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PREFACE

In superficial extent Arizona's largest agricultural problem is and
always will be her grazing range*. These vast areas of unimproved
country are capable of large and permanent production in cattle,
sheep, goats and horses, if they but receive proper administrative care.

Following the destructive utilization of our grazing resources for
the last forty years under the ruinous free range regime, public opinion
throughout the Western United States now calls for laws adequate
to the control, restoration and beneficial use of approximately 400,-
000,000 acres of range country. This publication, the fruit of some
ten years7 study, is in the main, a contribution to that scientific knowl-
edge of the subject which must underlie intelligent range manage-
ment in our own Southwest. The administrative suggestions corollary
thereto arc of more or less application everywhere.

World wide, indeed, in importance and interest, both historically
and at the present clay, is the question of how best to make use of vast
areas of semi-arid lands. More than one-sixth of the land surface of
the globe is desert or near-desert in character—sensitive to destruc-
tive agencies, difficult to restore. There can be no doubt that man
and his animals have had much to do with desert making in the Old
World. The weight of Asian horseherds, the close devastation of
browsing camels, the innumerable sheep and goats of roving tribes,
must have done much to destroy vegetation, deepen drainage lines,
and extend the boundaries of these waste regions. In the Old World,
whose deserts have always been free range, the destructive process
has attained to its full effect, and even the traditions of one-time
fertility have been all but lost.

In the New Worlds we have seen the danger in time, and it only
remains for the Anglo-Saxon, with his capacity for invention in gov-
ernment, in Australia, in Africa, and in the United States, to con-
serve, and maintain in meagre fruitfulness those semi-arid regions
which in the aggregate are of immense importance and value to the
human race.

R. H. FORBES
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THE GRAZING RANGES OF ARIZONA

By J J. Thornber

INTRODUCTION

Perhaps no line of investigation that has been undertaken by the
Arizona Experiment Station is of broader scope, and of greater in-
terest to the Territory as a whole, and at the same time is beset with
greater difficulties in the way of an early solution, than the problem of
the restoration of our grazing ranges. It is no exaggeration to state
that fully 70 percent, or somewhat more than 50,000,000 acres of the
public land in Arizona is at this time of value chiefly for grazing pur-
poses, which condition is likely to obtain for many years to come;
and this is true also in a large measure in other of our common-
wealths. Of such vital importance is this subject to the western and
southwestern States and Territories, and indirectly to the country at
large, that in addition to the attention it has been given by the various
Experiment Stations from time to time, it is receiving within recent
years the most careful consideration from the United States Depart-
ment of Agriculture. Unless these depleted grazing ranges can be
restored by practical means to a reasonable forage producing capacity
and maintained as such by proper administration, governmental or
otherwise, a large portion of this Territory must continue to be, for
the most part, unproductive.

Range investigation has been given careful attention by this Ex-
periment Station, as opportunity has offered, for the past ten years.
In the spring of 1900, Professor J. W. Tourney, then botanist of the
Experiment Station, began planting the native species of cacti that
promised to be of economic value, together with introduced spineless
ones from Sicily, Mexico, and South America, with a view to develop-
ing forage plants for arid regions. Professor Tourney left before his
work was sufficiently well under way to warrant its being continued,
with the result that nothing further was done with this phase of for-
age investigation for some years. In the fall of 1900, Dr. David Grif-
fiths assumed charge of range work under cooperation of the United
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States Department of Agriculture and the Arizona Experiment Sta
tion. Dr. Griffiths was especially active in the study of grasses am!
their introduction upon the ranges. After nine months, he was fol
lowed by the writer, who became botanist of the Experiment Station,
and who has since had charge of these investigations. Portunatcl),
the change was made without any break in the lines of study alrcad>
begun under the above cooperative arrangement, and for the ensuing
year the work was continued by this Experiment Station.

In the fall of 1900, four sections of typical mesa land lying ?bout
four and one-half miles southeast of Tucson along the Southern Pa-
cific right-of-way were withdrawn from settlement for purposes of
range study under the cooperative agreement mentioned. The fol
lowing is a copy of the President's order setting aside this tract:

EXECUTIVE MANSION
October 10, 1900.

It is hereby ordered that sections 26, 27, 34, and 35, township 14 south,
range 14 east, Gila and Salt River Meridian, Territory of Arizona, be, and
they are hereby, reserved and set apart for the use of the United States De-
partment of Agriculture, for purposes of an Agricultural Experiment Station

(Signed) WILLIAM McKIlIT.EY

The above area has been called, for convenience, the small range
reserve tract, in order to distinguish it from a larger one withdrawn
later, and known as the large range reserve tract. Of the former
area, a triangular portion aggregating 336 acres lying along the
Southern Pacific railroad near Wilmot siding has been under fence
since January, 1901; this is frequently referred to as the small range
enclosure. Here it has been possible to study the behavior of the na-
tive plants from year to year under favorable and unfavorable condi-
tions, ungrazed and undisturbed; here, also, under range conditions
various lines of range experiments have been carried on with the na-
tive mesa, foot hill, and mountain species, besides numerous intro-
duced ones from other arid regions. Careful precipitation records
have been kept throughout the nine years, and minute attention has
been given to the relation between plant growth and the amount and
timeliness of the annual rainfall.

In connection with these experiments, a forage garden has been
maintained on the University grounds with moderate irrigation.
Among other things this has served as a basis .of comparison for the
cultural work within the small range enclosure, where no irrigation is
practiced. The writer has also been able to note the season of growth
of the native and introduced forage plants, the conditions favoring
their seed germination and subsequent growth, the relative amount of
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irrigation required by various species, and the forage yield under dif-
ierent conditions.

April 11, 1902, by proclamation of President Roosevelt, the
Santa Rita Forest Reserve! was established; the northern limit of this
extended well out upon the mesas, in order to include land which was
desned for range study, but which could not be had readily through
other channels. The fpur sections of land known as the small range
icserve tract, which had already been withdrawn from settlement for
K\pcnmcnt vStation purposes, were made to constitute the extreme
1101 thorn extension of the above forest reserve.

It lias always been known that much of this reserve was but
thinly forested, and some of it not at all. At the time the reserve was
created, however, its purpose was expressly understood to be the study
of grazing range problems with a view, if possible, to a demonstration
on a large and convincing plan, of the possibility and practicability of
range restoration and control Although sometimes criticised by those
not aware of its purpose, the reserve has thus far been maintained
almost in its entirety for the uses for which it was created.

July 1, 1902, the Arizona Experiment Station and the United
States Department of Agriculture began, once more, after a lapse oi
a year, cooperative range investigations. In the spring of 1903, under
the above cooperative agreement, and with the permission of the De-
partment of the Interior,*}* a tract of diversified higher mesa and foot
hill land lying within the Santa Rita Forest Reserve, and containing
49.2 square miles, was enclosed with a durable four wire fence for a
more extensive range study. This large range enclosure has been
under the immediate supervision of Dr. Griffiths of the Bureau of
Plant Industry, while the writer has had charge of the small one al-
ready noted since August 1, 1901. The Arizona Experiment Station
has furnished annually to the Department of Agriculture a report
upon the small range reserve tract, and in turn has been supplied by
the Department of Agriculture with a similar report upon the large
range reserve tract. Thus, both parties to the cooperative agreemenc
have been kept informed as to the status of range work under con-
sideration. In addition to this the writer has spent a considerable
amount of time in the spring and fall of each year making a compara-
tive study of forage conditions on adjacent grazed areas, besides those
in other parts of the Territory.

No pains have been spared in the study of the behavior under our

*Quite recently this has been made a part of the Coronido Forest Reserve,
which embraces the forest reserves on the Santa Rita, Santa Catahna, and
Rmcon Mountains

fAt this time the National Foiestry Service was a part of the Department
of the Interior.
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conditions of the native and introduced forage plants. Though not
productive of immediate results, this ecological work has been, and
will continue to be, essential to an intimate knowledge of the causes*
underlying the distribution of the more valuable of our native and in-
troduced grazing plants, and of their successes or failures when tried
under varying conditions of climate and soil. Unlike range studies in
certain other localities where it is a matter of importance to decide
between the relative nutritive values of the different species or groups
of grazing plants, the problem here has been to discover plants that
will grow successfully on the ranges, in particular those at the lower
altitudes where extremes of heat and drought obtain, and that at the
same time, will be of some value for forage at one season of the year
or another. To this end little attention has been given to the matter
of chemical analyses of fodders, inasmuch as a plant was considered to
be of value for experimental purposes if it showed extreme resistance
to our varied conditions, and if it were grazed to any considerable ex-
tent by stock; while plants of far greater nutritive values were passed
by because of their manifest lack of resistant qualities.

Of the various lines of inquiry which the writer has pursued in
this study, the following, especially, may be noted here: (1) amount
and seasonal distribution of rainfall, and its relation to forage produc-
tion; (2) effects on the plant covering of prolonged droughts, espec-
ially in connection with overgrazing; (3) viability of seeds of our
forage plants, with factors controlling germination; (4) seasonal pro-
duction of forage of the various groups of native forage plants; (5)
conditions of primitive or little grazed ranges; (6) rate of recovery
under protection of the various types of ranges; (7) carrying capacity
of different classes of ranges; (8) value of storm water embankment^
and of simple cultural operations; and (9) the proper administration
of our grazing ranges.



