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PHREATOPHYTES

By T. W. ROBINSON

ABSTRACT

Phreatophytes are plants that depend for their water supply upon ground
water that lies within reach of their roots. Although not confined to the
arid regions of the Western United States, their occurrence there is more
common, more spectacular, and, because of their effect on water supply,
more important than it is in humid and subhumid regions. Most phreato-
phytes have low economic value, and consequently, the water they use and
return to the atmosphere without substantial benefit to man is defined as
consumptive waste.

Some phreatophytes are widespread throughout the entire West, and
others, such as saltcedar, are confined to the river valleys of the Southwest.
In all, they waste tremendous quantities of ground water each year. It is
estimated that phreatophytes (excluding beneficial species such as alfalfa)
cover about 16 million acres in the 17 Western States and discharge as much
as 25 million acre-feet of water into the atmosphere annually. Although
little has been done so far to prevent this waste, much of the water undoubt-
edly can be salvaged by converting consumptive waste to consumptive use.
There are two basic methods: reducing of consumptive waste by diverting
water from the plants to other uses, and increasing the efficiency of water
use by substituting beneficial for nonbeneficial plant species. These methods,
to be successful, require an understanding of the factors that affect the
occurrence and amount of water used by phreatophytes: climate, depth to,
and quality of ground water and soil.

More than seventy plant species have been classified as phreatophytes;
this report lists information concerning them according to their scientific
names. The available information about the phreatophytic characteristics
of most of the species is meager, but for eight, pickleweed, rabbitbrush, salt-
grass, alfalfa, cottonwood, willow, greasewood, and saltcedar, there are
sufficient data to warrant separate discussions. The annual use of water by
phreatophytes ranges from a few tenths of an acre-foot per acre to more
than 7 acre-feet per acre.

In the Southwest, saltcedar, an exotic plant that develops a junglelike
growth, has invaded and choked the normal overflow channels of streams, so
as to produce a flood hazard that must be reckoned with. In addition, the
ponding effect of the dense growth results in above-normal sediment deposi-
tion in the area of growth, and reduced deposition downstream, as was
observed at the McMillan Reservoir on the Pecos River in New Mexico.

In the interest of conserving water to meet an ever-growing demand and
to reduce flood hazards in the Southwest, more and more attention must
be given to the phreatophyte problem.

1



2 PHREATOPHYTES

INTRODUCTION

Since 1927, when O. E. Meinzer's paper “Plants as indicators
of ground water” was published as Geological Survey Water-
Supply Paper 577, many reports and papers relating entirely or
in part to phreatophytes have been released in various forms by
the Geological Survey and other agencies. As more data on these
plants have become available, a need has developed for a supple-
ment to Meinzer’s original list and description of the plants. The
need was recognized by the Phreatophyte Subcommittee of the
Pacific Southwest Federal Inter-Agency Technical Committee,
which proposed the preparation of such a paper. This paper is
an attempt to fulfill that need by assembling and discussing the
information that is available on phreatophytes. It includes a list
of all plants in the desert areas of the Western United States that
have been identified as phreatophytes or which there is good
reason to class as phreatophytes, together with the available data
concerning their occurrence, habits, and annual consumption of
ground water. The information was obtained by a comprehensive
review of the literature, by consultation with fellow workers, and
by field study and observation.

Nearly all the available information and data on phreatophytes
are the result of studies and observations that have been made
on these plants in the arid areas of the western United States.
The reason is twofold ; first, it was in the desert areas of the West
that Meinzer first observed the plants that he defined and classi-
fled as phreatophytes; second, the West by and large is a water-
poor region, and attention naturally is focused on water problems
including the role of phreatophytes as they affect the water
supply. Water-supply problems have increased particularly since
World War 11, partly because of the increased demand for water,
partly because of a decrease in supply as the result of a pro-
longed drought in the Southwest, and partly because of the spread
of one species, saltcedar, a heavy water user, through the stream
valleys of the Southwest. (See frontispiece.) It has become in-
creasingly common, when referring to factors affecting water
supply, to include the “phreatophyte problem”. In fact, it was
pointed out by Douglas (1954, p. 8-12) that the word “phreato-
phyte” is becoming a term that the laymen find convenient for
designating a group of destructive enemies that formerly were
regarded merely as nuisances.

ACENOWLEDGMENTS

The author is grateful to many in the fields of hydrology and
botany, including the members of the Phreatophyte Subcommittee
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of the Pacific Southwest Federal Inter-Agency Technical Com-
mittee, and its successor, the Pacific Southwest Inter-Agency Com-
mittee, for their helpful criticisms, suggestions, and contributions.
He is particularly indebted to two former colleagues in the Geo-
logical Survey, Walter N. White and Samuel F. Turner. Mr.
White, who did pioneer work in determining the use of ground
water by phreatophytes, reviewed the manuscript and made many
valuable comments and criticisms. Mr. Turner, as the first chair-
man of the Phreatophyte Subcommittee, was instrumental in
focusing attention on the phreatophyte problem in the Southwest
and in preserving data concerning phreatophytes in the minutes
of the subcommittee. He was one of the first to study the problem
of saltcedars and to obtain data on their use of ground water.
His draft of a list of plants that occur as phreatophytes or as
hydrophytes formed the nucleus for the list of phreatophytes
given in table 1. The author takes this opportunity to express
his sincere thanks to these men and also to his associates for the
data, information, and assistance they so generously contributed.

USE OF GROUND WATER BY PHYREATOPHYTES
EVIDENCE

Evidence that phreatophytes utilize ground water is provided
by diurnal fluctuations of the water level in shallow wells that
penetrate below the water table in areas of growth. The water
level declines during the day when transpiration is greatest and
rises during the night when transpiration is least, the rise or
decline beginning at almost the same hour each day. That the
daily decline of the water table was due to the withdrawal of
ground water from the zone of saturation by phreatophytes was
demonstrated by G. E. P. Smith through a series of observations
in wells located in phreatophyte areas. Although the observations
began in 1916, Smith first described the phenomenon in 1922
(White, 1932, p. 4) in an unpublished paper given before the
Geological Society of Washington on November 22.

The depletion of the flow of streams that pass through areas
of phreatophytes is further evidence of the use of ground water
by phreatophytes.

EFFECT

The effect on the water table of transpiration by saltcedar in
the Safford Valley, Ariz., is clearly shown in figure 1. In March,
before the saltcedar begins to grow, there is little fluctuation of
the water table, but 3 months later, when the growing season is
well under way, the daily fluctuations are regular and large. The
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lowering on June 9, 1944, for instance, was 0.19 foot. In late
October, when the growing season draws to a close, the daily
fluctuations gradually diminish in amplitude, and finally they dis-
appear altogether.

6.7

69 15 16 17 18 19 20 21 22

LA
/\
i

JUNE

DEPTH TO WATER, IN FEET BELDW LAND SURFACE~

72 23 2 25 26 27 28 29 20

OCTOBER

FIGURE 1.—Comparison of fluctuations of the water table as shown in well T-6 in an area
of saltcedar growth before, during, and near the end of the growing season in
the Safford Valley, Ariz.

During the growing season transpiration also affects the flow
of streams that pass through areas of phreatophyte growth, for
the plants transpire large quantitues of water, a part of which,
if not thus consumed, would reach the streams (White, 1932, p.
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95-96). An example is provided by the record of flow of the Gila
River near Geronimo in the Safford Valley, Ariz., as shown in
figure 2. The period selected, June 6-13, 1944, is the same as for
well T-6, shown in figure 1. Well T-6 is about one-eighth of a
mile south of the river channel, and the gaging station near Gero-
nimo, where the river was measured, is about 20 miles down-
stream from the well. The flood plain in this reach of the stream,
as well as above and below, is thickly covered with saltcedar. A
comparison of the river and well records shows that the diurnal
fluctuations in the river are quite similar to those in the well.
The transpiration discharge by the saltcedar resulted not only in
a marked variation in the daily flow of the stream, but also in a
depletion of the streamflow. This depletion was estimated by as-
suming that the maximum observed rate of discharge is the same
as the daily mean rate of discharge under conditions of no deple-
tion. That is to say, if there were no transpiration loss, then the
curve obtained by connecting the points of maximum discharge
would approximate the probable flow of the stream. Actually, as
suggested by Troxell (1936) and demonstrated by Dunford and
Fletcher (1947), this method gives results that are too low be-
cause it shows only a part of the loss. The drain on the ground-
water reservoir adjacent to the stream, lowers the ground-water
level below the stage at which it would normally stand if there
were no transpiration discharge. Because of the lower ground-
water level, the stream picks up less water (or loses more water)
in a given stretch than it would if the water table were higher;

f MAXIMUM 6.0 6.1 59 5.4 52 47 4.7 45
MINIMUM 47 5.0 4.6 43 39 38 38 37
MEAN 5.4 5.4 52 4.7 45 43 43 4.0

RATE OF DISCHARGE, IN CUBIC FEET PER SECOND
TRANSPIRATION 1.2 14 14 14 14 0.8 08 10

LOSS THROUGH TRANSPIRATION, IN ACRE-FEET PER DAY COMPUTED AS DIFFERENCE
BETWEEN MAXIMUM ANO DAILY MEAN RATES OF DISCHARGE

VAN VAN DA
VRN \’/\//b/\/\,/\/

6 7 8 9 10 11 12 13
JUNE 1944

0.9 T
' STAGE

GAGE HEIGHT, IN FEET
o
[

0.7

FIGURE 2.—Variation and depletion of streamflow resulting from transpiration by saltcedar,
as shown in stage of the Gila River near Geronimo in the Safford Valley, Ariz.
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thus, even the high points on the stream graph indicate a flow
less than would occur if transpiration had not lowered the water
table.

The Green River in its 437-mile course through Colorado and
Utah passes through several valleys where the stream is bordered
by a total of 40,000 acres of flood plain, much of which is cov-
ered with phreatophytes. The average daily depletion in flow for
a 21-day period in September 1948, resulting from evapotrans-
piration on the flood plain area (transpiration by plants and evap-
oration from the soil) was, according to Thomas (1952, p. 2%), 552.4
acre-feet, or 278 cfs. In the 320-mile reach from Linwood, near
the Wyoming border, to Greenriver gaging station evapotran-
spiration losses accounted for 20 percent reduction in flow past
the Greenriver gage and a 32 percent reduction in pickup be-
tween the two stations.

At the Ouray, Utah, gaging station near the center of the Uinta
Basin, where the Green River is bordered by broad flood plains
covered with dense vegetation, diurnal fluctuation in stage was
clearly shown. Thomas (1952, p. 18-20) computed the reduction
in flow on the basis of the differences between the actual stage
and a line connecting the points of successive daily maxima, and
found it to be about 18 cfs. S8'milar computation at the Linwood,
Utah, gaging station upstream from Ouray, where the river is
lined with phreatophytes, indicated a reduction in flow of about
12 cfs.

Phreatophytes occur in the humid Eastern States also, but by
1956 they had not received much attention as such. In those States
the line between phreatophytic and nonphreatophytic vegetation
is not so sharp, nor is the phreatophyte problem so spectacular
or acute as it is in the arid Western States. Nevertheless, the
effect on ground water and streamflow is much the same as in
the arid States, though proportionately less serious, because of
the greater rainfall. Ferris (in Wisler and Brater, 1949) de-
scribed a record from a shallow well near Roscommon, Mich.,
which shows diurnal fluctuations that are the result of transpiration.
At the Bigwoods Experimental Forest in North Carolina, Trousdell
and Hoover (1955) found that the water level in shallow obser-
vation wells located in uncut stands of loblolly pine declined during
the growing season and rose during the nongrowing season. Even
more significant was the reversal of the downward trend of the
water level that followed cutting of the timber in the 200-foot strip
in which one well was located. The water level had declined about
9.5 feet from the beginning of the growing season in early May
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until the timber was cut on July 21. After cutting, the downward
trend halted, and by the end of August, during which 5.66 inches
of rain fell, the water level had risen 8.8 feet. During this same
period the water level in a well in the uncut stand of timber nearby
rose only 0.4 foot. It was found also from a profile of the ground
water across the cleancut and uncut strips that the water level was
highest in the cleancut strip, lower at the stand edges, and lowest
within the stands.

The effect on streamflow in the humid States was demonstrated
by experiments in the Coweeta Experimental Forest in the Ap-
palachian Mountains of western North Carolina (Dunford and
Fletcher, 1947). The effect of transpiration on streamflow in
Maryland is illustrated in figure 3, by the hydrograph of the North
River near Annapolis. With the exception that the peaks and
troughs occur from 2 to 3 hours later, the diurnal fluctuations are
similar to those for the Gila River shown in figure 2. The lag is
believed due to differences in the time of the daily variations of
temperature and humidity that directly affect the rate of transpira-
tion (fig. 6).

MAXIMUM 3.28 3.28 3.35 3.28
MINIMUM 2.65 281 2.74 274
MEAN 3.01 3.01 3.05 299

RATE OF DISCHARGE, IN CUBIC FEET PER SECOND

TRANSPIRATION 0.53 0.53 0.60 058

LOSS THROUGH TRANSPIRATION, IN ACRE-FEET PER DAY COMPUTED AS DIFFERENCE
BETWEEN MAXIMUM AND DAILY MEAN RATES OF DISCHARGE

=
-

STAGE

NN NN PN

23 24 25 26 27
JULY 1954

GAGE HEIGHT, IN FEET

-
o

FIGURE 8.—Effect of transpiration on streamflow in a humid region as shown in stage of
the North River near Annapolis, Md.

FUTURE CONSIDERATIONS

With the increasing demand for water, it seems certain that
more and more attention will be given to a study of transpira-
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tion by both phreatophytic and nonphreatophytic plants in the
Eastern States, and its effect on water supply. In the humid and
subhumid regions, the distinetion between these two groups of
plants is not so sharp as in the arid regions, and under certain
conditions it is difficult to determine whether a plant obtains its
water supply from soil moisture or from ground water. The
nonphreatophytic plants indirectly affect the water supply of a
region by utilizing water in the soil column that might otherwise
reach the water table as recharge. Phreatophytic plants, on the
other hand, directly affect the available water supply by drawing
from the ground-water reservoir as described earlier, thus reducing
ground-water storage and related streamflow.

