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PLANTS AS INDICATORS OF GROUND WATER
By OcAn Epwarp MEInzer

INTRODUCTION
PLANTS THAT HABITUALLY FEED ON GROUND WATER

Perhaps the most outstanding feature of the flora of the desert
is its relation or lack of relation to the water table. On the one
hand are the plants which are adapted to extreme economy of water,
which depend on the rains that occur at long intervals for their
scanty water supplies, and which during prolonged periods of
drought maintain themselves in a nearly dormant condition. These
plants are known as xerophytes (from Greek roots meaning “dry
plant ”). On the other hand are the plants that habitually grow
where they can send their roots down to the water table or to the
capillary fringe immediately overlying the water table and are thus
able to obtain a perennial and secure supply of water. These plants
have been called phreatophytes? The term is obtained from two
Greek roots and means a “well plant.” Such a plant is literally a
natural well with pumping equipment, lifting water from the zone
of saturation. .

The terms “ ground water,” “ zone of saturation,” * water table,”
and “capillary fringe ™ are used in this paper as previously defined
by the writer.) The term “ground water ” is used by the writer
and, so far as could be determined, by the authorities that are

1 Meinzer, 0. B., Outline of ground-water hydrology, with definitions: U. 8. Geol. Sur-
vey Water-Supply Paper 494, p. 55, 1928. In so far as the writer i3 informed, the term
“ phreatophyte ” was first used by him in a mimeographed edition of the paper which was
later issued in revised form as Water-Supply Paper 494. See also Meinzer, 0. H., Plants as
indicators of ground water: Washington Acad. Sci. Jour., vol. 16, pp. 553-564, 1926. The
principal ecologic groups of plants that have been recognized by botanists are hydrophytes,
which grow in water or at least with their roots under 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 survive on very small and irregular supplies of water; and the meso-
phytes, which are not adapted to endure any of these extremes. 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 * helophyte ”” has been used for marsh plants, which are more or less intermedi-
ate between hydrophytes and mesophytes, but this term could not be used to designate the
phreatophytes without violating its past usage and introducing much confusion. (See,
for example, Warming, Bugen, Oecology of plants, p. 185, Oxford, 1909.) )

20p. cit. (Water-Supply Paper 494), pp. 21, 22, 26.
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quoted, to designate the water in the zone of saturation—that is,
below the water table.

The plants that feed on ground water form a fairly definite and
well-recognized group in the desert regions and a much less definite
group in the humid regions, where water supplies from other sources
are more abundant. In the most arid regions the plants that feed
on ground water stand in sharp contrast to the desert plants that
do not utilize water from the zone of saturation. However, in pass-
ing into less arid and then into more and more humid regions the
control of the water table becomes progressively less rigid, until
even the plants that have been most dependent on it are able to
live in all sorts of situations entirely beyond its reach.,

Even in the desert regions many if not all ground-water species
will spread more or less to localities where their roots do not reach
the water table, such as irrigation ditches, irrigated fields, streams,
and dry washes that are far above the water table, or even alluvial
slopes and hillsides. It is also true that plants of species that do
not habitually utilize ground water may do so under certain circum-
stances and may flourish, at least for a time, on such a water supply.
Moreover, there is not always a wholly definite distinction between
ground water and other soil moisture, because of the existence
of a great variety of perched and temporary water tables and of
gravity water that may be in transit from the surface to the water
table. However, these exceptions and complicating conditions do
not alter the important fact that there .are certain plant species
which habitually feed on ground water and others which do not,
and that in the arid regions there is a very real and conspicuous
distinction between these two groups. This distinction is, indeed,
often more real than appears on casual observation, for some of the
ground-water plants are closely related to species of the other group
which resemble them, and frequently plants of one of these related
species growing in dry localities are mistaken for stunted individuals
of the ground-water species. Moreover, in many places clumps of
a ground-water species growing outside of the recognized shallow-
water belts do not form-exceptions to the rule but instead faithfully
indicate the presence of ground water near the surface where it would
otherwise not be suspected. »

EVIDENCES OF THE GROUND-WATER HABIT

The evidence that plants of certain species possess the ground-
water habit or adaptation whereas those of other species do not
possess it may be grouped as follows: (1) Observations of the root
habit of different species, showing their relation or absence of rela-
tion to the water table and showing the ability of some species to
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send roots to great depths; (2) experiments with certain species in
which the quantities of water they absorb from the zone of satura-
tion are measured or the effects of their growth in lowering the
water table are recorded ; (3) determinations of soil moisture during
dry periods in an arid region, showing that certain species grow
chiefly or exclusively with their roots penetrating into soil which
contains moisture that could not have been supplied by rains but
must have risen from the zone of saturation, whereas other species
are found chiefly or exclusively with their roots in dry soil that is
not moistened by ground water; (4) observations in arid regions of
the relation or absence of relation of the period of growth of dif-
ferent species to the rainy season, showing that certain speecies (com-
monly growing where the ground water is beyond the reach of the
plant roots) become dormant after the supply of soil moisture
derived from the rains has been exhausted, whereas other species
(growing where the ground water is within reach) continue to grow
actively throughout the summer; and (5) observations in arid
regions of the depth to the water table, showing that certain species
are confined almost completely to areas with specific depth limits,
whereas others show no relation to the water table and may grow
where the water table is at a great depth or where ground water is
entirely absent.

1. There are widely scattered data as to the depths and habits of
the roots of plants that utilize ground water, in contrast to those
that do not, though most of these data are not so definite as could be
desired. A few striking facts as to the depths to which the roots
may go for water are given elsewhere in this paper. (See especially
fig. 15, p. 91.) A study of the subject, especially with reference to
forest trees, has been made by Cannon,® who makes the following
statement : '

It is now well established, at least for a portion of the Southwest, that there
may be a very intimate relation between the occurrence of certain species of
trees and the character of their roots, having regard to the depth at which
perennial water may be found. Here trees occur along streamways, while the
near-by upland may be treeless. The humidity of the two areas may not be
very unlike, nor the rainfall, nor yet the temperature. The great difference,
which is often striking, lies mainly in the soil conditions, particularly with
regard to the depth to the ground water. On the bottoms the water table lies
within reach of the roots of trees, while on the more elevated land it is far
below them, * * *

The problems which deal with the presence of trees are primarily physio-

logical and have mainly to do with the absorption and conservation of water.
Each of these capacities varies with the species. Of the root relations, that of

s Cannon, W. A., The root habits of desert plants: Carnegie Inst. Washington Pub. 131,
1911; Some relations between root characters, ground water, and species distribution:
Science, new ser., vol. 37, pp. 420-423, 1923 ; Tree distribution in central California: Pop.
Sci. Monthly, vol. 85, pp. 417-424, 1914.
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the root-and-water table is of prime importance, owing to the fact that the
soil horizon tapped by the roots of trees derives by capillarity, from the level
of the ground water, its perennial supply of moisture.

Striking examples have been observed by the writer of the depths
to which the roots of trees of a certain species will go for a reliable
supply of water in one of the rugged limestone regions of Cuba. In
spite of the heavy precipitation in this region the trees in exposed
localities have great difficulty in obtaining enough water, because of
the lack of soil and the cavernous character of the limestone. Wher-
ever possible the roots descend through crevices or over escarpments
of the rocks, and in one place they were seen extending vertically
down over a sheer cliff about 100 feet into a perennial stream where
it emerges from a cavern. These long roots have functional rootlets
only at their lower ends, where they dip into the water.

2. The experiments which definitely demonstrate that plants of
certain species feed on ground water are of two kinds. In one plants
are grown in tanks that are filled with soil in which a water table is
maintained at a certain level by adding measured quantities of
water from below, to replace the water that is removed by the
transpiration of the plants or by both transpiration and evaporation,
as in the experiments by Lee * with salt grass and recently by Walter
N. White, of the Geological Survey, with greasewood, salt grass, and
alfalfa. In the other a record of the fluctuations of the water table
is obtained by means of a water-stage recorder installed in a well in
a tract where the plants under investigation are growing naturally.
This method was devised by G. E. P. Smith,’ who demonstrated that
the water table under a forest of mesquite trees declines during
periods of growth but not at night, on cloudy days, or at times when
the mesquite trees shed their leaves. Similar records have been
obtained by Smith on tracts of cottonwood, salt grass, and sacaton,
and recently by Mr. White on unirrigated alfalfa in the desert and
on salt grass and greasewood.

3. Determinations of soil moisture which show that certain species
utilize ground water during the dry periods while others do not
were made in connection with the investigation of the indicator
significance of vegetation in Tooele Valley, Utah.® The following
quotation from the Tooele Valley report summarizes the contrasting
results for greasewood, a well-known ground-water plant, and shad
scale, a very common desert plant which is not dependent on ground
water:

It is significant that moisture available for the growth of plants [excess of
moisture content over wilting coefficient] was present in considerable quantity

¢ Lee, C. H., An intensive study of the water resources of a part of Owens Valley, Calif. >
U. S. Geol. Survey Water-Supply Paper 294, pp. 53-60, 1912,

S Personal communication.

8 Kearney, T. H., and others, Indicator significance of vegetation in Tooele Valley,
Utah: Jour. Agr, Research, vol. 1, pp. 365-417, 1914,
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during the months of June and July in all but the surface foot in the grease- '
wood-shad scale association, while in the shad scale association during the same
months there was a marked deficit of available water to a depth of 4 feet.
The relatively high moisture content is correlated with the relatively slight
eléevation above the level of water in the lake and with a consequently high
ground-water table, * * *

Greasewood prefers an ample and permanent supply of moigture within reach
of its roots, and its strong, deeply penetrating taproot enables it to. reach’
moisture in places where the surface soil is dry and the ground-water table
is at a considerable depth. * * * Shad scale, on the other hand, does not
thrive with its roots in wet soil, and its presence is usually a reliable indication
that at least the surface foot is dry during the greater part of the summer.

4. The fact that certain species which utilize ground water grow.
throughout the summer while other species are dormant except in
the rainy season is a matter of common observation. It is summed
up as follows in the Tooele Valley report:?

In those parts of the valley where the ground water is beyond the reach
of the plant roots the vegetation becomes dormant after the moisture stored in
the soil by the winter and spring rains has been exhausted. Herbaceous plants
ripen and die, at least to the ground, while the woody species, losing much
of their foliage and reducing their transpiration to a minimum, enter a rest-
ing condition which is nearly as complete as that which is brought about by

.the low temperatures of winter. * * * In the lower part of the valley,
where the ground-water table is high and the soil is moist throughout the
summer nearly or quite to the surface, active growth continues until it is
terminated by frosts.