CHAPTER I

CLIMATIC

IMPORTANCE AND UNCERTAINTY OF THE RAINFALL

Of all the factors which affect favorably or otherwise plant
growth on the ranges, those of rainfall and temperature are by far the
most important. Copious and seasonable rains with average tempera-
tures insure good grazing, as the term goes here, over much of the
foot hills and mesa country, while a scant or untimely rainfall means
a shortage of both feed and water for stock. Unfortunately, rain-
fall is the least certain, as well as the most variable of our cli-
matic elements. Periods of moderately heavy precipitation are of
short duration and quite infrequent, while prolonged droughts are
rather to be looked for; these commonly alternate with one another in
sharp succession, as do also periods of relatively wet years with corre-
sponding ones of dry years.

In support of this may be noted the minimum precipitation of
6.26 inches at the University grounds for the year ending June 30,
1904, while during the ensuing twelve months 20.22 inches fell. The
average annual precipitation at the same station for the three years
ending June 30, 1904, was 7.93 inches; and that for the following
three years was 15.78 inches, or double the former amount. During
the severe drought which included the eight months ending June 30,
1901, the total precipitation was 1.08 inches; while for the nine
months ending June 30, 1904, but 1.80 inches of rain fell. The mean
annual precipitation for Tucson for the past 27 years is 10.76 inches.

At the Empire Ranch, which is situated in one of the best stock
countries in southern Arizona, the average rainfall for the four years
ending June 30, 1899, was 17.46 inches; that for the succeeding five
years was 11.69 inches, while for the following three years ending
June 30, 1907, the average was 18.18 inches. The mean annual pre-
cipitation at the Empire Ranch for the 13 years ending June 30, 1908.
was 15.62 inches, 65 percent of which fell within the summer growing
periods, July to October inclusive, and 29.8 percent during the winter
and spring seasons. At Oracle the rainfall for the three years ending
June 30, 1904, averaged 12.76 inches, while for the following three
years the average was 26.02 inches, or considerably more than double
the former amount. The mean annual rainfall at Oracle for the 13
years ending June 30, 1907, was 18.44 inches, of which 44 percent fell
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during the summer growing periods and 50 percent within the winter
and spring months.

Precipitation records for Fort Apache for the 31 years, 1876 to
1906 inclusive, for Fort McDowell, including the period 1867 to 18(X),
for Fort Grant covering the years 1873 to 1904, for Fort Bowie from
1868 to 1890, and for Fort Lowell* from 1867 to 1883, all of which
are practically complete throughout, also, from numerous other sta
tions in various parts of the Territory for periods of 10 to 15 years,
show similar irregularities in the amount and distribution of the rain-
fall, both with reference to dry years, and, what is infinitely worse
from the stockman's standpoint, periods of them. There seems to be
no regularity as concerns this matter; a dry summer or a series of
them are followed by wet or dry winters and springs as the case ma\
be; prevailing dry spells may be of one, two, or more years' duration,
after which follows a period of one to several years when the rainfall
is very much above the average; again, there may be a series of win
ter or summer seasons, or of years with a nearly average rainfall.

RAINY SEASONS IN ARIZONA

In contrast with the Pacific Coast States where there is but OIK
principal rainy season annually, viz., the winter and spring months,
Arizona enjoys both a winter and a summer rainy season.

This dual character of our wet seasons is very much to the ad-
vantage of the grazing interests, in that the rainfall, though usually
not heavy at any particular time, is distributed over eight or nine
months of the year. This makes possible the growth of a larger num-
ber of varieties of plants than could obtain otherwise, and insures also
a more continuous forage and water supply for grazing herds. Thus
our limited rainfall is in part compensated for by a rather fortunate
distribution. In the eastern and southeastern parts of the Territory
the summer rainfall exceeds that of the winter and early spring
months, and represents, usually, more than one-half the total annual
precipitation; while in the central, western, and southwestern parts of
the Territory, or at stations west, southwest, and to some extent north
of Tucson, the opposite condition prevails, the winter rainfall beint*
relatively heavier. In this connection it is to be noted that in passing
from the higher altitudes of the eastern part to the lower altitudes of
the western part of the Territory, the summer rainfall decreases in
amount very much more rapidly than that of the winter season,
though there is an actual falling off in both cases. In contrast with
the foregoing, the rainfall at Tucson is more nearly distributed be-

*CompIete precipitation data from these various stations kindly furnished
N. Jesunofsky, Section Director, Phoenix* Arizona.
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t\vecn the winter and summer seasons, the summer rains averaging
somewhat over an inch above those of winter and spring.

The summer rains begin in July, attain their maximum in August,
which month averages the wettest for the year, and are usually at an
end by the middle of September. Except in rare instances when the
temperature falls considerably, in which case precipitation often be-
comes quite general, they are local, and of short duration, but torren-
tial in character. Briefly they are thunder showers. Their clouds
gather quickly over mountain tops, and follow in a general way the
course of the mountain ranges. Accordingly, a considerable percent-
age of the summer rain of a locality corhes directly from the adjacent
mountains, with the result that on the mesas especially, the rainfall i*
extremely local or "patchy" in character. The extent of mesa country
benefited by a summer rain is frequently not more than four or five
miles in width, and often much less, the amount of precipitation vary-
ing anywhere from a light shower to a heavy downpour of two or
more inches. Precipitation, especially during the summer months, is
heavier in the mountains where lower temperatures prevail, and under
ordinary conditions decreases quite regularly as one passes to the foot
hills, and finally to the lower and farther removed mesas where tem-
peratures are relatively high.

In the light of the above, it will be interesting to observe that the
summer annual growth which is a fairly good index of the amount and
timeliness of the summer rains varies noticeably in quantity and condi-
tion from year to year over the same general mesa country, and shows
commonly a "patchy" character in the course of even a few miles. So
pronounced was this variation in the summer rainfall in one instance,
that considerable areas of such drought resistant plants as creosote
bush or greasewood, and cacti in the neighborhood of Vail were ob-
served to be actually suffering during the late summer months for
want of soil moisture, while within a distance of eight or ten miles
the same species were making a healthy growth and there was a fairly
continuous covering of the summer annuals over the ground. The
careful observer, as he travels over the Territory by railroad, cannot
fail to take notice of this uncertain and local feature of the summer
annual growth at the lower altitudes, and of the heavier growth of the
herbaceous species, annuals and perennials, which obtains at higher
elevations.

Winter rains begin in November, or December, and continue with
more or less regularity until March, toward the latter part of which
month they usually end. They are less regular in their annual occur-
rence, and their seasonable distribution, the latter due partly to the
greater period over which they may occur, than those of the summer
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months; they are, as a rule, however, general in character and their
precipitation, though moderate, often continues for one or more days.
They occur over a period when evaporation of water from the soil is
at a minimum by virtue of greatly lowered temperatures; and for this
reason conditions of growth are especially favorable for the winter
annual species, which plants are ordinarily not injured with occa-
sional temperatures of 10 to 20 degrees F. below freezing. The sum-
mer rains, on the other hand, fall within a space of at most three
months during relatively high temperatures, at which season evapora-
tion of soil water is exceedingly brisk, and unless replenished fre-
quently by local showers, the rapid growing, shallow rooted summer
annuals of the mesas dry out.

DEPTHS TO WHICH THE SOIL IS WET BY WINTER AND
SUMMER RAINS

From the foregoing comparisons of our rainy seasons, it is hardly
necessary to state that surface run-off is notably greater during the
time of the summer rains. As a result of this, surface erosion and
gullying of washes is much more pronounced at this season than dur-
ing the winter months. In addition to this, the ground does not be-
come wet down as deep in the summer time as with a like amount of
rainfall during the winter season. Seldom is the average mesa soil
wet down to depths greater than 12 inches during the time of summer
rains, even with one or more moderately heavy rain periods. As
touching this point, the writer cites the instance of the summer rain-
fall on the small range reserve for the month of July, 1909, which was
3.86 inches, or 83 percent above the average at this station for July
for the past eight years; and of this amount, 3.23 inches fell during
the week ending July 25. The rainfall for June was less than one-
fourth of an inch, while that for the previous winter and spring was
3.95 inches, or 33 percent less than the average for the winter season
for the past eight years, so that this soil was as dry as it would be
ordinarily at the beginning of the summer rainy period.

With the rainfall just noted, at 25 locations on the small range
enclosure on land with very little slope and slightly heavier than
usual, the average depth to which the soil was wet was 10.23 inches,
the extremes being 6.75 inches and 13.75 inches, respectively. Over
this area there was a scattering growth of creosote bush or grease-
wood, cholla, and rayless golden-rod, with occasional patches of dried
annual growth of previous years. On a second plat which was cov-
ered with a good average growth of creosote bush or greasewood with
the usual patches of dried annuals, the average depth to which the soil
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had become wet down was 15.38 inches, the minimum being 8.25
inches, and the maximum 18 inches. The soil here, however, was
quite sandy and the slope was very slight, for which reasons the run-
off was greatly reduced. On a third lot of land which had at best a
scattering of creosote bush or greasewood, with some annual growth,
and which sloped noticeably toward an adjacent swale, the average
depth wet down with the same rainfall was only 8.06 inches, the least
being 2.15 inches, and the greatest depth 15 inches. This lot includes
occasional patches of impervious soil on which no growth of any kind
obtains either during the winter or summer growing seasons, due to
the ground becoming rarely wet down deeper than three or four
inches. These figures correspond very closely to what the writer has
observed under similar conditions during other summer seasons. Al-
most without exception on the above areas, the soil was wet down
deepest where the annual growth had been heaviest, which is likely
clue to the more porous character of the soil caused by the decaying
roots, and also to the layer of dead stems which retarded the flow of
storm water over the surface.