In the Pontiac area of Michigan, for example, planners are
congidering the practicability of salvaging a part of the evapo-
transpirative discharge. The annual precipitation in this 9-town-
ship area is about 30 inches a year, or 450,000,000 gallons per
day (gpd). Of this amount, about one-third leaves the area as
streamflow. The remaining 300,000,000 gpd, including 50,000,000
gpd used by man, is discharged by evapotranspiration. An inde-
terminate but probably substantial part of this is discharged
from ground-water reservoirs; the rest is discharged from the
soil before it has a chance to descend to the water table (Robinson,
1954).

As explained by Meinzer (1927, p. 82-88), information on the
occurrence and habits of phreatophytes and their annnal con-
sumption of ground water is a basic requisite in dealing with
water-supply problems in any area where these plants grow on
a substantial scale, particularly in the arid regions of the Western
United States. In many parts of the regions where phreatophytes
are important, man’s increasing demand for water already has
exceeded, or soon will exceed, the available supply. The supply
can be made more nearly adequate by reducing consumptive waste
by phreatophytes, insofar as to do so is practical.

The water consumed by phreatophytes is largely wasted, for
most of the plants have a low or negligible economic value. As
some of the plants have a high annual water consumption and
occupy extensive areas, the amount of water they consume in a
given locality may be large. Although the water consumed by
phreatophytes is available for salvage, it may not be economically
feasible to salvage all the water. In any program involving sal-
vage, however, it is essential to have as much information as
possible concerning the occurrence and water requirements of the
plants in the area under consideration.
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DEFINITIONS

In desert regions in general the flora are sharply divided into
two classes depending upon their relationship to the water tables.
Such a distinction, although it exists, is less noticeable in regions
of greater precipitation, and it may be lost sight of entirely in
humid regons. The close association of certain species of desert
plants with the water table and the lack of such association in
others have been known for many years. The distinction was
early recognized by O. E. Meinzer in his work in desert areas,
beginning about 1910. Later he gave the name * phreatophytes”
to the plants using ground water. The term appeared first in a
preliminary mimeographed release of his report entitled “Out-
line of ground-water hydrology, with definitions,” which was
issued in revised form as U. S. Geological Survey Water-Supply
Paper 494 in 1923. He defined a phreatophyte as “a plant that
habitually obtains its water supply from the zone of saturation,
either directly or through the capillary fringe.” The word is de-
rived from two Greek roots, “phreatos” (a well) and “phyte”
(a combining form denoting a plant having a particular charac-
teristic or habitat), and thus means “well plant.” The name is
apt, for the plants grow where they can send their roots down
to the water fable, or to the capillary fringe immediately over-
lying the water table, from which the plant pumps its supply of
water, as illustrated in figure 4. In his introduction to Water-
Supply Paper 577, Meinzer (p. 1) compares the phreatophytes,
with their perennial and secure supply of ground water, with the
xerophytes, which occur in desert areas where the water table is
out of reach and the vegetation is forced to depend upon the rains
for a scanty and extremely irregular water supply. The occur-
rence of phreatophytes and xerophytes in relation to the water
table is shown by figure 4. The name “xerophyte,” Meinzer ex-
plained, also was derived from Greek roots; it means “dry plant.”

In a footnote at the bottom of page 1 of his introduction to
Water-Supply Paper 577, Meinzer says:

The principal ecologic groups of plants that have been recognized by
botanists are hydrophytes, which grow in water or at least with their roots
in water; the halophytes, which can endure large amounts of salt or alkali
in the soil water on which they live; the xerophytes, which are able to sur-
vive on very small and irregular supplies of water; and the mesophytes,
which are not adapted to endure any of these extiemes. In proposing the
name phreatophyte, the writer did not imply that this group should find a
separate place in the old classification, but rather believed that it would
overlap some of the other groups. The term “halophyte” has been used for
marsh plants which are more or less intermediate between hydrophytes and
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FIGURE 4.—Distinction between phreatophytes (A) and xerophytes (B) shown by their
occurrence in relation to the water table.

mesophytes, but this term could not be used to designate the phreatophytes,
without violating its past usage and introducing much confusion.

By definition a phreatophyte gets its water from the water
table, and it does under natural conditions. It should be noted,
however, that phreatophytes will grow and thrive if water is sup-
plied artificially. Thus phreatophytes may be observed growing
along ditches and canals and in irrigated fields, in areas where
their roots do not reach the water table but tap irrigation or
drainage water. One phreatophyte, alfalfa, an important agri-
cultural plant, is grown extensively by irrigation without regard
to the depth to the water table, and there is little doubt that
other phreatophytes could be grown in a similar way if it were
desirable.

THE HYDROLOGIC CYCLE

The roles that the two principal classes of plants, phreatophytes
and xerophytes, play in the hydrology of arid regions can be
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FIGURE 6.—The hydrologic cycle in an undeveloped closed basin in an arid region. (Shaded
areas represent water in storage; solid lines, movement as liquid; broken lines,
vapor.)

readily understood through consideration of the hydrologic cycle.
Figure 5 depicts a simple hydrologic cycle—for an undeveloped
closed basin in an arid region. Among other things, the diagram
illustrates: (1) the distnetion between the soil water for xero-
phytes and ground water for phreatophytes; (2) the relative
positions of the soil-water and ground-water reservoirs in the
cycle; and (3) the paths of the movement of water to and from
them.

The water in the soil-water reservoir is not directly available
to man, for he cannot extract it from the soil in usuable form. It
may be available to him indirectly in the products of plant life;
as such, however, it does not quench thirst or supply his other
everyday needs. Soil water that is excess to the capacity of the
soil reservoir eventually becomes available to man by downward
percolation as recharge to the ground-water reservoir. In arid
regions the excess is generally quite small. Xerophytes, by their draft
on soil water during the growing season, reduce the amount of
excess that would otherwise percolate to the water table, and so
indirectly reduce the amount available to man.

Water in the ground-water reservoir is directly available to
man through spring discharge and seepage to streams, or it may
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be withdrawn by means of wells, tunnels, or ditches. In some
localities it is the only available water. This water also is avail-
able to phreatophytes which, through their draft on ground water,
deplete the ground-water reservoir and correspondingly reduce
the amount of water available to man. The transpirative draft
by phreatophytes is represented in the diagram as part of con-
sumptive waste. The effect of phreatophytes on the hydrology of
arid regions becomes apparent when it is realized that most
phreatophytes have a low economic value, are heavy users of
water, and occur for the most part on the floors of valleys and
the flood plains of streams, where ground water is readily avail-
able and where it can be utilized most effectively. Unlike the
soil water transpired by xerophytes, the ground water consump-
tively wasted by phreatophytes is available for recovery and use
(p. 25). Man, by reducing the consumptive waste in the area of
discharge, may salvage for his use an amount of water equal
to the reduction in waste.

PLANTS CLASSIFIED AS PHREATOPHYTES

Meinzer (1927) lists the common names of about 50 phreato-
phytes of the desert regions of the country, together with the
scientific names of the species to which most of them belong.
This paper lists, in table 1 and in the discussion that follows, the
scientific names of 74 species or subspecies and about 100 com-
mon names that are applied to plants that are known to occur
as phreatophytes or which there is good evidence to class as
phreatophytes. The list is composed of perennial plants that grow
in the arid and semiarid regions of the Western United States.
No attempt was made to include plants of the Eastern United
States or of foreign countries, except as they may occur as phreato-
phytes in the Western United States also.

The list in table 1 represents our present-day knowledge of
phreatophytes, but as the plants listed by Meinzer (1927) have
been added to in this paper, so the list here may well be expanded
by future work. Additions may come from the group of grass
and grasslike plants, for the source of water used by some of the
plants in this group is not certain. Additions may come also from
exotic plants, as was the case with saltcedar (Tamariz gallica),
which up to 1927 apparently had not been recognized as a phreato-
phyte. This plant, imported from the Mediterranean region of
western Europe, was not mentioned by Meinzer in 1927, although
today it is widespread and presents a serious problem in the
river valleys of the Southwest.
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The plants have been listed in table 1 as phreatophytes on the
basis of observation and field work over a period of years by the
author in the Western United States. The list was supplemented
by examination of the literature on the subject and by sugges-
tions from workers in the fields of botany and hydrology.

The phreatophytes given in table 1 are listed alphabetically
by scientific name. Phreatophytes do not belong to any one family
of plants, but consist of many species belonging to different plant
families. As a group they do not have much similarity in occur-
rence, water use, environment, or habits. Their only common
characteristic under natural conditions is their typical dependence
on ground water.

SCIENTIFIC AND COMMON NAMES

In dealing with phreatophytes, as with any other group of
plants, the problem of names is always a vexing one. Scientific
names are necessary in order to be exact, and common names are
desirable in order to be understood by the layman. For the sake
of exactness and clarity, the scientific name and the common
name, when it is known, are given in table 1. A scientific name
applies to one species of plant and to no other. Unfortunately,
this is not true of common names. However, the use of common
names is widespread, and more people are familiar with them
than with scientific names. In fact, to those who do not have a
working knowledge of botany, scientific names mean little. Gen-
erally, too, common names are descriptive of the plant to which
they apply.

The common names used in this paper are those that have been
established through use and are generally accepted, although a
common name may refer to several species, or more than one
common name may be applied to the same species. Where more
than one common name is given, the first is the most generally
accepted. Others listed are not so generally used, or perhaps are
used only locally. For the convenience of the reader, a finding
index of the common names, as used in this paper, is provided
on page 76. The index gives the scientific name to which the
common name refers.

FACTORS AFFECTING OCCURRENCE
OF PHREATOPHYTES
Some phreatophytes are widespread; others are restricted to
certain regions or may occur only in small areas. Not all the
reasons for the differences in distribution are known, but, on
the basis of field observations, there appear to be three important
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factors that exert a controlling influence on the occurrence and
growth of phreatophytes. They are: climate, depth to the water
table (or capillary fringe), and quality of the ground water. The
character of the soil may be a fourth important factor in some
localities.

CLIMATE

Climatic factors, particularly temperature, effectively control
the occurrence of some species, whereas others are relatively un-
affected by them. Some phreatophytes, such as saltcedar (ZTamarix
gallica), mesquite (Prosopis), and baccharis (Baccharis), thrive
best in a warm climate; others, such as greasewood (Sarcobatus
vermiculatus), prefer the cold desert areas. In general, saltcedar,
mesquite, and baccharis thrive best south of the 37th parallel
and below an altitude of about 5,000 feet; greasewood is seldom
found south of the 37th parallel except at high altitudes. Willow
(Salix), cottonwood (Populus), and saltgrass (Distichlis stricta),
on the other hand, have a wide range of climatic tolerance. They
grow from Canada to Mexico and at altitudes ranging from sea
lIevel to about 8,000 feet.

The effect of climate on saltcedar is striking when the growth
and occurrence of the plant in Arizona or New Mexico is com-
pared with that in northern Nevada. Saltcedar plants several
years old, growing on the shores of Walker and Pyramid Lakes
in the Carson Sink, and in the vicinity of Carson City and Fallon,
Nev., (latitude 39° N. and altitude a little above 4,000 feet), are
not so aggressive nor do they exhibit the vigorous junglelike
growth that is so typical of the plant in the warm river valleys
of southern Arizona and New Mexico.

DEPTH TO WATER

As the root systems of some phreatophytes are capable of pene-
trating to a depth of several tens of feet, whereas those of others
are relatvely shallow, the depth to water is a controlling factor in
their occurrence. For example, desert saltgrass (Distichlis stricta)
generally grows where the depth to the water table is less than
8 feet, although it has been observed growing where the depth
was as much as 12 feet (Blaney, Taylor, Nickle, and Young,
1933, p. 50). Alfalfa (Medicago sativa), however, is a deep-
rooted plant whose roots have been traced to a depth of 66 feet,
and observed at a depth of 129 feet below the land surface
(Meinzer, 1927, p. 55). Mesquite and saltcedar also are deep
rooted. Plants capable of developing a deep-root system may grow
also where the water table is close to the surface. Typically shal-
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low-rooted plants, however, occur only in areas where the water
table is close to the surface.

Extensive studies have been made of the root systems of many
cultivated plants, but relatively little is known about the root
systems of phreatophytes. A general idea as to depth of root
penetration may be inferred from the depth to the water table
in the area where the plant is growing. However, this informa-
tion may not always be reliable, for it is possible that, where
the water table lies at great depth below the land surface, plants
having a deep and extensive root system may obtain their needed
water supply from moisture present in the huge volume of soil
and subsoil enveloped by the root system. It is thought that in
some localities mesquite with its deep root system may be grow-
ing under such conditions. On the other hand, the relation be-
tween the occurrence of cottonwood, greasewood, saltgrass, and
willow, and the depth to ground water is quite sensitive, and the
boundary between areas of growth and of no growth is gener-
ally sharp and distinct. An example of this condition occurs in
Paradise Valley and Meadow Valley Wash in Nevada (Loeltz,
Phoenix, and Robinson, 1949, p. 40 and pl. I; Phoenix, Harde-
man, Fox, and Miller, 1948, pl. 2).

QUALITY OF GROUND WATER

The quality of the ground water is a third controlling factor
in the occurrence of phreatophytes. Some phreatophytes grow
only where the dissolved solids content of the water is low, others
will grow only where it is high, and still others have a wide
range of salt tolerance. These last may grow where the salt con-
tent of the ground water is very low but are more commonly
observed growing in areas where it is moderate to high. This
apparent preference may be due entirely to the degree of com-
petition offered by other plants.

Willow and cottonwood are good examples of phreatophytes
that have a low salt tolerance. Generally, these plants occur in
headwater areas, along stream banks, and on the flood plains of
rivers (see fig. 28). Greasewood and saltcedar are examples of
plants having a wide range of salt tolerance. These plants may
be found associated with plants having a low salt tolerance but
more frequently they occur where the ground water has a mod-
erate to high salt content. They are also examples of plants that
have a high tolerance for certain mineral constituents in the
ground water. Greasewood, for example, grows well in areas
where the ground water is high in sodium carbonate, which forms
the so-called black alkali. In such areas, other phreatophytes gen-
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erally are not present or occur only sparsely. Saltcedar and salt-
grass grow well where the ground water is high in common salt
(sodium chloride).