For the same reason alfalfa, which has adaptations for utilizing
ground water, will, if well established in an area of shallow water,
continue to grow through the driest season when other field crops
that do not have such adaptations utterly perish.

Observations made by Douglass  on the relation between tree rings
and ground water give interesting evidence of the ground-water
habit in some trees and of a difference between various species of
trees in this respect, as is shown by the following statement :°

It was found that dry-climate trees which grew in basins with a large and
constant water supply, and this refers especially to the Sequoias, usually pro-
duced rings without much change in size from year to year. This character
of ring is called “complacent.”” The opposite character is the “sensitive”
ring, where a decided variation is shown from year to year. Sensitive trees
grow on the higher - elevations, where the water supply is not reliable and
the tree must depend almost entirely on the precipitation during each year,
Such trees grow near the tops of ridges or are otherwise separated from any

collection of water in the ground. In case of the basin trees one could be
sure that a ring was produced every year, but owing to the lack of individual-

"Kearney, T. H., and others, op. cit., p. 370.

8 Douglass, A. B, Some aspects of the use of the annual rings of trees in climatie
study : Smithsonian Inst. Rept. for 1922 (Pub, 2731), pp. 228-239, 1924; Some topo-
graphic and climatic characters in the annual rings of the yellow pines and Sequoias- of,
the Southwest: Am. Philos, Soc. Proc., vol. 61, pp. 117-122, 1922; Climatic cycles and
tree growth : Carnegie Inst, Washington Pub. 289, 1019.

¢ Smithsonian Ynst. Rept. for 1922, pp. 230, 231, 1924,
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ity in the rings for certain years it was difficult to compare trees together and
produce reliable data. In case of the sensitive trees growing in the uplands
there was so much individuality in the rings that nearly all of the trees could
be dated with perfect reliability, but in extreme cases the omission of rings
in a number of trees required special study. * * * Trees growing in the
dry climate of Arizona at an altitude where they have the utmost difficulty in
getting water to prolong life become extraordinarily sensitive. In the same
tree one finds some rings several millimeters across and others microscopic in
size or even absent. * * * The great sensitiveness of the yellow pines as
compared with the best Sequoias is evident in any brief comparison of dated
specimens.

5. The numerous observations made by the writer and others, as

~ cited in this paper, of the relation between the depth to the water
table and. the occurrence of certain plant species in arid regions give
convincing and abundant evidence of the ground-water habit in some
species and its absence in others. “In the arid regions of the western
part of the United States tracts of shallow ground water occur in
three principal situations—(1) in the canyons and other localities in

N. ’ S.
] Poplar, willow, Saltgrassmes- Salt grass Ordinary desert
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FiGure 1.—Profile across Mohave River valley at Camp Cady, Calif., showing
distribution of ground-water plants. After D. G. Thompson. (See pl. 2.)

the mountains where the water is held up by impermeable bedrock
near the surface, (2) in the lowest parts of the principal basins or
intermontane valleys, and (3) at certain intermediate points where
barriers to the ground water occur. The largest areas of plants that
feed on ground water are in the valley lowlands, but distinctive
plants of this group also grow in higher tracts where they are reliable
indicators of ground water. The native plants found in these tracts
of shallow ground water are not the same species as grow elsewhere
in the desert but consist of a few distinctive species which dominate
the shallow-water tracts and are absent or have only very sparse
growth in other parts of the desert region w[here ‘the water table is
not near the surface. (See pls. 1 and 2 and fig. 1.)

As a rule in the interior lowland of a large desert basin these
ground-water species occupy a zone. of shaliow ground water sur-
rounding a central playa that is virtually destitute of all vegetation.
The unfavorable conditions that make the playa barren need not
be discussed here further than to say that some of the worst features
are the alkaline character of the soil and in large parts its clayey

|
I









IN TRODUCTION ‘ T

texture, which renders it impermeable to ground water and results
in violent variations of moisture conditions, ranging from extreme
aridity to complete submergence in times of heavy freshets.

The zone of shallow ground water surrounding the playa can gen-
erally be subdivided into several concentric belts of vegetation, in each
of which one or more ground-water species is dominant. The succes-
sive belts vary in texture and alkalinity of soil as well as in depth
to the water table. These differences in the soil have an im-
portant modifying influence on the type of vegetation and on the
limits of the successive belts, and they have received much more
attention than the ground-water conditions with respect to their
effect on vegetation. However, the main factor in the control of
the vegetation over the area of shallow ground water is the depth
to the water table. This conclusion is definitely proved by the
existence of otherwise similar basins which, on account of sub-
terranean leakage, do not have shallow ground water in their in-
terior lowlands. In these basins there may be a barren central
playa with clayey, alkaline soil, surrounded by belts of soil having
essentially the sameé texture as that of the soil in the basins that
have shallow water, yet the familiar ground-water plants are essen-
tially absent and the ordinary desert species extend to the margins
of the playa. Doubtless there are some differences in the amount
and distribution of the alkali in the soil resulting from the absence
of shallow ground water, but in view of the characteristic growth
of ground-water plants in many well-drained- areas of shallow
ground water it is certain that the absence of these species in the
basins having deep ground water is not due to a difference in soil
alkali. '

Good examples of desert basins that do not have shallow ground
water are Coal Valley, Nev., described by Carpenter,** and Alkali
Spring Valley, Nev., described by the writer.”* In Coal Valley no
water was found in a well drilled to a level 200 feet below the playa,
and drought-resistant plants, such as shadscale, extend to the edge
of the playa. In Alkali Spring Valley the water in a dug well at
the edge of the playa was found to stand 4714 feet below the surface,
and no ground-water plants were found except greasewood, which
may go to this depth for ground water. These basins are in striking
contrast to the numerous basins in the same region that have areas of
shallow ground water with their distinctive vegetation—as, for ex-
ample, Big Smoky Valley, Nev.*

|

1 Carpenter, Everett, Ground water in southeastern Nevada: U. 8. Geol. Survey Water-
Supply Paper 365, pp. 68, 69, 1915,

1t Meinzer, O. E., Geology and water resources of Big Smoky, Clayton, and Alkali
Spring Valleys, Nev.: U. 8. Geql.. Survey Water-Supply Paper 423, pp. 148-150, 1917.

12 Idem, pp. 86-104.
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In appraising the evidence that certain desert plants possess the
ground-water habit and others do not, it should be remembered that
the several lines of evidence are mutually corroborative and together
bear much more weight than any one of them, because they all agree
in selecting the same species as ground-water plants.

HISTORY OF THE SUBJECT

As mlght be surmised, the subject of plants as indicators of ground
water is by 1nO means a new one. Vitruvius,*® a Roman architect and
engineer, who lived about the time of Christ and who is credited with
being the first writer to advocate the modern theory of the origin of
ground water, makes the following statement on the subject: :

Besides these there are other indications of places where water can be |
found—namely, the presence of small rushes, willows which are not planted,
alder trees, vitex, reeds, ivy, and all other such plants which occur and thrive
only in places where there is water. One must not rely on these plants, how-
ever, if they occur in marshes, which, being lower than the surrounding country,
receive and collect and for some time retain rain waters that fall on the near-by
fields in winter; but if these plants occur naturally in places that are not
marshes, one can seek for water in these places, [Translated from Paramelle.]

Somewhat similar statements are found in the writings of Pliny,¢
in the first century A. D., who virtually quoted Vitruvius, and in
those of Cassiodorus, in the sixth century, who obtained his ideas
largely from a professional water finder who came to Rome from the
arid regions of Africa.

‘Paramelle cites an article in the “Globe” of November 4, 1848,
which discusses briefly the value of certain trees and smaller plants
for locating ground water. Paramelle himself, while recognizing
the relation between certain types of vegetation and the occurrence
of ground water, did not regard the vegetation as ef practical value
in locating ground-water supplies, as is shown by the following
quotation from his well-known book on ground water,'® the first
edition of which appeared in 1856:

When the thalweg of a valley is uncultivated and one sees there growing
naturally willows, poplars, alders, osiers, rushes, reeds, wild mint, silver weed,
ground ivy, and other water-loving trees or plants, one should presume that
the course of water [water table?] is not deep in that place. However, as
these kinds of plants thrive in all humid terranes they can only serve to
indicate the presence of ground water in so far as they are on a thalweg or
at the bottom of a hollow. Pliny himself had already observed that the search

3 Vitruvius Pollio, Marcus, De architectura, quoted by Paramelle, Abbé, L'art de
découvrir les sources, 4th ed., p. 396, Paris, 1896.

1 Naturalis historia, book 31. (First published in Latin in Vienna in 1469. See “ The
natural history of Pliny” translated by John Bostock and H. T. Riley, vol. &, p. 489,
London, 1856.)

15 Paramelle, Abbé, op cit., p. 148,
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for springs by inspection of certain plants which thrive only in humid places
is not very safe, and he calls these signs erroneous indications (augurium
fallax). [Translated.] . .

The subject was treated more thoroughly in a publication by
Amy * in 1861. His statements in this regard are evidently based
on his own observations and appear to be reasonably accurate,
although he may have overestimated the practical value of vegeta-
tion for finding ground water. He suggests the possibility also of
using vegetation as an indicator of depth to and quality of ground
water, but calls attention to the facts that the indications vary from
place to place with differences in soil and topography and that vege-
tation and other surface indications do not show ground water
where it lies at considerable depth. He gives the scientific names
of numerous species of plants that indicate ground water. These
species belong to 14 different families or orders and include birches,
alders, willows, and poplars, and also sedges, rushes, cat-tails, and
grasses, among which he mentions reed grass (Phragmites).

Vitruvius and the other writers above mentioned discussed this
subject in connection with other and even less tangible methods of
locating ground water, such as color and dampness of the soil, mists
rising from the ground early in the morning, and sponges becoming
moist when placed in shallow holes in the ground. Obviously all
this borders closely on divining, or water witching, and it is greatly
to the credit of Vitruviue, Pliny, and Cassiodorus that none of these
ancient writers recognized divining or any other magical method
for locating ground water.!” Although the means suggested by
Vitruvius as aids in finding ground water may not have had much
practical value in the relatively humid country in which he lived,
yet they were obviously based on outdoor observations and were
serious efforts to discover sound and practicable methods at a time
when the science of geology was still a complete blank.

