTION UNDER
SALINE CONDITIONS IN

INDIA AND PAKISTAN: A STUDY IN ITS WATER BALANCE AND DELIMITATION.#$
#ARID ZONE OF

INDIAN SOILS.#$# EFFECT OF SALINITY ON NITROGEN FIXATION BY

INDIAN SUBCONTINENT#$# EVAPORATION AND POTENTIAL EVAPORATION OVER THE

INDIA: THEIR DIRECT EFFECTS.#$# RIVER VALLEY PROJECTS 1IN

INDICE D ARIDITE .#$#L

INDICES OF CALCIUM AVAILABILITY AND DEGREE OF DISPERSION IN SOILS.#$#

INDUS BASIN.#$# RECLAMATION OF A SALINE- ALKALI SOIL IN THE UPPER

INDUS CIVILIZATION.#$#THE

INDUS PLAIN.#$# REPORT ON LAND AND WATER DEVELOPMENT IN THE

INDUS PLAIN.#$# WATER, HISTORY, AND THE

INDUS PLAIN OF WEST PAKISTAN.#$# NOTES ON THE RECLAMATION OF SALT-
AFFECTED SOILS IN THE

INDUSTRIAL WASTES ON WATER FOR IRRIGATION USE.#$# EFFECT OF

INDUSTRIAL WATERS.#$#THE QUALITY OF ARIZONA S DOMESTIC, AGRICULTURAL
AND

INDUS VALLEY = WEST PAKISTAN S LIFE LINE.#S$#

INFILTRATION.#$# SOME ASPECTS OF TWO-DIMENSIONAL

INFILTRATION.#$# SOIL WATER RELATIONS DURING RAIN

INFILTRATION AND REDISTRIBUTION OF WATER IN VERTICAL COLUMNS .#$#

INFILTRATION AND THE PHYSICS OF SOIL MOISTURE. #$#

INFILTRATION CAPACITIES OF SOILS IN RANCHI.#S#

INFILTRATION FROM SOIL MOISTURE PROPERTIES.#$# ESTIMATING

INFILTRATION INTO CRUST-TOPPED PROFILES.#$# TRANSTENT

INFILTRATION INTO LAYERED SOILS.#$# NUMERICAL SOLUTION OF THE
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MOISTURE FLOW EQUATION FOR
INFILTRATION INTO SOILS.#$# WATER
INFILTRATION INTO STRATIFIED SOIL.#$# WATER

" INFILTRATION OF WATER INTO POTENTIALLY IRRIGABLE SOILS.#$#

INFILTRATION PATTERNS FROM IRRIGATION FURROWS.#$# :

INFILTRATION RATES.#$# EFFECTS OF SOIL MANAGEMENT PRACTICES ON

INFILTRATION STUDIES WITH GREEN MANURES AND CROP RESIDUES ON
IRRIGATION SOILS.#$# FIELD

INFLUENCE OF ADVECTIVE ENERGY ON TRANSPIRATION.#$#

INFLUENCE OF CALCIUM PRETREATMENT ON WHEAT GERMINATION ON SALINE
MEDIA.#%#

INFLUENCE OF DISSOLVED GYPSUM ON PASTURE ESTABLISHMENT ON IRRIGATED
SODIC CLAYS.#$#THE

INFLUENCE OF EXCHANGEABLE SODIUM ON THE YIELD AND CHEMICAL

INFLUENCE OF GROUNDWATER SALINITY ON PLANT GROWTHe#$#THE

INFLUENCE OF NATIVE SALTS IN THE SAN JOAQUIN VALLEY ON THE QUALITY OF
THE GROUND WATER. #%#

INFLUENCE OF SALINITY, ALKALINITY AND CLAY CONTENT ON THE HYDRAULIC
CONDUCTIVITY OF SOILS IN THE WEST CENTRAL GEZIRA.#$#THE

INFLUENCE OF SALINITY AND WATER TABLE ON THE GROWTH AND MINERAL
COMPOSITION OF YOUNG GRAPEFRUIT TREES.#$#THE

INFLUENCE OF SALINITY UPON THE RATE OF NATURAL EVAPORATION.#S$#THE

INFLUENCE OF SALTS ON THE BACTERIAL ACTIVITIES OF THE SOIL.#$#THE

INFLUENCE OF SOIL WATER POTENTIAL AND ATMOSPHERIC EVAPORATIVE DEMAND
ON TRANSPIRATION AND THE ENERGY STATUS OF WATER IN$#THE

INORGANIC CHEMICAL CONTAMINATION OF GROUND WATER.#$#

INSOLATION. #$# ESTIMATING EVAPORATION FROM

INSTITUTIONS «#$# MANAGING WATER QUALITY: ECONOMICS, TECHNOLOGY,

INTEGRATED SOIL MOISTURE STRESS UPON A ROOT SYSTEM IN A LARGE
CONTAINER OF SALINE SOIL+#$#THE

INTERACTION OF SALINE WATER IRRIGATION AND NITRUOGEN FERTILIZATION ON
CORN PRODUCTION IN CALCAREQUS SOILS.#$#

INTERACTION OF SALINITY AND PLANTING PRACTICE ON THE GERMINATION OF
IRRIGATED ROW CROPS.#$S#THE

INTERACTIVE EFFECTS OF SALINITY AND ATMOSPHERIC HUMIDITY ON THE
GROWTH OF BEAN AND COTTON PLANTS.#$#

INTERACTIVE EFFECTS OF SOIL FERTILITY AND SALINITY ON GROWTH AND
COMPOSITION OF BEANS.#%#

INTERNATIONAL SOURCE~BOOK ON IRRIGATION AND DRAINAGE OF ARID LANDS IN
RELATION TO SALINITY AND ALKALINITY.#$#

INTERPRETATION OF WATER QUALITY ANALYSIS FOR IRRIGATION,#$#

IN THE YEAR 2070.#%#

INTRODUCTORY PAPER: HYDROLOGY WITH RESPECT TO SALINITY.#$#

ION ABSORPTION.#$#THE PLASMALEMMA: SEAT OF TYPE 2 MECHANISMS OF

ION ACTIVITIES.#$# SALT INJURY TO PLANTS WITH SPECIAL REFERENCE TO
CATIONS VERSUS ANIONS AND

ION COMPETITION IN MANGANESE UPTAKE BY BARLEY PLANTS.#$#

ION EFFECTS ON PLANTS.#%# STUDIES ON SALT TOLERANCE AND SPECIFIC

IONIC COMPOSITION OF BEAN LEAVES.#$# EFFECT OF VARIATIONS IN
SUBSTRATE SALINITY ON THE WATER BALANCE AND

ION INTERACTIONS IN SOIL.#$# SALT~ FERTILIZER~SPECIFIC

ION LEVELS IN IRRIGATION WATER.#$# PLANT GROWTH AND MINERAL CONTENT
AS RELATED TO VARYING BICARBONATE
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ION MOVEMENT IN THIN FILMS AS INFLUENCED BY THE ELECTROSTATIC CHARGE
AND DIFFUSE LAYER OF CATIONS ASSOCIATED WI#$# WATER AND

IONS.#$# MECHANISMS OF ABSORPTION, TRANSPORT, ACCUMULATION, AND
SECRETION OF

* ION SEPARATION IN BURSTING AIR BUBBLES: AN EXPLANATION FOR THE

IRREGULAR ION RATIOS IN ATMOSPHERIC PRECIPITATIONS.#$#

IONS IN THE MESOPHYLL CELLS OF THE SUCCULENT HALOPHYTE SUAEDA MONOICA
FORSSK BY X-RAY MICROANALYSIS.#$# LOCALIZATION OF

IONS TO INLAND WATERS WITH SPECIAL REFERENCE TO THE ATMOSPHERE.#$#
FACTORS INFLUENCING SUPPLY OF MAJOR

IONS UNDER SALINE CONDITIONS.#$# PLANT GROWTH AS A FUNCTION OF
INTERACTING ACTIVITIES OF WATER AND

TON TRANSPORT IN PLANTS#$#THE GENETIC BASIS OF SELECTIVE

ION TRANSPORT IN PLANTS AND ITS GENETIC CONTROL.#$# SELECTIVE

ION UPTAKE.#$# SOIL- PLANT RELATIONSHIPS IN

ION UPTAKE BY BEANS FROM SALINE SUBSTRATES.#$# TRANSPIRATION RELATED
T0 :

ION UPTAKE BY PLANT CELLS.#$# EVIDENCE FOR HORMONAL REGULATION OF THE
SELECTIVITY OF
#PLANT RESPONSES TO SALINE SUBSTRATES. 1I: GROWTH AND

ION UPTAKE OF SEVERAL VARIETIES OF HORDEUM DURING AND AFTER SODIUM #$

IRAKLION ZGREECE<y 19-26 SEPTEMBER 1962.#$# LAND USE IN SEMI-ARID
MEDITERRANEAN CLIMATES| UNESCO IGU SYMPOSIUM

IRAKL ION ZGREECE<, 19-26 SEPTEMBER 1962.#$# LAND USE IN SEMI-ARID
MEDITERRANEAN CL IMATES| UNESCO IGU SYMPOSIUM

IRAN.#$# AGRICULTURE AND URBAN LIFE IN EARLY SOUTHWESTERN

IRAN.#$# COUNTRY REPORT OF

IRAN SYMPOSIUM ON SOIL SALINITY PROBLEMS IN ARID ZONES WITH SPECIAL
REFERENCE TO PAKISTAN.#$# REPORT ON UNESCO-

IRAQ.#$#

IRAQ.#$# HERITAGE OF IRRIGATION IN

IRAQ.#$# EVAPOTRANSPIRATION PROBLEMS IN

IRAQ.#$# SOILS AND SOIL CONDITIONS IN

IRAQ.#$#THE ALKALI ASPECTS OF THE RECLAMATION OF SALINE SOILS IN

IRAQ.#$# SALINE SOILS IN THE KIRKUK PLAIN, NORTHERN

IRAQ] RECLAMATION, IMPROVEMENT AND MANAGEMENT OF SALT AFFECTED AND
WATERLOGGED SOILS IN IRAQ.#$# COUNTRY REPORT OF

IRAQ: SOIL HYDROLOGICAL AND AGRICULTURAL STUDIES.#$# RECLAMATION OF
SALT AFFECTED SOILS IN

IRON AND MANGANESE IN IMPERIAL VALLEY, CALIFORNIA.#$# TILE CLOGGING
BY

IRRIGABILITY CLASSIFICATION OF NEW MEXICO LANDS.#$#

IRRIGABLE SOILS.#$# INFILTRATION OF WATER INTO POTENTIALLY

IRRIGATED AGRICULTURE: AN HISTORICAL REVIEW.#$#

IRRIGATED AND MEL IORATED SOILS.#$# GENERAL PATTERN OF CHANGES IN THE
SALT CONTENT OF

IRRIGATED ARABLE AND PASTORAL LAND AS THE RESULT OF UNBALANCE OF THE
HYDROLOGIC CYCLE.#$# SOIL SALINITY IN NON-

IRRIGATED AREAS.#$# PROBLEMS OF

IRRIGATED AREAS.#$# SALT BALANCE 1IN

IRRIGATED AREAS FROM CLIMATOLOGICAL AND IRRIGATION DATA.#$#

IRRIGATED ARID=LAND AGRICUL TURE.#$#THE USE OF SULPHUR COMPOUNDS 1IN

IRRIGATED BY SLIGHTLY SALINE WATERS.#$# USE OF KANKAR LIME IN
RECLAMATION OF ALKALINE SOILS AND SOILS
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22

IRRIGATED LANDS.#$# SALT BALANCE AND LEACHING REQUIREMENT IN
IRRIGATED LANDS.#$# NITRATE CONTENT OF THE UPPER RIO GRANDE AS
INFLUENCED BY NITROGEN FERTILIZATION OF ADJACENT

*IRRIGATED ROW CROPS#$#THE INTERACTION OF SALINITY AND PLANTING

PRACTICE ON THE GERMINATION OF

IRRIGATED SODIC CLAYS.#$#THE INFLUENCE OF DISSOLVED GYPSUM ON PASTURE
ESTABLISHMENT ON

IRRIGATED SOILS.#$# SOME SOIL PROPERTIES RELATED TO THE SODIUM SALT
PROBLEM IN )

IRRIGATED SOILS.#$# REVIEW OF PRINCIPLES OF SALINIZATION AND

‘ RECLAMATION OF

IRRIGATED SOILS IN RELATION TO SALINITY.#$# DRAINAGE REQUIREMENTS OF

IRRIGATED SOILS IN RELATION TO THEIR SALINITY.#$# DRAINAGE

IRRIGATED SOILS IN THE TURAN PLAINJ#$#THE SALTING FACTORS OF

IRRIGATED SOILS OF WEST PAKISTAN.#$#A REVIEW OF SALINITY- ALKALINITY
STATUS OF :