Greasewood is widespread in the Great Basin. It commonly
occupies the lower parts of desert valleys and is nearly always
present in the vegetation surrounding playas. Saltcedar grows
in profusion on the flood plains in the lower reaches of rivers in
the Southwest. Relatively few phreatophytes grow only in areas
where the ground water is highly saline. Perhaps the best ex-
ample of a phreatophyte having a high salt tolerance is pickle-
weed (Allenrolfia occidentalis). This plant (fig. 22) is common
in the Great Basin, where it fringes barren playas of very alkaline
or saline soil.

In table 1, the salt tolerance of the various phreatophytes is
indicated in a general way by a numeral, 1, 2, or 3, denoting a
qualitative classfication of the type of the ground water used by
the plant. This classification is based on the correlation of chemi-
cal analyses of water from shallow wells and test holes in areas
occupied by different types of phreatophytes with observations
of the soil and occurrence and associations of vegetation in the
field. The water classes referred to by the numerals are those
used by Magistad and Christiansen (1944, p. 9) in classification
of standards for irrigation water, namely: (1) excellent to good,
suitable for most plants under most conditions; (2) good to in-
jurious, probably harmful to the most sensitive crops; (3) in-
jurious to unsatisfactory, probably harmful to most crops, and
unsatisfactory for all but the most tolerant. The classification is
not intended to apply to water used for domestic and industrial
purposes.

FACTORS AFFECTING THE USE OF GROUND WATER
BY PHREATOPHYTES

As described earlier, an individual phreatophytic plant may
be considered a pumping plant that obtains its supply of water
from the zone of saturation. Depending on the species and den-
sity of growth, there may be literally thousands of such pump-
ing plants on an acre of land. Throughout the growing season
these plants trangpire ground water into the atmosphere. The
amount transpired varies with the species. Some species use large
amounts of ground water, whereas others use relatively small
amounts. The annual use for any given species varies with cli-
matic conditions, depth to water, density of growth, quality of the
ground water, and other factors dictated by local conditions.
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CLIMATIC CONDITIONS

Most of the elements of climate affect the use of ground water
by phreatophytes. Sunlight is, of course, necessary in the process
of photosynthesis, essential for plant growth. In addition to sun-
light, the elements of temperature, humidity, wind movement,
rainfall, length of growing season, daytime hours (which are a
measure of sunlight), and altitude influence the use of ground
water.

The element that exerts the greatest effect is temperature.
It not only controls the length of the growing season, but also
the rate of water use during the growing season. For example,
it was found in the lower Safford Valley, Ariz. (Gatewood and
others, 1950, p. 115) that transpiration by saltcedar practically
ceased in the fall when the monthly mean of daily maximum air
temperature became less than 73°F and began again in the spring
when the mean rose above 73°. Use of water by the saltcedar
paralleled closely the seasonal changes in temperature, increas-
ing as the maximum air temperature increased, and decreasing
as the maximum air temperature decreased. As shown in figure
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6, it also paralleled the daily changes in temperature in much the
same manner.

The effect of temperature on the seasonal use of water by
saltgrass is shown on the right-hand side of figure 7. This illustration,
based on experimental data at five locations in the western United
States where the average temperature during the growing season
ranged from 54° F in the San Luis Valley, Colo. to 70° F at Carlsbad,
N. Mex., shows a rapid increase in use with temperature.

The three curves show that for this 16° F rise in temperature
there was about a 100 percent increase in use. In other words, the
water requirement for saltgrass at 70° F is about twice that at 54° F.

It seems logical to assume that this general relation of increased
use of water to increase in temperature holds true for all phreato-
phytes. The temperature at which appreciable transpiration begins
and ceases probably varies with the species, and the ratio for the
increase in use with temperature also may not be the same for all
species.

The effect of humidity on the use of ground water is in reverse
order to that of temperature. The rate of use decreases as the relative
humidity increases, and increases as the relative humidity decreases
(fig. 6). Thus, other things being equal, the rate of use by a
species may be expected to be greater in arid regions than in semi-
arid or humid regions. A low relative humidity combined with a
high air temperature is conducive to a high rate of transpiration and,
hence, a high rate of use of ground water. As this combination is
usually found only in arid regions, it explains the higher rates of
ground-water use observed for phreatophytes growing in desert areas.

Wind movement is effective in increasing water use by keeping the
relative humidity low next to the plant leaves. This is accomplished
largely by a replacement of the air made humid by transpiration with
drier air from the adjacent desert areas. As a rule, in the Western
States, phreatophyte areas are surrounded by desert areas having
air of very low humidity.

The effect of rainfall in the growing season is to reduce the use of
ground water by phreatophytes. This effect was observed in tank
experiments with saltcedar in the Safford Valley, Ariz., and also
with alfalfa (White, 1932, p. 48-52, figs. 20-22) in the Escalante
Valley, Utah. In discussing the effect of rainfall White makes the
following statement:

It was found that rains at this [the growing] season have little or no
effect on the water table in plowed fields, in cleared lands, or in fields of
sagebrush, but usually are followed by an almost immediate rise of the water

table in saltgrass and marshgrass meadows, in willow thickets, and in fields
of alfalfa, greasewood, and rabbitbrush.
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In the Safford Valley experiments, it was observed that after light
to moderate rains which penetrated the soil only a few inches and
did not recharge the ground-water reservoir in the tanks, the draft
in the tanks was materially reduced for short periods. The reduction
in ground-water draft occurred also in the thickets of saltcedar, as
shown in figure 8.

It will be noted in figure 8 that before the 0.26 inch of rain on
July 17, the water level had been declining at the rate of about 0.01
to 0.02 foot per day. As a result of the rain the trend was reversed
and the water level rose slightly, as shown by the peak and the trough
for July 18. The substantial rain of 0.66 inch on July 18 and the
light shower of 0.09 inch on July 20 resulted in a rise in water level
of about 0.1 foot. That this rise was due to a reduction in draft by
the saltcedar from the ground water, rather than recharge from rain-
fall iz indicated by observations of the depth of rainfall penetration
at the Glenbar, Ariz., Experiment Station, that follow. On July 18,
about 14 hours after the 0.26-inch rain, the depth of rainfall pene-
tration ranged from 0.08 to 0.20 foot and averaged 0.13 foot. On
July 19, about 16 hours after the 0.66-inch rain on July 18, the
depth of rainfall penetration ranged from 0.26 to 0.55 foot and aver-
aged 0.38 foot. It is apparent from the rainfall-penetration obser-
vations that there was no recharge to the water table, even after a
total of 0.92 inch of rain had fallen. In most places the line between
the rain-wetted soil and the dry soil beneath was sharp and distinct.
Although no observations of rainfall or rainfall penetration were
made at the site of well T4, the indications are that they were almost
the same as at the Glenbar Experiment Station.

One explanation for the reduced draft of ground water may be
that the plant temporarily obtains part of its supply from the in-
creased soil moisture in the top few inches of soil wetted by the rain.
Another explanation may simply be a reduced rate of transpiration
resulting from the increase in humidity and decrease in temperature
that generally follow summer rains. The meteorological conditions on
July 19 tend to support this explanation. Very prokably, both explan-
ations apply.

Other factors being equal, the use of ground water varies directly
with the length of the growing season and daytime hours (sunrise
to sunset). It is greatest when they are long and least when they are
short. Blaney (1952, p. 61-66) recognizes the effect of daytime hours
and adjusts for it in his formula for transferring consumptive-use
data from one area to another.

The effect of altitude on use of ground water is largely the result
of its effect on temperature and length of growing season. Both de-
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crease as the altitude increases, and hence use of water decreases with
altitude.

DEPTH TO WATER

The few data on the use of ground water by phreatophytes indicate
that at shallow depths the rate of use decreases as the depth to the
water table increases. The left side of figure 7 shows this conclusively
in the case of saltgrass for depths to 5 feet. In the case of saltcedar,
it has been demonstrated for depths to 7 feet (Gatewood, Robinson,
Colby, and others, 1950, p. 187). For depths greater than about 7
feet, the data are meager and not so conclusive. Nevertheless, this
relation is inferred to hold true at greater depths. This inference is
based largely on the field observation that as the depth to the water
increases, the plants become scattered and less vigorous, and gradu-
ally diminish in size until they cease to exist altogether. It seems
logical to attribute this decrease in vigor and size to a reduction in
the ability of the plant to obtain the water necessary for normal
growth.

In areas where the capillary fringe extends to the land surface,
ground water is discharged by evaporation from the soil and is also
transpired by phreatophytes. The two processes, evaporation and
transpiration, are closely associated, and it is difficult to determine
the quantity of water discharged by each. For this reason, the two
are commonly referred to as a single process, evapotranspiration.
According to Lee (1942, p. 290), the maximum rate of evaporation
occurs with a very shallow water table, decreases as the water table
declines, and becomes in effect zero after the water table drops to
such a depth that the capillary fringe does not reach the land surface.
As many of the data on water used by phreatophytes are actually
data on evapotranspiration, it is well to recognize that if the capillary
fringe extends to the land surface, the record of use represents both
evaporative and transpirative discharge, and if the capillary fringe
does not extend to the land surface, the data represents only trans-
pirative discharge. This explains the large difference in annual rate
of use reported for a species growing in an area where the water
table is shallow and the same species growing in an area where the
water table is deep. It illustrates also the unfeasibility of attempting
to apply water-use or evapotranspiration data for a shallow' water
table to an area having a deep water table, or vice-versa.

DENSITY OF GROWTH

The density of growth of phreatophytes, like that of other plants,
is not uniform. The number of plants per unit area may from place
to place vary from a few scattered plants to a dense junglelike forest.
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The height of the plant and the vertical depth of foliage also may
differ. These differences in areal and vertical density affect the quan-
tity of ground water transpired. In order to evaluate and compare
these differences of plant growth, the volume-density method was de-
veloped by the author during an investigation of the use of ground
water by phreatophytes in the Safford Valley, Ariz. (Gatewood and
others, 1950, p. 23-27). Volume-density is the product of areal den-
sity and vertical density, and the computation of it affords a method
of comparing on a standard basis one area of growth with another.
It affords also a means of applying to field conditions the data ob-
tained from tank experiments.

Density is measured against a growth so thick that any new growth
would cause an equivalent amount of old growth to become choked
out and die; this is maximum possible density, or 100 percent density.
Areal density is the number of plants in relation to the maximum
number possible, and vertical density relates the vertical depth of
foliage to the maximum possible. It was found in the Safford Valley
(Gatewood and others, 1950, p. 27) that the use of water by salt-
cedar, cottonwood, and baccharis varied directly with the volume
density. Thus, it is not sufficient to say that the annual use of water
by a certain species is a certain amount; conditions of growth must
also be specified. This may be done by describing the foliage in terms
of volume density expressed as a percentage.

QUALITY OF GROUND WATER

There is much evidence to indicate that the quality of water affects
plant growth and, hence, use of water. In general, plants grow less
and use less water as the dissolved-solids concentration of the water
increases. The explanation for this is found in the fact that a plant
in order to absorb soil water must have a tissue fluid of higher osmotic
pressure, and therefore of higher salt content, than the soil water.
Thus, plant growth is a function of the ratio of the osmotic pressure
of tissue fluid to that of soil water. This relation explains why water
of high salt concentration may be unavailable to a particular plant,
even though the soil is saturated and the plant needs moisture because
that plant is unable, without injury, to build up the salt content of its
fluid to the required density. Also plants may be injured or their
growth retarded as a result of the toxic effect of salts in the solution
(U. S. Dept. of Agriculture, U. S. Salinity Laboratory, 1954, p. 61).
According to the Salinity Laboratory,

The influence of excessive concentrations of specific salts on plant growth

is an extremely complex subject involving many fundamental principles of
plant nutrition.
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Toxicity of water to plants may be a matter of total concentration
of large concentrations of common salts, or of small concentrations
of particular substances such as boron.

Data obtained in the Safford Vailey, Ariz. (Gatewood and others,
1950, p. 77) indicate that the quality of the ground water affected
the rate of transpiration of baccharis (Baccharis glutinosa). In gen-
eral it was found that plants were smaller and used less water as
the dissolved-solids concentration of the water increased. This obser-
vation is substantiated by experimental determinations on the influ-
ence of salts on cultivated crops at the U. S. Salinity Laboratory,
Riverside, Calif. (U. S. Dept. of Agriculture, 1946, p. 1-25). It was
found that some species had a greater tolerance for salt than others.
Although specific data are lacking, there is every reason to believe
that these experiments and observations apply to phreatophytes in
general,

SALVAGE OF GROUND WATER

The ground water used by most phreatophytes has a low beneficial
use 8o far as man is concerned. Although some phreatophytes have
ornamental value, furnish cover for game, or are useful to agri-
culture by providing erosion control, furnishing a limited amount of
browse, or serving as windbreaks, most of them have a low economic
value. Of the common phreatophytes, only alfalfa is an important
agricultural crop.

In referring to the water used by plants, the term ‘“‘consumptive
use” has come into general acceptance to denote the quantity of water
evaporated or transpired from an area. It is considered synonymous
with the term “total evapotranspiration.” The term “consumptive
use” makes no distinction as to the nature of the use but includes
the water used for the growing of cultivated crops as well as by the
uncultivated and native vegetation of forest and rangeland. Some
vegetation is essential for man’s existence, but some other may bene-
fit him very little or not at all. In order to distinguish between these
conditions of use, the term “‘consumptive use” has been qualified by
the addition of the adjectives “beneficial” and “nonbeneficial.” As a
result, the water used in the growing of cultivated crops and other
vegetation of high economic value is referred to as beneficial con-
sumptive use, and that used by weeds or noxious plants is designated
nonbeneficial consumptive use.