The foregoing review shows that the study of plants as indicators
of ground water has made very little progress in European coun-
tries. Most of the French and German treatises on ground water
either do not mention the subject at all or else dispose of it very
briefly, except a book by Mager,’* which not only treats this subject
at length but also champions the divining rod and other devices.
The reason for this neglect of the subject by European hydrologists
is not hard to find—it is simply because the subject does not have

18 Amy, F., Voyages d’'un hydroscope, ou 'art de découvrir les sources, Paris, 1861.

17 Raymond, R. W., The divining rod: Am, Inst. Min. Eng. Trans., vol. 11, pp. 415-416,
1883; U. S. Geol. Survey Mineral Resources, 1882, pp. 610-626, 1883

18 Mager, Henri, Les moyens de découvrir les eaux souterralnes et de les utiliser, pp.
310-819, Paris, 1912,
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and can not be made to have much scientific or practical importance
in humid regions. It is significant in this connection that Cassio-
dorus became interested in the subject through an “aquilege” who
came to the court of Theodoric from Africa. “ Because of the
great aridity of the terranes of his country,” wrote Cassiodorus,

“the art of discovering springs is there cultivated with the greatest
care.”

References to plants that depend on ground water are found in
many publications relating to arid regions in foreign countries, but
no systematic search of this literature was made in connection with
the present investigation. In so far as the writer knows, no com-
prehensive study of the subject has been made anywhere outside the
United States. In describing the desert region of Southwest Africa,
Wagner ** makes the following statements:

Trees and plants sometimes afford invaluable assistance [in locating suc-
cessful wells], the position of master joints or of belts of fissured or deeom-
posed rock, along which underground water percolates, being not infrequently
indicated at the surface by lines of trees or shrubs, known as ‘“aars.” One
of the most reliable indicators of the existence of water below such aars is
the Acacia horrida (sweet thorn). Other trees and plants which betray the
presence of ground water at shallow depths are the ebony tree (Buclea
pseudebenus), the karree tree (Rhus lancea), the tamarisk (Temariz ausiroe-
fricang), and the inkbush (Swaeda fruticose). In the Namib the narra bush
(Acanthosicyos horridae) is the best indicator.

The desert region of the United States has been estimated to cover .
about half a million square miles, or about one-sixth of the entire
area of the country.?® In this region the relation of the native vege-
tation to ground water is a subject of great scientific and practical
importance. For many years the region has received much atten-
tion from both hydrologists and botanists. It is therefore surpris-
ing that this subject should have received but little thorough sys-
tematic study in the desert region of the United States and should
be covered by only a meager and unsatisfactory literature. The
explanation probably lies in the fact that the subject is in the border
land between hydrology and botany and has not been preempted by
workers in either science. The ground-water geologists who have
worked in the region, realizing their lack of training in botany, have
avoided getting very deeply involved in the subject; on the other
hand, the botanists who have worked in the region, unfamiliar with
the principles of ground-water hydrology, have for the most part

19 Wagner, P. A., The geology and mineral industry of Southwest Africa: South Africa

Geol. Survey Memn. 7, pp. 22, 116, 1916.
20 Meinzer, 0. E., Routes to desert®watering places in California and Arizona: U. §

Geol. Survey Water-Supply Paper 490-A, p. 1, 1920.
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failed to realize the significance of the subject or have purposely
avoided going so far afield from their familiar precincts.

The theory that plants in general, especially forest trees, draw
upon the ground-water supply has been expressed by numerous
authorities—for example, Ototzky,* Storer,” Mc(Gee,?® Bownman,**
and Zon.?® Most of these writers have not been much concerned as
to whether the trees and other plants actually withdraw water from
the zone of saturation or whether they deplete the ground-water
supply by absorbing the soil water before it can seep down to the
water table, although they generally seem to imply actual removal
from the saturated zone. As a rule, they have not been interested
in distinguishing between different species in this respect. McGee
conceived the idea that agricultural crops throughout the Great
Plains and other semiarid regions are supplied largely by ground
water that rises from the zone of saturation by capillarity, but this
suggestion is not well supported by the known facts.

The idea that plants of certain species more than others utilize
water from the zone of saturation has been recognized, or at least
suggested by several eminent botanists. Coulter,® a leading au-
thority on botany in this country, states that “there is what may be
called a water level in soils, and it is important to note the depth of
this level beneath the surface,” and that “the depth of the water
level helps to determine plant societies.” Warming?’ states that
“it would appear that the most potent and decisive factor [in the
differences in vegetation in various parts of such a country as Den-
mark] is the amount of water in soil, and this in turn depends upon
the depth to the water table and upon the physical characters of
soil.” He also calls attention to the zonal arrangement of the vege-

21 Ototzky, P., Les eaux souterraines, leur origine, leur régine et leur distribution,
Deuxidme partie, Les eaux souterraines et les foréts, principalement dans les plaines de
latitudes moyennes, 8t. Petersburg, 1905 (published in Russian) ; Influence de foréts sur
les eaux souterraines; Annales sci. agronomique, 2d ser., 3d year, vol. 2, pp. 476-477,
1897 ; Influence des foréts sur les eaux souterraines: Idem, 2d ser., 5th year, vol. 1, pp.
300-316, 1899 ; Die Grundgewiisser under den Wildern (abstract by Prof. K. Keilhack) :
Geol. Centralbl.,, Band 2, Jahrgang 1902, pp. 630-631; Le niveau de lI'eau souterraine
sous bois et hors en 1902, dans les landes de Gascogne; Annales sci. agronomique, 3d
ser., vol. 1, No. 2, pp. 116-119, 1907,

= 8torer, F. H., Agriculture in some of its relations with Chemistry, pp. 47-114, New
York, 1887.

22 McQee, W J, Field records relating to subsoil water: U. S, Dept. Agr. Bur, Soils
Bull. 93, 1913.

# Bowman, Isaiah, Forest physiography, pp. 41-54, New York, 1911.

% Zon, Raphael, How the forests feed the clouds, in Caldwell, O. W., and Slosson,
E. R., Science remaking the world, pp. 212222, New York, 1924.

2 Coulter, J. M., Plants, a textbook of botany, p. 163, New York, 1900.

2 Warming, Fugen., Oecology of plants, pp. 45, 97, 131, 132, Oxford, 1909. The first
edition of this treatise was published in Danish in 1895.
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tation around every lake and pool and states that “ differences of a
few centimeters in the level of the water table suffice to evoke wide
distinctions in the vegetation.” He bases these statements largely
on the work of other botanists, especially Fielberg, Raunkiir, and
Massart. ,

In 1891 a botanical reconnaissance of the Mohave Desert and
Death Valley regions, in California, was made by Coville® He
described the zonal arrangement of the vegetation surrounding
alkaline marshes or playas and divided the plants found in the
desert into two significant classes—those of humid habitat and
those of arid habitat. The list of plants of humid habitat probably
comes nearer to being a catalog of desert ground-water plants than
anything else that has been published in this country. However,
such abundant ground-water plants as greasewood and rabbit brush
are included in the list of desert plants of arid habitat. Coville
recognized three kinds of soil moisture—hydrostatic, capillary, and
hygroscopic—and defined hydrostatic moisture as “ free water, such
as that which rises in a well or stands beneath a swamp”—that is,
ground water, as defined in this paper. He mentioned mesquite as
an indicator of ground water where it occurs at depths of a few
yards, and alkali sacaton (Sporobolus airoides) and other plants
as indicators where it occurs at depths of only a few feet. He dis-
missed the subject; however, with the following statement: “ Such
sources of water are, however, not to be considered in a discussion
of the desert proper. Capillary moisture also exists in the vicinity
of springs and permanent underground water supplies; but in such
cases, like the hydrostatic moisture from which it arises, it has no
connection with the true desert vegetation.”

The Desert Botanical Laboratory of the Carnegie Institution of
Washington was established at Tucson, Ariz., in 1903, to study the
relation of plants to an arid climate and to substrata of unusual
composition. The botanists of this laboratory in their investigations
have generally recognized the relation of certain species to the
water table, and the subject has been studied by Spalding® and
especially by Cannon.* Recent papers by Markle,** Weaver,** and

2 Coville, F. V., Botany of the Death Valley expedition: Contr. U. S. Nat. Herbarium,
vol. 4, pp. 23, 31, 32, 35, 38, 39, 47, 1893.

» Spalding V. M., Distribution and movements of desert plants: Carnegie Inst. Wash-
ington Pub. 113, pp. 5-17, 1909.

® Cannon, W. A., ap. cit.

% Markle, M. 8., Root systems of certain desert plants: Bot. Gazette, vol. 64, pp.
177-205, 1917.

= Weaver, J. B, The ecological relations of roots: Carnegie Inst. Washington Pub.
286; 1919; Root development of field crops: MeGraw-Hill Book Co., N, Y., 1926.
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Clements,®® do not contain much that is applicable to the present
subject.

One of the pioneers in the modern development of this sub]ect is
G. E. P. Smith, irrigation engineer in the University of Arizona, with
whom is associated J. J. Thornber, botanist. As early as 1915 Smith
made the statement that he had long held the hypothesis that the
water absorbed and transpired by mesquite and other trees constltutes
the principal loss from the ground-water reservoir.

A thorough and valuable investigation of the indicator significance
of native plants in Tooele Valley, Utah,** was made by the United
States Department of Agriculture. In this investigation the relation
of the principal ground-water plants, such as greasewood, to the
water table was recognized, and much precise information was ob-
tained bearing on the present subject. No specific study was made
of this relation, however, as no data were obtained on the position
of the water table, the chemical character of the ground water, or
the alkali or moisture content of the soil below the depth of 4 feet.
Much valuable work has more recently been done by Shantz, Aldous,
Piemeisel, and others®® on the general subject of the indicator
significance of native plants in the arid and semiarid regions of the
United States, including some reference to ground water. Much of
this recent work has been done in connection with the classification
of the public domain by the Geological Survey with respect to 1ts
irrigability and its value for arid farming and grazing.

In most of the older water-supply papers of the United States
Geological Survey dealing with discharge of ground water no men-
tion is made of discharge by plants or indeed by evaporation from
the soil, showing that these processes of ground-water discharge
were not recognized or that their importance was not appreciated.
In recent years, however, in the investigations by the Geological
Survey of ground water in the desert regions, the great importance
of these processes has been fully recognized and attention has neces-
sarily been given to the plants that feed on ground water. The re-
ports that have resulted from these investigations contain considerable

8 Clements, ¥F. H., Plant indicators, the relation of plant communities to process and
practice: Carnegie Inst. Washington Pub. 290, 1920,

% Kearney, T. H., and others, Indicator significance of vegetation in Tooele Valley,
Utah : Jour. Agr. Research, vol. 1, pp. 365—417, 1914,

® Shantz, H. L., Grassland and desert shrub: Atlas Am, Agr., pt. 1, The physical
basis of agriculture, sec. B, Natural vegetation, 1924, Aldous, A. E., and Shantz, H. L.,
© Types of vegetation in the semiarid portion of the United States and their economiec
significance: Jour. Agr. Research, vol. 28, pp. 99-127, 1924. Shantz, H. L., and
Piemeisel, R. L., Indicator significance of the natural vegetation of the southwestern
desert region: Jour. Agr. Research, vol. 28, pp. 721~801, 1924.
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specific information on the subject.** However, the work was done by
geologists, who were not equipped to study the botanical phases of
the subject.