As compared with the above, it is not uncommon during the win-
ter season for the mesas to become wet down with moderately heavy
rainfall to depths of 18 to 24 inches, where for obvious reasons the
moisture remains for a much longer time than it does during the sum-
mer months.

PERIODS OF MINIMUM RAINFALL

April, May, and June, throughout the Territory, are proverbially
dry months. The mean precipitation at Tucson for this period for the
past 27 years is a trifle above one-half inch, which is about the aver-
age for the lower altitudes, while at elevations of 4,000 to 6,000 feet
the total rainfall for these three months is between one and three
inches. It follows, accordingly, that except for the succulent growth
of cacti, and browse from scrub oak, saltbushes, mesquite, cat's-claw,
palo verde, hackberry or palo bianco, jojobe, and certain other trees
and shrubs, stock ranges are destitute of green herbage during this
portion of the year. The failure on the part of many stockmen, more
especially in the past, to take proper account of this annual, recurring,
rainless period has been responsible for no small percentage of the
loss of stock on the ranges. It needs hardly be said that when this
rainless period is preceded by a dry winter and spring, heavy losses
are certain to take place on ranges that have been overstocked and
overgrazed. Another dry spell occurs during the months September
to November, inclusive. This, however, is not so well defined as the
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above, and is of much less consequence to stockmen ordinarily, since
it follows closely on the summer season when there is usually a good
supply of food and water.

The more or less current statement that the annual rainfall is
less now than formerly is not borne out by a comparison of statistics
from numerous stations for the past 20 or 30 years. In fact, the rain
fall for the last eight years, within which time much of the range in-
vestigation has been carried on, has been somewhat above the aver-
age, notwithstanding, that during this period have occurred two
droughts of more than usual severity.

DISCUSSION OF RAINFALL RECORDS

In the precipitation data which is given at the close of this chap-
ter, the summer rainfall is treated as a unit, the total being given after
that for the month of October; the winter rainfall, also, is considered
in like manner and given in full after the rainfall for April. There
is in each table, therefore, a column showing the total summer rain-
fall, and another the total annual winter rainfall. The reason for this
is that the winter and summer rainfall considered separately offer a
far better index of actual conditions on the ranges from year to year,
so far as plant growth is concerned, than the annual rainfall does
when taken as a whole. As already noted, a season, year, or even
period of years may be exceptionally dry after which an abnormally
wet period sets in, thus maintaining an average rainfall, but being en-
tirely misleading so far as the amount of plant growth is concerned

f luring each season or year. October rains, though commonly of the
printer type, are included with the summer rainfall, inasmuch as they
'prolong the life of the summer and autumn forage, though seldom
promoting much new growth; and for the same reason, the occasional
April showers are counted in with the winter rains. The summer
rainy season infrequently begins late in June, which tends to lengthen
out somewhat the summer grazing period, but this does not happen
often enough except at higher altitudes to warrant being taken into
account.

Stockmen maintain that heavy fall and early winter rains arc
more injurious than beneficial, inasmuch as they sour the crop of mes-
quite pods which fall to the ground, and leach out the nutritious ele-
ments of the natural cured grama and mesquite grasses of the higher
mesas and foot hills. These men state that ottr best grazing years are
those which have moderate to wet growing seasons, i. e,, the winters
and springs and the summers, followed by dry spells, during which
time the cured forage on the ranges undergoes a minimum change







CUMATIC CONDITIONS 257

range species are concerned, and hence need notabe taken Into consid-
eration.

On account of the prevailing winter temperatures above altitudes
of 4,500 to 4,800 feet being too low for the successful growth of win-
ter annual species, these plants are of no economic significance above
these elevations.' There Is often a good growth among the winter
annuals, however, at altitudes of 3,500 to 4,000 feet, after the same
plants have dried up on the lower mesas. This is due to favorable
growing conditions continuing later in the spring, by virtue of higher
altitudes. As concerns the matter of temperatures affecting plant
growth, may be noted the interesting mesa country between Mesa and
Florence, Arizona, the altitudes of which range from 1,100 to 1,600
feet. Here the winter temperatures appear to be mild enough to en-
able such hardy winter annuals as alfilaria, Indian wheat, and several
of the borages to make fair growths during the middle part of the
winter season when the rainfall is heaviest. This is in contrast with
what takes place on the mesas about Tucson and in other parts of the
Territory where the bulk of the winter annual growth is made after
the time that the winter rains have begun to draw to a close.

It is hardly necessary to state that above altitudes of 6,000 feet,
plant growth of whatever kind obtains only during the warmer
months, May or June to September, Inclusive, regardless of the dis-
tribution and amount of the rainfall. The reason for this is apparent
at once. Above the winter annual zone of 4,500 feet temperature is
the controlling factor, plants being able to grow to any extent only
when it is sufficiently warm, regardless of the presence of moisture in
the soil; while below this zone plant growth of one type or another
takes place whenever there is sufficient moisture in the soil to main-
tain It, the temperature being generally favorable Accordingly,
moisture Is the controlling factor at the lower altitude.

*Thornber, J. J Relation of Plant Growth and Vegetation Forms to Climatic
Conditions. Plant World, VoJ 12, No. i, p 1-7, Jan., 1909











CHAPTER II

FORAGE PLANTS OF ARIZONA AND THEIR
RELATION TO RAINFALL

Perhaps no other section of our country is supplied with so d*
verse a class of forage producing plants as is the Southwest; in fact,
they constitute no small portion of the flora, and represent a large
number of plant families. They range from tender annual herbs of
late winter and spring, and nutritious grasses of summer and fall on
the one hand, to woody species including numerous trees, shrubs and
undcrshrubs, which are intermittently browsed throughout the year, on
the other hand. Of this latter group the more important are salt-
bushes (Atriplex sps.), greasewood (Sarcobatus vermicularis), winter
fat (Hnrutia lanatct), jojobe (Simnwndsia calif ormca), cat's-claw
(Acacia Greggii), mcsquite (Prosopis velutina], hackberry or palo
bianco (Ccltis misstssippiensis van, reticulata), Apache plume (Pal-
lugia paradoxa), numerous oaks (Quercus sps.), and palo verde and
bagote (Parkinsonia sps.), besides the spiny links or pads and fruits
of several species of cacti (Opuntia sps.), young leaves and flower
stalks of Spanish bayonet and sotoli (Yucca sps.), bear or hickory
grass (Nolina crumpens), and the green rush-like twigs of such
plants as Mormon tea (Bphedra trifurca and S. nevadcnsis).

The most notable plants of our region that are little or not at all
grazed are bisnaga (Echinocactus sps.), &nd species of Cereus and
Mamillaria among cacti, creosote bush or greasewood (Larrea triden-
tata), rayless golden-rod (Bigelowia sps.), prickly poppy or milk this-
tle (Argemonc intermedia), mullein (Verbsacum thapsus), cockle-bur
(Xanthium commune), ragweed (Pranseria tenuifolia), rabbit bush
(Pranseria deltoidea), and blue flag (Iris missouriensis). These ap-
pear to be immune to grazing animals, especially cattle, on account of
the presence of spines, distasteful coatings of resin or varnish, or
bitter active principles contained within the plant body. It may be
noted, however, that such plants as cockle-bur, prickly poppy, rayless
golden-rod, and miasma weed or golden-crown (Verbesina encel-
ioides) are occasionally closely cropped by sheep and goats, even in
the presence of more palatable and nutritious forage.

WINTER AND SPRING GROWING SPECIES

The winter and spring annuals constitute the bulk of plants grow-
ing during these seasons, and with favorable conditions, contribute
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most of the forage at altitudes below 4,500 feet from Februarv u n t i l
May or June, the dried and discolored stems of such species as al
filaria (Erodium cicutarium), and Indian wheat (Planta^o /d\n^i.atu
and P. ignota) being eaten by stock until the beginning of f l u sum
met rains. Together with certain perennial herbs and shrubs \ \hich
grow during the winter and spring months, winter annuals cons t i tu t e
a very important group of forage plants in the Southwes t . Then
seeds germinate to any extent, when there is sufficient mo i s tu re in th r
soil, only during t h e temperatures prevailing from October t >
April, inclusive. With this suggestive observation in mind the \ \ r i t e r
was led to study the effects of lowered temperatures on the germina
tion of these species, with the result that seeds of such r ep resen ta t ive
winter annuals as slwsuickia tcsscllata, ficsfuai nctothn'a var , hniella,
Phigiol>othr\s nnconit us, Pettocctrya linearis, hcs^ncicllu (lonloin, a i i < i
Brodiuw cicntariuin, germinated successful!} in J n h , l ' M ) 7 , in a re
frigerator, while correspt nding lots of seeds treated in the same u a\
remained unchanged \ \ i th the prevailing summer tempera ture^ The
percentages of germination were considerably higher when the seeds
had been exposed in their dry state to summer conditions f « » i t v u »
months or more, which appears to be necessary for their best develop
nient.