IRRIGATED SOILS OF CENTRAL ASIA.#$#

IRRIGATED WITH SALINE WATER.#$# SALINIZATION AND ALKALIZATION OF A
SALINE-CALCAREOUS SOIL

IRRIGATION, #$#THE DEVELOPMENT OF INSTITUTIONS UNDER

IRRIGATION.#$# SALT PROBLEMS IN RELATION TO

IRRIGATION.#$#THE SOCIAL CONTEXT OF

IRRIGATION.#$# WORLD CLIMATIC REGIONS IN RELATION TO

IRRIGATION.#$# WATER CONDUCTING AND RETAINING PROPERTIES OF SOILS IN
RELATION TO

IRRIGATION.#$# SOIL SALINITY IN RELATION TO

IRRIGATION.#$# SALINITY CAUSED BY

IRRIGATION.#$# INTERPRETATION OF WATER QUALITY ANALYSIS FOR

IRRIGATION.#$# SOILs PLANT, AND EVAPORATIVE MEASUREMENTS AS CRITERIA
FOR SCHEDUL ING

IRRIGATION.#$# EFFECT OF BICARBONATE ON SUITABILITY OF WATER FOR

IRRIGATION.#$# SALINITY IN RELATION TO

IRRIGATION.#$# ROOT SYSTEMS IN RELATION TO

IRRIGATION.#$# CHEMICAL PROPERTIES OF SOLONETZ SOILS AS AFFECTED BY
ALFALFA PRODUCTION UNDER

IRRIGATION.#$# LEACHING REQUIREMENTS IN

IRRIGATION.#$# EFFECT OF SOIL PROFILES ON MOVEMENT OF WATER ON
SUBSURFACE

IRRIGATION.#$# RECLAMATION OF SALINE LANDS UNDER

IRRIGATION.#$# SPRINKLER

IRRIGATION.#$# SPRINKLER

IRRIGATION.#$# INCREASING THE AGRICULTURAL USE OF SALINE WATER BY
MEANS OF TRICKLE :

IRRIGATION.#$# TRADITION ET RECHERCHE EN ITALIE DANS L EMPLOI DES
EAUX SAUMATRES POUR L

IRRIGATION.#$# TRANSACTIONS, VOL. 2y QUESTION 19: RECLAMATION OF
SALINE LANDS UNDER

IRRIGATION. #$#A WORLD GEOGRAPHY OF

IRRIGATION.#$# PREDICTING RETURN FLOWS FROM

IRRIGATION.#$# RECLAMATION OF SALINE LANDS UNDER

IRRIGATION AGRICULTURE IN EGYPT.#$# EVOLUTION OF

IRRIGATION AGRICULTURE ALONG THE NILE AND EUPHRATES.#$#

IRRIGATION AGRICULTURE IN ANTIQUITY.#$# SALINITY AND
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IRRIGATION AGRICULTURE.#$# SALINITY CONTROL IN

IRRIGATION AGRICULTURE.#$# MAINTENANCE OF PERMANENT

IRRIGATION - A METHOD USED UNDER ARID AND DESERT CONDITIONS OF HIGH
WATER AND SOIL SALINITY.#$# DRIP

"JRRIGATION AND #$#THE TYPES OF SALT AFFECTED SOILS IN HUNGARY AND THE

METHODS OF THEIR UTILIZATION WITH PARTICULAR REGARD T0

IRRIGATION AND AGRICUL TURE.#$# WATER-SUPPLY,

IRRIGATION AND AGRICULTURAL PRACTICES FOR SALINITY CONTROL AND
INCREASED CROP PRODUCTION.#$#

IRRIGATION AND DRAINAGE, TRANSACTIONS. NEW DELHI.#$# CONGRESS ON

IRRIGATION AND DRAINAGE ON SOIL SALT CONTENT.#$# MEASURING THE

. EFFECTS OF

IRRIGATION AND DRAINAGE IN RELATION TO SALINITY AND WATERLOGGING.#$#

IRRIGATION AND DRAINAGE REQUIREMENTS.#$#THE RELATION OF SALINITY TO

IRRIGATION AND DRAINAGE OF ARID LANDS IN RELATION TO SALINITY AND
ALKALINITY.#$# INTERNATIONAL SOURCE-BOOK ON

IRRIGATION AND DRAINAGE OF MALLEE LANDS.#$# SOIL AND SALINITY FACTORS
IN

IRRIGATION AND DRAINAGE IN RELATION TO SALINITY AND WATERLOGGING.#$#

IRRIGATION AND NITROGEN FERTILIZATION ON CORN PRODUCTION IN

IRRIGATION AND RECLAMATION IN THE ANCIENT MEDITERRANEAN REGION.#$#

IRRIGATION AND RECLAMATION OF GOLODNAYA STEPPE.#$#

IRRIGATION AND SALT PROBLEMS IN RENMARK, SOUTH AUSTRALIA.#$#

IRRIGATION AS A SOURCE OF WATER POLLUTION.#$#

IRRIGATION CIVILIZATIONS.#$#

IRRIGATION CIVILIZATIONS: DISCUSSION.#$# SYMPOSIUM ON

IRRIGATION CIVILIZATIONS: A COMPARATIVE STUDY.#$#

IRRIGATION CUM DRAINAGE.#$#

IRRIGATION DATA.#$# DETERMINING WATER REQUIREMENTS IN IRRIGATED AREAS
FROM CLIMATOLOGICAL AND

IRRIGATION DISTRICT PROBLEMS AND PROGRAMS.#$# ELEPHANT BUTTE

IRRIGATION EFFICIENCY, AND DRAINAGE DESIGN.#$# SALT BALANCE,

IRRIGATION EFFICIENCY.#$# MANAGEMENT: A KEY TO

IRRIGATION ENCOURAGES WET-WEATHER PLANTY DISEASES.#$# OVERHEAD

IRRIGATION ET DANS LES SOLS.#$# TOLERANCE DES PLANTE AUX MINERAUX EN
SOLUTION DANS LES EAUX D

IRRIGATION FOR AGRICULTURE AND FORESTRY.#$# SALINE

IRRIGATION FOR INCREASED AGRICULTURAL PRODUCTION. #$# MODERN

IRRIGATION FURROWS.#$# INFILTRATION PATTERNS FROM

IRRIGATION, HARDING COUNTY.#$# SOIL ASSOCIATIONS AND LAND

IRRIGATION - HOW SOON A REALITY.#$# SUBSURFACE

IRRIGATION IN ARID LANDS.#$#

IRRIGATION IN ARID LANDS.#$#

IRRIGATION IN ARID ZONES.#$# USE OF SOIL MOISTURE AND GROUNDWATER BY
COTTON PLANTS UNDER SPRINKLING

IRRIGATION IN ARIZONA.#$# PREHISTORIC

IRRIGATION IN IRAQ.#$# HERITAGE OF

IRRIGATION IN RELATION TO THE SALT TOLERANCE OF CROPS.#$# REUSE OF
AGRICULTURAL WASTE WATERS FOR

IRRIGATION IN SEMI-ARID REGIONS.#$#

IRRIGATION IN THE AUTOMATION OF DESERT AGRICULTURE.#$#THE PLACE OF
SPRINKLER

IRRIGATION IN THE CENTRAL VALLEY OF ARIZONA.#$# ENVIRONMENTAL EFFECTS
OF
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IRRIGATION IN THE WEST S EXPANDING ECONOMY.#$# ROLE OF
IRRIGATION IN TUNISIA.#$%# RESEARCH ON THE UTILIZATION OF SALINE WATER
FOR

* IRRIGATION LANDS OF THE MIDDLE TIGRIS VALLEY.#$#A CLASSIFICATION OF

., THE SALINE SOILS OF THE OLD

IRRIGATION LANDS OF THE MIDDLE TIGRIS VALLEY.#$#A CLASSIFICATION OF
THE SALINE SOILS OF THE OLD

TRRIGATION MANAGEMENT.#$# DRAINAGE RELATED TO

IRRIGATION MANAGEMENT.#$# IMPACT OF AGRICULTURAL WASTE WATERS ON
AGRICULTURAL AND

IRRIGATION METHODS IN AN ARID ENVIRONMENT.#$# COMPARISON OF

IRRIGATION OF AGRICULTURAL LANDS.#$#

IRRIGATION OUF EGYPT.#$#THE DEVELOPMENT OF THE

IRRIGATION OF FIELD CROPS WITH SALINE WATER.#$#THE DEVELOPMENT OF
SALINITY PROFILES FOLLOWING

IRRIGATION OF MESOPOTAMIA.#$#THE

IRRIGATION OF SALINE SOILS.#$# SOME PRINCIPLES GOVERNING THE DRAINAGE
AND

IRRIGATION OF VEGETABLE AND FIELD CROPS IN AN ARID ENVIRONMENT.#$#
SPRINKLER AND SURFACE

IRRIGATION OPERATIONS.#$# PRECIPITATION AND SOLUTION OF CALCIUM
CARBONATE IN

IRRIGATION PLANNING USING CLIMATOLOGICAL DATA.#$#

TRRIGATION PRACTICE AND WATER MANAGEMENT.#$#

IRRIGATION PROBLEMS UNDER HOT ARID CONDITIONS.#$#

IRRIGATION PROJECTS PERMANENTLY SUCCESSFUL.#$# MAKING

IRRIGATION REGIONS OF THE ARID ZONE.#$# PRINCIPLES OF CHOOSING
EXPERIMENTAL PLOTS FOR WATER BALANCE STUDIES 1IN

IRRIGATION REQUIREMENTS FROM EVAPORATION.#$#

IRRIGATION RESIDUES.#$#

IRRIGATION RESOURCES OF THE SEVAN-RAZDAN CASCADE OF SOVIET ARMENIA.#$
#DEVELOPMENTS IN THE

IRRIGATION RETURN FLOW.#$# CHARACTERISTICS AND POLLUTION PROBLEMS OF

IRRIGATION RETURN FLOW.#$# QUALITY AND SIGNIFICANCE OF

IRRIGATION RETURN FLOWS.#$# POTENTIAL FOR CONTROLLING QUALITY OF

IRRIGATION RETURN FLOWS.#$# DEGRADATION OF WATER QUALITY IN

IRRIGATION RUNOFF WATER.#$# QUALITY OF SURFACE

IRRIGATIONS «#$# ESTIMATING DEEP DRAINAGE BETWEEN

IRRIGATION SCHEMES.#$# WATER USE IN LARGE SCALE

IRRIGATION SCHEMES.#$# BRAKy A THREAT TO OUR

IRRIGATION SOILS.#$# FIELD INFILTRATION STUDIES WITH GREEN MANURES
AND CROP RESIDUES ON

IRRIGATION SYSTEM ANALYSIS AND DESIGN.#$# SUBSURFACE

IRRIGATION SYSTEMS.#$# SPRINKLER

IRRIGATION SYSTEMS.#$# WATER-QUALITY MANAGEMENT IN

IRRIGATION SYSTEMS OF THE TIGRIS AND EUPHRATES VALLEYS.#$#

IRRIGATION TRACT.#$# WATER-SOLUBLE NITRATE-NITROGEN, PHOSPHATE-
PHOSPHORUS sy AND TOTAL SALT BALANCES ON A LARGE

IRRIGATION USE.#$# EFFECT OF INDUSTRIAL WASTES ON WATER FOR

IRRIGATION VENTURE IN CENTRAL ASIA.#$#THE GOLODNAYA STEPPE: A
RUSSIAN

IRRIGATION WA#$# RESPONSE OF GRAPEFRUIT ON TWO ROOTSTOCKS TO CALCIUM
ADDITIONS TO HIGH-SODIUM, BORON-CONTAMINATED AND SALINE
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IRRIGATION WATER.#$# SALTS IN

IRRIGATION WATER.#$# QUALITY OF

IRRIGATION WATER.#$# PERMISSIBLE COMPOSITION AND CONCENTRATION OF

IRRIGATIUON WATER.#$# SALINATION OF SOIL BY SALTS IN THE
“TRRIGATION WATER.#$# QUALITY OF

IRRIGATION WATER.#$# DETERMINING THE QUALITY OF

IRRIGATION WATER.#$# QUALITY RATING OF

IRRIGATION WATER.#$# PREDICTION OF CROP YIELDS FROM QUANTITY AND

SALINITY OF

IRRIGATION WATER SALINITY AND LEACHING FRACTION.#$# GROWTH OF SUDAN
AND TALL FESCUE GRASSES AS INFLUENCED BY

IRRIGATION WATER.#$# PLANT GROWTH AND MINERAL CONTENT AS RELATED TO
VARYING BICARBONATE ION LEVELS IN

IRRIGATION WATER AND SOIL PERMEABILITY.#$#THE QUALITY OF

IRRIGATION WATER AND SOIL PERMEABILITY.#$#THE QUALITY OF

IRRIGATION WATER AND IN SOIL.#$# TOLERANCE OF PLANTS TO MINERALS IN
SOLUTION 1IN )

IRRIGATION WATER BY FOUR TEXAS SOILS.#$# ADSORPTION OF SODIUM FROM

IRRIGATION WATER ON CALCAREOUS SOILS.#$# STUDIES OF THE EFFECT OF
SALINE

IRRIGATION WATER QUALITY TO SOIL PROBLEMS.#$# RELATION OF

IRRIGATION WATER QUALITY.#$# QUANTITATIVE ASSESSMENT OF

IRRIGATION WATER QUALITY.#$# SULFURIC ACID: ITS POTENTIAL FOR
IMPROVING

IRRIGATION WATERS.#$# SIGNIFICANCE OF CARBONATES IN

IRRIGATION WATERS.#$# CLASSIFICATION AND USE OF

IRRIGATION WATERS.#$# CHANGES IN COMPOSITION OF TRRIGATED SOILS AS
RELATED TO THE QUALITY OF

IRRIGATION WATERS.#$# SODIUM HAZARD OF BICARBONATE

IRRIGATION WATERS.#$#THE QUALITY OF ARIZONA

IRRIGATION WATERS.#$# FORMULAS FOR ESTIMATING LEACHING AND GYPSUM
REQUIREMENTS OF

IRRIGATION WATERS AND SOILS.#$# SALTS IN

IRRIGATION WATERS AND ITS EFFECT ON PLANTS, WITH PARTICULAR REFERENCE
TO THE SAN JOAQUIN VALLEY OF CAL#$# BORON IN SOILS AND

IRRIGATION WATERS- AS INFLUENCED BY LEACHING FRACTION AND BY

IRRIGATION WATERS OF DIFFERING QUALITY ON SOIL PROPERTIES.#$# SOME
EFFECTS OF

IRRIGATION WATERS OF WESTERN RAJASTHAN.#$# SEASONAL VARIATIONS IN THE
COMPOSITION OF SOME SALINE ;