QUESTIONS THAT DESERVE FURTHER STUDY

Questions in regard to the ground-water plants that should re-
ceive more thorough study are as follows: What are the species that
habitually depend on the zone of saturation? To what extent and
under what circumstances do these species grow where they can not
reach the zone of saturation? To what extent will other species
utilize water from the zone of saturation, and to what extent are they
killed if the water table rises to their roots? Do the ground-water
plants develop root systems in the capillary fringe, or do they
send their roots into the zone of saturation? Do they avoid the
alkali in the soil by sending their roots into or nearly to the zone

% Reference is made especially to the following publications:

Ball, 8. H., A geologic reconnaissance in southwestern Nevada and eastern California :
U. 8. Geol. Survey Bull. 308, p. 22, 1907.

Mendenhall, W. C., Some desert watering places in southeastern California and south-
western Nevada: U. S. Geol. Survey Water-Supply Paper 224, pp. 20, 21, 1909.

Meinzer, O. E., Ground water in Juab, Millard, and Iron Counties, Utah: U, 8. Geol.
Survey Water-Supply Paper 277, pp. 24, 25, 110, 128, 1911.

Lee, C. H., An intensive study of the water resources of a part of Owens Valley, Calif. =
U. 8. Geol. Survey Water-Supply Paper 294, p. 77, 1912,

Meinzer, O. E,, and Kelton, F. C., Geology and water resources of Sulphur Spring
Valley, Ariz.: U. 8. Geol. Survey Water-Supply Paper 320, pp. 171-187, 1913,

Meinzer, O. E., and Hare, R, F., Geology and water resources of Tularosa Basin,
N. Mex.: U. 8. Geol. Survey Water-Supply Papér 343, pp. 193-206, 306-311, 1915.

Carpenter, Everett, Ground water in southeastern Nevada: U. 8. Geol. Survey Water-
Supply Paper 365, pp. 18, 36, 43, 48, 59, 66, 69, 71, 73, 78, 1915.

Gregory, H. E., The Navajo country—a geographic and hydrographic reconnaissance
of parts of Arizona, New Mexico, and Utah: U. 8. Geol. Survey Water-Supply Paper
380, pp. 130-131, 1916.

Schwennesen, A. T., Ground water in the Animas, Playas, Hachita, and San Luis -
Basins, N. Mex.: U. 8. Geol. Survey Water-Supply Paper 422, pp. 50-53, 144-149, 1918.

Meinzer, O. E., Geology and water resources of Big Smoky, Clayton, and Alkali
Spring Valleys, Nev.: U. 8. Geol. Survey Water-Supply Paper 423, pp. 92-104, 159-161,
1917.

Waring, G. A, Ground water in Pahrump, Mesquite, and Ivanpah Valleys, Nev. and
Calif.: U. 8. Geol. Survey Water-Supply Paper 450, pp. 55, 56, 66, 1921. N

Clark, W. O., and Riddell, C. W., Exploratory drilling for water and use of ground
water for irrigation in Steptoe Valley, Nev.: U. 8. Geol. Survey Water-Supply Paper
467, pp. 15, 88, 389, 1920. '

Brown, J. 8., Routes to desert watering places in the Salton Sea region, California:
U. 8. Geol. Survey Water-Supply Paper 490-A, p. 13, 1920.

Thompson, D. G., Routes to desert watering places in the Mohave Desert region, Cali-
fornia : U. 8. Geol. Survey Water-Supply Paper 490-B, pp. 98, 99, 110, 1921,

Brown, J. 8., The Salton Sea region, California—a geographic, geologie, and hydro-
logic reconnaissance, with a guide to desert watering places: U. 8. Geol. Survey Water-
Supply Paper 497, pp. 16-19, 112-118, 1923,

Ross, C. P.,, The Lower Gila region, Arizona—a geographic, geologic, and hydrologic
reconnaissance, with a guide to desert watering places: U. 8. Geol. Survey Water-Supply
Paper 498, pp. 15, 16, 1923.

Bryan, Kirk, The Papago country, Arizona—a geographic, geologic, and hydrologic
reconnaissance, with a guide to desert watering places: U. 8. Geol. Survey Water-Supply
Paper 499, pp. 156, 157, 1925.

Thompson, D. G., The Mohave Desert region, California—a geographic, geologic, and
hydrologic reconnaissance, with a guide to desert watering places: U. 8. Geol. Survey
Water-Supply Paper 578 (in preparation).
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of saturation, where they may obtain less concentrated water? To
what extent do the different species indicate the quality of the ground
‘water?! How do they adapt themselves to the fluctuations of the
water table? What are the conditions where there is a gravelly
subsoil, with a very thin capillary fringe, as compared with a loam
-subsoil that has a thick capillary fringe? What are the maximum
and minimum limits of depth to the water table for different species?
‘What is the greatest depth from which ground water is lifted by
plants? In species that habitually send their roots to considerable
depths, what adaptations have the young plants for enduring
drought until they can get their roots down to the capillary fringe?
Do plants of this kind propagate by runners so that the young plant
<an be nursed by the parent plant until it can get its roots down
to the water? What changes take place in the physiology and
growth of such plants when their roots reach ground water? Are
the ground-water plants economical or wasteful of water, or are
:some economical and others wasteful, or have they adaptations
which permit them fo be economical or wasteful according to cir-
cumstances? How does the depth to the water table affect the rate
at’ which a given species will lift water? What methods can be
employed to determine for a given region the quantity of ground
water that is annually discharged by the vegetation and that could
be utilized by pumping from wells? What are the prospects of
increasing the agricultural production of the arid and semiarid
regions by developing ground-water plants of economic value?
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PRINCIPAL SPECIES OF PLANTS THAT HABITUALLY
FEED ON GROUND WATER

ARRANGEMENT OF SPECIES

Before discussing the subject further it is desirable to describe the
principal ground-water plants with reference to what is known of
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their relation to the water table. As the subject has not been system-
atically studied no attempt will be made to give a complete list of
species. However, for the purposes of- hydrology it is not so neces-
sary to have a complete list of species as to recognize the compara-
tively few species that tend to form the dominant vegetation in their
natural habitat. The descriptions of specific plants are practically
limited to definite observations made by the writer or others of the
relation of the species to the water table. This method unavoidably
results in uneven treatment of the different kinds of plants and prob-
ably in the omission of some species that ought to be included.

No attempt is made to arrange the species that are described in
strictly systematic .order. -In general the plants that indicate water
very near the surface are described first and those that indicate suc-
cessively greater depths to the water table are described later, except
that the trees and woody bushes are described last even though they
grow where the ground water is very near the surface.

No detailed descriptions are given of the species that are discussed,
but more or less technical descriptions of most of them can be found
in one or more of the following publications:

Coulter, J. M., Manual of the botany of the Rocky Mountain region from New
Mexico to the British boundary, New York and Chicago, 1885.

Coulter, J. M., and Nelson, Owen, New manual of botany of the Rocky Moun-
tains, New York, 1909.

Coville, ¥. V., Botany of the Death Valley expedition: Contr. U. 8. Nat.
Herbarium, vol. 4, pp. 55-233, 1893.

Parish, S. B., Plant ecology and floristics of Salton Smk Garnegie Inst.
‘Washingon, Pub 193, pp. 104-114, 1914.

Shantz, H. L., and Zon, Raphael, Natural vegetation: U. 8. Dept. Agr.
Atlas Am. Agr,, pt. 1, sec. B, 1924,

Sudworth, G. B., Forest trees of the Pacific slope, U. 8. Forest Service, 1908. -

Tidestrom, Ivar, Flora of Utah and Nevada: Contr. U. 8. Nat. Herbarium,
vol. 25, 1925.

Wooton, E. O., and Standley, P. C., Flora of New Mexico: Contr. U. 8. Nat.
Herbarium, vol. 19, 1915.

Wooton, E. O, and Standley, P. C., The grasses and grasslike plants of New
Mexico: New Mexico Coll. Agr. and Mechanic Arts Bull. 81, 1912.

RUSHES, SEDGES, AND CAT-TAILS

Several species of rushes (Juncus), sedges (Scirpus), and cat-
tails (Typha) commonly grow along the margins of shallow bodies
of surface water and are frequently found in the pools and currents
of water produced by springs. To some extent they also grow where
the water table stands a short distance below the surface, and in
these situations they may properly be regarded as ground-water
plants. They generally though not invariably indicate water of
good quality.®”

# Mendenhall, W. C., op. cit, (Water-Supply Paper 224), p. 20.
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In Tooele Valley, Utah, Juncus balticus was found in association
with salt grass where the water table is near the surface.*® A num-
ber of species of rushes, sedges, and cat-tails are given in Coville’s
list of desert plants of humid habit, and detailed information as to
their occurrence in the desert regions are given both in Coville’s
catalog of species® and in the catalog of plants in the Salton Sink
by Parish.* ‘

As the plants of this type grow largely where the water is visible
at the surface or where there are other evident signs of water their
value as indicators is accordingly limited, but even in these places
they may serve a useful purpose in attracting attention to the
localities where the water occurs. They are, moreover, valuable in
indicating areas where a perennial supply of ground water is present
in distinction from wet areas produced by temporary supplies of
surface or ground water, where such plants can not as a rule survive

the dry periods.
REEDS AND CANE

The common reed, or giant reed grass (Phragmites communis)
is found along streams and ponds and also in many places where there
is no surface water but where the ground water is not far below
the surface. It occurs in the main area of shallow ground water in
the lower basin of Big Smoky Valley, Nev., and in the Rye Patch,
near Tonopah (p. 18), but it was not seen except where the ground
water is near the surface. It was observed in the Mohave Desert
region,* where the water table was only 3 or 4 feet below the surface.

Wild cane is listed by both Ball** and Brown*® as a reliable
indicator of shallow ground water. It was observed by Brown in
Coachella Valley, Canebrake Canyon, and a few other places in the
- Salton Sea region, California. It may grow to a height of 10 feet or
more as a tall jointed stalk with green leaves at the top, thus attract-
ing attention to localities where water can be found.