Winter annuals are for the most part rosette formers, in \\hich
seeming inactive stage the young plants pass the colder win te r months,
beginning rapid growth with the first warm da\s of Kebruan.
They are at their best in those parts of the Southwest wh ich have
mild winter temperatures and a relatively heavy win te r and spring
rainfall. Above altitudes of 4,500 feet their growth is greatIv re
chicecl on account of the lower temperatures which continue u n t i l
March, after which time there is commonly a lack of ra infa l l , \lso,
in the extreme western and southwestern parts of the Territory
though the temperatures are very favorable, as a result of the min i
mum rainfall they seldom develop more than a scattering of plants
over the landscape.

RELATION OF WINTER ANNUAL GROWTH TO R A I N F A L L

A seasonable rainfall of five and one-half to eight inches, espe
daily if continued well into March, makes possible fair to excellent
growths of these plants, whereas a dry* March is almost certain to
result in a shortage of them from the stockman's standpoint, even
with rainfall reasonably favorable otherwise. This is due to the fact
already stated, that they do not begin rapid growth unt i l the warm
days of February. For this reason also, heavy precipitation in No
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vemhcr and December, such as obtained during the winter seasons
1905-1906 and 1906-1907, is of little value in the growth of these
plants; for, unless followed by good rains ;n February and March, a
short growth results at best. Unfortunately, our winter rains ordi-
narily come to an end early in March, or at least they are greatly re-
duced at this time, with the result that the annual species usually
begin to dry up by the first of April, [laving the above in mind, it
will be interesting to examine the precipitation data of stations
with reference to the growth of the winter annual species. It may
reasonably he inferred that no annual growth was possible on the
small range reserve tract during the winter seasons 1901-1902 and
1903-1904, on account of the almost complete absence of rainfall;
also, that the growth was short during the winter seasons of 1905-
1906, 1906-1907, 1907-1908, and 1908-1909, as a result of the un-
timely distribution of rainfall during the two former seasons, and the
latter one, and of its scantiness during the winter and spring of 1907-
1908; and finally, that the winter seasons 1902-1903 and 1904-1905
were characterized by excellent grazing over the ranges as a result of
timely and abundant rainfall/1

The relation between the winter annual growth on the higher
portions of the large range reserve tract and the winter rainfall and
temperature is essentially the same as that for the small range reserve
tract for the same period of years. There was practically no growth
during the dry winters, 1901-1902, and 1903-1904; extremely heavy
growth during the wet winter seasons of 1902-1903 and 1904-1905;
and a rather short growth which was commonly thick on the ground
during the winter and spring seasons of 1905-1906, 1906-1907, and
1907-1908. The shortness of the annual growth of the winter and
spring of 1908-1909 was due primarily to the prevailing low tempera-
tures, the rainfall being quite favorable. With an increase in altitude
there is ordinarily a corresponding increase in depth of rainfall. This
additional precipitation is partly offset, however, by the lower winter
temperatures, which, as already noted, are too cold even in the vicin-
ity of Tucson for best growth among winter annuals. Accordingly,
rapid growth does not begin as early with these plants at the higher
altitudes as on the lower mesas, though as heretofore noted it may
continue for a month or so later in the spring. And even after it
attains a maximum at the higher altitudes, certain of the abundant
species as Flagiobothrys arisoniciis, are at times severely injured by

^-Fourteenth Annual Report, Ariz. Bxp. Stat, p. 342-343, Dec , 1903.
Fifteenth 'Annual Report Ariz. Bxp. Stat., p. 489, Dec,, 1904.
Sixteenth Annual Report, Ariz. Bxp. Stat, p. 17-18, Dec., 1905.
Seventeenth Annual Report, Ariz. Kxp. Stat, p. 156, Dec., 3906.
Eighteenth Annual Report, Ariz. JGxp Stat,, p. 226, Dec., 1907.
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frosts. At altitudes of 4,000 feet, with reasonable rainfall wmtei
annual forage is at its best in April, while on the lower mesas it
reaches Its maximum by the middle of March or earlier.

In the Empire Ranch country and south at least as far as the
Mexican boundary, where the altitude varies from 3,500 to 5,000 or
6,000 feet, not only are the temperatures lower for the winter season
but the rainfall averages less than for Tucson; on this account there
is practically no winter annual forage there. Stock eat instead the
short, partly green leaves of the abundant bunch grasses, together
with the dead grass of the previous summer's growth, which is
largely confined at this season to the steeper and less accessible moun-
tain slopes. Besides this, the occasional browse of scrub oaks and
other evergreen shrubs supplies considerable rough forage. The
heavy summer rains common to this section make it one of the best
bunch or root grass countries in southern Arizona, a matter which
will be discussed later.

In striking contrast with the above type of grazing country are
the stock ranges in the vicinity of Oracle with altitudes varying from
3,000 to 5,000 feet. At Oracle the winter rainfall is double that at
the Empire Ranch for the winter season, and what is much more im-
portant, almost invariably continues heavy until well in the spring.
The mean monthly rainfall at this station for March during the last
13 years is 1.70 inches; only twice within this period has it fallen
below one inch, though being commonly much higher. The mean
monthly rainfall for April for the same station is 0.68 inches, which
equals that for the month of March at Tucson, and at the Empire
Ranch. By virtue of this combination of rather favorable circum-
stances, the ranges about Oracle rank among the best in southern
Arizona for winter and spring grazing, the winter annual species,
chief of which is alfilaria, producing, ordinarily, an excellent growth,
which remains until late in the spring.

COMMON WINTER ANNUAL PLANTS

Winter annual plants arc for the most part members of the plan
tain, borage, waterleaf, phlox, pea, mustard, poppy, evening primrose
sunflower and grass families. Perhaps the most valuable species of
the group as well as one of the most abundant, is the introduced and
widespread alfilaria, which has been described at length in Bulletin 52
of this Station. The native plantains, known widely as Indian wheat,
rank next in importance. Of the several species, Plantago fastigiata
of the lower mesas is one of the most abundant plants throughout
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southern ami western Arizona, becoming, at times, almost exclusive
over considerable stretches of country. It seldom occurs in any nota-
ble quantity east of Vail station. At maturity it produces a large
amount of mucilaginous seed, which is regarded as very fattening by
stockmen. In a preliminary report1* upon range work in Arizona, Dr.
Griffiths described the interesting method by means of which its seeds
are planted. A very similar, though less abundant species is Plantago
ignota \\hich is confined mostly to the higher mesas and foot hills.

' The little tufted borages, (Pectocarya linearis and Pectocarya
pcnicillata), which are nearly everywhere abundant are among the
first of the winter annuals to attain sufficient size in early spring for
grazing; being shallow-rooted, they disappear with the first sug-
gestion of droughty conditions by a drying, discoloring and breaking
up of their fragile stems. As in the case of alfilaria and Indian
wheat, stock are very fond of their seeds which at maturity form a
considerable portion of their plant body.

The hairy pea (Hosackia brachycarpa) is another valuable
species. In the spring of 1905 this little plant with yellow flowers
was plentiful on the higher mesas and foot hills adjacent to the Tuc-
son, Rincon, Santa Catalina and Santa Rita Mountains where it often
formed a carpet-like layer broken occasionally by denser and taller-
growing species. At all stages it is much relished by stock, and but
for Its prostrate habit, might easily be overgrazed. Its near relative,
Texas pea or annual milk vetch (Astragalus Nuttalttanus') which,
also, is much eaten by stock, abounds in depressions over the mesas,
generally. The native California poppy (Eschscholtzia mexicana),
and purple paint brush (Orthocarpus purpurascens var., Palmeri)
are two showy species usually growing plentifully in patches be-
tween the altitudes 2500 to 4500 feet. On the gentle slopes adjacent
to the Tucson and Santa Rita Mountains, over much of Graham
County, and generally throughout southern Arizona in like situations
the brilliant yellow stretches of the native poppy are a characteristic
feature of the spring landscape. While both these species are con-
siderably grazed, the purple paint brush appears to be much more
liked by stock, which may explain its less common occurrence. In
April 1905 these two species were about one-half as abundant, and
certainly not more than one-half as tall on the open range in the
vicinity of Helvetia as within the adjacent protected enclosure.

Patota of the Mexicans, botanically Monolepis Nuttalliana, grows
commonly in sufficient abundance in valleys and extensive mesa de-

*Grinlthsf David, Range Improvement in Arizona. U. S Department of
Agriculture, Bureau of Plant Industry, Washington, Bull. 4, p. 16, 1901.
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pressions to form an almost continuous layer. While it is invariably
closely grazed, it seems never to become eradicated. Its nearest rela-
tives are the lamb's quarters and saltbushes, the former group of
which is represented at this time by Chcnopodntiii Frcmontii and
the latter by Atriplex texana and A clcgans, of which the saltbushes
are eaten principally when young Tallo\v weed (Piuadenia
odorata) and a small annual globe mallow, Sp/uieraliea Loultcn,
abound in alluvial soil of the lower Gila Valley and adjacent coun
try, where the former species especially is regarded as valuable
spring forage. Among grasses the slender fescue (J?cstiuu octoflora
var., hirtclla) is a common inhabitant of both valleys and mesas
Within the past spring it was the most abundant plant in the neigh
borhood of Arivaca, where together with alfilaria and Indian wheat
(Plantago ignota) it made up the bulk of the forage. In the foot
hills the blue lupine (Lupinus leptophyllin), blue-f lowered \\aterleaf
(Phacelia distans) also BHisia Torreyi, and Cry pi an the ptcrocarya
are characteristic species, while in moist can}ons annual spear grass
(Poa Bigelozuii) is common The tansy mustards (Sisymbrium
canescens and S. incisa) are frequently ver} abundant in dry,
alluvial valleys, though by no means limited to these situations;
while bladder-pod (Lcsqiicrclla Gordoin) and pepper grass (f^cpidnnn
lasiocarpuni) of the same family are common to the mesas. The
pods of these and other species of mustards are eaten at maturity
and at least the tender growth of the tansy mustards in the early
winter. Other species that are of some use for grazing, perhaps
partly because they persist until late in the spring when most plants
have dried up, are Plagiobothrys Pringlei, Cryptanthc angustijolia
Phacelia crenulata, P. Arizomca, Gilia floccosa, Ansinckia tesscllatu,
and A. intermedia. Of these, the two latter species are coarse leaved
borages whose succulent growth is much relished by stock in the
spring; they abound on the mesas between Red Rock and Mesj,
Arizona.