H. E. Thomas (1951, p. 217) has suggested the general term
“consumptive waste” to denote “‘the water that returns to the atmos-
phere without benefiting man.” When this term is restricted so that
it applies only to the water used by plant life, “consumptive waste”
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may then be applied to the water transpired by plants that have
very little utility for man. Used in this manner, the term becomes
the opposite of beneficial consumptive use and synonymous with non-
beneficial consumptive use. Under these conditions, consumptive
waste is that part of consumptive use that is without substantial
benefit to man, and it will be used to mean that in this paper. It is a
part of, rather than a complement to, “consumptive use” as that
term is broadly defined as synonymous with total evapotranspiration.
In describing the water used by phreatophytes, the term is very apt,
conveying a concept that is readily grasped by layman and scientist
alike.

Ground water that is consumptively wasted by phreatophytes is
available for salvage. Salvage, as applied to phreatophytes, is con-
verting consumptive waste of water to beneficial consumptive use.
The extent to which consumptively wasted ground water can be sal-
vaged will vary. In some localities it may be possible to effect 100-
percent salvage, but in others only a part of the water can be salvaged,
and under adverse conditions, none at all. The degree of salvage
undertaken or effected probably will depend largely on economics, for
in the final analysis salvage is an economic problem.

The water available for salvage in any area is equal to the total
water requirements of the nonbeneficial phreatophytes in the area.
In the arid western part of the United States, the amount of water
consumptively wasted by phreatophytes is very large. Estimates
based on incomplete data indicate that the area occupied by these
plants in the 17 Western States, the Dakotas, Nebraska, Kansas,
Oklahoma, Texas, and States to their west, is nearly 16 million acres,
from which phreatophytes may discharge as much as 25 million
acre-feet of water into the atmosphere annually (Robinson, 1952a,
p. 60). This amount of water is equivalent to about twice the average
annual flow of the Colorado River at Lees Ferry, Ariz., or to about
75 percent of the total storage capacity of Lake Mead. The consump-
tive waste of this quantity of water in the arid and semiarid regions
of the West, where the demand for water is on the increase, empha-
sizes the importance of salvage.

The idea of salvage as applied to phreatophytes is relatively new,
and methods are largely in the experimental stage. The data avail-
able on methods of salvage are probably fewer than those on any
other phase of the phreatophyte problem. Much study is needed to
develop methods by which salvage can be accomplished economically.

Salvage may be effected in two ways: lowering the water table
beyond reach of phreatophytes by pumping or drainage and subse-
quently using this water economically; and by substituting plants



26 PHREATOPHYTES

of high economic value for nonbeneficial phreatophytes. Either oper-
ation requires a knowledge of the occurrence and habits of phreato-
phytes and their annual consumption of ground water.

To be effective, reducing consumptive waste by lowering the water
level should be rapid; otherwise, the roots and especially those of
the deep-rooted plants may keep pace with the declining water level
and keep the plants alive until the water table again becomes relative-
ly stable. Reduction of consumptive waste may be accomplished also
by intercepting ground water upgradient from the area of plant
discharge and diverting it to beneficial consumptive use. Conveying
the water of streams, especially the short mountain streams of the
West, through areas of riparian phreatophytes by means of pipes
or lined ditches also will reduce consumptive waste.

The method of increasing the efficiency of use through substitute
vegetation has tremendous possibilities. Developments ,in this field
have not been great, although some advances have been made. The
outstanding example is in the Escalante Valley, Utah, where alfalfa
was successfully substituted, for an association of greasewood, rab-
bitbrush, and saltgrass (White, 1982). Before replacement vegeta-
tion can be planted, it is necessary to rid the area of existing vege-
tation. This is not always an easy task, especially where aggressive
and tenacious plants such as saltcedar grow. Two methods of clear-
ing have received considerable attention: cutting down or uprooting
the plants by mechanical means, and destroying the plants through
the use of chemical sprays. Considerably more information is needed
concerning the relative cost and effectiveness of these methods.

It may be possible to turn consumptive waste into beneficial con-
sumption by finding a use for wasteful phreatophytes. Such a meth-
od would be of particular value in areas where the dissolved-solids
content of the ground water is so high as to restrict its usefulness
for purposes other than growing the plants already present. A
possibility is the use of rabbitbrush as a source of rubber. (See
discussion, p. 55.) Also, saltcedar is known to contain tannins,
and mesquite is noted for the high quality of the charcoal that it
produces. These are some possibilities that could be studied, and
there are doubtless many others.

STATUS OF INFORMATION ON PHREATOPHYTES

The considerable amount of information concerning phreato-
phytes that has become available since Meinzer first introduced
the subject in 1927 is still not adequate for intelligent handling
of the problem. Little attention was focused on the effect of phreato-
phytes on the water supply in the Southwestern United States until
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the early 1940’s when increased supplies of water were needed to
meet the demands of World War II. Half of the references listed
on pages 78-82 were published after 1945.

The greatest advance has been made in determining the annual
use of water by different species. Information about common
phreatophytes such as saltcedar, greasewood, cottonwood, baccharis,
and willow are available for one or two areas, and about saltgrass
for several areas in the West. There are few data on the phreato-
phytes of the Eastern United States. Much more information is
needed even for the common phreatophytes, to say nothing of three
score others for which there are virtually no data on use of water.

Information on the relation of phreatophyte species to the depth
to the water table is scanty, and the available information fre-
quently is conflicting. It is known that some phreatophytes such as
saltcedar, mesquite, and alfalfa are deep rooted and that saltgrass
is shallow rooted, but there are few data on the limit to which
the roots will go in search of water. It has been inferred from
observation that the use of ground water by most species decreases
substantially beyond a depth of 7 feet, but there is little informa-
tion to sustain the inference.

Very little is known about the quality of water preferred by
most species of phreatophytes or the amount of dissolved solids they
can tolerate. It is known that certain plants, such as pickleweed,
have a high salt tolerance; others, like greasewood and saltgrass,
are less tolerant; and some, such as willow, grow only where the
ground water is low in dissolved solids. Also, very little is known
of the effect of mineralized ground water on plant growth or the
tolerance of any species for any particular mineral in the water.

With the exception of that of alfalfa, the known economic or
cultural value of most phreatophytes is low. In fact, many of them
are considered harmful and so may be classified as weeds. It
should be pointed out, however, that little has been done to deter-
mine whether phreatophytes have an economic value. Additional
information is needed regarding the value of the plants for food,
forage,! browse,? lumber, erosion control, windbreaks, and other
uses.

1 Vegetable food of any kind consumed by animals.
2 The tender shoots, twigs, and leaves of trees and shrubs often used and regarded as food
for cattle and other animals.
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RELATION OF PHREATOPHYTES TO FLOODS
AND SEDIMENTATION

Not all the problems concerning phreatophytes relate to water
supply; some relate to flood hazards. This is especially true of
saltcedar, and to a lesser extent of willow, baccharis, and other
densely growing riparian vegetation.

Saltcedar, an exotic plant introduced from western Europe, found
the southwestern part of the United States very much to its lik-
ing, growing prolifically and spreading rapidly throughout the
stream valleys. It is an aggressive and tenacious plant, which in
the stream valleys of the Southwest invades and chokes the nor-
mal overflow channels, greatly reducing their water-carrying capa-
city. As a result, in times of flood the water spreads over large
areas that normally would not be flooded, endangering lives and
damaging property.

The dense river-bottom growth of saltcedar, mesquite, and arrow-
weed in the 77-mile reach of the Gila and Salt Rivers between
Granite Reef and Gillespie Dam in Arizona is an example of a major
flood hazard posed by phreatophytes. The Corps of Engineers has
recommended the clearing and maintenance of a 2,000-foot-wide
channel along the entire distance. In addition to reducing the
flood hazard, this clearing would save an estimated 16,600 acre-feet
of ground water a year (Turner and Skibitske, 1952, p. 66).

Besides increasing the flood hazard, the damming or ponding
effect as a result of the dense growth reduces the velocity of the
floodwater. When, as is quite common, the sediment load of the
floodwater is high, there is deposition of sediment in the area of
phreatophyte infestation as a result of the lower velocity. Such
conditions exist along nearly all streams where there is saltcedar
infestation, but are particularly prevalent along the Gila and Salt
Rivers in Arizona and the Rio Grande and Pecos River in New
Mexico. In the Gila River Valley above the San Carlos reservoir,
the accentuated valley sedimentation resulting from a dense growth
of vegetation on the flood plain was noted by Eakin and Brown
(1939, p. 108). The phreatophytes responsible were largely salt-
cedar and baccharis. In 1954 the writer observed a deposit of silt 4
to 5 feet thick on the flood plain of the Gila River in an area
of dense saltcedar growth. This deposit, so far as could be deter-
mined, was formed by a single flood a few years earlier.

In the delta above Lake MecMillan on the Pecos River, several
feet of silt may have been deposited as the result of saltcedar
growth. Eakin and Brown (1939, p. 17-18) have attributed the
marked decrease in the rate of silting of the reservoir since 1915
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to the dense growth of saltcedar in this area. Before 1912, the
vegetation in the valley of the Pecos River above Lake McMillan
was largely low-growing saltgrass. In the fall of 1912, a few seed-
lings of saltcedar were observed on the mud flats at the head of
the reservoir. By 1915, these seedlings had grown to heights of 3
to 5 feet and, according to the National Resources Planning Board
(1942, p. 57), covered an area of 600 acres. The plants continued
to spread; by 1939 they were growing on 9,800 acres and by 1950
on 10,160 acres in the delta at the head of Lake McMillan (Pecos
River Commission, 1955, p. 10).

The general effect of this saltcedar growth on sediment deposi-
tion in the reservoir is shown by the following tabulation prepared
by Eakin and Brown (1939, p. 17).

Length of Total sediment Deposits per
Pertod period deposited year
(years) (acre-feet) (acre-feet)
1894-1904............ 10.42 18,000 1,730
1904-1910............ 6.42 10,000 1,560
1910-1915............ 4.58 13,400 2,920
1915-1925............ 10.00 3,500 350
1925-1932. ...t 7.00 1,500 215

The average rate of silting in the 21.42 years of record before
1915 was 1,933 acre-feet per year, as contrasted with 294 acre-
feet per year in the 17-year period after 1915. The increasing
effectiveness of the saltcedar in desilting the flood water is shown
by a decrease in the average yearly rate of silting from 350 acre-
feet in the 10-year period 1915-25 to 215 acre-feet in the 7-year
period 1925-32.

The desilting effect produced by the screen of saltcedar growth
suggests the possibility of using such a method of desilting to pro-
long the effective life of reservoirs. It must be pointed out, how-
ever, that such a method would have a high water cost. The
average streamflow depletion by saltcedar above Lake McMillan
in the 6-year period May 1934 to July 1940 has been computed
as 54,300 acre-feet per year (National Resources Planning Board,
1942, p. 56). This is nearly three times the average annual rate
of evaporation (19,100 acre-feet) from Lake McMillan and its
auxiliary diversion reservoir, Lake Avalon. The use of saltcedar
for desilting, then, evolves into a question of economics, that of
balancing the additional effective life of the reservoir against the
annual water use by the plants. A further consideration is the
question of whether the higher flood levels caused by the phreato-
phyte growth and the sedimentation can be tolerated.
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In order to reduce water losses resulting from inundation and
ponding caused by the sedimentation in the area of phreatophyte
growth, it has been found necessary to construct conveyance chan-
nels at the head of McMillan reservoir on the Pecos and Elephant
Butte reservoir on the Rio Grande.

PHREATOPHYTES IN WESTERN UNITED STATES

Those plants of the Western United States that are known to
occur as phreatophytes, or which, from available information, can
with good reason be classified as phreatophytes, are listed in
table 1. Some of the plants may not occur everywhere and at
all times as phreatophytes. For example, wirerush (Junius balticus)
may be found in some areas growing as a hydrophyte, with its
roots in water. Juniperus scopulorum, or Rocky Mountain juniper,
generally occurs in the mountains, where, if there is a water table,
it lies at great depth. However, the plant grows as a phreatophyte
in two areas of shallow water table in Nevada. The line between hy-
drophytes and phreatophytes, and phreatophytes and xerophytes, is
not sharp but appears rather to be a gradual transition. Thus, there
are some plants that may occur as both hydrophytes and phreato-
phytes, a large group that occur as true phreatophytes, and then a
group that may occur as both phreatophytes and xerophytes. The
fact that a phreatophyte may occur also as a hydrophyte or as a xero-
phyte is noted in the table, when this information is known.

The list of plants, including the available data on them as phreato-
phytes, is given alphabetically, by scientific name, in table 1. For
eight common phreatophytes, alfalfa, cottonwood, greasewood, pick-
leweed, rabbitbrush, saltcedar, saltgrass, and willows, there is
considerably more information than could be included in the table.
Discussions of these plants are given under separate headings, ac-
cording to genus, after table 1.