WILD RYE

The species of wild rye commonly called giant rye grass or giant
wild rye (Zlymus condensatus), which in some places grows 10 feet
high, is widely distributed through the West. It was observed in
areas of shallow ground water in Nevada, particularly in the so-
called Rye Patch, in Ralston Valley, east of Tonopah. Ball,* who
made a geologic reconnaissance in southwestern Nevada and ad-
jacent parts of California, in 1905, in describing signs of water in

8 Kearney, T. H., ete., op. cit., p. 407,

® Coville, ¥. V., op. cit.

4 Parish, S. P., op. cit.

4 Thompson, D. G., op. cit.

4 Ball, S. H., op. cit. (Bull. 308), p. 22.

4 Brown, J. 8., op. cit. (Water-Supply Paper 497), p. 113.
4 Ball, 8. H,, op. cit. (Bull, 308), pp. 22, 24,
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the desert, states that “ where rye grass and cane grow there is water
at the surface or at a moderate depth.” Hillman,* in a discussion
of the forage value of this species states: “The plants do not
occur on the dryest hills but on rather lower land. The' grass is
frequently met in the subalkaline parts of the valleys and at the
entrances to the mountain canyons.” In Steptoe Valley, Nev., giant
wild rye was found by Clark and Riddell* in tracts where the
depth to the water table does not exceed 12 feet. In Tooele Valley,
Utah, the same species was found in the greasewood-shadscale
association where the water table is at only moderate depth but not
extremely near the surface.*” In areas of somewhat more abundant
precipitation giant wild rye apparently grows where the water
table is not within reach. Thus a good growth of this species is
reported by Aldous in association with sagebrush in upland tracts
of San Pete Valley, Utah, where the average annual precipi-
tation is about 15 inches. The wheatlike rye grass (Elymus triti-
coides) is reported by Thornber as a ground-water plant, growing
invariably in rich valley soils where the ground water is relatively
near the surface.

Both the giant reed grass and the giant rye grass are abundant
in the Rye Patch, in Ralston Valley, Nev., in association with salt
grass, big greasewood, and rabbit brush. At the Rye Patch were
sunk the wells that furnished the first adequate water supply for
the city of Tonopah, the water being pumped through a pipe line
11 miles long and lifted a height of 600 feet. The Rye Patch is
situated along the axis of a desert valley about 50 miles long, at a
point where an underground barrier is believed to be formed by
lava beds. So far as known, it is the only area of shallow ground
water along the axis of this large valley and affords a conspicuous
example of a very valuable water supply that was located by the
presence of ground-water plants. In the first wells that were sunk
the water level was originally 8 feet below the surface but is now
somewhat lower. In some places in the Rye Patch ground water
stands within 5 feet of the surface. The precise depth to the water
table at the points where the reed grass and wild rye are growing
was not determined.*®

Certain plants of the character of wild rye are also found in
areas of shallow ground water in the humid eastern part of the
country, as, for example, near Washington, D. C., where they indi-
cate localities>in which fairly permanent water supplies can be ob-
tained by digging shallow wells.

4 Hillman, F, H., Field notes ¢n some Nevada grasses: Nevada Agr. Exper. Sta.,
Bull. 33, p. 11, 1896. ~

 Clark, W. O., and Riddell, C. W., op. cit. (Water-Supply Paper 467), p. 39.

4 Kearney, T. H., and others, op. cit., pp. 400-401. .

48 Meinzer, O. B., op. cit. (Water-Supply Paper 423), pp. 95, 124-126.
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SALT GRASS

One of the most widespread and trustworthy of all plants as an
indicator of ground water is the common salt grass (Distichlis
spicata). It is described by Wooton and Standley* as “a coarse
perennial with stiff leaves and stems, a rather strict panicle, some-
times a little branched, with flattened spikelets of about 10 or a
dozen flowers. It is a sod-forming grass, spreading by underground
stems.” (See fig. 2.) Doubtless if full information were available
it would be found that salt grass is growing in many places that
are watered from other sources than ground water or in clayey soils
with considerable moisture but without a definite water table. The
fact will always remain, however, that throughout a vast desert
region in the western part of the United States this species is nor-
mally a ground-water plant, that it faithfully shows the presence
and approximate extent of literally hundreds of areas of shallow
ground water, and that it can be used with great confidence as an
indicator of ground water by anyone who has a reasonable amount
of experience and judgment. (See pl. 3, 4.)

Salt grass has been described as a ground-water plant in Cali-
fornia,*® Arizona,”! New Mexico,*? Utah,*® Nevada,* Nebraska,’ and
Wyoming,® but it also occurs in other Western States.*®

In an intensive study by Lee 5" of the discharge of ground water
in the Independence district of Owens Valley, Calif., it was found
that the belt of grass and alkali land in this district from which
ground water is discharged covers about 55 square miles, or 35,000
acres. (See fig. 8.) Most of this belt is covered with salt grass,
which grows where the depth to ground water does not exceed about
8 feet. In about 12 square miles of this belt the average depth to
the water table is less than 8 feet, in about 18 square miles it is be-

4 Wooton, E. 0., and Standley, P. C., The grasses and grasslike plants of New
Mexico : New Mexico Agr. Exper. Sta. Bull. 81, pp. 120, 121, 1912,

5 Mendenhall, W. C., op. cit. (Water-Supply Paper 224), p. 21. Lee, C. H,, op. cit.
(Water-Supply Paper 294), pp. 14, 77, 84, 85. Thompson, D. G., op. cit. (Water-Supply
Paper 490-B), p. 98. Brown, J. S., op. cit. (Water-Supply Paper 497), p. 113. Shantg,

.H. L., and Piemeisel, R. L., op. cit., p. 762.

5t Gregory, H. E., op. cit. (Water-Supply Paper 380), p. 131, Shantz, H. L., and
Piemeisel, R, L., op. cit.,, p. 798.

52 Meinzer, 0. E., and Hare, R. F.,, op. cit. (Water-Supply Paper 343), pp. 193, 198.
Wooten, E. 0., and Standley, P. C., op. cit. pp. 120, 121.

5 Kearney, T. H., and others, op. cit.,, pp. 407, 408.

5 Ball, 8. H., op. cit.,, p. 24. Meinzer, 0. E., op. cit. (Water-Supply Paper 423), pp.
95, 100. Waring, G. A., Ground water in Reese River basin and adjacent parts of
Humboldt River basin, Nev.: U. 8. Geol. Survey Water-Supply Paper 425, p. 110, 1919
Ground water in Pahrump, Mesquite, and Ivanpah Valleys, Nev. and Calif.: U. 8. Geol.
Survey Water-Supply Paper 450, p. 66, 1921. Clark, W. 0., and Riddell, C. W., op. cit.
(Water-Supply Paper 467), p. 39.

5 Meinzer, O. E., Ground water for irrigation in Lodgepole Valley, Wyo. and Nebr.:
U. 8. Geol. Survey Water-Supply Paper 425, p. 48, 1919.

5 Aldous, A. E., and Shantz, H. L., op. cit.,, p. 111. Shantz, H. L., op. cit., p. 26.

¥ Lee, C. H., op. cit. (Water-Supply Paper 294), op. 14, 80, 84, 85, 131; pl. 25.
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tween 3 and 4 feet, and in about 25 square miles it is between 4 and €
feet. The annual fluctuation of the water table in this belt as observec
in 122 wells ranged from about 1.5 to 4 feet and averaged 8.14 feet.

F1GURE 2.—S8alt grass (Distichlis spicata). After Wooton and Standley

The discharge of ground water by transpiration from salt grass
and other vegetation and by evaporation from the soil was found
to average about 2 feet a year over the area and to vary inversely
about as the depth to the water table, down to depths of 8 feet (p. 86).
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In Figure 3 lines indicating equal depth to ground water are drawn to
show depths of 8, 4, and 8 feet. In the vicinity of the 8-foot line salt
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grass begins to appear and gradually becomes dominant with increas-
ing depth to the water table. Farther east, near and within the area
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inclosed by the 4-foot line, it grows luxuriantly. Within the 3-foot
line fresh-water grasses thrive where there is sufficient surface water
to leach out and carry away most of the alkali, but the salt grass
grows well even where the soil contains considerable alkali.

In 15 localities in Big Smoky Valley, Nev., in which salt grass was
growing, the depth to the water table was found to range from 2 to
11.7 feet in the fall, when the water table was about at its lowest
level for the year.® In Clayton Valley, Nev., in the same season
salt grass was dominant in a zone bordering the playa in which the
depth to the water table did not greatly exceed 10 feet, but it-was
evident that the salt grass extended slightly beyond the 10-foot
limit.®®

In many places salt grass covers the ground v1rtually to the exclu-
sion of other vegetation. However, out of 18 local:ties in Big Smoky
Valley there were only 2 in which salt grass was growing alone; in 9
localities it was associated with rabbit brush, in 7 with greasewood,
and in 1 or 2 each with pickleweed, alkali sacaton, salt bush (Aériplea
torreyi), willow, poplar, and sagebrush. In Ralston Valley it is asso-
ciated with greasewood rabbit brush, wild rye, and giant reed grass.
In Clayton Valley it is associated Wlth pickleweed, rabbit brush, and
seepweed.

In Tooele Valley, Utah, salt grass is a leading species on the grass
flat, which lies between the greasewood-shadscale belt and the salt
flats bordering Great Salt Lake. The grass flat covers a gently
sloping or nearly level expanse and appears to be lower in altitude
than some of the ridges and hillocks situated between it and the
shore of the lake. The area is thus somewhat analogous to a coastal
lagoon and may have had a similar origin. During the greater part
of the year it has a very moist soil, obviously because the water table
is close to the surface. Salt grass is more or less abundant in all
parts of the grass flats and also penetrates the salt flats, where in
some places it is associated scatteringly with pickleweed and in other
places it forms dense mats. In the wetter portions of the grass flat
salt grass is the principal component of a meadowlike vegetation,
with Juncus balticus, Suaeda erecta, Puccinellia airoides, and Glauw
maritima as chief associates and with numerous other species scat-
teringly present.®

Mexican salt grass (E'ragrostis obtusiflora) has been observed at
the margins of the playas in southwestern New Mexico ® and south-
eastern Arizona.? In regard to this species Wooton and Standley

5 Meinzer, 0. E., op. cit. (Water-Supply Paper 423), p. 100, pl. 12

5 Idem, pp. 144, 145.

% Kearney, T. H., and others, op. cit.,, pp. 405, 407, 408, 413.