IRRIGATION WATERS ON SOILS.#$# PREDICTION OF THE EFFECTS OF

IRRIGATION WATERS ON SOILS.#$# SOME EFFECTS OF

IRRIGATION WATERS ON SOME SOIL PROPERTIES.#$# EFFECT OF SALINE

IRRIGATION WATERS ON THE AMINO ACID MAKE-UP OF PHASEOLUS AUREU#$#
EFFECT OF VARIATIONS IN SALINITY AND ALKALINITY OF APPLIED

IRRIGATION WATERS WITH HIGH BICARBONATE CONTENT IN RELATION TO THE
DRAINAGE CONDITIONS.#$# EVALUATION OF THE QUALITY OF

IRRIGATION WATER WITH DIFFERENT SODIUM AND CALCIUM CONCENTRATIONS ON
SOME SOIL PROPERTIES.#$#THE EFFECT OF SALINE

IRRIGATION, WESTERN STATES, 1963.#$# QUALITY OF SURFACE WATERS FOR

IRRIGATION WITH HIGH-SO#$# PREDICTION OF CHANGES IN THE COMPOSITIONS
OF THE DISSOLVED AND EXCHANGEABLE CATIONS IN SOILS UPON

IRRIGATION WITH PERFORATED PLASTIC PIPE.#$# SUBSURFACE

IRRIGATION WITH SALINE WATER ON A HEAVY CLAY SOIL IN THE MEDJERDA



VALLEY, TUNISTA.#$# SURFACE

123 IRRIGATION WITH SALTY WATER IN TUNISIA.#$#
261 IRRIGATION WITH SPECIAL REFERENCES TO SALINE SOILS.#$# USE OF SALINE
WATER FOR
275 IRRIGATION WITH WATERS OF VARYING DEGREES OF SALINITY AND ITS
INFLUENCE ON SOIL AND CROPS.#$#
725 IRRIGATION WITH WATERS OF VARYING DEGREES OF SALINITY AND ITS
INFLUENCE ON SOIL AND CROPS.#$#
510 IS ANY ANGIOSPERM AN OBLIGATE HALOPHYTE.#$#
766 ISOTOPIC COMPOSITION.#$#THE ORIGIN OF SALINE FORMATION WATERS., It
318 ISRAEL.#%# CALCAREQUS SOILS OF
787 ISRAEL .#%# ON THE ORIGIN AND ACCUMULATION OF SALTS IN GROUNDWATER AND
IN SOILS OF
- 366 ISRAEL SOILS.#$# THERMODYNAMIC EQUILIBRIUM CONSTANTS OF SODIluM-
CALCIUM EXCHANGE IN SOME
918 IS THERE A RIGHT TO POLLUTE WATER.#$#
717 ITALIE DANS L EMPLOI DES EAUX SAUMATRES POUR L IRRIGATION,#$#
TRADITION ET RECHERCHE EN
360 JORDAN.#%# COUNTRY REPORT OF
686 KANKAR LIME IN RECLAMATION OF ALKALINE SOILS AND SOILS IRRIGATED BY
SLIGHTLY SALINE WATERS.#$# USE OF
690 KARABAKH PL#$#A FIELD EXPERIMENT ON THE ELECTRICAL MELIORATION OF
SALINE % SODIUM CARBONATE-SULFATE< SOLONETZIC SOILS OF THE
697 KHARGA QASIS.#$#THE EFFECT OF SANDING ON THE LEACHING AND
698 KHARGA OASIS SOILS.#$#THE EFFECT OF SAND APPLICATION ON THE PHYSICAL
PROPERTIES OF PLANT ROOT DEVELOPMENT 1IN
439 KINETICS AND SELECTIVITY.#$# ABSORPTION OF CHLORIDE BY BARLEY ROOTS:
538 KINETINs LEAF AGE AND PHOTOSYNTHESIS.#$#
972 KIRKUK PLAIN, NORTHERN IRAQ.#$# SALINE SOILS IN THE
14 KLIMAKUNDE.#$# GRUNDRISS DER
80 KOPPEN SYSTEM.#$#A NOTE ON THE CLASSIFICATION OF DRY CLIMATES IN THE
44 LAND AND WATER DEVELOPMENT IN THE INDUS PLAIN.#$# REPORT ON
305 LAND CLASSIFICATION FOR IRRIGATION, HARDING COUNTY.#$# SOIL
60 LAND USE IN AFRICA.#$# ENVIRONMENT AND
39 LAND USE IN ARID REGIONS.#$#A HISTORY OF
3 LAND USE IN PRE-COLUMBIAN AMERICA.#3#
228 LAND USE IN SEMI-ARID MEDITERRANEAN CLIMATES| UNESCO IGU SYMPOSIUM
IRAKLION ZBGREECE<, 19-26 SEPTEMBER 1962.#$#
47 LAND USE IN SOUTHWESTERN ASIA.#$# EVOLUTION OF
810 LATIN AMERICA.#$# HYDROLOGY AND UTILIZATION OF HYDRAULIC RESOURCES IN
THE ARID AND SEMI-ARID AREAS OF
592 LEACHING.#$# EFFECT OF WATER APPLICATION RATE ON
586 LEACHING. #$#A DESCRIPTIVE THEORY OF
571 LEACHING.#$# MODEL THEORY FOR PREDICTING PROCESS OF
578 LEACHING AGRICULTURAL SOILS.#$#
697 LEACHING AND DISTRIBUTION OF SALTS IN THE SOILS OF KHARGA OASIS.#3%#
THE EFFECT OF SANDING ON THE
581 LEACHING AND GYPSUM REQUIREMENTS OF IRRIGATION WATERS.#$# FORMULAS
FOR ESTIMATING
464 LEACHING FRACTION.#$# GROWTH OF SUDAN AND TALL FESCUE GRASSES AS
INFLUENCED BY IRRIGATION WATER SALINITY AND
236 LEACHING FRACTION AND BY PRECIPITATION OF SOLUTION OF CALCIUM CARBONA

#%# SODIUM HAZARD OF IRRIGATION WATERS AS INFLUENCED BY
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LEACHING LOSSES OF A 900-ACRE CITRUS WATERSHED.#$# WATER RELATIONS»
SALT BALANCEs AND

LEACHING OF BORON FROM STRATIFIED SOIL COLUMNS.#$#A COMPUTER ANALYSIS
on - ' i

"LEACHING OF CROP RESIDUES AS A SOURCE OF NUTRIENTS IN SURFACE RUNN-

OFF WATER.#$#

LEACHING OF SODIC SOILS AS INFLUENCED BY APPLICATION OF GYPSUM.#$#

LEACHING PHENOMENON.#$# MISCIBLE DISPLACEMENT AND

LEACHING REQUIRED TO REDUCE THE SALINITY OF A PARTICULAR SOIL DEPTH
BENEATH A SPECIFIED VALUE.#$# CALCULATION OF THE

LEACHING REQUIREMENT FOR EXCHANGEABLE SODIUM CONTROL.#$#

LEACHING REQUIREMENT IN IRRIGATED LANDS.#$# SALT BALANCE AND

LEACHING REQUIREMENTS IN IRRIGATION.#$#

LEACHING WATER ON A SALINE SOIL.#$# EFFECTS OF RUNOFF PREVENTION AND

LEAVES +#$# RELATIONSHIP OF WATER POTENTIAL TO GROWTH OF

LEAVES+#$#THE EFFECT OF SALT ON PLASTIDS AND MITOCHONDRIA DURING
GREENING OF ISOLATED BEAN

LEAVES WITH PARTICULAR REFERENCE TO THE SCHARDALEOW. METHOD.#$#
MEASUREMENT OF WATER POTENTIAL OF

LEBANON.#$# COUNTRY REPORT OF

LEGAL AND ENGINEERING SOLUTIONS.#$# WATER SALINITY PROBLEMS:
APPROACHES TO

LEGAL AND PRACTICAL ASPECTS OF MANAGEMENT OF SO~CALLED WASTE WATERS.#
$# SOME

LEGAL CONSIDERATIONS IN AGRICULTURAL WASTE WATER MANAGEMENT.#S$#

LIGHT «#$# PLANT GROWTH SUPPRESSION ON SALINE MEDIA: INTERACTIONS
WITH

LOCALIZATION OF IONS IN THE MESOPHYLL CELLS OF THE SUCCULENT
HALOPHYTE SUAEDA MONOICA FORSSK BY X-RAY MICROANALYSIS.#$#

LONG TERM MOVEMENT OF WATER AND SOIL SALINITY IN THE WEATHERING ZONE

~ OF ARID ZONE SEDIMENTS.#$#

LOWER COLORADO RIVER WATER SUPPLY - ITS MAGNITUDE AND DISTRIBUTION.#$
#

LOWER COLORADO RIVER BASIN PROJECT| HEARINGS BEFORE THE..+89TH
CONGRESSsy 1ST AND 2D SESSIONS OF He.R. 4761 AND SIMILAR BIL#$

MACHINE PROCESSING OF SALINE WATER DATA FROM SOUTHEASTERN NEW MEXICO
AND WESTERN TEXAS.#$# ACQUISITION AND

MADHYA PRADESH.#$# STUDIES ON THE SALINE AND ALKALI SOILS OF

MADRID SYMPOSIUM.#$# PLANT- WATER RELATIONSHIPS IN ARID AND SEMI-ARID
CONDITIONSy PROCEEDINGS OF THE

MAGNES IUM=SODIUM INTERACTIONS EFFECTING THE UPTAKE AND DISTRIBUTION
OF POTASSIUM AND CALCIUM BY COTTON.#$#

MAINTENANCE OF PERMANENT IRRIGATION AGRICULTURE. #$#

MAJOR UNITED STATES WATER PROBLEMS ALONG THE INTERNATIONAL BOUNDARY
REACH OF THE RIO GRANDE ZBRAVOL.#$#

MAKING IRRIGATION PROJECTS PERMANENTLY SUCCESSFUL.#$#

MALLEE LANDS.#$# SOIL AND SALINITY FACTORS IN IRRIGATION AND DRAINAGE
OF

MAN.#$# WATER IN THE SERVICE OF

MANAGEMENT: A KEY TO IRRIGATION EFFICIENCY.#$#

MANAGING WATER QUALITY: ECONOMICSy TECHNOLOGY, INSTITUTIONS.#$#

MAN AND WATER: A LESSON IN HISTORY.#$#

MANGANESE IN IMPERIAL VALLEYy CALIFORNIA.#$# TILE CLOGGING BY IRON
AND
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MANGANESE UPTAKE BY BARLEY PLANTS.#$# ION COMPETITION IN
MAN IN THE ENVIRONMENT OF THE WEST SIDE OF THE SAN JOAQUIN VALLEY.#$#
MAN MADE CONTAMINATION HAZARDS TO GROUND WATER,#$#

" MAN ON THE EARTH.#$#THE AGENCY OF

MAP.OF CONTERMINOUS UNITED STATES, SHOWING PREVALENT CHEMICAL TYPES
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ARID ENVIRONMENT. #$#

SPRINKLER FERTILIZATION AND PLANT DAMAGE.#$#

SPRINKLER IRRIGATION.#$#

SPRINKLER TRRIGATION.#$#

SPRINKLER IRRIGATION IN THE AUTOMATION OF DESERT AGRICULTURE.#$#THE
PLACE OF

SPRINKLER IRRIGATION SYSTEMS.#$#

SPRINKLERS.#$# IMPROVING SOIL SALT REMOVAL WITH

SPRINKLERS.#$# MODIFYING AN ARID MICROCLIMATE WITH

SPRINKLERS AND VEGETABLE CROP MECHANIZATION IN DESERT AREAS.#$#

SPRINKLING IRRIGATION IN ARID ZONES.#$# USE OF SOIL MOISTURE AND
GROUNDWATER BY COTTON PLANTS UNDER

STATE WATER PLANNING.#$#THE WATER QUALITY FACTOR IN COMPREHENSIVE

STATISTICAL EVALUATION OF SALINITY AND NITRATE CONTENT AND TRENDS
BENEATH URBAN AND AGRICULTURAL AREAS - FRESNOy CAL IFORN#$#

STEADY STATE.#$# OSMOTIC ADJUSTMENT OF PLANTS TO SALINE MEDIA. I

STEADY-STATE CONCENTRATIONS IN EAST CENTRAL MASSACHUSETTS. #%#
GROUNDWATER CONTAMINATION BY ROAD SALT:

STEADY UPWARD FLOW FROM WATER TABLES.#$#

STEPPE ZONE.#$# RICE AS A RECLAMATION CROP ON SALINE SOILS IN THE DRY

STOMATA.#$# EFFECTS OF OSMOTIC WATER STRESS ON METABOLIC RATES OF
COTTON PLANTS WITH OPEN

STOMATAL CONDUCTANCE OF DIFFERENTIALLY SALINIZED PLANTS.#$#

STRATIFIEDy AND MIXED SANDS.#$# HYDRAULIC CONDUCTIVITY OF UNIFDORM,

STRATIFIED SOIL.#$# WATER INFILTRATION INTO
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STRATIFIED SOIL COLUMNS.#$#A COMPUTER ANALYSIS ON LEACHING OF BORON
FROM

STRATIFIED SUBSTRATA BY COM#$# QUALITY OF PERCOLATING WATER. III:
PREDICTIONS ON THE QUALITY OF WATER PERCOLATING THROUGH