33

PHREATOPHYTES IN WESTERN UNITED STATES

“[0I3U0D UOISOID Ul [NFOS[)
(0961
‘Ss19Y30 pur poomayey)) CZLIY C“AS[[BA
paoges Jemo ul ajdydojeaayd ® s® £In02Q
(091 "d ‘1g6T
‘uojAe() €931 AUI[BY[E J°oM PUB SWO 0]

UOAUBD Ul ‘Smedp Ul SWBaI}S SUO[B SINIDQ
(*0T "31d) (0961 ‘sioyjo pum
poom¥ey) °‘ZLIY ‘43[[BA PIOPES "33 9 JO
[PA9] JojBAM YPM 93 97 03 “F Z 38 [249]
aajem Yy 33 g'Q] WOl pasduBd Syuwl
ur umoasd sjur[d ao0j uoviidsurijodsaj]

L7

(692 “d ‘Ig6T ‘s9[qeRd pue 4du
-389)[) MOJ[BYS S1 S[qe} JNBM dI9YM 3]
0T J0 Y3y sdYoBaYy ‘juB[d asmolq aleq
(0T *d ‘py6T ‘USSUBLISAYD PUB PBISIIB
$1%1 'd ‘9961 moare( pue uUosuay)
[I0S duyes pu®B IJBy[e J0J SdUBIS[0} YSIH °
*(6 "d ‘9g6T ‘USNOOM
pus ‘[[oMpIg) S[IOS pPaYBOS-I)eM JBYJO
Ul pu® ‘soysiBwl J[BS Ul ‘so)B[ OUI[BH[B
punoae Aeroodse ‘S[lOs Jules Ul SInodQ
(‘1% “31d)
-ojdydojeeayd ® sB JIN000 SABM[E jOoU
4B (99 °d ‘8g61 ‘TesId@ ueA) dISp 3
0%—08 sj00xde], "JON3UCD UOISOIS Ul JnJos()
-jue[d 9sMol1q S[qEn[BA ‘I[B}[e SVYBIS[OF, -
*(vg "d ‘0g61 ‘sidyjo pum
poomsiey)) ‘zlAy ‘A9[[BA Paorg Iamo| JO
pu®[ wopoq ul ajiydojesayd se payruspy

*SPUB[MO] 39M PUB dUIBS Ul UOUWIWOD
‘Apowiax [eqIey B S susipuy vBuid Aq pesf) -

21

e1-g

2981

“BUOZIAY
‘BpeASN  ‘BIULOJI[E) UID
-yInos ‘yej[] WISIMYINOZ

“ye3[) UIIISOMYINOS

‘epBABN UJISYINOS ‘elu

-I0JI[BD UJISYINOS ‘BUOZLIY
FOIXI

MON UINSPMYINOS ‘BUOZ

-y ‘BIUIONI[R) UJRY}nOF

"OJIXD]Y PUB  BIUIOJI[BD
03 sBXa], pPuB O0pBIO[OD
‘Ye)[) UIOYINOS PUB BIU
-10JI[8) UISYINOS 0] SBXDJ,

*OOIXO
‘gloUog pu® BIWIOFI[BD 0}
epBADN PU® U®}[) WIdYINOS

‘OOIXO]y MON PuB SBSURY]
0} ®ruIoji[e) PuUB U0IIAQ

OOIX3| 0} YInos
‘uosa1Q 03 ®BjOYBQ YINOS

aoqegs

‘SBX9J,
pPuB yelf) 0} BPBAIN WId
-pnos ‘BIWIOJI[B) UJIIYINOF

BUOZIIY

a[[opuBID
......... N 2 3 13 - 1
‘peomisjem eI Y
‘s1IByooBq Mmenbg -  saploplbias
*YSnaquIsox
‘W1001(}I350P ey Yy
‘SLIBYODBY THOOIG ~" """ §2PLOLYFOADE
“MO[[IMI}BM
‘BrjowIIIeM ‘MO[ ‘uoosJ
-[imdass ‘ejourByeg T vsouInyb
“fe1d) Yy

sLaeyooeq Arowy Mrowa svYOoDG

‘ysnqires ‘uosjep\  (48ax0]T,)
BPEBADN ‘D[BIS T 8MU.L0f13Ud)
-us[ ‘ysnaqrend

‘snaruUlT]
o D)28DY

“BZIWEBYD ‘OSTWBYD
‘gsngyes JSuraanog

TMEMMN (Yysing)
sUISIUDY XdNITY

‘weyueg
snsourds 4938y
‘poury

pue I9j00H ([[¥3IMN)
........... BSUBW BQISXK U DOIULOf1DO  S1SAOWMPUY

13188 Aurdg



PHREATOPHYTES

34

oq

'gq 28ed 998 UOIJBWIOFUI [BUOIIPPE 04 ™

‘g 938d 995 UOIJBWIIOFUL [BUOLIIPPB IO, ™

(9561 ‘uedig)
914ydojeaayd B SB INnoo0 SAemle jou Ae] "

"OJIXOIY MBN ‘BPRA
N ‘uodexQ 03 opeaojo) -

= egr) ‘OPRIO[0) ‘SUTWOAM

SNINPLIIA SNBOISRDU

*(UOSANL V)
" SNpYdoduo SNS0ISNDU

"BpBAB N * (sudv1n)
$-2 ‘RIUIOJI[B) UIBYMION " SISUAADYOUL  SNSOISRDU
"OOIXA MON ‘BPBA *(1181nN)
-3 e1-6'3 -9N ‘Uy®3[]l ‘Oyep] ‘BUBIUOW * T SUdl02AnLH 8NS0ISMDU
“3uruio * (oudaan))
- g-2 -EM\ ‘OURPI ‘UBI]l ‘BPRASN YSNAqIIQQeI JIBQYNY 7 SIPULISUOD SHSOISNDU
*(IrePnN)
T oo oUyRPY 9RTT PN ysnaqyqqeyg v snpwnd snuuy08fy)
*BIUIOJI[B) WID
-3Nos ‘BUOZIIY ‘BPBAIN EECYN

- 0g oL, UIDYINOS 0} SBXDJ, UID}SOM

(¥ "Bd) " (6-¢
"d ‘pg6T ‘PPNL) [NFIUSI ST IoJEM PUNOIS

aI9yMm S$2)IS 9B pue[ssexd ‘sure[d [eIAD][®
‘sAd[[eA ‘suoAued ‘saysem SUO[BR UOWUIO))
(9361 .
‘uefag) JySwY ur 3y g pue I9jPwWE

-Ip Ul 37 ¢ yowax Lewx JBY3J 9BI3 93IB[ VYV e)

‘smeaI}s Juofe sanodo A[[ens[)

(1 "d ‘L361

"BIUIOJI[B) UIISBIYINOS
‘RUOZIAY UIDISIMYINOg

‘IDZUB) YOBOI UIYIIM SI I9JEM PUNoId

da9yM S9ALIY} Jnq Sede[d AIp Ul MOI3 [[IM

MO[[IM-~1I3SD (]

opasa oled oan[g -

BUOZIAY ‘nIeWIND ‘Armd(oRH -

poIuap[os sso[dey

swmawy) sisdopy)

“weyjuag
WRPLL0Yf WnIPIOAD])

"W *Laaxo],
DOINOLIeL 81312
‘fe1D Y
snppfiydodazoy
snddodo)dy Arqeqoad
‘RhamvYy MA0)PIOIT

SYDWDY

(040D Az ony (199f) 22fiydorvosyd
4924 399§ 20Dfins D 8D 20ULINII (O
240m) 98] puv]
mojaq L12)0Mm
oz y3daq

42700 PUROLD 0} UO0IDIIY

QULDU UOWULOD)

2uDU 2YUNDG

PONUTIUO)—SaIDLS POJIUL) UL9S A UL S9AYd0IDoLYyJ— T FTaVI



35

PHREATOPHYTES IN WESTERN UNITED STATES

(8% d “L36T
‘AU ) 1F ST-F WOIJ S8m [qe) Isjem
03 Yjdap ogeym “zZlay ‘Lo[[BA s3uradg
amydmng  ul  SulMoas  paatesqO ‘(L8
*d ‘IGRT “‘so[Qeed Ppu®B AdUIBSY) CZIAY

‘XOO[IA\ IEdU [IOS dUI[BS Ul A[[BIO] UOWIWIOD

(09D "d “0¥6T ‘u0lsBQ) "AIN ‘oMY
IPIOqUINE] SUO[e SAIP[LM JUELS YHM DojeId

-0SSY A%y J0F N0 A[juenbaig 23810F poon

('gT 'S1g) ‘We}SAS JOOX DAISUIY

-xf ‘JulzeasdisAo A£q pI[IY -e8eIoy M1eq

(‘yg '31d) ‘°a

‘6g-9g sased 99g

‘SWBO[ A2AR[? 10 ‘ApUBS
‘fgeed ur s3urxds Pp[od 94NOQE ‘SWUBIIS
Buofe ‘smopgow Auld[Bgns U0 SMOIK)
(09 "d “Lg6T “IPZUPW) OYEPI ‘Ad[EA

oxpwIsyey ur ajAydojesayd B SB SMIdQ -

(31 "81d) ‘pdydoysdayd
€ S8 SIN050 PuB MOPIspun Js8jem-punoild
uodn spuadsp 3I sjse33ns sdysem Lpues

pue A[[PABIZ Ul SOULIIND0 jJudjsisiod s3I

"Bpu] A]qeqolid ‘plIOM PIO
9y} woay poonpoxjur jue[d [edrdorjqns
V ‘28BI0] SB pPUB [0IjUOD UOISOId Ul d[qE
“nJeA °O[qE[IBAB SI }I 2I9YM JI9}BAM pUNOII

sosn Inq ‘aAydojesaryd B SIYMAISAD JON $€'Z-98'Cs

Cvit
"8y 99g) -°(gge] ‘uouur)) wniuBIn Jo
sjunowe 231e[ (108qe 0} pu® punoxd pazl
-[BIBUIWL ATYSIY Ul M0I3 0} J[qV ‘nedje[J
opexo[o)) 8y3} ur siojoadsoad £q sjysodsp

WINIUBIN-WNIPEURA JO I0}BIIPUI UB S8 PIs()

€-3 er-v

-1

taul 8 11

-1 ¥1-2
MofByg

1

‘001
-XOJN MaN UJI}SoMYInos
‘BUOZITY  UJI3)SBaYINOog

$918}S PANU[] UIBISOM
(29D ~d ‘o761
‘uU0jLB(J) ODIXIN MIN
3deoxs $998)S UINNSOM [V
*(8LT "d TIS6T “P09YNIH)
91818 UMDISOM [V

‘BUOZIIY pUu®
BPBASN  ‘UBi) ‘ucjsut
-YsBpp ‘uo3ax( ur peaxds
-epI4 inq OYepI Ul A[[ed0]

‘BUOZIIY  UID)SOMUINOS
‘BIUIOFIEB) WISISBAYINOG

‘Blu

-I0JI[B) WISYINOS ‘BUOZIIY ™

ERRRR XY } RDSQEH ‘BUOZLIY

" §94EIS DOIIU[ UISISBM

‘SSBIFIAO[ I[EY[B
‘SSBIAFI[BS UBDIXSIY

c 9AIp[IM urdsaa)

LIpNM  JuBly
‘§SBIB) BS
}I989P J0 ‘sswaBY RS

SSBAB}[RS 2I0YSBOG

‘[1oyenburo
Aqquays 10 ysng

‘wIoyy
-33ows ‘93.13330W

§SBIS wpnulleg

Ysngq WNipBueA

“IBUqLIdE  (JBIUInOg)
DLO)fI8NFQO $118040D.LT]

“Lapong
52p100198.47

s9ag
SNIDSUIPUO? SNUWAYT

‘auavIy (snsruury)

Dvods S1YIUSQ

‘snaBuuly
D802UNLL DLOYAISDT

Kean)
vsourds DI

‘uoosIag (snawvuury)

© %0)figoVP UOPOURD

" (£9aa0],)
T DUDNGSUDIS DIUDIOY



PHREATOPHYTES

36

*23el03
poo3 03 Ireq ‘wRIshs joox daeg ‘9jhyd
-0IpAYy pue 83Aydojeaayd €8 yjoq Inod0
0} saedddy *spuod mo[feys Ul OS[E ‘Mo[[BYS
§1 I9JEM PUNOIS 2I9Ym €93IS J9M Ul SMOID

(971 °d
‘886T ‘esIoQ UBA) 3001 dej deeq (V0T
d ‘pg6T ‘yirompng) speys jo juels[ojul

8'Le

| S2)EIS POYIU[) UANSIM

Juuryng

~s8RIBRAIM ‘YSILIDIIM

MOUSPIIIM
8novq snounp

“IdIpueeg

iS9YseM pue S9SIN0dIANEBM  JUO[R SINdIQ 1 02-2 s OOIXOW MON “BUOZLTY ‘(80U ‘qnUBA\ T DALDIOLRUL SUDIONL
*BIUIOJI[BD) *ABlr) pue £31I0],
*31980p ApuUeS Ul SINOOQ PUB BUOZMY 0} YeJ] " YSNQOIING IYA 708108
qoo3saal] 03 spquered
-u (91 "d ‘T86T ‘uolde(q) sjadoly} Buf
~WJI0] UdJO ‘dAlssdAIZe {spue| Wo03j0q Ul “BIUIOJI[BD U ‘AeiY) pue £a2a10],
pue ‘soyseMm ‘sweaajs Juo[e A[PBIB[ SINODQ -1 Moqreys ~3N0S 03 SBXD, UIANNEDH ysnqoxang vt DLfifouows 13p20uUIWRE
“(01L *d ‘1961 ‘SO[qPRJ PUB 4SUIBDY)
[1os duyes jJslow uo sINOQY °(pg °d ‘BIUWIOFIfE) UJIS3INos *43lsnd ‘snoruuly
‘6061 “IIBYUIPUSIT) I[BY[¢ I0F dduUBIS[0} YSTH €28 MofBys 03 YBj[) UINSIMYINOS OSPUNYD ‘DAOMOIPH ~ WNILADSEDINO Wnd04I0NPH
¢g1T "31d) °(896T ‘uouusd)
opeio[op) ur a3Aydojeaayd ® SB payryuspl TePnN
(L8M ‘d ‘0761 ‘uojde(q) j00a1 dey deR(Q Yel[] ‘opeIo[O) T Yo3eA F@|mg 9102.40qQ WNLVERPIH
‘elUIofI[e) PU® BUOZLIY Ul 231} dpBYS
® s Iemdod °‘(yL3 ‘€L 'd ‘Pgel ‘mox “SBXD], UI9)SPM puU®B
~le( pu® uosudg) A[ddns JIjem-punord ‘OOIXO MIN  ‘BUOZIIY
jusuBULIDd B YUM SBIIE 0} PIILIsal ‘BIUIOFI[B]) ‘BPRAIN UL yse ‘Adat0g,
£99I] UOAUEBD PUB NUBQ-UBIIJS JUSUILUOIZ 1 e JMNOS ‘YRY[] UIYSIMUYINOS BUOZIIY ‘UYSB JPAPA T T T DUINeQ SNXDAY
$34DWDY (940D faond (223§) 23fiydoyvayd 2UWDU UOWUWO) 2wpuU 2Y UG
+£2d 302f 20Dfins D 8D 20UILLNIIQ
240D) 98] pun]
mopaq 42300
03 y3daQ@