% Wooton, E. 0., and Standley, P. C., op. cit., p. 120.

¢z Meinzer, O. E., and Kelton, P. C., op. cit. (Water -Supply Paper 320), pp. 172-181,
184, 186.
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state that “ it might easily be mistaken for ordinary salt grass, which
it resembles in many respects, but the inflorescence is somewhat differ-
ent. It is of some importance in the region mentioned and may occur
elsewhere, having been overlooked on account of its similarity to
- ordinary salt grass.” Mexican salt grass was observed at 13 locali-
ties in Sulphur Spring Valley, Ariz., at which the depth to the water
table was known. In these localities the depth to the water table
ranged from 4 to 15 feet in the fall of a dry year, when the water
table was doubtless at a low stage. Out of 27 localities there were
2 in which this grass was growing alone, whereas in 21 it was asso-
ciated with alkali sacaton, in 4 with seepweed, in 3 with mesquite, in
2 with chamiso, and in at least 4 with grama grass.

SACATON

Sporobolus airoides, a species of sacaton that is known by several
common names, including tussock grass, alkali sacaton, red-top saca-
ton, fine-top sacaton, purple top, bunch grass, and salt grass, is a
coarse grass, 2 to 3 feet high, with stems forming large tufts,
clothed below by dead sheaths. (BSee fig. 4.) In late summer the
feathery purple panicles of this grass are a characteristic feature of
the vegetation. It is reported to occur from California to Nebraska
and southward into New Mexico and Texas.®

Studies of this grass in relation to its environment in Tooele Val-
ley, Utah, and Sulphur Spring Valley, Ariz., indicate that it is
commonly a ground-water plant in these valleys, but not much
tangible information is at hand as to whether in some localities it
parts company with the water table. It is one of the two species
that were especially mentioned by Coville ¢ as indicators of ground
water in Death Valley. He states that this grass “ has come to be of
special importance to the desert traveler, for it indicates the presence,
within a few feet of the surface, of water sufficiently fresh to drink.”

In Tooele Valley it grows in assqgciation chiefly with rabbit brush,
forming the so-called Sporobolus-Chrysothamnus community, which
covers a large part of the grass flat. Either of these species may
occur where the other is absent, but as a rule they are closely asso-
ciated. Salt grass is also usually more or less abundant in this com-
munity. The Sporobolus-Chrysothamnus zone is bordered on the
outside by the greasewood-shadscale zone and on the inside by the
salt-grass zone. In the few tests of soil moisture that were made in
the Sporobolus-Chrysothamnus zone considerable excess of moisture
over that represented by the wilting cpefficient was generally found
from the first or second foot down, suggesting the extension of the

€ Coulter, J. M., op. cit, p. 411. Kearnev,
o Coville, F. V., op. cit., p. 35.

T, H., and others, op. cit, pp. 406, 407.

|
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capillary fringe virtually to the surface and the water table at a
depth of only a few feet. The association of alkali sacaton with salt
grass and rabbit brush indicates a depth to the water table not

Figurb 4.—Alkali sacaton or tussock grass (Sporobolus airoides).
(After Wooton and Standley, op. cit., p. 77)
exceeding 10 or 15 feet. The alkali content of 2 number of soil

samples taken where this grass was growing was found to be very
moderate, averaging only about one-third of 1 per cent.
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In Sulphur Spring Valley the zone of ground-water vegetation
surrounding. the barren playa is divided more or less definitely into
belts, seepweed being dominant next to the playa, then Mexican salt
grass associated with seepweed, then alkali sacaton with the salt
bush chamiso, and finally mesquite. The alkali sacaton is promi-
nent, occurring throughout a wide belt. It was found in 24 locali-
‘ties where the depth to the water table and the alkali content of the
soil were determined. In these localities the depth to the water
table at a low stage ranged from 4 to 27 feet, but in 19 of them it
was not more than 15 feet, and in 11 it was not more than 10 feet. .
Alkali sacaton was also found in a few localities . where the depth
to the water table was not known but was estimated to be greater
than 27 feet. In 9 of the 24 localities it was found in association
with mesquite along the outer edge of the sacaton belt, in 11 it was
found in association with Mexican salt grass in the inner part of
the sacaton belt or within the salt-grass belt, and in 2 it was found
in association with seepweed. The soil at the sacaton localities that
were investigated generally contains only moderate amounts of alkali.
The belt in which this species is dominant has rather definite limits
and is closely related to the water table. Its luxuriance in this belt
shows clearly that it habitually feeds on water from the zone of
saturation; apparently, however, it has spread in some localities to
high land where its roots do not reach down to the capillary fringe.
In southwestern New Mexico some alkali sacaton was reported by
Schwennesen where the water table was estimated to be as much as
100 feet below the surface.t®

Another species of sacaton (Sporobolus wrightii), also known as
coarse-top sacaton to distinguish it from fine-top sacaton, or alkali
sacaton, occurs widely throughout the arid regions in localities where
considerable water is available. There is evidence that it grows in
places where the soil is periodically well moistened by flood waters,
but also in places where it feeds on ground water. The record fur-
nished by a water-stage recorder maintained by G. E. P. Smith
cver a well in a sacaton tract shows that in this locality the coarse-
top sacaton is a ground-water plant. J. J. Thornber ® states that in
Arizona the species typically depends on ground water.

PICKELEWEED, SAMPHIRE, SEEPWEED, AND OTHER SUCCULENT
ALKALI-RESISTANT PLANTS

The succulent alkali-resistant bush here called pickleweed (Allen-
rolfea occidentalis) fringes the barren playas in many desert basins
and is an ipdicator of shallow ground water. (See figs. 5 and 9.)
In Big Smoky Valley, Nev., it occurs in association with salt grass

% Schwennesen, A. T., op. cit. (Water-Supply Paper 422), p. 144.
¢ Personal communication,
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and also adjacent to the barren playas on alkaline soil beyond
the limits of the salt grass. In one locality where this species is
growing the depth to the water table was found to be only 2 feet.®

In the Tularosa Basin, N. Mex., Allenrolfea occidentalis is asso-
ciated with salt grass in the area of alkaline soil and shallow ground
water ° and occurs also on soil that is too alkaline, too dense, or too

Figurr 5.—Pickleweed (Allenrolfea occidentalis). (From Kearney, T. H., and others,
op. cit,, fig. 11.) A, Detail of a fruiting branch showing the cylindrical, fleshy,

_ practically leafless stems; B, a plant showing the large tap root and rather scanty
lateral roots characteristic of this species.

frequently submerged for salt grass. In this basin it was observed
in four localities in which the depth to the water table in the fall
ranged from 1.3 to 6 feet; also in a locality in which the depth was
11 feet and in another in which it was 20. feet.®* In these last two
localities the soil was shown by analysis to contain large amounts of
alkali. It would be instructive to ascertain whether in these locali-

7 Meinzer, O. E., op. cit. (Water-Supply Paper 423), pp. 95, 100.
68 Meinzer. O. E., and Hare, R. F., op. cit. (Water-Supp'y Paper 343), pp. 193-199.
% Idem, pp. 306-311.
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ties the plant sends its roots down to the capillary fringe or whether
it has spread beyond its limits as a ground-water plant upon the
highly alkaline soil. The long taproot of this species-suggests that
it may be able to obtain ground water from considerable depths,
although it is most abundant where the water table is very near the
surface.

Allenrolfea occidentalis is described by Parish 7 as occurring, in
association with Dondia torreyana, on the most alkaline soil of the
large flat extending northward from the Salton Sea, where the soil
is commonly moist from rising ground water.

In the report on Tooele Valley, Utah,™ is given the following de-
tailed and exceedingly instructive description of the salt flat that
borders Great Salt Lake and of the occurrence of Allenrolfea occi-
denitalis and associated species on this flat:

Along the margin of Great Salt Lake there is a belt of low land which
varies in width from about 4 miles, near the axis of the valley, to a mere fringe
-on the east and west sides where the mountain ranges approach the lake
shore. Much of this area is covered with water at times but in summer
presents a dazzling white surface due to the heavy crust of salts. These flats
are divided into shallow basins of greater or less extent, separated by low
ridges and hummocks. All but the lowest of these elevations are occupied by
the greasewood-shadscale association, while the basins and flats when not
altogether devoid of vegetation support a few extremely halophytic species
which ocecur either as scattered individuals or in crowded colonies.

The two environments are ecologically quite distinet. * * * Greasewood
oceurs not only on the higher ridges in association with shadseale but also on
the lower hummocks and at the edges of the depressions in association with
Allenrolfea. Shadscale, on the other hand, is not found in the depressions,
nor do the typical salt-flat species occur on the higher ridges.

The vegetation of the flats and depressions cemprises several communities,
each characterized by the presence of a single species—Allenrolfea occidentalis,
Salicornia utahensis, and Salicornia rubra. The first of these is by far the
most abundant and widely distributed. These three species appear to be the
most salt-resistant of the flowering plants of this region, taking possession of
the land left bare by the recession of the lake as soon as its galt content has
been reduced sufficiently from the point of saturation with the excessively saline
lake water to permit the growth of any flowering plant.

In the Allenrolfea community the dominant species, Allenrolfea occidentalis,
is a shrubby plant with numerous cylindrical, jointed, fleshy, practically leafless
branches and a large taproot. In Tooele Valley it rarely exceeds a height of
2 feet. There is considerable variation in the habitat of this plant, but it
develops most characteristically on low hummocks on the salt flats and near
the bases of the higher ridges, usually preferring a slightly better drained and
less saline soil than the species of Salicornia. In places, however, it is seen
scattered over the surface of the fiats, the dark brownish-green tufts of
Allenrolfea contrasting strikingly with the pure white of the saline incrusta-
tion. The thinness of the stand is shown by a plat of a typical 10-meter

7 Parish, 8. B., op. cit., pp. 92, 93.
7 Kearney, T. H., and others, op. cit., pp. 408—412,

54386—27——3
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quadrat in which were growing only 110 individual plants of Allenrolfea ocei-
dentalis, the only species present. Often, as shown in this plat, Allenrolfea
forms a pure community. On higher and better-drained ground, however, it is
frequently. associated with greasewood (Sarcobalus vermiculatus) and with
Suseda [Dondia] moquinii, while in the wetter depressions it often mingles
with Selicornia utahensis. Plants of greasewood, when growing with Allen-

rolfea, are usually stunted and sickly looking., * * *#

It is clear from the tests made of the moisture equivalent, wilting coefficient,
and salt content of the soil that the presence of this plant is an almost in-
variable indicator that the soil (1) contains moisture available for growth, at
least below the surface foot, throughout the summer; and (2) is excessively

saline to a depth of at least 4 feet.
Salicornia wutahensis is a ‘nearly leaflegs plant with fleshy, jointed stems.