" STREAMS.#$# EFFECTS OF DIRECT RUNOFF FROM AGRICULTURAL LAND ON THE

WATER QUALITY OF SMALL

STREAM SALINITY.#5# EFFECT OF CLIMATE, IMPOUNDMENTS, AND LAND USE ON

STREAM SALINITY.#$#THE EFFECT OF SELECTED HYDRULOGIC VARIABLES ON

STRESS.#$#THE ROLE OF RODT CYTOKININS DURING WATER AND SALINITY

STRESS.#%# HORMONAL ASPECTS INVOLVED IN ROOT

STRESS.#$# PROTEINy NUCLEDTIDE AND RIBONUCLEIC ACID METABOLISM IN

. CORN DURING GERMINATION UNDER WATER

STRESSED PLANTS TO GROWTH REGULATORS.#$# RESPONSE OF OSMOTICALLY

STRESS: EFFECTS OF ITS APPLICATION TO A PORTION OF WHEAT ROOT
SYSTEMS +#$# DSMOTIC

STRESSESs KINETIN AND PROTEIN SYNTHESIS IN TOBACCO LEAVES.#$# WATER
AND SALT )

STRESS ON ACTIVITY OF PHOSPHATASES FROM SWISS CHARD CHLOROPLASTS.#5#
THE EFFECT OF WATER

STRESS ON MITOCHONDRIA OF ROOT CELLS.#$#THE EFFECT OF WATER

STRESS ON ROOT GROWTH.#$%#A COMPARISON OF THE EFFECTS OF SOIL MOISTURE
TENSION AND OSMOTIC

STRESS UPON A ROOT SYSTEM IN A LARGE CONTAINER OF SALINE SOIL.#$#THE
INTEGRATED SOIL MOISTURE

STUDIES IN HALOPHYTES. IIl: SALINITY FACTORS IN THE GROWTH OF
AUSTRALIAN SALTBUSHES. #5#

STUDIES OF THE EFFECT OF SALINE IRRIGATION WATER ON CALCARECUS SOILS.
#S#

STUDIES ON SALT TOLERANCE AND SPECIFIC ION EFFECTS ON PLANTS.#$#

STUDIES ON THE EFFECTS OF CERTAIN SALTS ON GERMINATION, ON GROWTH OF

’ ROOTs» AND ON METABOLISM.#S$#

STUDIES ON THE SALINE AND ALKALI SOILS OF MADHYA PRADESH.#$#

STUDY AND INTERPRETATION OF THE CHEMICAL CHARACTERISTICS OF NATURAL
WATER.#$#

STUDY OF AGROCL IMATOLOGY IN SEMI-ARID AND ARID ZONES IN THE NEAR EAST
#S$#A

S5TUDY OF SOME EGYPTIAN SALINE AND ALKALI SOILS.#$#A

STUDY ON THE EFFECT OF GROUND WATER ON SOIL SALINITY IN NORTHERN PART
OF THE DELTA.#$#A

SUAEDA FRUTICOSA AND HALOXYLON RECURVUM.#$#THE MECHANISM OF SALT
TOLERANCE 1IN

SUAEDA MONOICA FORSSK BY X~RAY MICROANALYSIS.#%# LOCALIZATION OF IONS
IN THE MESOPHYLL CELLS OF THE SUCCULENT HALOPHYTE

SUB-HUMID ENVIROMME$#A COMPARISON OF METHODS OF ESTIMATING POTENTIAL
EVAPOTRANSPIRATION FROM CLIMATOLOGICAL DATA IN ARID AND

SUBIRRIGATION SYSTEMS.#$#

SUBSISTENCE, AND ENVIRONMENT .#$# EARLY CIVILIZATIONS,

SUBSOIL TILLAGE AS AN AID IN THE RECLAMATION OF THE SOILS IN THE CASA
GRANDE SERIES IN ARIZONA.#$#

SUBSURFACE ITRRIGATION WITH PERFORATED PLASTIC PIPE.#$#

SUBSURFACE IRRIGATION - HOW SOON A REALITY.#$#

SUBSURFACE IRRIGATION SYSTEM ANALYSIS AND DESIGN.#$#

SUCTION AND CAPILLARY CONDUCTIVITY.#$# EVAPOTRANSPIRATION IN RELATION
TO
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SUDAN: PRELIMINARY STUDY OF THE SOILS AND SALINITY PROBLEMS IN THE
NORTHERN PROVINCE OF THE DEMOCRATIC#$# COUNTRY REPORT OF

SUELOS SALINOS Y SODICOS %THE SOIL SCIENCE OF SALINE AND SODIC SOILSK

#%# EDAFOLOGIA DE LOS
SUITABILITY OF PLANTS FOR DRY AND SALINE REGIONS.#$#
SULFATE SALTS IN PLANTS.#$# TOXICITY AND ACCUMULATION OF CHLORIDE AND
SULFUR-BEARING AMENDMENTS FOR ARIZONA SOILS.#$# GYPSUM AND
SULFURIC ACID: ITS POTENTIAL FOR IMPROVING IRRIGATION WATER QUALITY.
#o#
$#

SULPHATE ON SULPHUR OXIDATION IN SOIL.#$#THE EFFECT OF SODIUM

CHLORIDE AND

SULPHATE SALINITY ON CARBOHYDRATE METABOLISM IN PEA ROOTS.#$#THE
EFFECTS OF CHLORIDE AND

SULPHURs AND SULPHURIC ACID FOR RECLAIMING AN ALKALI SOIL OF THE
FRESNO SERIES.#$# GYPSUM, ’

SULPHUR COMPOUNDS IN IRRIGATED ARID-LAND AGRICULTURE.#$#THE USE OF

SULPHURIC ACID FOR RECLAIMING AN ALKALI SOIL OF THE FRESNO SERIES.#$#
GYPSUM, SULPHURs AND

SURFACE CULTIVATION AS A METHOD OF CONSERVING SOIL MOISTURE IN THE
SAL INE MEADOWS OF BARABA.#$#

SURFACE FACTORS AFFECTING THE RATE OF INTAKE OF WATER BY SOILS.#$#

SURFACE IRRIGATION WITH SALINE WATER ON A HEAVY CLAY SOIL IN THE
MEDJERDA VALLEYs TUNISIA.#$#

SURFACE WATERS FOR IRRIGATION, WESTERN STATES, 1963.#$# QUALITY OF

SURVEY OF SALINE GROUND WATER AS A MINERAL RESOURCE.#$#A

SYMPOSIUM ON AGRICULTURAL WASTE WATERSs UNIVERSITY OF CALIFORNIA,
DAVISy PROCEEDINGS.#$#

SYMPOSIUM ON IRRIGATION CIVILIZATIONS: DISCUSSION.#$#

SYMPOSIUM "ON-~ WATER YIELD IN RELATION TO ENVIRONMENT IN THE

’ SOUTHWESTERN UNITED STATES.#$#

SYRIA.#$# COUNTRY REPORT OF

TECHNICAL PROBLEMS CREATED BY REUSE.#$#

TECHNOLOGY, INSTITUTIONS.#$# MANAGING WATER QUALITY: ECONOMICS,

TEHERAN SYMPOSIUM,#$# - -SALINITY-PROBLEMS ' IN THE ARID ZONES,

TEMPERATURE SENSING FOR ESTIMATING SOIL SALINITY.#$# PHOTOGRAMMETRY
AND

TESTS OF THICK FIBERGLASS FILTERS FOR SUBSURFACE DRAINS. #$#

TEXAS.#$# ACQUISITION AND MACHINE PROCESSING OF SALINE WATER DATA
FROM SOUTHEASTERN NEW MEXICO AND WESTERN

TEXAS SOILS.#$# ADSORPTION OF SODIUM FROM IRRIGATION WATER BY FOUR

TEXASy WITH PARTICULAR REFERENCE TO THE CROTON AND SALT CROTON CREEK
BASI#$# NATURAL SOURCES OF SALINITY IN THE BRAZOS RIVER,

THAWING EFFECTS ON DRAINAGE.#$# FREEZING AND

THEORET ICAL CONSIDERATIONS.#$# MISCIBLE DISPLACEMENT. III:

THEORETICAL SOLUTION OF THE UNSTEADY UNSATURATED FLOW PROBLEM IN
SOILS.#$#

THERMODYNAMIC EQUIL IBRIUM CONSTANTS OF SODIUM-CALCIUM EXCHANGE 1IN
SOME ISRAEL SOILS.#$#

THERMODYNAMIC PROPERTIES OF SOIL WATER.#$# EVALUATING

THESSALONIKI PLAINy GREECE.#$# EXPERIMENTAL WORK ON THE RECLAMATION
OF SALINE AND ALKALI SOILS IN THE

TIGRIS AND EUPHRATES VALLEYS.#$# IRRIGATION SYSTEMS OF THE
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TIGRIS VALLEY.#$#A CLASSIFICATION OF THE SALINE SCILS OF THE OLD
IRRIGATION LANDS OF THE MIDDLE

TIGRIS VALLEY.#$#A CLASSIFICATION OF THE SALINE SOILS OF THE OLD
IRRIGATION LANDS OF THE MIDDLE

" TILE CLOGGING BY IRON AND MANGANESE IN IMPERIAL YALLEY, CALIFORNIA,#$

TILE DRAINAGE CONFERENCE, 18-20 NOVEMBER, PROCEEDINGS, REPORT 15.#%#

TILE DRAINAGE IN THE SAN JOAQUIN VALLEY OF CALIFORNIA.#$#

TINTINARAy SOUTH AUSTRALIA.#$# SEASONAL CHANGES IN SOIL SALINITY AT

TOLERANCE DES PLANTE AUX MINERAUX EN SOLUTION DANS LES EAUX D
IRRIGATVION ET DANS LES SOLS.#$#

TOLERANCE OF EGYPTIAN RICE TO SALT. 1I: SALINITY EFFECTS WHEN
APPLIED CONTINUOUSLY AND INTERMITTENTLY AT DIFFERENT STAG#$#

TOLERANCE OF PLANTS TO MINERALS IN SOLUTION IN IRRIGATION WATER AND
IN SOIL.#$#

TOLERANCE OF PLANTS TO SALINITY.#$#

TOTAL SALT AND WATER QUALITY APPRAISAL.#$#

TOWNS.#$# CIVILIZATIONS, CITIES AND

TOXIC EFFECTS OF SALINITY ON GERMINATION OF PHASEOLUS VULGARIS L.
SEEDS.#$# OSMOTIC AND

TOXICITY AND ACCUMULATION OF CHLORIDE AND SULFATE SALTS IN PLANTS.#$#

TOXICITY AND ACCUMULATION OF BORON IN PLANTS.#$# DEFICIENCY,

TOXICITY AND PLANT GROWTH.#$# BORON

TRADITION ET RECHERCHE EN ITALIE DANS L EMPLOI DES EAUX SAUMATRES
POUR L IRRIGATION.#$#

TRANSACTIONS. NEW DELHI.#$# CONGRESS ON IRRIGATIOUN AND DRAINAGE,

TRANSACTIONS, VOLe. 2+ QUESTION 19: RECLAMATION OF SALINE LANDS UNDER
IRRIGATION. #$#

TRANSACTIONS 1: TRANSPORT PROCESS IN SOILS.#$#

TRANSIENT INFILTRATION INTO CRUST-TOPPED PROFILES.#$#

TRANSPIRATION.#$# SELECTED BIBLIOGRAPHY ON EVAPORATION AND

TRANSPIRATION.#$# INFLUENCE OF ADVECTIVE ENERGY ON

TRANSPIRATION AND PHOTOSYNTHESIS.#$# ATMOSPHERIC- AND SOIL-INDUCED
WATER STRESSES IN PLANTS AND EFFECTS ON

TRANSPIRATION AND THE ENERGY STATUS OF WATER INS#THE INFLUENCE OF
SOIL WATER POTENTIAL AND ATMOSPHERIC EVAPORATIVE DEMAND ON

TRANSPIRATION AND VARIOUS COMPONENTS OF THE WATER POTENTIAL TO PLANT
BEHAVIDR.#$#THE SIGNIFICANCE OF

TRANSPIRATION RATE OF BEAN PLANTS.#$# EFFECT OF VARIOUS SALINITY
REGIMES ON GROWTHs; LEAF EXPANSION AND

TRANSPIRATION RELATED TO ION UPTAKE BY BEANS FROM SALINE SUBSTRATES.#
$#

TRANSPORT.#$# WATER

TRANSPORT OF WATER IN THE SOIL- PLANT- ATMOSPHERE SYSTEM.#$#

TRANSPORT PROCESS IN SOILS.#$# TRANSACTIONS 1:

TRICKLE IRRIGATION.#$# INCREASING THE AGRICULTURAL USE OF SALINE
WATER BY MEANS OF

TULARE LAKE LANDS.#$# DRAINAGE GF

TUNISIA.#$# IRRIGATION WITH SALTY WATER IN

TUNISIA.#$# RESEARCH ON THE UTILIZATION OF SALINE WATER FOR

TURAN PLAIN.#$#THE SALTING FACTORS OF IRRIGATED SOILS IN THE

TURKEY.#$# COUNTRY REPORT OF

TYPES OF HYDROCHEMICAL MAPS IN HYDROGEOLOGY.#$#

TYPES OF SALT AFFECTED SOILS IN HUNGARY AND THE METHODS OF THEIR
UTILIZATION WITH PARTICULAR REGARD TO IRRIGATION AND #$#THE



228 UNESCO IGU SYMPOSIUM IRAKLION ZGREECE<y 19-26 SEPTEMBER 1962.#$#
LAND USE IN SEMI-ARID MEDITERRANEAN CLIMATES}|
299 . UNESCO- IRAN SYMPOSIUM ON SOIL SALINITY PROBLEMS IN ARID ZONES WITH
+ SPECIAL REFERENCE TO PAKISTAN.#$# REPORT ON

966 UNITED ARAB REPUBLIC.#$# COUNTRY REPORT OF THE
218 UNITED STATES.#$# ARIDITY AND MAN,y, THE CHALLENGE OF THE ARID LANDS IN
THE