423D PUNOLD 03 UOVDPY

penunuo)—sagnS P[] UL9So A UL $93Aydojnosyd—T FTAV,



37

PHREATOPHYTES IN WESTERN UNITED STATES

(‘81 pu® 91 's3L)
‘}F 9% SI a93Bm 03 Yjdop oIoUM MOa3
Aew pasmmoxre §3s933ns (L) °d ‘LZ6T)
J9ZUSJ 'SOIIBINQII} DPUB JSAIY OpBIO

-[0o) jJo saoYomda J9moO[ 3JUO[e JuBpUNQY ‘RIUIOFI[R) UISY3NOS pu® “9[1A0D
ssutg[d poop pue sSwedI}s IJUO[R SINXD(Q -1 F0T-0¢ yel) UIdYInos o0} SBXIJ, pesmmorry D203 DRYINY]
‘[0A3U0d uoIS

-0x2 ur s[qenjeA °(y¢ ‘d ‘0961 “°PII)

§9U0Z PUB[POOM YBO PUR ‘PUBR[SSBIZ }I9S9p ‘ODIXOJN MAN ‘BIUIOJI[RD

“paesop Jaddn ‘surejunowr pu® S[[IY300F ut UI9)S2MUIN0S pue WId}sed "UOSIB M

‘SUOAUBD AYD0X pu® wWeaijs 3uo[e UOWWO)) . 1 -yjnos ‘BUOZMY WISYINOS 2IO0WBIAS BUOZLIY 13Y0r4m SNUDIDJ
(98T °d ‘8g6T ‘IBSId(Q UBA) WO}SAS

j001 MmO[[RYS (g9 'd ‘L36T ‘IdZUIPI)

§911[800] AurwW Ul J9jBM punoi3 uodn 'S2JB}S pajluf) uad ‘Lireg

spuadap pue A[ddns Jsjem pooZ B saaInbdy 1 TooTmmmetet 459m JO O SBOIB UIRjUNOly o eonads uuewp3uy v T rUUDWOUD DBIY]

(*eT "3Lq) -soysirw
pur spuod °‘soye] ‘SWIBLI}S JO IdBM MO[ "OZLIIBY ‘S5BAZ “SnIurLY,
-feys oY} ul 3LydoapLy & SB OS[R SANIDQ %1 801 b £938)18 Pojluf) UIIjSOM -peda JumBIB ‘pody T SIUNWAMOD 82PUOEDLYJ

*SnRBUUITT
DAV obDINPIP

*19-6¢ soded oog

*(18 "d ‘0961
‘s1A®([) SP[PY 0Ll s9pBAUI USIQ (g8 °d
‘gz6T ‘woxysepry,) sure[d Ifeyre ur saoe[d
sowr (g3l d ‘1G6T °‘s9[gedd pur Adu
-1BaY[) SOUSIBW YSINOBIQ Ul Ud}jo ‘saoe[d A1y 'y (yorewerT)
93SBM 9SI0W Ul pu® SIOYIIp JUO[® SANIQ - "t §9)B3S PIjIU] UJD}SOM dojap3uradg ~ ' stWNILISD{ DOJY203dRT

(93
*d ‘661 ‘UINeH pue ALoXBJ) Ssusyvin
‘L pue §fe§&~6w ‘[ uddmidq PpLIqAY B (epaoduems,,
aq AeJy “adN ‘sfo[[eA Suradg pur IsAlyg Aqedo] faadru
9JIYyM Ul 9)Lydojesayd e se A[[BOO[ SANIIQ U Z-1 01 h v gpBAON  -nf UIBJUNOI £3o0y ~ jwniomdoss sniadiunp
(02 "3L1)
'ssead)es Yjlm  pajeroosse udajyo eAe(d
8y} Jo 93pd 3y3 3uo[e “Jie) ‘4A3[BA
Yjes(q Ul UOWWO) ‘SMOpEBOW dUl[ey[e pue “BIu “uuBwWRIU
soysiBW 3[es Jo SuldaBW SY} U0 SINXDQ -2 we o -I0FI[RD 03 UBI{] UISYINOS YSNIISSd(F " 149d000 sNOUNL

-1 +v | S9IEIS PAJUN WANSOM T T T BRIV




PHREATOPHYTES

38

*soog[d ourg
~BYj[8 PUB S9N¥[ }[BS JO SISPIO] U0 SINDD(Q
*sede[d ojul
Buluierp S[pEUURYD Jo so3po Juo[e SANOd0
CPEASN U] °‘PIDF [MOJIS}BM SB ON[BA SWOF °
(o1 a
‘PPET ‘UdsUBlSHYD pu® PEISISEN) [10S JO
WSBM  jo jueqred (' Suneuxoidde
83]8s Y3IM S)eQ }[BS Ul SINd30 A[jusnbeif -

oq
*(89 *d ‘LG6T ‘ISZUIOI)
9[q®} I03BM 03 Y3dep 03 PIJE[dd 9IULIINDOQ
T(8LT "d ‘pe6T ‘mox
-Ig(] PU® UOSUdY) S}ISSH(] OPBIO[O] pue
OAR[O] JO SO[OY I9)2M DPUR SWEIIYS I0
-s9p Suo[e SpUR] WO030( JO O}SLIBOBIBYD

(*6T '314) ‘juswido[asdp

“Wo43$9pPLT,
g Cogey v op 818UYDIN
‘YBI) ‘BPEASN ‘snaruUr]
g ‘ODIXO]Al MON ‘OpBIO[OD T OpP DiQNL
snaBUUPY
e JIOMSSB[D T pIpdoins DIULOIDS
99N
02-0T BIUIOFI[BY Heo |[qoy 3090}
99N
T Fgg BIWIOJI[B] * NBO SAI[ BIWIOFI[RD DYOJ2LOD SNILNY
"BIUIOII[BD
UIdY}nos pue TPEASIN ‘O[[IUI0} ‘DINDsown ‘weyjua g
e UJISYINO0S 0} SBXIJ, UIO}SOM UBIGMIIDG suaosaqnd
“U0300 M

9001 SAISUSIX) ‘SPUB] W00 Ul SINOIQ '8 Z-1 +o1 BUOZIIY WISYINOS " INDSOW IBA[PA DUWNIPQ
*(207 "d ‘Ig6T ‘se[qeRg pue TOIIXBIY
£duredy]) 90BJINS MO[OQ 3987 (9 93Bajousd pu® BUIOIIB) UIIISEO *9j1nbsowx ('z3remMS)
0} PaIoday ‘IUSWAO[OASP 1001 DAISUSIXH z-T -yInos 0} SBSURY UIOYINOS £auoy ‘oynbhSOIY Tt Daojf1nt sidososg
(LT *310) (6T *d ‘8¢6T ‘[esid uep)
wa}sAs 3001 MO[[BUS ’'SBAI® J9M  I9Y30
ul pue ‘sSurads punoie ‘swesajs IJuo[e ‘897e)S POjIU[) UJO}SOM "WoI3sepLY,
sM0a8 Y udym dydojesiyd B PIISpPISUOD 1 JO SBBIE SNOUIBIUNOJY " Uads® SUINBAY ~° DIUND SIPIOINULILY
*¢g @an3y pu® $9-19 soled o8y Z-1 ' S9)RIS POIIU[] UIIISOM ' POOMUO0IOD snmdod
syLPUDY (240D fiond (322f) 23ftydogpayd 2ULDU UOUWLWO)) JUDU DY UG
430 Qa5f 200fUms D 8D 2OUDLLNII()
240D) 28] puny
Mmopaq 423DM
03 Amwawﬂ.

423DM punosd 0} uopvey

PONUIIUO)—S2IDIS PoRIU[) UL2)ISo A UL S23AYd0IDIIYJ—'T TIAV ],



39

PHREATOPHYTES IN WESTERN UNITED STATES

*(8g 'd ‘pg6I
‘eanjmnolady ‘3da@ 'S ‘) ?usoasd g
SB yonwl SB 300F 3SIY Ul JUS}U0D I BS YUM
S[I0S [[eY[B-OUI[BS JIO OUIBS UO SINWQ
*30q80S S 98BIOF JSYJ0 USYM paIsmoxg
*s[ros duley[e A[YSIY uOo MOI3 30U [[IM
‘SpuB] WI03}0Q pu® $)BY [BIAD[[E Ul SINdOQ
(89 "d ‘pg6T ‘Aojedoqe] Aules °§ °N1)
Jusdrad g0 03 g0 93Uel Ul }§3q SMOIH
quooxsd (°g 03 g0 woiy s3uex Aew
Lyurfes [10g °S[I0S I[BY[B-dUI[BS IO dUI[BS
AxsA ur smoxp “(601H ‘d ‘Op6T U0}
-Ae() °sye[y lfexq[e 3slowl SIDFAIJ "wWIPshs
400X 3sIBOD ‘dI9p {o3BIO sB juUBIOAWL

S J1 SISYM JSOMYJNOS SY3 Ul UOWWOd ISOI §F°¢-T0°F.

*ASN ‘AS[[BA uOSB]N ul 334yd
-oyeaayd B S8 OS[B SINOOQ ‘AN ‘A3[[BA
Lxjowrg g ul 9j4ydojearyd e s JUIMOIT
(6G "4 ‘LZ6T) ISZULIY Aq pajrodax sv1dads
ou(Q ‘SW0jj0q JISALL puB SWEAIS 3BUo[E
pue sa)ls 9SIOW Ul SMoOIn I[Ipd NI

‘jue)sIsaI IBY[Y -A3qenb Jood jo
Aensn Ing J9jem punoid Jo SAIBOIPUL
*S[I0S SUI[BY[8 ISIOW U0 $Mo13 jey3 jue[d
% 58 (02 ‘d ‘6061) I[BYUSPUSIY 4q P3310day
*2adYMas[d MoI3 [[IM Ingq ($9 *d “Lg6T ‘19z
~UB]{[) $300X S} JO YILAL UM ST S[qE}
I9)BM QISYM SO1I[e00] I9FaId 0} sawaddy

*17 8In3y pue 69-99 ca3ed asg
*§931IS jSTowr Ul
pues suofu®d Ul ‘SWEaI}s IJuo[e SMOLD
“(LPT A ‘IE6T ‘uojhe() $99BIS PIYUN)

WISYSOM Ul M013 03 pajrodax ss109ds USAI[H

‘gz pu® 97z seanl3y pue 99-y9 safed a9g

¢ 1

............... s SRS T UINYSOM O} BUOZIAY

98— sajelg pajluf) UISISOM

*S[ITH oB[d ‘U031 ‘epeA
3N ‘OIIXSIN MIN ‘BUOZIAY

‘OIIXI][ MAN puB “BlU

-I0JI[B) ‘BUOZIIY UISYINOY

MO[[eYS

*BIWIOF
-[[2) PUB BPBASN UISYINOS

BIUI0FI[BY]

=09

v $938Y§ PAIUL) UISIM

3S9MUINOG  HIOMI[eS ‘PIIMdDG

© $93@)S POIU[] UWISYSIM T

e £1I3QA9P[R “T9PIE

*UoOSIB M
e pegaadap  vpavNG

“OIUNA
1WYsLLm

uojeoey

*faa10],
82p1041D 8M10Q0L00T

uojeoes He}[V "

Axxsq oreyng vipLoydoys
-sug[sand ®as *anbssuyey
‘wniansas  A}MBM WNSOINALD Y

aue[sand PUB[MOT ' WNL28000[NL0d WNIANEIT

*gronbas
921331 J0 ?juUBl)

* (&3pputy)
- pequwlbif monbag

*£3110F, * (300 )
 NADINOMUAIE SNIDQOILDS

© poomasesald 3ig

~ gNONQUIDG

* §338)S POJIU[] UISISSA

Mom xnvs



PHREATOPHYTES

40

*(3761 ‘sioyjo pue Aoue[g) XA N ‘PEASME) ‘[AS] FNEAM 3F 0°F UHA Gp'g {[PAS] I99BM 3 0T UM T0F,

*(G6T *d ‘0S6T ‘sI9Y30 PUB PooMmaIEen))

*(0g "d ‘gyeI ‘Asurlg Pue Sunox)

‘ZIY ‘A3[[eA PIOPRS 9Y3 Ul dJBVISAY o

“(9p-g7 "d ‘wSpI) ‘FBD ‘BUV BIUBS ‘Y E 1B [P4A9] IOJBM M 8Ly

*(0961 ‘s12yj0 pue poomdle))

‘Je) ‘owIpivUISg URS 9B YU} UL [0AS] JojEm 15-g UMM g PUB [PAS] Iojem 3J-Z UMM 98°%,

“juswdo[PASp [INF I0F ATABISPISUOD ¢
‘ZIY ‘AS[[EA PIOPYBS Ul 98BIBAY
"L36T “IOTUPH ¢

*(3IT *d ‘g361 ‘umoig)

*0OIXaTY

y3dep MO[[BUS 3B §I J9)BM PUNOIT 2IdYM MIN UIS)SBIYINOS ‘BlU s wred eu ‘PUB[PUS M
8M043 A[[erdus)) ‘I[BY[E 0} JUBIANO} AYSIH g-1 -10J1[B) ‘BUO0ZIAY UJIBYINOg -10ji[e) ‘wied ueq DL2f3Y D2UOIBULYSDAY
JsLIBUIR) “sNIBUUIT
‘g pue ‘Ig ‘0¢ 83y pue GL-0L so3ed s8g g-1 op YOUBIL ABPIJ[BEG oo DoY) DO
*snevuuL]
“6g 2an3y pur ¢L-0), s23vd dag -1 jsemynog - 221} [PYPIV DRAYAD  L2LOWDT,
‘poam
*BIWIOFI[B) PUR OOIXOI -JUl ‘paamaurpor *UOSIE M
o [ 9 MAN 03 u0S2iQ UJIISBY ‘paomdasas AdII0, - DUDAILIOY
(89 *d ‘yg6l
‘amymoridy 3de S ‘N) 3usodrsd 3¢
§8 Yonuwl SB 1003 ISAY Ul JUSIUOD JfeS YIIm
S[IOS I[BY[E-OUI[BS JIO0 SUI[BS U0 SINIIQ BUOZIIY ‘001 ‘U0SjB M.
‘92a80S  S1 98BIOJ JIAYI0 USYM pIsmorg " g -Xo] MIN ‘SeXa], UIelsopy © ~ Pasmdass aesa(q T SUP0SIINLLNS DPIVNG
(349D Aaonyd (299f) 93iydoynaiyd 2ULDU UOWULO)) 2WDU 211U
8YyuvUIYy 4ad 323f 200fums D 8D 90ULLN0D()
240v) 28] pun)
Mmojaq L23DMm
o1 yidaq

439DM PUN0LB 03 U0

ponuUIUuO)—S2I0IS PoIU ] UA91SI | UL $03AYdognaLYJ— T

ATIV],













































EIGHT COMMON PHREATOPHYTES 55

tion that it ordinarily consumes at least as much ground water as grease-
wood is believed to be safe.