INTRODUCED PLANTS GROWING AS WINTER ANNUALS

A number of introduced plants growing as winter annuals are
becoming established in alluvial valley soils, and also to some extent
on the mesas. Like our native winter annuals, they possess inherent
qualities by virtue of which they are enabled to grow during our win-
ter and early spring months, if sufficient moisture obtains, and come
to maturity by the time of the spring drought. It is interesting to
note that with few exceptions they are indigenous to the Metliter-
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ranean region of the Old World, the climate of which is quite similar
to that of the Southwest. While these plants are not numerous
enough in our flora to merit consideration economically, exclusive,
of course, of alfilaria, their behavior under our trying conditions sug-
gests the likelihood of there being other equally resistant species
growing in this same region of the% Old World that would prove
to be valuable acquisitions to our list of winter and spring forage
plants, once they were introduced.

Among these species is wall barley (Hordeum murinwn) which
is finding its way to the ranges from cultivated fields. Its beginning
in a locality is quite similar to that of alfilaria; a few plants are
first noticed here and there growing among shrubs, from which well-
defined patches result in the course of two or three seasons. Where
it grows in abundance it supplies considerable succulent forage, and
but for the awns or beards of the mature heads, which cause ulcera-
tion in mouths of grazing animals, it might prove to be of no small
value on the ranges. The rank-growing bull mallow or "cheeses"
(Malva panriflora) which is coming to be a formidable weed in culti-
vated lands, is also appearing upon the mesas. There is diversity of
jpinion among stockmen as to its relative value, some regarding it
as worthless and even poisonous at certain periods, especially to
horses, while others look upon it as a secondary forage. Tacolite
(Ccntaurca mclitcnsis), like bull mallow is appearing on the mesas
in swales, though it is much more at home in valley lands; its young
leaves are readily eaten by stock,1 while the spiny mature plants are
untouched. Other mesa-inhabiting species of passing note, all except
the first being grasses, are wild ten-weeks stock (Matthiola bicornis),
rat-tail fescue (Festuca mynros), golden-top (Lamarckia aurea), and
reel foxtail (Browns ruhcns). Still other species on account of
moisture conditions confine themselves almost wholly to alluvial val-
ley soils; among these are low spear grass (Poa annua), bur clover
(Afcdicago hispida), black medic (Medicago lupulina}, sour or In-
dian clover (Mclilotus indicd), Schrader's brome grass (Bromus
unioloides] and wild oats (Avena fatua).

PERENNIAL SPECIES SUPPLYING SPRING AND EARLY
SUMMER FORAGE

A cpnsiderable number of shrubs and perennial herbs which be-
gin growth in early spring contribute no small amount of forage
from April until July, during which time the winter annual growth
is rapidly declining or has disappeared. These plants are largely re-
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stricted in their distribution to higher mesas, flood plains, mountain
slopes, foot hills and canyons, that is, to regions that are less sevu
with reference to their desert and serni-desert aspects. Among these
species are the purple top bunch grasses (Aristida purpurca and L
Fendleriana), porcupine or needle grass (Stif>a nco-mcbicaiia), inoim
tain rye (Sitanion elymoides and 5. longifoha), curly mcsquitc 01
southwestern buffalo grass (Hilaria cenchroidcs), low grama (ttontc-
lona tnfcida), Tnodia mntua, Sida diffu^a, and llvolvlu± <uroituti\
of which the latter five make a second growth during" the sumniei
and fall months. Curly mesquite is at its best on dry, gravelly
slopes at altitudes of 3500-5500 feet, where it forms a more or less
continuous loose sod; it can be recognized at some distance by the
light green patches which are quite suggestive of the true bufialo
grass of the north central States. Its growth which is short and
thick on the ground undergoes a natural curing in the fall. That
it resists close grazing extremely well is evidenced by the fact that
within recent years it has come to be one of the most abundant
species throughout the closely grazed districts of southern Arizona,
There are several varieties of it, of which one grows as a bunch
grass over the bowlder-strewn slopes of the lower foot hills country
Curly mesquite is one of the earliest grasses to begin growth in the
spring, and as already stated continues until fall

In canyons, and on mountain slopes from 4000 to 6000 feet eleva-
tion the yellow-flowered peas (Hosackia pubcrula and 1L rigida) af-
ford considerable forage. The rigid, green stems of the latter
species are browsed by stock almost during the entire year, the
forage being held in good repute by stockmen. In the valleys and
cienegas stock graze the young growth of sacaton (Sporobolus
Wrightii), fine-top salt grass or alkali sacaton (Sporobolus airoidcs),
and salt grass (Distichlis spicata). The latter two of these occur in
the Sulphur Springs Valley, while sacaton is found in cienegas in
the Empire Ranch country, and in the general region of the San
Pedro and Santa Cruz Valleys. It is customary among stockmen
to burn off in late winter the coarse, dead stems of sacaton grasses
in order to enable stock to graze the young growth earlier. Spear
grass or Mexican salt grass (Bragrotis obtusiflora) is almost ex-
clusive in its growth in the outer zone of the alkali sink between
Cochise and Willcox; by virtue of its coarse rootstocks it forms a
most persistent sod or turf which when green gives the appearance
of one of the wheat grasses. Its young leaves are grazed by stock
during the spring period, after which they become rigid and ex-
tremely sharp-tipped so that even hungry animals refuse to eat them.
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At the higher altitudes, 4500 to 7000 feet, in the northern half of
the Territory mountain rice or Indian millet (Orysopsis cuspidata),
evergreen millet (Orysopsis miliacea) and Orysopsis micrantha yield
some forage.

Certain small woody forms known collectively to the Mexicans
tis "nunita", and including such dwarf shrubs as Calliandra
eriophylla, Dalca formosa, and Krameria canescens^ also jojobe, and
wild honeysuckle (Anisacanthus Thurberi) are much browsed by all
kinds of stock at this season, unfortunately, at times, to the point of
extinction. Calliandra eriophylla is quite abundant throughout the
foot hills of southern Arizona; sheep are very fond of it, and recog-
nize it at considerable distances by its beautiful, rose-colored flower
masses. Jojobe is more or less abundant in the foot hills of the
Tucson, Sicrrita, Baboquivari, and parts of the Santa Catalina Moun-
tains, where it grows from three to six feet high. Its flowers and
young leaves appear in February and March, and where the plant
is at all common, furnish a considerable amount of feed. The species
is almost invariably closely cropped. Its growth under cultivation
has been entirely too slow to be given consideration. The oily nut-
like seeds are collected and stored by squirrels, through which agency
the plant is spread.

THE NATIVE SALTBUSHES AS FORAGE PLANTS

Saltbushes constitute a group of economic plants that supply
browse at various periods of the year, principally, however, during
the time December to July, They are inhabitants of alluvial valleys
or flood plains where the soil is deep *and more or less alkaline
in nature, and of alkali sinks or depressions throughout the Ter-
ritory. In such situations with one or more varieties of squaw
bushes, they constitute the bulk of the shrubby growth. The more
important species are shad scale (Atriplex canes-cens)9 salt sage (A,
Nuttallii), bur saltbush (A. acanthocarpa), spiny saltbush (A. confer-
tifolia), many-seeded saltbush (A. polycarpa), A. lentiformis, A.
Torreyi, A. Grcggii, also the allied red sage (Kockia americana),
California greasewood (Allenrolfea Occident alls) 9 and greasewood
(Sarcobatus vermicularis).

Shad scale is the most widely distributed saltbush in the Ter-
ritory, and one of the most abundant, occurring in every principal
valley; its forage is much relished by sheep and cattle, and during
periods of extreme drought, unless protected by fences, it is subject
to inevitable overgrazing. Considerable areas of saltbushes on the
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open range have been killed out in this way, while in adjacent
fenced fields, i.e., private holdings, there still obtains an abundant
and vigorous growth of large plants which with ordinary care will
continue indefinitely. Shad scale appears to tolerate less alkali than
most other species of this group, occurring often in soils that con-
tain but little salts. Other species which are also very closely grazed,
but which are not as valuable on account of being less abundant and
less widely distributed, are salt sage, spiny saltbush, and +1 triples
Torreyij the two latter of which occur commonly along the base >
of stony foot hills adjacent to valley lands.