177 UNITED STATES.#$# EVAPORATION MAPS FOR THE
749 UNITED STATES.#$# SYMPOSIUM “ON- WATER YIELD IN RELATION TO
751 UNITED STATES.#%$# WATER DEVELOPMENT AND WATER PLANNING IN THE
. SOUTHWESTERN
828 UNITED STATES.#$# SAL INE GROUNDWATER RESOURCES OF THE CONTERMINOUS
813 UNITED STATES.#$# PREL IMINARY SURVEY OF THE SALINE-WATER RESOURCES OF

THE

827 UNITED STATES.#$# SELECTED REFERENCES ON SALINE GROUND WATER
RESOURCES OF THE

776 UNITED STATES AND ITS REMOVAL BY PRECIPITATION.#$# ON THE

817 UNITED STATESsy SHOWING PREVALENT CHEMICAL TYPES OF RIVERS.#$# MAP OF
CONTERMINOUS

928 UNITED STATES WATER PROBLEMS ALONG THE INTERNATIONAL BOUNDARY REACH

OF THE RIO GRANDE Z%BRAVO<.#$# MAJOR
225 UNITED STATES WATERS.#$# SALINITY IN
815 UNITED STATESy 1962: PARTS 1-14.#$# QUALITY OF SURFACE WATERS OF THE
126 UNSATURATED FLOW PROPERTIES OF SOILS.#$#
325 UNSATURATED SANDSTONE.#$# MISCIBLE DISPLACEMENT IN SATURATED AND

973 UPPER RIO GRANDE: EMBATTLED RIVER.#$#
447 UPTAKE OF SALTS BY PLANT CELLS.#$#THE
901 URBAN AND AGRICULTURAL AREAS -~ FRESNOy CALIFORN#$# STATISTICAL
EVALUATION OF SALINITY AND NITRATE CONTENT AND TRENDS BENEAT
31 URBAN CIVILIZATION IN MESOAMERICA.#$#THE AGRICULTURAL BASIS OF
2 URBAN LIFE IN EARLY SOUTHWESTERN IRAN.#$# AGRICULTURE AND

27 USA.#$# POST-~COLUMBIAN DEVELOPMENTS IN THE ARID REGIONS OF THE
4 USE AND ABUSE OF SOUTHWESTERN RIVERS: THE DESERT FARMERS,#$#
90 USE OF ARID AND SEMI-ARID LAND.#$#THE
903 USE OF CHEMICAL HYDROGRAPHS IN GROUND WATER QUALITY STUDIES.#$#THE
726 USE OF HIGH-SALT WATERS AS A FLOCCULANT AND SOURCE OF DIVALENT
CATIONS FOR RECLAIMING SODIC SOILS.#$#
686 USE OF KANKAR LIME IN RECLAMATION OF ALKALINE SOILS AND SOILS
IRRIGATED BY SLIGHTLY SALINE WATERS.#$#
647 USE OF PLASTIC DRAINAGE PIPES IN THE NETHERLANDS.#$#THE

747 USE OF POLYETHYLENE BARRIERS BETWEEN SOIL AND GROWING MEDIUM IN
GREENHOUSE VEGETABLE PRODUCTION.#$#THE

261 USE OF SALINE WATER FOR IRRIGATION WITH SPECIAL REFERENCES TO SALINE
SOILS.#$#

151 USE OF SOIL WATER BALANCE RELATIONSHIPS IN AGROCLIMATOLOGY.#$#THE

665 USE OF SOIL MOISTURE AND GROUNDWATER BY COTTON PLANTS UNDER .

685 USE OF SULPHUR COMPOUNDS IN IRRIGATED ARID-LAND AGRICULTURE.#$#THE

597 USSR.#$# SOLONETZ MEL IORATION METHODS IN DIFFERENT ZONES OF THE

915 USSR.#$# BASIC PROBLEMS IN THE STUDY AND DEVELOPMENT OF DESERT

TERRITORIES OF THE

809 USSR: A REVIEW.#$# DUROV S CLASSIFICATION OF NATURAL WATERS AND
CHEMICAL COMPOSITION OF ATMOSPHERIC PRECIPITATION IN

829 UTAH.#$# CHANGES IN THE CHEMICAL QUALITY OF GROUND WATER IN THREE
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OF PLANTS: A REVIEW AND EXPERIMENTAL ASSESSMENT.#s$#

OSMOTIC POTENTIAL AS AN INDEX OF DROUGHT RESISTANCE IN CROP PLANTS.#$%
#GERMINATION IN LOWER

OSMOTIC. POTENTIAL OF SOIL WATER.#$# INDEPENDENT MEASUREMENT OF MATRIC

AND

OSMOTIC PRESSURE GRADIENTS ON WATER MOVEMENT IN UNSATURATED SOIL.#$#
THE EFFECT OF :

OSMOTIC PRESSURE WITH SODIUM CHLORIDE, MAGN#$# EFFECTS OF SALINITY ON
POLLENe I: POLLEN VIABILITY AS ALTERED BY INCREASING

OSMOTIC STRESS: EFFECTS OF ITS APPLICATION TO A PORTION OF WHEAT
ROOT SYSTEMS.#$#

OSMOTIC STRESS ON RDOT GROWTH.#$#A COMPARISON OF THE EFFECTS OF SOIL
MOISTURE TENSION AND

OSMOTIC WATER STRESS ON METABOLIC RATES OF COTTON PLANTS WITH OPEN
STOMATA.#$# EFFECTS OF

OVERHEAD IRRIGATION ENCOURAGES WET-WEATHER PLANT DISEASES. #$#

PACIFIC SOUTHWEST WATER PROBLEMS.#$# ARIZONA V. CALIFORNIA AND

PAKISTAN.#$# REPORT ON UNESCO- IRAN SYMPOSIUM ON SOIL SALINITY
PROBLEMS IN ARID ZONES WITH SPECIAL REFERENCE TO

PAKISTAN.#$# COUNTRY REPORT OF

PAKISTAN: A STUDY IN ITS WATER BALANCE AND DELIMITATION.#$# ARID
ZONE OF INDIA AND

PAKISTAN S LIFE LINE.#$# INDUS VALLEY - WEST

PAKISTAN WITH EMPHASIS #$# CONTRIBUTIONS TO THE HYDROLOGY OF ASIA AND
OCEANIA ~~ GROUND-WATER HYDROLOGY OF THE PUNJAB, WEST

PAN EVAPORATION, POTENTIAL AND ACTUAL EVAPOTRANSPIRATION.#$#

PAN EVAPORATION AND EVAPOTRANSPIRATION FROM CLIMATIC DATA.#5#

PATTERNS OF POLITICS.#$#

PEANUT RESPONSE TO UNIFORM AND NON-UNIFORM SOIL SALINITY.#$#

PENMAN S METHOD DURING THE GROWING SEASON OF VEGETATION IN THE ARID

. ZONE OF INDIA.#$#A CRITICAL STUDY OF EVAPCRATION BY

PEOPLE S DEMOCRATIC REPUBLIC OF YEMEN.#$# COUNTRY REPORT OF THE

PERCOLATING THROUGH A COLUMN OF SOIL.#$# PREDICTING CONCENTRATIONS OF
SOLUTES IN WATER

PERCOLATING THROUGH STRATIFIED SUBSTRATA BY COM#$# QUALITY OF
PERCOLATING WATER. III: PREDICTIONS ON THE QUALITY OF WATE

PERCOLATING WATER. III: PREDICTIONS ON THE QUALITY OF WATER
PERCOLATING THROUGH STRATIFIED SUBSTRATA BY COM#$# QUALITY O

PERCOLATING WATERSe. II: A COMPUTER METHOD FOR PREDICTING SALT
CONCENTRATIONS IN SOILS AT VARIABLE MOISTURE CO#$# QUALITY O

PERCOLATION AND SEEPAGE.#$# PHYSICAL PRINCIPLES OF WATER

PERMEABIL ITY.#$# METHODS OF MEASURING SOIL

PERMEABILITY.#$#THE EFFECT OF ELECTROLYTE CONCENTRATION ON SOIL

PERMEABILITY.#$#THE QUALITY OF IRRIGATION WATER AND SOIL

PERMEABILITY.#$# EFFECT OF REPLACEABLE SODIUM ON SOIL

PERMEABILITY OF ROOTS TO WATER.#$#THE EFFECT OF SALINITY ON

PERMISSIBLE COMPOSITION AND CONCENTRATION OF IRRIGATION WATER.#$#

PERU.#$# DEVELOPMENT OF CIVILIZATION ON THE COAST OF

PERU PREHISPANICO Y SU INTERDEPENDENCIA CON LA AGRICULTURA.#$#LA
ALIMENTACION EN EL

PERU: PROBLEMS OF AGRICULTURAL USE OF DESERTS.#$#EL DESIERTO DE
SECHURAY

PERUVIAN COASTAL ZONE.#$#THE NATURE OF SALINE AND ALKALINE SOILS OF
THE
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PHy ALKALINITYs AND SPECIFIC CONDUCTIVITY OF NATURAL WATER.#$#
DIFFERENCES BETWEEN FIELD AND LABORATORY DETERMINATIONS OF

PHASEOLUS AUREU#$# EFFECT OF VARIATIONS IN SALINITY AND ALKALINITY OF

APPLIED IRRIGATION WATERS ON THE AMINO ACID MAKE-UP OF

PHASEOLUS VULGARIS L. SEEDS.#$# OSMOTIC AND TOXIC EFFECTS OF "SALINITY
ON GERMINATION OF

PHOSPHATE AND GROWTH OF PLANTS UNDER SALINE CONDITIONS.#$#A

PHOSPHATE-PHOSPHORUSs AND TOTAL SALT BALANCES ON A LARGE IRRIGATION
TRACT.#$# WATER-SOLUBLE NITRATE-NITROGEN,

PHOTOGRAMMETRY AND TEMPERATURE SENSING FOR ESTIMATING SOIL SALINITY.#
$#

PHOTOSYNTHESIS.#$# ATMOSPHERIC- AND SOIL-INDUCED WATER STRESSES 1IN
PLANTS AND EFFECTS ON TRANSPIRATION AND

PHOTOSYNTHESIS.#$# KINETINy LEAF AGE AND

PHOTOSYNTHESISs AND RESPIRATION TO TWELVE CROP PLANTS.#$# SOME
EFFECTS OF SODIUM CHLORIDE ON GROWTHy

PHOTOSYNTHESIS OF ONION, BEAN AND COTTON PLANTS UNDER SALINE
CONDITIONS.#$# CHANGES IN THE WATER BALANCE AND

PHREATOPHYTES.#$# WATER CONSERVATION BY REMOVAL OF

PHYSICAL AND ECONOMIC IMPACTS.#$#THE MINERAL QUALITY PROBLEM IN THE
COLORADO RIVER BASIN: APPENDIX By

PHYSICAL AND MATHEMATICAL THEORIES OF TILE AND DITCH DRAINAGE AND
THEIR USEFULNESS IN DESIGN.#$#

PHYSICAL AND PHYSICO-CHEMICAL CHANGES IN THE PROFILE OF A SODIC SOIL
TREATED WITH GYPSUM.#$#

PHYSICAL ASPECTS.#$# PLANT WATER RELATIONS: SOME

PHYSICAL CONDITIONS OF SOILS.#$#THE EFFECTS OF VARIOUS EXCHANGEABLE
CATIONS ON

PHYSICAL CONSEQUENCES.#$# EXTENDED TECHNIQUES OF CALCULATION OF SOIL
WATER MOVEMENTy WITH SOME

PHYSICAL PRINCIPLES OF WATER PERCOLATION AND SEEPAGE.#$#

PHYSICAL PROPERTIES OF PLANT ROOT DEVELOPMENT IN KHARGA OASIS SOILS.#
$#THE EFFECT OF SAND APPLICATION ON THE

PHYSICO-CHEMICAL ANALYSIS OF SALT ACCUMULATION BY PLANT ROOTS.#$#A

PHYSICO-CHEMICAL CHANGES IN THE PROFILE OF A SODIC SOIL TREATED WITH
GYPSUM.#$# PHYSICAL AND

PHYSICO- CHEMICAL RELATIONSHIPS OF CACO3, PH, AND C02 IN CALCAREOUS
SOILS.#$#

PHYSICS «#$# AGRICULTURAL

PHYSICS OF FLOW THROUGH POROUS MEDIA.#$#THE

PHYSICS OF SOIL MOISTURE.#$# INFILTRATION AND THE

PHYSIOLOGICAL BASIS OF SALT TOLERANCE OF PLANTS.#$#

PHYSIOLOGICAL BASIS OF SALT DAMAGE.#$#

PHYSIOLOGICAL PROBLEMS CONCERNING CROP PRODUCTION UNDER SALINE
CONDITIONS IN INDIA.#%#

PHYSIOLOGICAL PROCESSES.#$# PLANT WATER DEFICITS AND

PHYSIOLOGICAL PROCESSES AS AFFECTED BY WATER BALANCE.#$#

PHYSIOLOGICAL PROCESSES ASSOCIATED WITH SEED GERMINATION.#$# AMMONIUM
AND SALT INHIBITION OF SOME

PHYSIOLOGICAL RESPONSE OF PLANTS TO SALINITY AND HUMIDITY.#$#

PHYSIOLOGICAL RESPONSES OF PLANTS TO SALINITY: PLANT- WATER
RELATIONS . #$#

PHYSIOLOGY OF PLANTS CONSUMING SALINE WATER.#$#
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"RECLAMATION OF ALKALI SOILS BY ELECTRODIALYSIS.#$#

RECLAMATION OF ALKALI SOIL .#$# GYPSUM FINENESS IN RELATION TO
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RECLAMATION OF AN IMPOSSIBLE ALKALI SOIL.#$#
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RECLAMATION OF SALINE- SODIC SOILS IN THE UPPER COLORADO RIVER BASIN.
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RECLAMATION OF SALINE AND ALKALI SOILS.#$#
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REPLACEMENT OF ADSORBED SODIUM IN SOILS BY HYDROLYSIS OF CALCIUM
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INTRUSION - A CASE STUDY OF THE