The known uses of rabbitbrush are rather unimportant. Accord-
ing to Dayton (1940, p. B54), “Most species of Chrysothamnus
have little or no forage value . . . but a few rank as fair to good
forage for sheep and cattle.” By virtue of their deep and exten-
sive root systems, they serve as impediments to wind and water
erosion. Indians obtained a yellow dye from the flowers and a green
dye from the inner bark.

During World War I, a rubber-plant survey of western North
America (Hall and Goodspeed, 1919) revealed that certain species
of Chrysathamnus mauseosus were a potential source of rubber.
The rubber, known as chrysil, is present within the individual cells
of the plant, and it is not a latex rubber. The highest rubber con-
tent in individual plants was found in two forms occurring as
phreatophytes. One, C. nauseosus consimilis, from near Gerlach,
Nev., contained 6.57 percent rubber and the other, C. nauseosus viri-
dulus, from Benton, Calif., contained 5.56 percent rubber. On the
basis of field studies and sampling it was estimated that the total
amount of rubber in rabbitbrush in all of the Western States was not
less than 300,000,000 pounds. The deseription of the plants and their
occurrence given in the estimate show that most of the rubber is
present in the forms that occur as phreatophytes in the alkaline
valley bottoms of the Great Basin and in the San Luis Valley of
Colorado. It is worthy of note also that, in general, the highest
rubber content was found in plants growing in alkaline soil, too
strong for the standard agricultural crops, and that the rubber-
producing kinds of rabbitbrush all have deep taproots with but few
main laterals.

In view of the high rubber content of the forms occurring as
phreatophytes, their preference for alkaline soils, and the exten-
sive areas occupied by them, it is apparent that they present a
unique opportunity for the salvage of ground water. Should the
production of chrysil become economically feasible, then much of
the ground water now considered wasted by phreatophytic rabbit-
brush would become of beneficial consumptive use in view of the
value of these plants for their rubber content. Furthermore, for
highest rubber content the plants would be grown on wasteland—
land where the ground water is too alkaline for growing agricul-
tural crops. Irrigation and the attendant leveling of land and con-
struction of ditches would not be a problem, for the plants would
draw on ground water for their supply.
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DISTICHLIS — SALTGRASS

The two principal species of the genus Distichlis in western
United States are spicate and stricta. D. spicata, known as seashore
saltgrass, is confined to low-lying lands adjacent to the ocean. It
is quite common in the saline soils of the lowlands of the San
Francisco Bay area. D. stricta, on the other hand, is widespread,
growing in all Western States. It is the saltgrass of the desert, and
is referred to as desert saltgrass or, usually, just saltgrass. There
has been much confusion concerning the two species, for in nearly
all the early reports and many of the more recent ones on desert
saltgrass cited in this paper, the plant has been referred to as
D. spicata. However, the description of the habitat and occurrence
of desert saltgrass by Chase (Hitchcock, 1951, p. 177-78) leaves
little doubt that in most cases the plants referred to as D. spicata
were in reality D. stricta.

Desert saltgrass is quite common in the Great Basin. Shantz and
Piemeisel (1940, p. 37) describe it as forming meadows in the low-
est parts of valleys between the greasewood-shadscale belt and the
pickleweed areas. It does not push out into the salt-encrusted flats
so far as pickleweed does. It is commonly associated with rabbit-
brush or greasewood (fig. 24), and also alkali sacaton. Saltgrass
is a shallow-rooted plant that is generally found where the depth
to the water table is less than 8 feet. However, as mentioned
earlier, it has been observed growing where the water table was
about 12 feet below the land surface (Blaney and others 1933,
p. 50).

In much of the area of saltgrass growth, the capillary fringe
extends to the land surface so that ground water evaporates di-
rectly from the soil. As a result, there is a concentration of alkali
salts at and near the surface. Depending upon the quality of the
ground water, the concentration of salts in some areas may be
small, but in others it may be sufficient to form a crust or an
efflorescence as shown in figure 24. According to the U. S. Depart-
ment of Agriculture (1954, p. 57), the soluble-salt content of
the 4-foot soil profile in a saltgrass area is usually high (0.8 to
2.0 percent), the highest content being found in the first foot.
Although saltgrass has a high tolerance for salt, it is not confined
to saline areas. It will grow where only small amounts of salt are
present.

Saltgrass makes fair forage, particularly when the leaves and
stems are green. At other times, the leaves are harsh and not
relished by livestock.
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More work has been done in determining the use of water by
saltgrass than has been done for any other phreatophyte. The
pioneer experiments were by Lee (1912) in the Owens Valley, Calif.
As the result of tank experiments, he found that the evapotran-
spiration discharge from 54.59 square miles of (salt)grass and
alkali lands where the depth to water did not exceed 8 feet was
equivalent to a continuous flow of 109 cfs or 2 cfs per square mile.
Experiments to determine the evapotranspirative discharge of salt-
grass grown in tanks have been conducted by different workers
under a wide range of conditions at nine localities in the western
United States. The depth to the water table in these experiments
has ranged from about 14 foot to nearly 5 feet; the altitude from
near sea level at Santa Ana, Calif., to more than 7,500 feet at
Garnett in the San Luis Valley, Colo.; and the temperature (see
fig. 7) from 54°F to 70°F. The location, period of record, depth
to water table, and evapotranspiration discharge for these experi-
ments are given in table 2.

The results shown in the tabulation are not always comparable,
for the periods of record differed considerably. Some of the periods
are for the year, some are for a full growing season, and some
are for a part of a growing season. In order to compare the re-
sults on as nearly a common basis as possible, the approximate
growing season for each locality was determined, and the records
that most nearly fit this period were selected. Using these records,
curves were drawn to show graphically (fig. 7) the relation of
evapotranspiration to depth to the water table, and to the average
temperature during the growing season. Considering that the data
were obtained by different workers in widely separated areas, and
under a variety of conditions, the relations are remarkably con-
sistent. Several relations are readily apparent from figure 7. Within
the limits of the curve on the left side of the figure, it may be seen
that the evapotranspiration decreases as the depth to the water
table increases. It may be seen also that, with the exception of the
San Luis Valley, the rate of decrease for the different locations
is fairly uniform. The much smaller rate of discharge in the San
Luis Valley appears to be due largely to the lower average tem-
perature during the growing season.

The relation of evapotranspiration and of evaporation to tem-
perature is shown on the right-hand side of the figure. The increase
of evapotranspiration with an increase in the average temperature
during the growing season is evident. The apparent lack of agree-
ment of the results from Los Griegos, N. Mex., may have been
the result of a poorly operating water-supply system. Blaney and
others, (1942, p. 117) note that difficulty was experienced in main-
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TABLE 2.—Annual or seasonal evapotranspiration of water

by saltgrass grown in tanks

Depth to
water Use

Locality Period of record (feet) (feet)
CALIFORNIA

Owens Valley .......ccw. Jan. — Dee. 1911 1.50 4.07
Do Do 1.83 3.74

Do Do 2.92 3.35

Do Do .. 3.83 2.05

Do . DO i e 4.92 1.12
Santa Ana ... 1.00 3.56
Do Do 2.00 2.94

Do Do 3.00 1.98

Do Do 4.00 1.11

COLORADO

San Luis Valley ... .....June — Oct. 1927 .50 1.42
.April — Oct. 1928 .38 2.26

.May — Oct. 1930 .33 2.26

.April — Nov. 16, 1931 .28 2.31

June — Qct. 1927 1.25 1.49

April — Qct. 1928 117 1.98

May — Oct. 1930 79 1.75

.April -— Nov. 16, 1931 .98 2.40

.June — Oct. 1927 2.08 1.11

April — Oct. 1928 2.00 1.69

.May — Oct. 1930 1.92 1.57

April — Nov. 16, 1931 2.12 1.83

Carlshbad ... e
ISIeta e

Los Griegos ...

Do ..
Do
Do

Mesilla Dam

Escalante Valley

Do ...

April — Nov. 16, 1931 3.12 1.69
NEW MEXICO

Jan, — Dec. 1940 2.00 4.52

June 1936 — May 1937 .65 2.63

QOct. 1926 — Sept. 1927 .42 4.03

... Oct. 1927 — Sept. 1928 .50 3.87

.Oct. 1926 — Sept. 1927 1.17 2.711
. Oct. 1927 — Sept. 1928 1.33 2.93
... Oct. 1926 — Sept. 1927 2.08 1.51
.. Oct. 1927 — Sept. 1928 1.17 3.32

Do 3.08 .84

July 1936 — June 1937 2.17 1.89

UTAH
.May — Oct. 1926 2.58 1.60
May — Qct. 1927 1.94 2.26
Do 2.17 1.86

.............. April 14 — Oct. 28, 1950  2.00 1.98

Remarks

(Young and Blaney, 1942,
p. 126.)
Do.
Do.
Do.
Do.
(Young and Blaney, 1942,
p. 44.)
Do.
Do.
Do.

(Blaney and others, 1938,
p. 335, 336.)

Do.

Do.
Do.

(Blaney and others, 1942,
p. 210.)
(Young and Blaney, 1942,
p. 93.)
(Young and Blaney, 1942,
p. 126.)
Do.
Do.
Do.
Do.
Do.
Do.
(Young and Blaney, 1942,
p. 99.)

(White, 1932, p. 100.)

Do.

Do.

(Barrett and Milligan,
1958, p. 11.) Amount
does not represent a full
year of normal growth.
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taining a constant water level in the tanks. The effect of tem-
perature is more fully realized when it is recognized that the evapo-
transpiration in Owens Valley, average temperature 68°F, for the
7-month period April through October is about 0.6 foot greater
than at Santa Ana, average temperature 61°F, for the 12-month
period May to April. The longer growing period at Santa Ana was
not sufficient to compensate for the higher temperature in Owens
Valley.

Comparison of rate of evaporation from a Weather Bureau pan
with rate of evapotranspiration in figure 7 shows that evaporation
was always greater. For a depth of 1 foot the evapotranspiration
ranged from 68 to 75 percent of the pan evaporation, and for depths
greater than 1 foot the ratio decreased correspondingly. This fact
is of value in estimating evapotranspiration discharge in saltgrass
areas, for, if the pan evaporation is known, at least an upper limit
can then be placed on the amount of the evapotranspiration, but
this tentative ratio needs much more study.

Saltgrass appears to be a phreatophyte that is well suited for
such a study, particularly in tank experiments. Because of this
and the pioneer work that has been done, saltgrass would be an
excellent plant for research on many phases of evapotranspiration.

MEDICAGO — ALFALFA

The genus Medicago comprises about 50 species of herbs and
small shrubs and is a native of the Old World, probably the Medi-
terranean, Asia Minor, and the Caucasus Mountains (McKee, 1948,
p. 714). Medicago sativa, commonly called alfalfa, is by far the
most important species. Its first recorded introduction into the
United States was in 1789 in what is now Georgia, and its estab-
lishment as a crop began about 1850 along the Pacific Coast. It
soon became one of the most important hay and forage crops of
the Southwest, and later of all the Western States. Today alfalfa
is one of the most important forage crops in the United States
and is grown in every State.

In the arid Western States alfalfa is quite commonly, though
not always, grown as an irrigated crop, but in the humid Eastern
States irrigation generally is not necessary. The yield of alfalfa,
ranging from about 114 to 5 tons per acre, is almost directly
proportional to the available moisture. The many varieties of alfalfa
combine to give it a wide range of climatic tolerance, so that it is
successfully grown in both the northern and southern parts of
the country, and in the high valleys of the mountains as well as
in the lowlands. It grows on a wide range of soils but prefers deep
loams; as a rule it does not thrive on acid soils (McKee, 1948,
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p. 715). Experiments at the United States Salinity Laboratory at
Riverside, Calif., show that alfalfa has a good to strong tolerance
for salt (U. S. Dept. Agriculture, 1946, p. 21). Magistad and
Christiansen (1944, p. 14) report that it will grow in soil con-
taining as much as 4,000 ppm of white alkali, but will tolerate only
a little sodium carbonate (black alkali). It does not thrive on poorly
drained soils or where the water table is less than about 4 feet
below the land surface.

Alfalfa is a deep-rooted plant and will send its roots to great
depth in search of ground water. Meinzer (1927, p. 54) cites three
reports of the roots of older plants being traced or reported at
depths of 65, 66, and 129 feet. The latter was in a mine tunnel
in Nevada, beneath an alfalfa field, where the roots came through
crevices in “rotten porphyry.”

The available data on the use of water by alfalfa are largely
from tank experiments. White (1932, p. 99) found that at Mil-
ford, Utah, the use in the 1927 growing season, April through
October, was 2.58 feet, the depth to water in the tanks averaging
about 3 feet. At the Los Poblanos ranch near Albuquerque, N. Mex.,
the use of water was 3.7 feet with the water level in tanks at an
average depth of 4.5 feet, for the period April 15 to October 31,
1936 (Blaney and others, 1938, p. 373).

During 1948, in the course of consumptive-use studies in the
Colorado River area of Utah, two alfalfa tanks were installed at
the Vernal, Utah, airport. The tanks were operated during the
growing periods of 1948, 1949, and 1950. The soil column, 3.67
feet in length, was held in an inner tank, whose bottom and sides
were perforated. This tank was placed in an outer tank, about
3 inches greater in depth and in diameter. The soil column was
not saturated at its lower end through contact with a water table.
Instead, the soil column was saturated on the first of each month
and irrigated on the fifteenth of each month with enough water to
simulate irrigation conditions in the area. The use under these
conditions was probably less than it would have been with a water
table at a depth of 3.67 feet, that is, at the bottom of the soil
columns, for the reason that the plants did not necessarily have a
constant and unlimited supply of water at all times. The averages
of the two tanks for the 3 years were: for the growing period May
17 to October 6, 1948, 3.6 feet, for the growing period May 31 to
November 5, 1949, 2.5 feet, and for the growing period April 14
to October 27, 1950, 3.8 feet (Barrett and Milligan, 1953, p. 11).