Greasewood, and California greasewood arc among the specie^
enduring the highest percentages of salts in the soil; the former is
rather common in the Gila Valley at Sacaton, where it frequents
the most intensely alkaline situations, and can be recognized at some
distance by its masses of bright green leaves which arc a feature
in the early spring landscape. Atriplex lentifonnis and many-seeded
saltbush are browsed by stock principally during periods of short
feed; during droughty spring seasons when there is little or no
succulent annual forage, the extensive areas of the latter species are
eaten down so closely by stock as to be entirely destitute of any green
growth. Fortunately, these plants recover without injury to them-
selves with the return of favorable growing conditions, since even
their tender, young growth is untouched in the presence of the more
bland and palatable annual species. Shad scale, salt sage, spiny
saltbush, red sage, white sage or winter fat, Atriplcx Grcggii, Rus
sian thistle (Salsola Kali var., Tragus), and several wormwoods or
sages (Artemisia sps,), occur in the little Colorado River Valley
between Holbrook and Springerville, and are grazed extensively by
sheep, the saltbushes and sages in particular during the winter and
spring months.

MISCELLANEOUS BROWSE PLANTS

In addition to the above, there are throughout the Territory
many shrubs and trees which supply forage at various seasons of
the year in the form of pods or fruits, green twigs and leaves. The
most important of these are mesquite, screw bean (Prosopis odorata),
blue palo vercle (Ccrcidium Torrcyana], palo verde (Parkinsoma
microphylla), bagote (Parkinsonia aculeata), hackberry or palo
bianco, desert willow (Chilopsis linearis), mulberry (Morus ccltidi-
folia), service or June berry (Amelanchier alnifolia), wild rose
(Rosa Fendleri), buckthorn (Rhamnus crocea), Garrya Wrightti,
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Spanish bayonet (Yucca baccata and Y. macrocarpa), sotoli (Yucca
elata), Mormon tea, Apache plume, and Fransena dumosa.

The value of mesquite as an economic plant can hardly be over
estimated; under ordinary conditions, it produces two crops of pods
annually, one in July and the other in October. Of these, the latter
is eaten by stock until well in the winter months unless damaged by
heavy fall or winter rains, in which case they become discolored
and undergo a souring or fermentation. As is well known the pods
are extremely rich in nitrogen,* and are relished by all kinds of stock
On numerous occasions the writer has observed horses and cattle
going from tree to tree in search of pods lying on the ground, and
in addition eating those within reach on trees and shrubs. The
tender young shoots and flowers which are put out in April and May
when succulent forage is very limited on the ranges, are also an im-
portant consideration from the stockman's standpoint. Stock have
exerted no small influence on the spread of this species over the
country. The seeds, with an outer hardened shell commonly appear
in abundance in the faeces undigested. With the setting-in of the
summer rains, germination of these takes place very readily. The
mesquite is one of our species that appears to be on the increase.

Bagote which is of more rapid growth than either of the palo
vercles noted, is limited in its native distribution to the extreme south-
ern portions of the Territory. Its diffuse foliage, young twigs and
also pocls constitute a coarse food for stock, though the latter are
not to be compared in value with those of the mesquite. Dr. D. T.
MacDougal of the Desert Botanical Laboratory states that this plant
formed the principal food for his mules and burros on two occasions
while travelling in northern Mexico, where bagote is much more
abundant than in southern Arizona. Another valuable plant which
is a near relative of mesquite is catVclaw; like mesquite its tender
growth appears during the months April to June, i. e., the dry
fore-summer. When this plant is kept closely cropped, it develops
masses of young sprouts from the trunk and older limbs, which add
to its value as a browse plant; this same observation has been made
in the case of both cat's-claw and mesquite, especially when the shrubs
or trees have been cut back to within a few feet of the ground dur-
ing the winter or early spring months preceding favorable winter
seasons. The pocls of cat's-claw which mature in June and July, are
also eaten by cattle though with not the same relish as those of
mesquite.

*Forbes, R H. The Mesquite Tree Its Products and "Uses. Ariz Exp
Stat Bull. 13, p, 20-23, March, 1905.
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Hackberry, mulberry and deer browse of southern Arizona and
service or June berry of northern Arizona are other examples of
plants commonly closely browsed; the former species occurs in flood
plains and mountain canyons at low altitudes where as a result of close
grazing It frequently forms dense shrubby masses three or four feet
in height, while the three latter are limited to dry mountain canyons
and washes at altitudes of 4000 to 6000 or 7000 feet. Apache plume,
though never an abundant plant is invariably closely cropped; it in-
habits canyons and high mountain plains where there is more moisture
in the soil from rainfall or other causes than ordinarily obtains. It
is a characteristic species in the neighborhood of Prescott, which
region has an altitude of 5000 feet or over. Its occurrence in patches
renders it rather striking, the closely-cropped individuals giving ap-
pearances as grotesque as those of small sheared evergreens. Of the
various oaks, scrub oak, bellota, Quercus anzomca and Qucrciis hu hi-
nella may be noted as examples of browse species. It is said con-
cerning Quercus turbinella that it furnishes more food in localities
in the Prescott and Bradshaw Mountains than all other forage plants
combined, goats and sheep having little else to eat at certain seasons.l j

SUMMER ANNUAL PLANTS

The summer annuals are short-lived species growing during the
summer rainy season which begins in July and continues until the
middle or end of September. From the time of germination of their
seeds to that of seed maturation, a period of five or six weeks, or
longer with heavy rainfall, their growth is notably rapid. In con-
trast with winter annuals they develop no rosette stage, and their
growth takes place during high temperatures. Like winter annuals,
however, they are short-lived plants occurring at the lower altitudes
wherever sufficient rainfall obtains. They seldom grow in any
quantity below elevations of 1000 feet on account of the greatly re-
duced summer rainfall, while above 4000 or 4500 feet sufficient
precipitation takes place to support a more or less continents bunch
grass formation, the presence of which excludes in a large measure
these plants. Summer annuals enjoy, therefore, nearly the same
altitudinal distribution as winter annuals, though, as is apparent, for
reasons quite different. Where the bunch grasses are killed out as a
result of close grazing and tramping summer annual species not in-

'Griffiths, David Range Investigations in Arizona XI S Dept of Agric.,
Bureau of Plant Industry Bull 67, p 57 1904

tMackie W W. The Value of Oak Leaves for Forage Calif. Bxp Stat.
50 1903.
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frequently come in possession of the area though this may be but a
temporary occupation.

A minimum of five Inches of seasonable rainfall is necessary to
insure any considerable growth of these plants over the mesas, while
perhaps double that amount would be more in keeping with the de-
mands of ordinary plant growth at this season, so brisk is surface
evaporation. For this reason summer annual growth is always
heaviest in swales and other local mesa depressions where the soil is
deeper, and occasional storm water from passing showers collects.
The fortunate precipitation of the major portion of the summer rains
within a period of 60 or 70 days compensates to a considerable ex-
tent for the extraordinary drying out of the soil and the increased
demand for water on the part of these plants. With the close of the
summer rains they soon dry up and are mostly blown away, so that
generally speaking they disappear early from the ranges. They are
of value for grazing purposes chiefly during their season of growth
and maturation, and even then are regarded by stockmen as of rather
secondary value. This is due in part to the fact that when there
is any considerable growth of them on the lower mesas, the more
nutritious bunch grasses commonly abound over the higher mesas
and foot hills. On the other hand, winter annuals grow at a time
when there is little else of a succulent nature on the ranges, and
hence they are manifestly a superior group, economically.

Summer annuals are members for the most part of the grass,
four-o'clock, sunflower, purslane, carpet-weed, morning glory,
amaranth and caltrop families. The six-weeks grasses, also called
six-weeks gramas (Bouteloua aristidoides and B. polystachya) are
the most abundant and widespread of these species; in small depres-
sions where occasional storm water tends to collect and on the higher
mesas where the perennial bunch grasses have been killed out wholly
or in part from overgrazing they frequently produce at the rate of
500 to 1200 pounds of dried matter per acre. Data collected last
year showed that the yield of these grasses was only one-third to
one-fifth as heavy over mesas that were covered with a growth oi
creosote bush, rayless golden-rod, and other similar permanent rooted
species as on adjacent areas from which this perennial growth had
been removed; this is believed to be due to the competition at this
season between these plant groups for the moisture in the soil

Other species more or less common at this season are crab grass
(Eragrostis neo-mexicana), stink grass (Eragrostis megastachya),
annual feather grass (Leptochloa filiformis), and Arisfida americana,
besides numerous species of the genus Panicum; also the so-called
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water grasses including finger grass (Oilorls clcgans), barnyard
grass (Echinochloa crusgalh), shama millet or jungle rice (Echino-
chloa colona), ditch grass (Loptochloa imbricata), water or everlasting
grass (Eriochloa punctata}, and similar grasses inhabiting Hood
plains of rivers and ciencgas. Such grasses as Anstida anicricana,
and Bouteloua aristoides are undesirable plants on sheep ranges as
their awned and pointed seeds collect between the toes of sheep and
produce serious lameness and occasional losses.