SALINATED CULTURE SOLUTIONS AS AFFECTED BY THE RELATIVE HUMIDITY OF
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SALINATION OF SOIL BY SALTS IN THE IRRIGATION WATER.#$#
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SALINE AND ALKALI SOILS.#$# DIAGNOSIS AND IMPROVEMENT OF

SALINE AND ALKALI SOILS OF INDIA.#$# CLASSIFICATION OF

SALINE AND ALKALT SOILS.#$#A STUDY OF SOME EGYPTIAN

SALINE AND ALKALI SOILS OF MADHYA PRADESH.#$# STUDIES ON THE

SALINE AND ALKALI SOILS.#$# PLANT GROWTH ON

SALINE AND ALKALI SOILS 21957-1964<.#$# ANNOTATED BIBLIOGRAPHY ON
RECLAMATION AND IMPROVEMENT OF

SALINE AND ALKALI SOILS.#$#THE FOUNDAMENTS OF CONSERVATION IN

SALINE AND ALKALI SOILS IN THE THESSALONIKI PLAIN, GREECE.#$#
EXPERIMENTAL WORK ON THE RECLAMATION OF

SALINE AND ALKALI SOILS.#$# RECLAMATION OF

SALINE AND ALKALINE SOILS OF THE PERUVIAN COASTAL ZONE.#$#THE NATURE
OF

SALINE AND ALKALINE SALTS ON THE GROWTH AND INTERNAL COMPONENTS OF
SELECTED VEGETABLE PLANTS.#$# EFFECT OF

SALINE AND MARINE AGRICULTURE.#$# PRODUCTIVIZATION OF SAND DESERTS BY

SALINE AND SODIC SOILS THROUGH 1961.#$#A BIBLIOGRAPHY OF PUBLICATIDNS
IN THE FIELD OF

SALINE AND SODIC SOILS.#$# SOME EFFECTS ON PLANTS OF SALT AND SODIUM
FROM

SALINE AND SODIC SOILS %1966-1960<.#$# ANNOTATED BIBLIOGRAPHY ON
RECLAMATION AND IMPROVEMENT OF

SALINE AND SODIC SOILS.#$#THE IMPROVEMENT OF

SALINE AND SODIC SOILS<.#$# EDAFOLOGIA DE LOS SUELOS SALINOS Y
SODICOS ZTHE SOIL SCIENCE OF

SALINE AQUIFERS USING BOREHOLE GEOPHYSICAL LOGS.#$# QUANTITATIVE
MAPPING OF SALINITYs VOLUME AND FIELD OF

SALINE BRACKISH WATER AND THE EMPLOYMENT OF SUCH #$#THE BIOLOGICAL
AND AGRICULTURAL PROBLEMS PRESENTED BY PLANTS TOLERANT OF

SALINE CONDITIONS.#$# CHANGES IN THE WATER BALANCE AND PHOTOSYNTHESIS
OF ONIONsy BEAN AND COTTON PLANTS UNDER

SALINE CONDITIONS.#$# PLANT GROWTH AS A FUNCTION OF INTERACTING
ACTIVITIES OF WATER AND IONS UNDER

SALINE CONDITIONS.#$#A PRELIMINARY STUDY ON THE ARSORPTIDN OF
PHOSPHATE AND GROWTH OF PLANTS UNDER

SALINE CONDITIONS.#$# PLANT GROWTH UNDER

SALINE CONDITIONS IN INDIA.#$# PHYSIOLOGICAL PROBLEMS CONCERNING CROP
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SUMMARY . #3 #
SALINE FORMATION WATERS. I: ISOTOPIC COMPOSITION.#$#4THE ORIGIN OF

SAL INE GROUND WATER RESOURCES OF THE UNITED STATES.#$# SELECTED

REFERENCES ON

SALINE GROUND WATER ~ A LITTLE USED AND UNMAPPED RESOURCE.#3#

SALINE GROUND WATER AS A MINERAL RESOURCE.#$#A SURVEY OF

SALINE GROUNDWATER.#$# UTILIZATION OF SOIL MOISTURE AND GROUNDWATER
RY COTTON PLANTS IN THE CASE OF

SALINE GROUNDWATER.#$#THE CONTROL OF

SALINE GROUNDWATER RESOURCES OF THE CONTERMINOUS UNITED STATES.#$#

SALINE IRRIGATION WATER ON CALCAREDUS SOILS.#$# STUDIES OF THE EFFECT
OF

SALINE IRRIGATION WATERS ON SOME SOIL PROPERTIES.#$# EFFECT OF

SALINE TRRIGATION WATERS OF WESTERN RAJASTHAN.#$# SEASONAL VARIATIONS
IN THE COMPOSITION OF SOME

SALINE IRRIGATION WATER WITH DIFFERENT SODIUM AND CALCIUM

SALINE IRRIGATION FOR AGRICULTURE AND FORESTRY,#$#

SALINE IRRIGATION WA#$# RESPONSE OF GRAPEFRUIT ON TWO RODTSTOCKS TO
CALCIUM ADDITIONS 7O HIGH-SODIUM, BORON~CONTAMINATED AND

SALINE LANDS: SPECIAL PROBLEMS OF LOW AREAS ALONG THE SEA COAST.4$#
RECLAMATION OF

SALINE LANDS UNDER IRRIGATION.#$# RECLAMATION OF

SALINE LANDS UNDER IRRIGATION.#$# TRANSACTIONS, VOL. 2, QUESTION 19:
RECLAMATION OF

SALINE LANDS UNDER IRRIGATION.#$# RECLAMATION OF

SALINE MEADOWS OF BARABA.#$# SURFACE CULTIVATION AS A METHOD OF
CONSERVING SOIL MOISTURE IN THE

SALINE MEDIA.#$5# CONTENT OF ADENOSINE PHOSPHATE COMPOUNDS IN PEA
ROOTS GROWN IN

SALINE MEDIA.#$# INFLUENCE OF CALCIUM PRETREATMENT ON WHEAT

SALINE MEDIA. I1: DYNAMIC PHASE.#$# OSMOTIC ADJUSTMENT OF PLANTS TO

SALINE MEDIA: INTERACTIUNS WITH LIGHT.#$# PLANT GROWTH SUPPRESSION
ON

SALINE MEDIA. I: STEADY STATE.#$# OSMOTIC ADJUSTMENT OF PLANTS TO

SALINE REGIONS.#$# SUITABILITY OF PLANTS FOR DRY AND

SALINE~ SODIC SGILS IN THE UPPER COLORADD RIVER BASIN.#$# RECLAMATION
AND DRAINAGE OF

SALINE~ SODIC SODIL UNDER A LOW MOISTURE REGIME.#$#THE RECLAMATION OF
A

SALINE~ SODIC SOILS IN THE UPPER COLORADO RIVER BASIN.#$# RECLAMATION
OF

SALINE-SODIC SOIL BY USE OF MOLASSES AND DISTILLERY SLOPS.#%#
RECLAMATION OF A

SALINE~SODIC SOILS COMPARED TO OTHER RECLAMATION AGENTS.#$#

SALINE % SODIUM CARBONATE~SULFATE< SOLONETZIC SOILS OF THE KARABAKH
PL#$#A FIELD EXPERIMENT UN THE ELECTRICAL MELIORATION CF

SALINE SOIL CLASSIFICATION USING THE 5:1 AQUEOUS EXTRACT.#$#

SALINE SOIL.#$#THE PHYSIOLOGY OF PLANTS ON

SALINE SOIL.#$#THE INTEGRATED SOIL MDISTURE STRESS UPON A RODT SYSTEM
IN A LARGE CONTAINER OF

SALINE SOIL.#$# REQUIREMENTS FOR ACHIEVING AND MAINTAINING UNIFORMLY
LOW SALT IN A

SALINE SOIL.#$# EFFECTS OF RUNOFF PREVENTION AND LEACHING WATER ON A
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SALINE SOILS.#$# USE OF SALINE WATER FOR IRRIGATICN WITH SPECIAL
REFERENCES TO

SALINE SOILS.#$# WATER UPTAKE AND SALT-DISTRIBUTION PATTERNS . IN

SALINE SOILS.#$#THE ADAPTATION OF PLANTS TO

" SALINE SOILS.#$#THE DETERIORATION OF GRAPEVINES IN

SALINE SOILS.#%# AVAILABILITY OF WATER TO CROPS ON

SALINE SOILS.#$# SOME PRINCIPLES GOVERNING THE DRAINAGE AND

SALINE SOILS.#$#THE IMPORTANCE OF BIOLOGICAL FACTORS IN THE

SALINE SOILS.#%$# COMBINING SURFACE MULCHES AND PERIODIC WATER
APPLICATIONS FOR RECLAIMING

SALINE SOILS! DALIAS PROJECTs ALMERIA, SPAIN.#$# SANDING IN

SALINE SOILS.#$# DYNAMICS OF SPECIFIC RESISTANCE DURING ELECTRICAL
MEL IORATION OF

SALINE SOILS BY RAINFALL.#$#THE EFFECTIVENESS OF A COTTON BUR MULCH
AND A RIDGE~FURROW SYSTEM IN RECLAIMING

SALINE SOILS IN IRAQ.#$#THE ALKALI ASPECTS OF THE RECLAMATION OF

SALINE SOILS IN THE ARID ZONES.#$# PRINCIPLES OF THE THEORY AND
PRACTICE OF RECLAMATION AND UTILIZATION OF

SALINE SOILS IN THE ARID ZONE.#$#THE CHEMICAL CLIMATE AND

SALINE SOILS IN THE KIRKUK PLAINy NORTHERN IRAQ.#%#

SALINE SOILS IN THE DRY STEPPE ZONE.#$# RICE AS A RECLAMATION CROP ON

SALINE SOILS OF NORTH HONAN.#$# COTTON AND WHEAT FROM THE

SALINE SOILS OF THE OLD IRRIGATION LANDS OF THE MIDDLE TIGRIS VALLEY.
#$#A CLASSIFICATION OF THE

SALINE SOILS OF THE OLD IRRIGATION LANDS OF THE MIDDLE TIGRIS VALLEY.
#$# A CLASSIFICATION OF THE

SALINE STATIC WATER TABLES.#$# WATER USE BY COTTON FROM LOW AND
MODERATELY

SALINE SUBSTRATES.#$# TRANSPIRATION RELATED TO ION UPTAKE BY BEANS
FROM

SALINE SUBSTRATES. I: GROWTH AND ION UPTAKE OF SEVERAL VARIETIES OF

" HORDEUM DURING AND AFTER SODIUM #$# PLANT RESPONSES TO

SALINE TRACTS OF GUJARAT.#$# CHEMICAL CHARACTERISTICS OF GROUND WATER
IN SOME

SALINE WATER.#$# SALINIZATION AND ALKALIZATION OF A SALINE-CALCAREOUS
SOIL IRRIGATED WITH

SALINE WATER.#$#THE DEVELOPMENT OF SALINITY PROFILES FOLLOWING
IRRIGATION OF FIELD CROPS WITH

SALINE WATER.#$# PHYSIOLOGY OF PLANTS CONSUMING

SALINE WATER IRRIGATION AND NITROGEN FERTILIZATION ON CORN PRODUCTION
IN CALCAREOQUS SOILS.#$# INTERACTION OF

SALINE WATER BY MEANS OF TRICKLE IRRIGATION.#$# INCREASING THE
AGRICULTURAL USE OF

SALINE WATER CONTAINING DIFFERENT MNA:CA RATIOS ON THE GROWTH AND
CHEMICAL #$#THE EFFECT OF USING ODIFFERENT CONCENTRATIONS OF

SALINE WATER DATA FROM SOUTHEASTERN NEW MEXICO AND WESTERN TEXAS.#$#
ACQUISITION AND MACHINE PROCESSING OF

SALINE WATER FOR IRRIGATION WITH SPECIAL REFERENCES TO SALINE SOILS.#
$# USE OF
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SALT TOLERANCE.#$# SALT RESPONSES OF CARBOXYLATION ENZYMES FROM
SPECIES DIFFERING IN

SALT TOLERANCE.#$# PHYSIOLOGY OF

SALT TOLERANCE.#$# SALT RESPONSES OF ENZYMES FROM SPECIES DIFFERING
IN

SALT TOLERANCE AND CROP MANAGEMENT ON SALT-AFFECTED SOILS.#$#

SALT TOLERANCE AND SPECIFIC ION EFFECTS ON PLANTS.#$# STUDIES ON

SALT-TOLERANCE EVALUATION OF PLANTS: A REVIEW AND EXPERIMENTAL
ASSESSMENT «#$# OSMOTIC GROWTH INHIBITION AND ELECTROMETRIC