A review of the characteristics, habits, and tolerances of alfalfa
indicate that it has great salvage potentialities through conversion
of consumptive waste of ground water to beneficial consumptive use.
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Its economic importance as a forage crop, its growth under a wide
range of climatic conditions, its tolerance to salts, and its deep
root system are factors that make it an ideal plant to substitute
for uneconomic phreatophytes. The successful substitution of alfalfa
for an association of ‘“greasewood and weeds” in the Escalante
Valley, Utah, described by W. N. White (¢» Meinzer, 1927, p.
89-91) is evidence of its value as a salvage plant.

POPULUS — COTTONWOOD

The genus Populus includes aspens, poplars, and cottonwoods.
According to Dayton (1940, p. B111), approximately 15 species
and several varieties of Populus are native to the Western United
States. This discussion, however, is concerned primarily with cot-
tonwoods, although one species of poplar is included.

Cottonwood trees are widespread throughout the West, being rep-
resented in every Western State by one or more of Populus species;
it is the State tree of Kansas, Nebraska, and South Dakota. The
names, both scientific and common, and descriptions of the follow-
ing list of cottonwoods, including poplars, were taken largely from
Sudworth’s excellent descriptive material (1934) for these trees in
the Rocky Mountain region.

Scientific name Common name
Populus acuminata Rydberg .......... Lance-leaf or smoothbark cottonwood
angustifolio James .............. Narrowleaf cottonwood
balsamifera Linneus ..... ........ Balsam poplar
deltoides Marsh ................. Eastern cottonwood
fremontii Watson ............... Fremont cottonwood
sargentit Dode ...........c.cun.. Plains cottonwood
texana Sargent ..........00..... Texas cottonwood
trichocarpa Torrey and Gray ..... Black cottonwood
weslizent S. Watson ............. Valley cottonwood, Rio Grande

poplar, alamo

Even though specific data on the relation of the above-listed
species to the water table are lacking, it is believed that all of them
may be classified as phreatophytes. This belief is substantiated by
the available literature on the occurrence and habits of the trees.
All the species listed have one characteristic in common; they grow
along streams or on river bottom lands where ground water is
generally at shallow depth and readily available. At least two of
the species, Populus fremontii and P. weslizeni, are known to be
true phreatophytes (Meinzer, 1927, p. 58). Present-day informa-
tion indicates that, as phreatophytes, cottonwoods are much alike.
However, future work may show that there are differences in their
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annual water use, range in depth to water, or chemical quality of
the ground water or soil they prefer.

Some of the species listed are widespread in their occurrence;
others are quite local. There is also overlapping of species, so that
more than one species may be present in a locality. Populus del-
toides is a large tree of the Eastern United States that extends
west into the Plains States. In those States it occupies a belt extend-
ing from eastern North Dakota south to eastern Texas. Three cot-
tonwoods, P. angustifolia, P. sargentii, and P. acumenata, occur
in the Rocky Mountain region from Canada almost to Mexico,
P. angustifolia being the most widespread. P. sargentii extends east-
ward from the mountains into the plains of western Oklahoma,
Kansas, Nebraska, and South Dakota. P. weslizeni also occurs in the
Rocky Mountain region, from central Colorado to Mexico. The
poplar P. balsamifera prefers the colder part of the Rocky Moun-
tain region from Colorado and Wyoming north to Canada. P. tri-
chocarpa grows largely along the Pacific coast in Oregon, Wash-
ington and California. P. texana is limited to the Panhandle and
central part of Texas. P. fremontii occurs from western Texas fo
Nevada, Arizona, and California. It is intolerant of shade, as are
most cottonwoods.

Measurements of consumptive use of water by cottonwoods and
willows growing in tanks along the San Luis Rey River, Calif., were
made by Muckel and Blaney in 1939-44 (1945, p. 54). The aver-
age annual use was 5.2 feet with the water table at 4 feet, and 8.1
feet with the water table at 3 feet. Density was 100 percent.
Although the trees were dormant during most of the winter months,
grass and weeds grew vigorously throughout the year.

As part of the detailed studies of the use of water by botfom-
land vegetation in the lower Safford Valley, Ariz., cottonwood
plants (P. fremontii) were grown in tanks. The use of water by
the plants during the period October 1, 1943, to September 22,
1944 (Gatewood and others, 1950, p. 138), at 100-percent den-
gity was 7.64 feet with the water table at 7.0 feet. In applying
the tank data to the areas of cottonwoods in the valley, it was
estimated that the annual use for 100-percent volume density was
6.0 feet, including 0.57 foot of precipitation. The water table in
the valley ranged in depth from 4 to 30 feet below the land surface.

Information as to the depth that cottonwood will send its roots
to the water table is scanty. Meinzer (1927, p. 58) quotes reports
of cottonwoods growing where the depth to water was 20 feet.
The writer has observed cottonwoods growing in areas where there
was reason fo believe that the depth to the water table was be-
tween 25 and 30 feef. Thirty feet is believed to be near the limit.
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Tamarix gallica?® is without doubt the outstanding problem phrea-
tophyte of the Southwest because of its aggressive nature and thirst
for water. Use of ground water by this plant, at optimum volume-
density, is among the highest, if not the highest, of any of the
phreatophytes. Data on the use of ground water are available from
studies on the Pecos River in New Mexico and the Gila River in
Arizona. At Carlsbad, N. Mex., the average use of water during the
period January to December 1940 by saltcedar grown in tanks with
a 2-foot water level was 5.48 feet, and with a 4-foot water level,
4.68 feet (Blaney and others, 1942, p. 202).

The estimate of average annual use of water by saltcedar in the
Carlsbad area of the Pecos River Valley, N. Mex., was 6.0 feet,
including an average annual precipitation of 1.0 foot (Natl. Res.
Plan. Board, 1942, p. 55).

Intensive studies on the use of water by saltcedar in the Safford
Valley of the Gila River, Ariz., during 1943 and 1944 gave the
following results:

From tank experiments at 100-percent volume-density, not in-
cluding precipitation (Gatewood and others, 1950, p. 137) :

Average depth

Use, to water level,
in feet n feet
917 e 4.0
8.42 __ 5.0
8 5 S 6.0
733 7.0
TCY) 8.0

Calculated from the diurnal fluctuations of water levels in wells
located in thickets of saltcedar, the use of water was 6.03 feet at
100 percent volume density, not including precipitation, based on the
average of 8 wells whose water level ranged from 3.8 feet to 8.5
feet below the land surface and averaged about 6.3 feet (Gatewood
and others, 1950, p. 152-53).

Saltcedar is capable of sending its roots to considerable depth in
search of water. Tamarisk roots (species unknown) penetrating to
a depth of 30 meters (nearly 100 feet) were observed in excavations
for the Suez Canal (Renner, 1915).

The uses of Tamarixz gallica appear to be few. The wood is re-
ported to make good fenceposts and the flowers are a source of
honey. The plant is also high in tannins.

3 Early references to the widespread deciduous species of saltcedar list it as Tamarix
gallica. Recently a question has arisen as to whether it is T. gallica or T. pentandra. Except
for minute floral differences the two plants are similar. The original name T. gallica is
retained here,
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FINDING INDEX FOR COMMON NAMES

COMMON NAME SCIENTIFIC NAME

Alder Alnus

Alfalfa Medicago sative Linnaeus
Arrowweed Pluchea sericea Coville

Ash, Arizona Fraxinus velutina Torrey

Ash, velvet Frazinus velutina Torrey

Aspen, quaking Populus tremuloides aurea Tidestrom

Aster, spiny Aster spinosus Bentham

Athel tree Tamarixz aphylla Linnaeus

Baecharis, broom Baccharis sarothroides A. Gray
Baccharis, emOTY .. it ceninsmnnessenss o Baccharis emoryi A. Gray

Baccharis, squaw Baccharis sergiloides A. Gray

Batamote Baccharis glutinosa Perscon

Bermuda grass Cynodon dactylon (Linnaeus) Persoon
Boxelder .. e e Acer megundo Linnaeus

Buffaloberry Shepherdia

Burrobush Hymenoclea monogyra Torrey and Gray
Burrobush, white Hymenoclea salsola Torrey and Gray

Butternut Juglans micorcarpa Berlandier
Carrizo e e e Phragmites communis Trinius
Catclaw e Acacia greggii A. Gray
Camelthorn .. Alhagi camelorum Fischer
Chamiso . Atriplex canescens (Pursh) Nuttall
Chamiza . Atriplex canescens (Pursh) Nuttall
Cinquefoil, bush or shrubby .. Dasiphora fruticosa Linnaeus
Cottonwood Populus
CUMATT o v wevesnres e Celtis reticulata Torrey
Desertbroom Baccharis sarothroides A. Gray
Desertrush ... .. Juncus cooperi Engelmann
Desertwillow Chilopsis linearis Sweet
Devilsclaw Acacia greggit A. Gray
Elder ... " Sambucus
Elderberry Sambucus
Glasswort Salicornia europaea Linnaeus

DI04 crmrcmsrsssmenssmsens s« e« s e e rubre Linnaeus

Do. ... wutahensis Tidestrom
Goldenrod, rayless .. Aplopappus heterophyllus A. Gray

Greasewood, big . Sarcobatus wvermiculatus (Hook) Torrey

Hackberry . Celtis reticulata Torrey

HElOETODE oo s o v st e T €liOtropium curassavicum Linnaeus
Inkweed Suaeda torreyana Watson

Iodinebush ... Allenrolfea occidentalis (Watson) Kuntze

Todineweed Suaeda torreyana Watson

Juniper, Rocky Mountain ...
(locally ‘“swampcedar”)

Kom Celtis reticulate Torrey

Lenscale Atriplex lentiformis (Torrey) Watson
Lovegrass, alkali Eragrostis obtusiflora (Fournier) Secribner
Mesquite
Mesquite, honey ...
Mesquite, screwbean
Mesquite, velvet ..

i JUNEDETUS SCOPUlOTUM

Prosopis juliflora (Swartz)
Prosopis juliflora (Swartz)
Prosopis pubescens Bentham
Prosopis velutina Wooton

Mulefat Baccharis viminea Crandolle
Nogal Juglans microcarpa Berlandier
Oak, California live ... Quercus agrifolic Nee

Oak, Roble Quercus lobata Nee

Palo verde, blue Cercidi floridum Bentham
Palm, California Washingtonia filifera Wendland

Palm, fan Washingtonia filifera Wendland -
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COMMON NAME SCIENTIFIC NAME

Allenrolfea occidentalis (S. Watson) Kuntze
Sesuvium portulocostrum

Pickleweed
Purslane, lowland ..

Pusley, Chinese Heliotropium curvassavicum Linnaeus
QUAIIBTUSR oo e e e e i Atriplex lentiformis (Torrey) Watson
Rabbitbrush L Chrysothamnus pumilus (Nuttall)

Rabbitbrush, rubber .. .
Do.

Chrysoth

var. consimilis (Greene)

) 5 7 YO S var. graveolens (Nuttall)

Do. var. mohavensis (Greene)

D0 coorersremrrsesomr s msessessssie st < et e s var. oreophilus (A. Nelson)

Do. var. viridulus
Reed Phragmites communis Trinius
Reedgrass, giant Phragmites communis Trinius
Rosinbrush Baccharis sarothroides A. Gray
Sacaton Sporobolus wrightit Munro
Sacaton, alkali Sporobolus airoides Torrey
Saltbush, fOUr-Wilg ..o o oo o Atriplex canescens (Pursh) Nuttall
Saltbush, Nevada Atriplex lentiformis (Torrey) Watson
Salteedar Tamarixz gallice Linnaeus
Saltgrass Distichlis stricta (Torrey) Rydberg

Eragrostis obtusiflora (Fournier) Scribner
Distichlis stricta (Torrey) Rydberg
Distichlis spicata (Linnaeus) Greene

Saltgrass, Mexican ..
Saltgrass, desert ...
Saltgrass, seashore

Saltwort Suaeda depressa Watson
Sea-purslane Sesuvium verrucosum Rafinesque
Seepweed Suaeda depressa Watson
Seepweed, desert Suaeda suffrutescens Watson
SeePWeed, LOILEY .oumnnn s s s Suaeda torreyana Watson
Seepwillow Baccharis glutinosa Persoon
Sequoia, giant or big tree ........w... Sequoia gigantea (Lindley)
Sesuvium, warty Sesuvium wverrucosum Rafinesque
Smoketree Dglea spinosa A. Gray
Smokethorn Dalea spinosa A. Gray
Sprangletod .. o [N Leptochloa fascicularis (Lamarck) A. Gray
Spruce, Engelmann ... ... e PiCCO engelmanni Parry

Swampcedar See Juniper, Rocky Mountain
Sycamore, Arizona . Platanus wrightii Watson
Tamarisk, French Tamariz gallica Linnaeus
Tornillo Prosopis pubescens Bentham
Ufia de gato Acacia greggii A. Gray
Vanadium bush ... ...........ceoi.. Cowanie stansburiana Torrey
Vetch, sweet ... Hed; um boreale Nuttall
‘Walnut Juglans microcarpa Berlandier
Watermotie ..o oo .. Baccharis glutinosa Persoon
Waterwillow Baccharis glutinosa Persoon

Waterweed

Baccharis sergiloides A. Gray
Wildrye, creeping Elymus triticoides Buckley
Wildrye, giant ... . Elymus condensatus Presl
Willow ... Saliz

WILEETASS  covremmncrrncnie o cavine e srvinis . Juncus balticus Willdenow
Wirerush .. . Juncus balticus Willdenow

. Anemopsts californica (Nuttall) Hooker and Arnott

Yerba mansa
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