Miscellaneous species of considerable forage value at this season,
other than the grasses, are the showy Mexican poppy (Kallstrocwiu
graiidiflora), blcclo or careless weed (Amanuilhus Pahncri), gunanin-
pil or trailing four-o'clock (Il7cdclia incarnatu), seaside purslane
(Triauthcma portulacastmm), common purslane or ^pusley" (Porlit
laca olcracca and P. rctusa), purple, blue, scarlet, Mexican and other
species of morning glories, besides numerous varieties of Bocrliaavia.
JJledo or careless weed is one of the most abundant summer grow-
ing species between Tucson and Red Rock, Arizona. Within and
along the railroad right-of-way its growth is heavy and often ex-
clusive. It is commonly harvested for winter feed by Mexicans, in
which state even its coarse woody stems four to six feet high are
relished by stock. Besides occurring in abundance in nearly all our
cultivated valleys, especially in waste lands, it is common about
dwellings, stock yards, and wherever cattle are corralled, or collect
occasionally in groups in the foot hills or mountains between grazing
hours. In this respect it resembles its near relative, viz., red root
(Amaranthus retroflexus), of the central and northern States, though
it is far superior as a forage plant.

With this group may also be included the small annual six-
weeks or "figure seven'' grass (Bouteloua prostrata) of north and
east central Arizona. At Springervillc and Eager it forms a close mat
or carpet several miles in extent; it is also abundant along brooks,
swampy borders and wet meadows from St. Johns to Springcrville,
Copley's and Pinetop. Where the more nutritious blue grama,
bunch and pine grasses abound, it appears to be little grazed.

THE PERENNIAL GRASSES

The perennial, or root grasses as they are commonly termed in
the Southwest, constitute our largest and most valuable group of
forage plants. Except in wooded regions where they are usually
represented by a diffuse growth, and in areas unfortunately denuded
of them through overgrazing, they comprise the principal forage
plants above altitudes of 3800 or 4000 feet. Under favorable con-
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ditions with respect to soil, moisture and exposure, i. e., on northern
slopes, their growth may extend down to 3000 feet, but this is by
no means common. Admost without exception, they grow as bunch
grasses, as distinguished from turf or sod-forming grasses. The
bunches are disposed over the surface at intervals of a few inches
to two or three feet, according to the amount of rainfall, chiefly that
of the summer season and the depth and moisture-retaining capacity
of the soil.

( )n the higher mountain slopes and plateaus where the rain-
fall averages considerably heavier than at the lower altitudes these
bunches are larger and grow closer together; there is every reason
to believe, however, that at the lower altitudes they grow as closely
together as is consistent with the supply of soil moisture, for during
periods of wet years their growth is heavier, due partly to the ad-
dition of new bunches. This is especially marked in the case of
crowfoot or mesa grama (Boutcloua Rothrockii), which is in this re-
spect an extremely elastic species. During good seasons its growth
is heavy enough over the more favorable areas to be cut for hay. On
the other hand, with a succession of dry summers it makes little
growth, and at least the older bunches die out. It quickly reasserts
itself, however, with the return of favorable rains. Even on the
mesas about Tucson where this species has not been growing in am
quantity for at least 12 years, scattered bunches of it come from seed
with one or two summers heavy rainfall, or occasional irrigation.

Certain species of our native grasses as side-oats grama (Boutc-
loua cnrtipendiila), blue grama (Boutcloua oligostachya), dropseed
(Sporoholus cryptandnts), silver top or feather blue stem (Andro-
pogon saccliaroides) and Texas crowfoot (Leptochloa dubia) form a
turf or sod in small areas where soil water is notably increased as a
result of drainage or other causes. Examples of this may be seen
in canyons and small draws in the Empire Ranch country, about Flag-
staff, and on a more extensive scale in the vicinity of Springerville.
It is well known that turf or sod formation is characteristic of the
species noted above and also others occurring with us, in the States
farther north where rainfall is much heavier. Vine mesquite
(Panicum obtusiMi) forms a turf under favorable conditions of
growth; its distribution is limited almost entirely, however, to the
alluvial soils of draws in the mesa-like mountain slopes between 3000
and 6000 feet. Curly mesquite or southwestern buffalo grass com-
monly forms a more or less continuous sod over exposed gravelly
areas, but this is a notable exception among our grasses.

With seasonable rainfall perennial grasses supply forage from
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late July until the following spring, provided the ranges are not over-
stocked; certain ones as curly mesquite or southwestern buflalo grabs
and several of the grama grasses are especially valuable for winter
grazing by virtue of the natural curing of their forage. Occasional!)
the winter rains extend well into the spring months, as for example
the spring of 1905, in which case these grasses supply grazing for
nine or ten months of the year. On the other hand, a dry wmtei
and spring renders growth to any extent among these species im
possible during the late spring months. Seven or eight inches of
timely summer rainfall will insure, ordinarily, a good growth of the
bunch grasses, a heavier precipitation inducing a corresponding
greater yield, while five inches or less of summer rainfall, especially
when poorly distributed, results in a very unsatisfactory growth. It
sometimes happens that rainfall is abnormally heavy in the earl}'
or late parts of the summer when plants are less able to utilize it
to the best advantage, or that it takes place in numerous light show-
ers, the benefits of which are of short duration, so far as continuous
plant growth is concerned. In either of the above cases the growth
of the perennial grasses is not proportional to the depth of rainfall.
This may account for the occasional statements of stockmen to the
effect that though the rains were abundant there was a light growth
of grass on the ranges.

During an abnormally dry year or a succession of them, such a*>
were noted under the discussion on precipitation, growth among
perennial grasses is greatly reduced and the maturation of viable
seeds rendered practically nil. The vitality of these plants during
such periods is at best lows and when subjected to incessant tramping
and close grazing by hungry animals, so as to be deprived of the last
vestiges of green leaves by virtue of which they are able to live on,
their existence is seriously threatened. And when once perennial
grasses are killed out over any considerable area on the open range,
they are indeed slow to reassert themselves. Such denuded areas are
claimed by the less valuable six-weeks grasses, which plants come to
maturity with three or four weeks of moist weather and cease
further growth if climatic conditions necessitate, for an entire year or
longer. Or worse yet, they are seized upon by one or more of the
species of obnoxious weeds whose successful occupation of portions
of the ranges is due in a large measure to their unpalatable qualities
for grazing purposes. On an area where practically everything else
is grazed, they alone are left untouched by stock to continue repro-
duction, and to thus spread farther over the adjacent poorly glassed
ranges. Unfortunately, too much of our once valuable grazing do-
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main has become thus converted into unproductive weed wastes which
hold the ground against valuable grazing- plants.

The seeds of perennial grasses germinate with the summer rains,
i. c., during the period July to August, which is a fact of the greatest
significance in connection with intelligent range administration. On
overgrazed areas less seed is produced than under ordinary con-
ditions, and this is largely blown away on account of the bareness
of the ground. Plants beginning growth from seed in July will com-
monly mature seeds the following October, at least this is the case
with such species as blue grama, crowfoot or mesa grama, hairy
grama (ftoittclona hirsnta), side-oats grama, silver top or feather
blue stem, and spike i*rass (Pappophorum a p c t t u u i ) ; on the other
hand, glasses like sacaton require two years from the time of sowing
to mature the First crop of seed. It will be interesting to observe here
that the seeds of the same and similar species of grasses from the
northern Stales germinate best with us during the early spring
months, vi7., March to April, while those of our native species, as
already noted, germinate to advantage with the hot summer weather.

TII$ GRAMA GRASSES

Of the perennial grasses, those known as grama grasses are the
most widely distributed in our Territory and the most valuable for
grazing* purposes; this group includes at least nine perennial species,
besides several annual ones noted under summer annuals. Blue
grama is perhaps our most predominant grass between altitudes of
4500 and 8000 feet; at the lower altitudes within its range it inhabits
draws, gulches and canyons, i. e., areas that receive more water than
the actual rainfall; while at the higher altitudes where soil moisture
is more abundant it often forms continuous stretches several miles
in extent, as for example the grassy parks in the neighborhoods of
San Francisco Mountain and the White Mountains; the soil in these
pkrts is for the most part alluvial in nature, and the area is slightly
lower than the surrounding country which is strewn with lava cobble
stones and covered with a rather diffuse stand of yellow pine (Pinus
ponderosa). Blue grama is very abundant about Springerville where
it is considerably used as a hay plant. In southern Arizona
from the Santa Rita and Whetstone Mountains south to the inter-
national Hue and in the Sulphur Springs Valley which is alluvial in
nature it is perhaps the most abundant species. Ordinarily it attains
a height of from 12 to 20 inches and develops an excellent growth
of fine basal leaves which remain partly green during the winter and
spring" months.

The well known side-oats grama is a taller growing species than
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blue grama, though with a smaller growth of basal leaves. It is an
excellent hay plant. While robust bunches of it are frequent on
rocky slopes at altitudes of 3000 feet or less, it finds its best growing
conditions in alluvial soils of canyons and gulches between 4000 and
6000 feet altitudes, where it makes a remarkably heavy growth three
feet or more in height, and is commonly associated with blue grama.
The writer has never noted it in any abundance above altitudes of
6500 feet.