It resembles small plants of Allemrolfea but is readily distinguished by the
light blue-green color and by the fact that the branches are opposite, while in
Allenrolfea they are alternate. It spreads by creeping rootstocks and forms
pure colonies of greater or less size, which sometimes cover the bottoms of
depressions, sometimes occupy hummocks elevated but a few inches above the
general surface of the flats., In this case the appearance is much like the
Allenrolfea hummocks, except that the latter are higher and the plants are
larger and darker colored. This Salicornia is also found in assoeiation with

Allenrolfea and with Distichlis.
No determinations were made of the moisture eqguivalent and moisture

content of the soil where this community occurs, but two borings carried to
a depth of 30 inches and 12 inches, respectively, showed that abundant moisture
was present throughout that depth, as would be expected from the slight el#va—
tion of the land above the water surface of the lake.

Salicornia rubra, a small, shallow-rooted annual species of Salicornia, is
found most abundantly in pure communities along drainage channels in the
salt flats. The patches of Salicornie rubra are very conspicuous late in the
summer, owing to the bright-red color then assumed by the plants. Scattered
individuals of this species were also observed far out on the otherwise Ipare
salt flats. -

The species of seepweed that is also called iodine weed and ink-
weed (Dondia torreyana, also identified as Dondia moquinii and
Suaeda torreyana or moquinii?) is a perennial shrub, commonly
having a purplish color and found in Nevada, California, and other
States, on alkaline soil where more than an ordinary supply of
moisture is available. It frequently occurs adjacent to the grease-
wood zone on land that is somewhat more alkaline and lies a little
closer to the water table. In Clayton Valley, Nev., it occurs, in
association with salt grass, rabbit brush, and pickleweed, near the
playa, in a zone in which the depth to the water table does not
greatly exceed 10 feet. In Ralston Valley it occurs with greasewood
along the margin of the shallow-water tract. In Big Smoky Valley,
however, it appears not to be a reliable indicator of ground water,
for it grows in places that are far above the water table, such as the
undrained areas on the landward &ide of ancient beach ridges where

storm waters accumulate.
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-In Sulphur Spring Valley, Ariz., is found an alkali-resistant bush
commonly called burroweed and identified as a species of Suaeda
(Dondia). It grows in the belt of shallow ground water and alka-
line soil immediately surrounding the barren playa, in association
with Mexican salt grass, and also in clumps at the margin of the
playa where the surface is otherwise destitute of vegetation. In
three localities of Dondia investigated in Sulphur Spring Valley
the depth to the water table at a low stage ranged from 4 to 7 feet.
In one locality, where the depth to the water table was not deter-
mined but was estimated to be 15 feet, this species was found, though
not as the dominant vegetation.”

Two other species of alkali-resistant plants that indicate ground
water were mentioned by Mendenhall ”® as growing in California—
lowland purslane (Seswwvium portulacastrum) and wild heliotrope
(Heliotropicum. curassavicum), locally called “ Chinese pusley.” The
lowland purslane grows in moist soils and indicates ground water
but usually water of poor quality. The wild heliotrope is described
by Coulter ™ as occurring along the seacoasts and also on saline soils
in the interior. Mendenhall states that it grows only in moist soils,
but as it has strong alkali-resistant powers the ground water on which
it feeds may be brackish. :

YERBA MANSA

Yerba mansa, a perennial herb which somewhat resembles the plan-
tain weed in appearance has been listed as a ground-water plant in
southern California by both Lee * and Thompson.” Lee states that
it formerly grew in association with salt grass in the valleys of the
western slope of San Diego County, Calif., where the water table
commonly stood within 5 feet of the surface. Thompson observed
it in the vicinity of Newberry Spring, in the Mohave Desert region,
where the water table is only 8 or 4 feet below the surface.

RABBIT BRUSH AND RELATED SPECIES

One of the most conspicuous of the ground-water indicators in
Nevada, Utah, and adjacent regions is the well-known desert bush
commonly called rabbit brush or broom sage. The principal ground-
water species of rabbit brush (Chrysothamnus graveolens) is a shrub
with slender, whiplike branches that have small, narrow leaves.

72 Meinzer, O. BE., and Kelton, F. C.,, op. cit. (Water-Supply Paper 320), pp. 172-181,
184, 186.

7 Mendenhall, W. C., op. cit. (Water-Supply Paper 224), p. 20.

7 Coulter, J. M., Manual of the botany of the Rocky Mountain region, from New Mexico
to the British boundary, p. 258, 1885.

7 Ellis, A. J., and Lee, C. H., Geology and ground waters of the western part of San
Diego County, Calif.: U. 8, Geol. Survey Water-Supply Paper 446, p. 110, 1919,

76 Thompson, D. G., op. cit. (Water-Supply Paper 578).
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In late summer it is made conspicuous by numerous small heads of
yellow flowers which resemble those of golden rod.”” In the
Mohave Desert region, Calif., Chrysothamnus mohavensis was
observed by Thompson as a ground-water plant. Rabbit brush
has been described as a ground-water plant in Big Smoky,” Ralston,*
Clayton,® and Steptoe #2 Valleys, Nev.; in Tooele Valley 8 and Sevier
Desert,** Utah; and in Owens Valley® and the Mohave Desert
region,*® Calif.

It is one of the most common plants in the shallow-water areas
of Big Smoky Valley. It prefers the parts of these areas that have
some drainage but also grows in very alkaline soil and is a fairly
reliable indicator of shallow ground water. The zone of dominant
rabbit brush is in a general way bordered on the inside by the salt-
grass zone and on the outside by the greasewood zone. In seven
localities of rabbit brush that were investigated the depth to the
water table at a low stage ranged from 2.5 to 12 feet, and in another
locality the depth was estimated to be 14 feet. In all eight of these
localities the rabbit brush was associated with salt grass, and in all
except one it was also associated with greasewood. In two of the
localities it was associated with sagebrush (Artemisia tridentata),
which does not depend on ground water. The alkali in the soil of
a few of the localities that were tested ranged from 0.20 to 3.15
per cent and averaged a little over 1 per cent.

In the Sevier Desert and some other tracts of shallow ground
water in western Utah rabbit brush grows in close relation to grease-
wood but generally on somewhat better-drained and less alkaline
soil. On some of the low ridges formed by abandoned river channels
the greasewood is largely displaced by rabbit brush, and some aban-
doned channels can be traced long distances by such bands of yellow-
topped brush winding through the monotonous expanse of grease-
‘wood. In Tooele Valley, where rabbit brush grows in association
with alkali sacaton and salt grass, the alkali content of the soils
that were tested is only very moderate. A considerable excess of
moisture over that needed to prevent wilting suggests the presence
of the capillary fringe and the existence of the water table probably
within 10 feet of the surface. In studies made in Steptoe Valley,

7 Kearney, T. H., and others, op. cit., p. 406.

78 Thompson, D. G., op. cit.

 Meinzer, O. E., op. cit. (Water-Supply Paper 423), pp. 95, 98, 100, 159-161.

8 Jdem, p. 125. .

& Jdenr, p. 145.

82 (Mark, W. O., and Riddell, C. W, op. cit., p. 39.

8 Kearney, T. H., and others, op. cit., pp. 406, 407.

8 Meinzer, Q. E., op. cit. (Water-Supply Paper 277), pp. 24, 110.

8 Lee, C. H., op. cit. (Water-Supply Paper 294), p. 77; The determination of safe yield
of underground reservoirs of the closed-basin type: Am. Soe. Civil-Eng. Trans., vol. 78,
pp. 238, 250, 1915.

8 Thompson, D. G., op. cit.
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Nev., the conclusion was reached that in general rabbit brush occu-
pies tracts where the depth to the water table is between 8 and 15
feet.

Small individuals of rabbit brush or of a plant resembling rabbit
brush are widely distributed over the alluvial slopes far above the
water table. In Tooele Valley the species Chrysothamnus marianus
occurs in the shadscale association far above the water table and
almost certainly without any relation to it. Further investigation
is needed to determine to what extent the species Chrysothammnus
graveolens parts company with the water table. Quite without such
an investigation, however, there is generally little difficulty in deter-
mining the localities where the luxuriant and abundant individuals
of rabbit brush are true indicators of shallow ground water.

The rayless goldenrod (Bigelovic hartwegi#) appears to behave
much like the rabbit brush, and the writer may have confused these
two species in his observations. Apparently both have a tendency
to occupy ground on which the native vegetation has been destroyed
by grazing or cultivation, and both will grow in dry situations as
small plants but will make a notably ranker growth where ground
water is within reach.

. ARROW WEED, BATAMOTE, AND JACATE

Arrow weed (Pluchea sericea) is a tall, straight-stemmed shrub
that seldom branches and grows in rather dense thickets. Its wood
was used by the Indians to make arrows.®” It is reported to be a
ground-water indicator in the Mohave Desert region, California, by
Thompson?®® and in the Salton Sea region, California, by Brown
who states that although it is a reliable indicator of ground water
it is likely to grow where the depth to the water table is several feet
and possibly as much as 25 feet. Usually, however, a heavy growth
signifies water within 5 or 10 feet of the surface. Thompson noted it
growing abundantly along the flood plain of Colorado River near
Needles, where the depth to water was only a few feet. Brown states
that arrow weed is common along dry arroyos where there is a shallow
subsurface flow and in basins where ground water is near the surface.
It also grows freely beside pools and runnmg streams.

The batamote bush (Baccharis glutinosa) is regarded by G. E. P.
Smith as an indicator of ground water. In a letter he makes the
following remarks in regard to it:

There are several other plants which I think you should list. One of them
is the batamote, of which there are three varieties. While it will grow in my

87 Aldous, A, B., and Shantz, H. L., op. cit., p. 113.

& Thompson, D. G., op. cit. (Water-Supply Paper 490-B), p. 98; also Water-Supply
Paper 578.

8 Brown, J. 8., op. cit., p. 113.
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dooryard, if planted where it can steal water, yet it does not seem to belong
there, but when growing along the bottom lands with its feet in the water it
becomes a very large shrub or bush—almost a tree. It is often associated
with arrow weed.

The shrub called jacate (Hymenoclea monogyna) commonly forms
thickets in the valley lands of Arizona and in places attains a
height of 8 to 10 feet. It generally indicates the occurrence of
ground water near the surface.