SALT TOLERANCE IN ATRIPLEX HALIMUS L.#$# VESICULATED HAIRS: A
MECHANISM FOR

SALT TOLERANCE IN SUAEDA FRUTICOSA AND HALOXYLON RECURVUM,#$#THE
MECHANISM OF

SALT TOLERANCE OF CROPS.#$#THE EFFECT OF NUTRIENTS ON THE

SALT TOLERANCE OF CROPS AT GERMINATION STAGE.#S$#

SALT TOLERANCE OF CROPS.#$# REUSE OF AGRICULTURAL WASTE WATERS FOR
IRRIGATION IN RELATION TO THE

SALT TOLERANCE OF FIELD CROPS.#$#

SALT TOLERANCE OF FIVE VARIETIES OF CARROTS.#$#

SALT TOLERANCE OF FRUIT CROPS.#$#

SALT TOLERANCE OF PLANTS.#$# PHYSIOLOGICAL BASIS OF

SALT TOLERANCE OF PLANTS: BASIC RESEARCH AND TESTS.#%#THE

SALT TOLERANCE OF SAFFLOWER.#$#

SALT TOLERANCE OF STRAWBERRIES.#$#

SALT TOLERANCE OF VARIOUS VARIETIES OF AGRICULTURAL CROPS AT THE
GERMINATION STAGE.#$#

SALT TOLERANCE OF VEGETABLE CROPS IN THE WEST.#$#

SALT TOLERANCE STUDIES. 1I: EFFECT OF SOIL SALINITY ON THE GROWTH
AND CHEMICAL COMPOSITION OF PLANTS.#$#

SALT UPTAKE AND THE ABSORPTION OF WATER BY INTACT PLANTS.#3$#THE
RELATIONSHIP BETWEEN

SALT UPTAKE IN RELATION TO COMPARTMENTATION AND LONG-DISTANCE
TRANSPORT .#$# DUAL MECHANISMS OF

SALT WATER.#$# WHAT TO DO ABOUT

SALT- WATER BOUNDARY ADVANC ING THROUGH SATURATED SAND.#$# DISPERSION
OF A MOVING

SALT- WATER BOUNDARY MOVING THROUGH SATURATED SAND.#$#A NOTE ON THE
DISPERSION OF A

SALT-WATER DILUTION METHOD FOR RECLAIMING SODIC SOILS.#$#THE HIGH
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SALT WATER DILUTION METHOD AND CONVENTIONAL METHODS FOR RECLAIMING
SODIC SOILS.#$# FIELD COMPARISON OF THE HIGH
SALT-WATER ENCROACHMENT - A WATER RESOURCE PROBLEM.#$#

_SALT WATER INTO FRESH.#$#THE ENCROACHMENT OF

SALT WATER INTRUSION.#$# DISPERSION AND

SALTWATER INTRUSION - A CASE STUDY OF THE SALINAS VALLEY, CALIFORNIA.
#$# ECONOMIC PROBLEMS OF

SALT WATERS.#$# ENGINEERING ASPECTS OF THE RECLAMATION OF SODIC SOILS
WITH HIGH

SALT WEATHERINGsy A NEGLECTED GEOLOGICAL EROSIVE AGENT IN COASTAL AND
ARID ENVIRONMENTS .#$#

SALTY WATER IN TUNISIA.#$# IRRIGATION WITH

SALZPROBLEMS IN DER BEWASSERTEN LAND WIRTSCHAFT ARIDER UND SEMIARIDER
GEBIETE.#$#EIN BEITRAGZUR LOSUNG DES

SALZ- UND ALKALIBODEN IN TROCKENGEBIETEN DER SOVJET-UNION UND IHRE
VERBESSERUNG. #$ # .

SALZ- UND ALKALIBODEN UND WEGE ZU IHRER VERBESSERUNG| EIN VERGLEICH
RUSSISCHER UND AMERIKANISCHER. FORSCHUNGSERGEBNISSE.#$#

SAMPLING THE SOIL SOLUTION FOR SALINITY APPRAISAL.#$#

SAMPL ING THE SOIL SOLUTION FOR SALINITY APPRAISAL.#$#

SAND.#$#A NOTE ON THE DISPERSION OF A SALT- WATER BOUNDARY MOVING
THROUGH SATURATED

SAND.#$# DISPERSION OF A MOVING SALT- WATER BOUNDARY ADVANCING
THROUGH SATURATED

SAND AND COTTON BUR MULCHES, BERMUDA GRASS SODy AND BARE SOIL EFFECTS
ON EVAPORATION SUPPRESSION.$#

SAND APPLICATION ON THE PHYSICAL PROPERTIES OF PLANT ROOT DEVELOPMENT
IN KHARGA OASIS SOILS.#$#THE EFFECT OF

SAND CULTURE.#$# EFFECT OF SALINITY ON FOUR VARIETIES OF TABLE GRAPES
GROWN IN .

SAND DESERTS BY SALINE AND MARINE AGRICULTURE.#$# PRODUCTIVIZATION OF

SANDING IN SALINE SOILS! DALIAS PROJECT, ALMERIA, SPAIN.#$#

SANDING ON THE LEACHING AND DISTRIBUTION OF SALTS IN THE SOILS OF
KHARGA OASIS.#$#THE EFFECT OF ’

SANDS.#$# HYDRAULIC CONDUCTIVITY OF UNIFORM, STRATIFIED, AND MIXED

SANDSTONE.#$# MISCIBLE DISPLACEMENT IN SATURATED AND UNSATURATED

SANDY SOIL ON SOME CHEMICAL AND MICROBIOLOGICAL PROPERTIES.#$# EFFECT
OF RECLAMATION OF

SAN JOAQUIN DELTA.#$# WATER RIGHTS AND WATER QUALITY AS RELATED TO
THE SACRAMENTO -

SAN JOAQUIN MASTER DRAIN.#$# DECISIONS PENDING -

SAN JOAQUIN VALLEY.#$# MAN IN THE ENVIRONMENT OF THE WEST SIDE OF THE

SAN JOAQUIN VALLEY.#$# DRAINAGE PROBLEMS OF THE

SAN JOAQUIN VALLEY.#$#THE POLITICS OF PLANNING THE WESTERN

SAN JOAQUIN VALLEY, CALIFORNIA.#$# COMPUTER SIMULATION ANALYSIS ON
RECLAMATION OF SALT-AFFECTED SOILS IN

SAN JOAQUIN VALLEYy CALIFORNIA.#$# WASTE WATER DISPOSAL:

SAN JOAQUIN VALLEY OF CAL#$# BORON IN SOILS AND IRRIGATION WATERS AND
ITS EFFECT ON PLANTSy WITH PARTICULAR REFERENCE TO THE

SAN JOAQUIN VALLEY OF CALIFORNIA.#$# TILE DRAINAGE IN THE

SAN JOAQUIN VALLEY ON THE QUALITY OF THE GROUND WATER.#$# INFLUENCE
OF NATIVE SALTS IN THE

SAN JOAQUIN VALLEY STUDIES.#$# WEST SIDE

SATURATED AND UNSATURATED SANDSTONE.#$# MISCIBLE DISPLACEMENT IN
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SATURATED AND UNSATURATED SOILS.#$#A SALT SENSOR FOR USE IN
SATURATED SALT SOLUTIONS AND OTHER HARSH ENVIRONMENTS. I1.

' SATURATED SAND.#$#A NOTE ON THE DISPERSION OF A SALT- WATER BOUNDARY

MOVING THROUGH i

SATURATED SAND.#$# DISPERSION OF A MOVING SALT- WATER BOUNDARY
ADVANCING THROUGH

SAUMATRES POUR L IRRIGATION.#$# TRADITION ET RECHERCHE EN ITALIE DANS
L EMPLOI DES EAUX

SCHARDALEOW METHOD.#$# MEASUREMENT OF WATER POTENTIAL OF LEAVES WITH
PARTICULAR REFERENCE TO THE

SCIENCE OF SALINE AND SODIC SOILS<.#$# EDAFOLOGIA DE LOS SUELGS
SALINOS Y SODICOS %THE SOIL

SCIENTIFIC ASPECTS OF FIELD ORAINAGE.#$#THE

SCIENTIFIC FRAMEWORK OF WORLD WATER BALANCE.#$#

SEA COAST.#$# RECLAMATION OF SALINE LANDS: SPECIAL PROBLEMS OF LOW
AREAS ALONG THE ’

SEA SALT OVER THE UNITED STATES AND ITS REMOVAL BY PRECIPITATION.#$#
ON THE DISTRIBUTION OF

SEA- SALTS.#$# BIBL IOGRAPHY ON ATMOSPHERIC BCYCLICK

SEASONAL CHANGES IN SOIL SALINITY AT TINTINARA, SOUTH AUSTRALIA.#$#

SEASONAL FLUCTUATION OF THE WATER TABLE ON SOIL MAPS.#$# PRESENTATION
OF THE

SEASONAL VARIATIONS IN THE COMPOSITION OF SOME SALINE IRRIGATION
WATERS OF WESTERN RAJASTHAN.#$#

SECHURAy PERU: PROBLEMS OF AGRICULTURAL USE OF DESERTS.#S$HEL
DESIERTO DE

SEDIMENTARY ROCKS, IN FLUIDS IN SUBSURFACE ENVIRONMENTS.#$# SALINE
WATERS OF

SEDIMENTS.#$# LONG TERM MOVEMENT OF WATER AND SOIL SALINITY IN THE
WEATHERING ZONE OF ARID ZONE

SEDIMENTS AND HOST ROCKS.#$# SALINE WATERS: GENESIS AND RELATIONSHIP
TO

SEED GERMINATION.#$# AMMONIUM AND SALT INHIBITION OF SOME

SEED GERMINATION.#$# PHYSIOLOGY OF

SEED GERMINATION.#$# DROUGHT HAZARDS TO

SEED GERMINATION.#$#

SEED GERMINATION AS AFFECTED BY SOIL MOISTURE AND SALINITY.#$#

SEEDL ING METABOLISM OF WHEAT.#$# EFFECTS OF SOIL SALINITY AND GROWTH
REGULATORS ON GERMINATION AND

SEEDL INGS GROWN ON HIGHLY SALINIZED MEDIA.#$# ENZYME LEVELS IN PEA

SEEDS.#$# OSMOTIC AND TOXIC EFFECTS OF SALINITY ON GERMINATION OF
PHASEOLUS VULGARIS L.

SEEDS.#$# EFFECT OF SOIL SALINITY ON GERMINATION GF SOME

SEEDS «#$#THE GERMINATION OF

SEEPAGE.#$# PHYSICAL PRINCIPLES OF WATER PERCOLATION AND

SELECTED BIBLIOGRAPHY ON EVAPORATION AND TRANSPIRATION.#$#

SELECTED REFERENCES ON SALINE GROUND WATER RESOURCES OF THE UNITED
STATES « #$#

SELECTIVE ION TRANSPORT IN PLANTS AND ITS GENETIC CONTROL,.#$#

SEMI #$# HYDROLOGIC ASPECTS OF THE SALT PRORLEM IN AGRICULTURE AND
ITS CONTROL THROUGH IMPROVED WATER MANAGEMENT IN ARID AND

SEMI-ARID AND ARID ZONES IN THE NEAR EAST.#$#A STUDY OF

SEMI-ARID AND ARID ZONES.#$# WATER POLLUTION CONTROL IN
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SEMI-ARID AREAS OF LATIN AMERICA.#$# HYDROLOGY AND UTILIZATION OF
HYDRAULIC RESOURCES IN THE ARID AND
SEMIARID CLIMATE.#$# EVAPOTRANSPIRATION ESTIMATES IN A

SEMI-ARID CLIMATES.#%# EFFECTS OF SOIL TEXTURE ON EVAPORATIVE LOSS

AND AVAILABLE WATER IN

SEMI~ARID CONDITIONS.#$# SOIL WATER RELATIONS IN ARID AND

SEMI-ARID CONDITIONSs PROCEEDINGS OF THE MADRID SYMPOSIUM.#$# PLANT-
WATER RELATIONSHIPS IN ARID AND

SEMI-ARID COUNTRIES.#$# WATER SUPPLY AND DRAINAGE IN

SEMIARIDER GEBIETE.#$#EIN BEITRAGZUR LOSUNG DES SALZPROBLEMS IN DER
BEWASSERTEN LAND WIRTSCHAFT ARIDER UND

SEMI-ARID HOMOCL IMATES +#$# WORLD DISTRIBUTION OF ARID AND

SEMI-ARID LAND.,#$#THE USE OF ARID AND

SEMI-ARID MEDITERRANEAN CLIMATES| UNESCO IGU SYMPOSIUM IRAKLION
ZGREECE<y 19-26 SEPTEMBER 1962.#$# LAND USE IN

SEMI-ARID REGIONS.#$# IRRIGATION IN

SEMI-ARID REGIONS.#$# WATER TABLE CONTROL 'IN ARID AND

SEMIARID REGIONS.#$# HYDROLOGY OF ARID AND

SEMIARID SOILS.#$# SODIUM CARBONATE AND ABSORBED SODIUM IN

SEMIARID SOILS.#$# REVIEW OF INVESTIGATIONS ON CATION EXCHANGE AND

SEMIARID TROPICS.#$# PROBLEMS OF DETERMINING EVAPOTRANSPIRATION IN

SEMI-ARID ZONES.#$#THE INCOME AND LOSS OF WATER IN ARID AND

SETTLEMENT PATTERNS IN THE SOUTHWEST.#$# SPECULATIONS ON PREHISTORIC

SETTLEMENTS.#$# FACTORS INVOLVED IN THE ABANDONMENT OF CERTAIN
PERIPHERAL SOUTHWESTERN

SEVAN-RAZDAN CASCADE OF SOVIET ARMENIA.#$# DEVELOPMENTS IN THE
IRRIGATION RESOURCES OF THE

SIGNIFICANCE OF CARBONATES IN IRRIGATION WATERS.#$#

SIGNIFICANCE OF NITRATE IN WATER SUPPLIES.#$#

SIGNIFICANCE OF TRANSPIRATION AND VARIOUS COMPONENTS OF THE WATER
POTENTIAL TO PLANT BEHAVIOR.#$#THE

SILT IN ANCIENT MESOPOTAMIAN AGRICULTURE.#$# SALT AND

SIMPLE ENERGY BALANCE APPROACH TO THE MOISTURE BALANCE CLIMATOLOGY OF
AFRICA.#$#A

SIMPLE METHOD FOR PREDICTING SALT MOVEMENT THROUGH SOTL.#$#A

SLIP PLOWING IN NON-STRATIFIED SOILS.#$#

SLOW RECLAMATION BY TILE DRAINAGE OF SODIC SOILS CONTAINING BORON.#$#

SOCIAL CONTEXT OF IRRIGATION.#$#THE

SODIC CLAYS.#$#THE INFLUENCE OF DISSOLVED GYPSUM ON PASTURE

SODICOS ZTHE SOIL SCIENCE OF SALINE AND SODIC SOILS<.#$# EDAFOLOGIA
DE LOS SUELOS SALINOS Y

SODIC SALINIZATION OF THE SOIL IN THE SOVIET UNION AND SOME METHODS
OF OVERCOMING ON IT.#$#THE

SODIC SOIL OF THE FRESNO SERIES.#$#THE EFFECT OF RICE CULTURE ON A
NONSAL INE

SODIC SOILSy BUDAPESTs 1964.#$# PROCEEDINGS OF THE SYMPOSIUM ON

SODIC SOILS<.#$# EDAFOLOGIA DE LOS SUELOS SALINOS Y SODICOS ZTHE SOIL
SCIENCE OF SALINE AND

SODIC SOILS.#$# SOME EFFECTS ON PLANTS OF SALT AND SODIUM FROM SALINE
AND

SODIC SOILS.#$#THE IMPROVEMENT OF SALINE AND

SODIC SOILS+#$#THE HIGH SALT-WATER DILUTION METHOD FOR RECLAIMING

SODIC SOILS.#$# USE OF HIGH-SALT WATERS AS A FLOCCULANT AND SOURCE OF
DIVALENT CATIGNS FOR RECLAIMING :
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SODIC SOILS.#$# EFFECT OF RICE CULTURE ON THE RECLAMATION OF
SODIC SOILS.#$# FIELD COMPARISON OF THE HIGH SALT WATER DILUTION
METHOD AND CONVENTIONAL METHODS FOR RECLAIMING