SALTBUSHES

The different species of saltbush differ widely in their habitat and
associates. Shadscale (Aériplex confertifolia) is a well-known and
widely distributed desert plant that generally depends directly on the
moisture from rain and snow and apparently has little tendency to
utilize ground water except possibly in certain localities.

In his catalog of plants in the Salton Sink, Parish ® lists eight
species of A#riplex, three of which he describes as growing in damp
or wet soil, evidently signifying moisture due to rising ground
water. These are Atriplex lentiformis, Atriplex polycarpa, and
Atriplex canescens. He describes them as growing on the extensive
alkaline flats that stretch from Indio to the borders of the Salton
Sea, near Mecca, in association with Dondia torreyana .and Allen-
rolfea occidentalis. He states that over much of the area the water
table is sufficiently high to permit the capillarity of the soil to raise
the water nearly or quite to the surface. He further states that
these five species do not grow intermingled, or at most are intermin-
gled only on the borders of the portions respectively occupied by
each, the Dondéia and Allenrolfea occupying the most alkaline soil.
He describes the three species of A¢riplex and their occurrence as
follows:

The three species of Airiplez above named hold possession of the larger
part of this area, their distribution being determined by the amourt of water
in the soil. Those parts in which the water content is greatest is occupied by
Atriplex lentiformis. This is a vigorous species with leaves broader and
greener than those of the others. It grows either in thickets close as a hedge,
or isolated in great domes, 6 to 8 feet gnd exceptionally even 12 or 15 feet in
height and base diameter. The same requirement of a very damp soil is
manifested elsewhere in its position about springs and on river banks,

Where the soil is somewhat drier Airiplez polycarpe forms a nearly pure
stand. Its habit of growth is similar to that of Airiplex lentiformis, but-
mostly in thickets and less frequently in dense entangled individuals, in neither
case much over 3 feet in height.

The third species, Airiplex canescens, has great ecological adaptability, so
that while reaching its best development on the drier margins of these flats,
it also is frequent in the most arid soils.

# Parish, 8, B., op. cit., pp. 92, 93, 107, 108.
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The occurrence of several species of Aériplex and their relation
to seepweed (Dondia torreyana) in the Santa Cruz Valley, near
Tucson, Ariz., are described by Spalding ** as follows:

In the lowest part of the salt spots, where the drainage is most defective,
Suaede moquinii [Dondia torreyane] is characteristic and in some cases is
well nigh exclusive in its occupation of the soil. Commonly, however, there
are associated with it a few other plants, especially one or more species of
Atriplex. 'Thus, Alriplex lentiformis grows luxuriantly, even where the so0-
called black alkali, chiefly sodium carbonate, forms a heavy crust, and both
Atriplex nuttallit and Atripler elegans are of frequent occurrence in low spots
where the accumulation of alkali has reached a high percentage.

Beyond this association, and outside of it, Airiplex canescens, in many cases,
is conspicuously present. Its range, however, extends over the flood plain
and even beyond it, so that although closely related genetically, it can not
be referred to the more restricted association of saltbushes, which have the
salt spots as their habitat. Thus a zonal arrangement, often well marked, is
produced, in which the center may be quite bare of plants, while around it, in
successive concentric zones, are (1) Suaede moquini and Atripler nuttallii, (2)
Alriplex polycarpa, (3) Atriplexr canescens and various other species which
belong around or outside the limits of the salt spot proper.

Atriplex canescens is described by Kennedy 2 as “a robust, shrubby
perennial from 4 to 10 feet high, native of the high valleys and
plains of Wyoming, Nevada, Arizona, New Mexico, and western
Texas. * * * Tt has proved its adaptability to soils impregnated
with white alkali and also withstands small amounts of black alkali.
Its resistance to cold adds greatly to its value.”

In Tularosa Basin, N, Mex.,”® a lowland area of about 650 square
miles has as its dominant vegetation a saltbush, presumably A#¢riplea
canescens,” which is known by the Mexican inhabitants as
chamiso but is often incorrectly called “sagebrush” by the
English-speaking settlers. The soil throughout this chamiso zone
consists largely of gypsum but as a rule contains only moderate
amounts of alkali, although in some places the alkali content is large.
In 19 localities of chamiso that were investigated the depth to the
water table was determined in 8 and estimated in 11 localities. In
the 8 localities the depth to the water table ranged from 13 to 62 feet;
in the 19 localities it ranged, according to the estimates, from 8 to 62
feet. In 2 localities it was 10 feet or less, in 4 it was between 10 and
20 feet, in 8 it was between 20 and 80 feet; in 2 it was between 30 and
40 feet; and in 1 each it was 45, 60, and 62 feet. In 3 of the localities
chamiso was associated with pickleweed, and in 8 it was associated

9 Spalding, V. M., op. cit., p. 13.

92 Kennedy, P. B.,, Saltbushes: U. S, Dept. Agr. Farmers’ Bull, 108, p. 12, 1900.

9 Meinzer, O, E., and Hare, R. F., op. cit. (Water-Supply Paper 843), pp. 193-199,
306-311.

% Coville, F. V., and MacDougal, D. T., Desert Botanical Laboratory of the Charnegie
Institution: Carnegie Inst. Washington Pub. 6, pp. 5-8, 1903.
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with mesquite. In general the chamiso belt is bordered on its lower
margin by the belt of pickleweed and salt grass and on its upper
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Fieurn 6.—Map of a part of the east slope of Tularosa Basin, N. Mex., showing
areas in which mesquite is the dominant plant and their relation to ground water.
In general chamiso is the dominant plant on the lower or west side of the mes-
quite areas and creosote bush on the upper or east side. (After Meinzer, 0. E,,
and Hare, R. F,, op. cit. (Water-Supply Paper 343) pl. 2)

margin by the mesquite belt. In parts of the east side of the basin
the belt of dominant chamiso extends up to the region where the
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depth to the water table is about 30 to 35 feet, but there are many

exceptions to this rule, and in some places it extends above the 50-foot

line. (See fig. 6.) On the west side the relation of this belt to the

depth to the water table is still more irregular and complicated, as is

shown in Figure 7. In general it is bounded on the upper side by

the mesquite belt, but in the interstream areas, where the soil is

doubtless more gypseous R4 E. - RS E. ‘
than in the areas that P B

are periodically flooded
by storm waters from
the mountains, the mes-
quite belt may be inter-
rupted and the chamiso
may extend as the domi-
nant vegetation up the
alluvial slope, beyond
the line where the depth
to water is 100 feet, and
may be dominant in
tracts above the mesquite
belt. In some of the
smaller basins of central
New Mexico chamiso is
found, as in the Tularosa
Basin, on the lowland
tracts that have only
moderate depths to
water but are especially
noteworthy for their in-
tensely gypseous soils.
Obviously this species is L o 4 2 3 4 swes

well adapted to a gyp- A S S

seous soﬂ, and its oceur- FIcure 7.—Map of a part of the west slope of Tularosa
. h b . . Basin, N. Mex., showing belts of vegetation and
rence 1n these basins is their relation to ground water. Numbers on dashed

largely controlled by lines indicate depths to the water table in feet.
the distribution o f this 1(;;ft‘;e(l;)Meil:lzer, 0. E., and Hare, R. F,, op. cit,
soil.

In Sulphur Spring Valley, Ariz., a saltbush called chamiso
(species not definitely determined but presumably Aériplex canescens)
is found to a moderate extent in the shallow-water area, chiefly in
association with alkali sacaton between the burroweed-saltgrass belt
on the lower side and the mesquite belt on the upper side. In five
localities that were studied in which chamiso was growing the

observed or estimated depth to the water table ranged from 8 to 25
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feet, and in three of them from 10 to 20 feet. The chamiso was
associated with alkali sacaton in all five localities, with mesquite
in two, and with Mexican salt grass in two. The chief interest in
the chamiso of this valley lies in the fact that the soil is not gypseous
but contains black alkali (sodium carbonate and sodium bicarbonate).
In the five localities the amount of alkali in the soil ranged from
rather low to moderately high. In all three localities of which
the soil alkali was analyzed there was found to be black alkali with
an absence of gypsum at each depth that was sampled.

In the Tularosa Basin the chamiso is estimated to cover about 650
square miles, or more than 400,000 acres. According to evidence
of several kinds, the rate of recharge of ground water in this
basin is relatively not very great. More or less discharge of ground
water obviously occurs over an area of 150 to 200 square miles in
which the ground water rises by capillarity virtually to the surface.
Moreover, the mesquite almost certainly disposes of considerable
quantities of ground water. It seems probable, therefore, that if the
chamiso feeds on ground water in this basin it draws very sparingly
on this supply. Apparently it utilizes water from the zone of
saturation in some localities but is not a reliable indicator of ground
water. ,

The tall, shrubby saltbush (A#riplex torreyi), which occurs in
Utah, Nevada, and California, was found in a few localities in the
shallow-water areas of Big Smoky, Ione, and Clayton Valleys, Nev.*®
but at no place is it the dominant plant. From the field observations
in Big Smoky Valley the conclusion was reached that this species
can endure considerable alkali and is generally found in low places
‘having more than an ordinary supply of moisture, but that it is not
a reliable indicator of shallow ground water. In Jone and Clayton
Valleys, however, its relations seem to be those of a true ground-
water plant. Its occurrence in Ione Valley is described as follows: ®

The area of ground-water discharge at the mouth of Ione Creek is obviously
due to rock formations that hem in the outlet and bring a part of the under-
flow to the surface. Capillary discharge is taking place in the wide Pleistocene
stream valley from Black Spring to a point about 2 miles farther up the
valley. The position of the water table is shown by Black and Warm Springs,
and more precisely by the small stream which in October, 1913, rose about
one-half mile above Warm Spring in a recently cut gully and was supplied
entirely by ground-water seepage. From Black Spring to about the point where
the small stream rises the surface contains crusts of alkali and black stains
of sodium carbonate, and the vegetation consists chiefly of salt grass, rabbit
brush, big greasewood, and the tall saltbush (Atriplex torreyi). Near Warm
Spring the gully is only about 5 feet deep, and in Oetober, 1913, water was
drawn to the surface by capillarity. Near the source of the stream the gully

% Meinzer, O, E., op. cit. (Water-Supply Paper 423), pp. 96, 99, 100, 145,
% Jdem, pp. 99, 100.



PRINCIPAL SPECIES 37

was about 9 feet deep, and the capillary water rose only to a level 3 feet below
the surface, but some salt grass was grow<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>