" SODIC SOILS AS INFLUENCED BY APPLICATION OF GYPSUM.#$# LEACHING OF

SODIC SOILS BY BIOLOGICAL METHODS.#$# RECLAMATION OF

SODIC SOILS CONTAINING BORON.#$# SLOW RECLAMATION BY TILE DRAINAGE OF

SODIC SOILS IN THE UPPER COLORADQ RIVER BASIN.#$# RECLAMATION AND
DRAINAGE OF SAL INE-

SODIC SOILS IN THE UPPER COLORADO RIVER BASIN.#$# RECLAMATION OF
SAL INE-

SODIC SOILS THROUGH 1961.#$#A BIBLIOGRAPHY OF PUBLICATIONS IN THE
FIELD OF SALINE AND

SODIC SOILS WITH HIGH SALT WATERS.#$# ENGINEERING ASPECTS OF THE
RECLAMATION OF

SODIC SOILS %1966-1960<.#%# ANNOTATED BIBLIOGRAPHY ON RECLAMATION AND
IMPROVEMENT OF SALINE AND

SODIC SOIL TREATED WITH GYPSUM.#$# PHYSICAL AND PHYSICO-CHEMICAL
CHANGES IN THE PROFILE OF A

SODIC. SOIL UNDER A LOW MOISTURE REGIME.#$#THE RECLAMATION OF A SALINE

SODIC TOLERANCE OF TALL WHEATGRASS. #$#

SODIUM ABSORPTION BY BARLEY ROOTS: ROLE OF THE DUAL MECHANISMS OF
ALKALT CATION TRANSPORT.#$#

SODIUM ADSORPTION RATIO AND ELECTROLYTIC CONCENTRATION,.#$#

SODIUM AFFECTED SOILS IN THE CUKUROVA PLAIN.#$# RICE GROWING FOR
RECLAMATION OF SALT AND

SOBIUM AND CALCIUM CONCENTRATIONS ON SOME SOIL PROPERTIES.#$#THE
EFFECT OF SALINE IRRIGATION WATER WITH DIFFERENT

SODIUM AND POTASSIUM UPON THE PHYSICAL CONDITION OF SOILS.#$#A
COMPARISON OF THE EFFECTS OF EXCHANGEABLE

SODIUM AS AN ESSENTIAL MICRONUTRIENT ELEMENT FOR SOME HIGHER PLANTS.#
$#

SODIUM=-CALCIUM EXCHANGE IN SOME ISRAEL SOILS.#$# THERMODYNAMIC
EQUIL IBRIUM CONSTANTS OF

SODIUM CARBONATE AND ABSORBED SODIUM IN SEMIARID SOILS.#$#

SODIUM CARBONATE-SULFATE< SOLONETZIC SOILS OF THE KARABAKH PL#S#A
FIELD EXPERIMENT ON THE ELECTRICAL MELIORATION OF SALINE %

SODIUM CHLORIDE AND SULPHATE ON SULPHUR OXIDATION IN SOIL.#$#THE
EFFECT OF

SODIUM CHLORIDEs MAGN#$# EFFECTS OF SALINITY ON POLLEN. I: POLLEN
VIABILITY AS ALTERED BY INCREASING OSMOTIC PRESSURE WITH

SODIUM CHLORIDE ON GROWTH, PHOTOSYNTHESIS, AND RESPIRATION TO TWELVE
CROP PLANTS.#$# SOME EFFECTS OF

SODIUM CHLORIDE SAL INATED CULTURE SOLUTIONS AS AFFECTED BY THE
RELATIVE HUMIDITY OF THE #$# GROWTH OF ATRIPLEX HALIMUS L. I

SODIUM CONTROL .#$# LEACHING REQUIREMENT FOR EXCHANGEABLE

SODIUM FROM TRRIGATION WATER BY FOUR TEXAS SOILS.#$# ADSORPTION OF

SODIUM FROM SALINE AND SODIC SOILS.#$# SOME EFFECTS ON PLANTS OF SALT
AND

SODIUM HAZARD OF BICARBONATE IRRIGATION WATERS.#$#

SODIUM HAZARD OF IRRIGATION WATERS AS INFLUENCED BY LEACHING FRACTION
AND BY PRECIPITATION OF SOLUTION OF CALCIUM CARBONA#S#

SODIUM HAZARD OF PUNJAB GROUND WATERS.#$#

SODIUM IN SOILS BY HYDROLYSIS OF CALCIUM CARBONATE.#$# REPLACEMENT OF
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SODIUM ON SOIL PERMEABILITY.#$# EFFECT OF REPLACEABLE

SODIUM ON SOIL PROPERTIES AND ON GROWTH AND CATION CONTENT OF ALFALFA
AND COTTON.#$# EFFECT OF EXCHANGEABLE

" SODIUM ON THE GROWTH AND ABSORPTION OF NUTRIENTS AND SODIUM BY CROP

PLANTS.#$# EFFECT OF EXCHANGEABLE

SODIUM ON THE YIELD AND CHEMICAL COMPOSITION OF PLANTS.#$# INFLUENCE
OF EXCHANGEABLE

SODIUM PERCENTAGE FROM CATION EXCHANGE EQUILIBRIA.#$# PREDICTION OF
EXCHANGEABLE

SODIUM PERCENTAGE ON DIFFUSIVITY OF WATER IN SOILS.#$# EFFECT OF
ELECTROLYTE CONCENTRATION AND EXCHANGEABLE

SODIUM SALT PROBLEM IN IRRIGATED SOILS.#$# SOME SOIL PROPERTIES
RELATED TO THE

SODIUM SALTS.#$# CATION-EXCHANGE EQUILIBRIA IN SOILS AFFECTED BY

SODIUM SALTS AND CALCIUM SATURATED SOILS.#$# EXCHANGE REACTION
BETWEEN

SOIL.#$# HYDROLOGICAL PROFILE OF THE

SOIL +#$#THE EFFECT OF OSMOTIC PRESSURE GRADIENTS ON WATER MOVEMENT IN
UNSATURATED

SOIL .#$# HOW MUCH OF THE RAIN ENTERS THE

SOIL.#$# CONSIDERATIONS ON WATER BALANCE IN DRY CLIMATES AND IN
DIFFERENT TYPES OF

SOIL.#$# CALCULATION OF TOTAL AND COMPONENT POTENTIALS OF WATER IN

SOIL.#$# VERTICAL DRAINAGE OF AN UNSATURATED

SOIL.#$# WATER INFILTRATION INTO STRATIFIED

SOIL.#$# RELATIONS BETWEEN WATER AND

SOIL.#$#A SIMPLE METHOD FOR PREDICTING SALT MOVEMENT THROUGH

SOIL.#$# SALT MOVEMENT IN

SOIL.#$# SALT- FERTILIZER-SPECIFIC ION INTERACTIONS IN

SOIL .#$# MISCIBLE DISPLACEMENT OF SOLUBLE SALTS IN RECLAIMING A
SALTED

SOIL.#$# PREDICTING CONCENTRATIONS OF SOLUTES IN WATER PERCOLATING
THROUGH A COLUMN OF

SOIL.#$#THE WATER-REQUIREMENT AND CELL-SAP CONCENTRATION OF

SOIL.#$#THE INTEGRATED SOIL MOISTURE STRESS UPON A ROOT SYSTEM IN A
LARGE CONTAINER OF SAL INE

SOIL.#$# TOLERANCE OF PLANTS TO MINERALS 1IN SOLUTION IN IRRIGATION
WATER AND IN

SOIL.#$#THE PHYSIOLOGY OF PLANTS ON SALINE

SOIL.#$# RECLAMATION OF AN IMPOSSIBLE ALKALI

SOIL.#$#THE INFLUENCE OF SALTS ON THE BACTERIAL ACTIVITIES OF THE

SOIL .#$#THE EFFECT OF SODIUM CHLORIDE AND SULPHATE ON SULPHUR
OXIDATION IN ’

SOIL.#$#THE EFFECT OF SOME SOIL AMENDMENTS OF CHEMICAL AND

SOIL.#$# REQUIREMENTS FOR ACHIEVING AND MAINTAINING UNIFORMLY LOW
SALT IN A SALINE '

SOIL.#$# EFFECTS OF RUNOFF PREVENTION AND LEACHING WATER ON A SALINE

SOIL.#$# GYPSUM FINENESS IN RELATION TO RECLAMATION OF ALKALI

SOIL.#$# SOME EFFECTS OF DEEP WORKING ON SOLONETZ

SOIL.#$# DECOMPOSITION AND BINDING ACTION OF POLYSACCHARIDES IN

SOIL.#$# MOVEMENT OF NITROGEN IN

SOIL.#$# WHAT HAPPENS TO FERTILIZER NITROGEN IN THE

SOIL AERATION AND CROP RESPONSE.#$# EFFECTS OF WATER TABLE HEIGHT ON
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SOIL AGGREGATES BASED ON THEIR COHERENCE IN WATER.#$#A CLASSIFICATION
OF
SOIL AGGREGATION.#$# DYNAMICS OF

"SOIL AGGREGATION.#$# DYNAMICS OF

SOIL AMENDMENTS OF CHEMICAL AND MICROBIOLOGICAL PRUPERTIES OF AN
ALKALT SOIL.#$#THE EFFECT OF SOME

SOIL AMENDMENTS, THEIR REACTION IN SOIL AND CONTRIBUTION 7O WASTE
WATERS.#%#

SOIL AND CONTRIBUTION TO WASTE WATERS.#$# SOIL AMENDMENTS, THEIR
REACTION IN

SOIL AND CROPS.#%# IRRIGATION WITH WATERS OF VARYING DEGREES OF
SALINITY AND ITS INFLUENCE ON

SOIL AND CROPS.#$# IRRIGATION WITH WATERS OF VARYING DEGREES OF
SALINITY AND ITS INFLUENCE ON

SOILy AND GRASS.#$# NATURAL EVAPOTRANSPIRATION FROM OPEN WATER, BARE

SOIL AND GROWING MEDIUM IN GREENHDUSE VEGETARLE PRODUCTION.#$#THE USE
OF POLYETHYLENE BARRIERS BETWEEN

SOIL AND SALINITY FACTORS IN ITRRIGATION AND DRAINAGE OF MALLEE LANDS.
#o#

SOIL AND WATER MANAGEMENT.#$# VERTICAL MULCHING FOR

SOIL ASSOCIATIONS AND LAND CLASSIFICATION FOR IRRIGATION, HARDING
COUNTY.#$#

SOIL BY SALTS IN THE IRRIGATION WATER.#$# SALINATION OF

SOIL BY USE OF MOLASSES AND DISTILLERY SLOPS.#$# RECLAMATION OF A
SAL INE-SODIC

SOIL CLASSIFICATION USING THE 5:1 AQUEOUS EXTRACT.#$# SALINE

SOIL COLUMNS.#$#A COMPUTER ANALYSIS ON LEACHING OF BORON FROM
STRATIFIED

SOIL DEPTH BENEATH A SPECIFIED VALUE.#$# CALCULATION OF THE LEACHING
REQUIRED TO REDUCE THE SALINITY OF A PARTICULAR

SOIL EFFECTS ON EVAPORATION SUPPRESSION.s$# SAND AND COTTON BUR
MULCHESy BERMUDA GRASS SODs, AND BARE

SOIL FERTILITY AND SALINITY ON GROWTH AND COMPOSITION OF BEANS.#$#
INTERACTIVE EFFECTS OF

SOIL FORMATION AND SALT MIGRATION IN THE MURGAB RIVER DELTA.#$#

SOIL FORMATION SIGNIFICANCE.#$# AEOLIAN MIGRATION OF WATER SOLUBLE
MATTER AND ITS PROBABLE GEOCHEMICAL AND

SOIL GEOGRAPHY AND FACTORS OF SDIL FORMATION IN AFGHANISTAN.#$#

SOIL HYDRAULIC CONDUCTIVITY.#$# EFFECT OF SOLUTION COMPOSITION ON

SOIL HYDROLOGICAL AND AGRICULTURAL STUDIES.#$# RECLAMATION OF SALT
AFFECTED SOILS IN IRAQ:

SOIL-INDUCED WATER STRESSES IN PLANTS AND EFFECTS ON TRANSPIRATION
AND PHOTOSYNTHESIS.#%# ATMOSPHERIC- AND

SOIL IN PROCESS OF RECLAMATION.#$# RICE AS A CROP FCR SALT-AFFECTED
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