Hairy grama is another valuable grass. Being of a more drought-
resistant nature than either blue grama or side-oats grama, it is able
to grow at lower aHitudes, and in general under conditions less fa \ in-
able. It occurs commonly over gravelly, rolling slopes of high mesas,
foot hills and gulches between 4000 and 6000 feet altitudes. It is a
lower growing species and yields less forage than either of the above,
though it develops a hevay growth of fine basal leaves which is espe
aally valuable for winter grazing. It is often associated with spruce
top grama (Bouteloua bromoidcs), the somewhat similar Boutcloua
Havardii and wire grama or woolly foot (Boutcloua enopoda), the
three latter species of which grow commonly on rather dry stony
ridges and like situations between the altitudes 3500 and 5000 feet.
Though excellent for giazing, they never make a heavy growth on
the ground. Wire grama or woolly foot is the least inviting in ap-
pearance of the grama grasses, its semi-erect stems, even during the
growing season, presenting a dry, seared appearance. The forage
of all the above species undergoes an apparent natural curing in the
fall, so that it is grazed practically during the entire winter season.

Crowfoot or mesa grama occurs sporadically over the mesas and
mountain slopes between altitudes of 1600 and 4000 feet; at its lower
range its growth is limited to swales and other mesa depressions,
which have a considerable depth of soil, and which by virtue of the
runoff receive more water than the actual rainfall; while at the higher
altitudes within its range it grows continuously over the ground as
a bunch grass. At various times during the past eight years the
writer has observed this grass growing in quantity over the mesa-
like mountain slopes about the Santa Rita, Santa Catalina, Huachuca,
Whetstone, Dragoon, Chiricahua and Graham Mountains. Its basal
growth is very limited, the forage consisting almost entirely of the
rather fine, numerous stems 12 to 20 inches in height. As a
hay plant for which it is considerably used, it yields from 600 to 1500
pounds per acre, though, of course, grazing animals secure a larger
amount than this. Unlike the other varieties of grama it is a short-
lived species, on account of its poorly developed root system, for
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\\ Inch reason it does not stand close grazing, tramping, nor continued
drought!.

During the summers 1901, 1904, 1907 and 1908 it was the most
abundant grass within the small range enclosure, and generally in
the neighborhood of Wilmot Historically, crowfoot or mesa grama
is interesting, inasmuch as it is the grass which the early settlers and
stockmen have in mind when they speak of "blue grama" growing
plent i fu l ly over the lower mesas, in particular those about Tucson
and Port Lowell, \ \hcrc this species constituted a principal hay plant
in the earlier days. Mr. C. E. Cooley, of pioneer days of Tucson,
but now of Coole\\ Springs on the northern border of Fort Apache
Indian Reservation, says that a kind of grama grass called by many
people "blue grama," but not the same as the blue grama grass grow-
ing in the mountains was abundant on open ground near by Fort
Lowell and in many other places in the country, and that on some
years a larj^e amount of hay was cut from it. This same grass, he
sajs, was called crowfoot grama.

fUaek grama (Jlluhlenhergia Porteri), of the mesas and foot hills
of southern Arizona was formerly an important species, though now
it plays a very secondary part. The early settlers stoutly maintain
that in the pioneer days of stock ranching in southern Arizona black
grama and crowfoot grama were the all important mesa grasses;
and that the former species grew in such abundance among shrubs
and mosquito, and to some extent in the open, that with a few min-
utes work one could gather enough to feed a team of horses over-
night. They also state that it disappeared rapidly as the country
filled up with slock. Mr. C. E." Cooley, heretofore mentioned, says
that during the period 1870 to 1880 both black grama and crowfoot
grama were very abundant plants between Tucson and the Santa
Catalina Mountains, and throughout this general region; and that he,
himself, hired Indians and Mexicans to gather bunches of black
grama from among the shrubs and bushes to feed government stock
at Fort Lowell. Mr, Cooley readily recalled the plant as one having
a great many weak stems growing from a single root, and forming a
tangled mass. For this reason, he said, it was easy to gather it in
quantity with a hoe. lie also said that the stems did not die back to
the roots each winter as most grasses do. Mr. Cooley could not recall-
that black grama grew to any extent in the open, but he says "the.
shrubs and mesquite were full of it." Mr. Cooley's statements are
in substance the same as the writer has received from other scmrces,
either through correspondence or personal contact.

At the present time only occasional bunches of this once im-

*Thirteenth Annual Report, Ariz. Exp, Stat,, p. 261-262, Dec. 1902
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portant grass are to be found among the shrubs in the localities noted
above, or for that matter throughout most of southern Arizona, and
this has been true for the last 12 or 15 years at least. From exten-
sive observations on the ranges, and also from numerous experiments,
the writer is led to believe that black grama grows naturally only
among shrubs, and that from the nature of the plant a stand of it
could not be secured or maintained on the open range under range
conditions. Within recent years with rainfall somewhat above the
average, black grama has been gaining slowly on little grazed ranges.
Unlike most grasses its stems remain green throughout the year, for
which reason it is much sought for by stock, especially during the
winter and spring seasons. And once closely grazed it recovers ver\
slowly. So long as its weak, branched stems are supported by
shrubs, and thus protected from tramping and close grazing, just that
long will it exist as a forage producing species. For these reasons
it is not well adapted to range conditions, and hence disappears
quickly under them.

THE BkUE STEM GRASSES

These grasses which are species of Andropogon, arc important
forage plants in the central and southern half of the Territory at
altitudes ranging from 3500 to 6500 feet. Throughout, they arc
extremely deep-rooted, and hence resistant to drought and close graz
ing. Unlike the grama grasses the lower portions of their stems and
their tufts of basal leaves do not remain green during the winter
season. Accordingly, stock do not begin to eat the dried bunches
of the blue stem grasses during the late winter and spring months
until after the more accessible, as well as more nutritions curly
mesquite and grama grasses have been closely grazed off,

Silver top or feather blue stem is the most conspicuous of these
grasses as well as one of the most valuable. It inhabits swales and
draws of mesa-like mountain slopes, and canyons of the lower moun-
tains, being associated in the latter situations with blue grama, and
side-oats grama. It attains a height of three or four feet, and with
reasonable conditions produces from three-fourths to one and one-
fourths ton of rather coarse hay per acre. Almost invariably, it
grows in limited areas or patches. In ditches and excavations within
railroad enclosures and in gulleys it is becoming quite a characteristic
plant, which suggests its use in places where incipient erosion has set
in. Experiments which are as yet incomplete, indicate that it can be
grown successfully over the better portions of the lower mesas with
five or six inches of summer rainfall, in addition to occasional flood-
ing incident to heavy summer showers. A nearly related species is
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big blue stem (Andropogon furcatits) of similar areas in northern
and eastern Arizona, and of the States farther north.

The little blue stems, Andropogon cirratus, and A. hirtifiorus of
southern Arizona, and A. scoparins of the northern and eastern parts
of the Territory, are equally valuable summer and fall grazing
species. All these grasses grow in considerable abundance on the
steeper, bowlder-strewn slopes of foot hills and mountains below 6500
feet altitude. In these situations it is next to impossible for them
to be grazed too closely or tramped out. They are often accom-
panied with such other species as Trachypogon secundus, Elionurus
barbicnlwis, Muhlcnbcrgia afKnis, M. Vaseyana, and Bragrostis
lugciis. The stems of Muhlcnbcrgia Vaseyana are extremely coarse
and rough ; the writer has never observed this species grazed to any
extent except during the prolonged droughts of the spring seasons
of 1002 and 1()Q4. Uragrostis lugens, on the contrary, is much eaten
by stock wherever its growth is at all accessible on the mountain
slopes, and even where it grows on the steeper slopes it is the first
species to be picked out. It is one of the earliest grasses to begin
growth in the spring. By the middle of March 1909, it had grown
four to six inches on southern exposures, though this was easily two
weeks ahead of its growth on corresponding northern exposures.

Tangle head or twisted beard grass (Andropogon contortusj
is nearly related to the blue stems, and enjoys somewhat the same
distribution in southern Arizona. It is readily grazed by stock up
to the time that it reaches maturity, after which its dried, brown
stems are eaten during the late winter and spring months only when
there is a shortage of the more nutritious feed. As a hay plant it
yields heavier than silver top or feather blue stem, though from the
nature of its seeds it is almost impossible to collect them in any
quantity for agricultural purposes. The seeds which are awned and
sharp-pointed at the bases form at maturity in the heads into tangled
masses, after which they are blown about or carried by animals.
They are dangerous to sheep as they cause lameness, and are said
also to work into the pelt through the wool It is interesting to ob-
serve that they are hygroscopic, like those of alfilaria, and are self-
planting.

GAWvKTA OR CRACKER GRASSES

The gallcta or cracker grasses, locally called black grama grasses
(Hilaria mutica and PL Jamesii), occur in more or less abundance
throughout the Territory at the lower altitudes. In southern Arizona
Hilaria mutica is a characteristic species of clay soils in swales and
other depressions on the mesas; it also grows in similar soils on the
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slopes of certain of our foot hills, in particular, those of the Tucson
and Santa Rita Mountains. In the former situation where it is sub-
ject to annual flooding during the summer seasons, it develops a
nearly continuous covering on the ground, while on mountain slopes,
partly on account of bowlders it grows as a bunch grass. In both
of these situations it is a robust plant growing from one and one-
half to two feet high, and blossoming and maturing seed most of
the time from April to October. Its principal growth takes place,
however, in the summer months. During this season it Is much
grazed by stock, but after the rather woody stems become dried out
and bleached, they are seldom touched. In north central and eastern
Arizona Hilaria Jamcsii, especially, occurs in considerable quantity
from Holbrook to Snowflake and St. Johns. This species Is held in
very high regard by the sheepmen of the vicinity.

Another kind of galleta grass which is known botanically as
Hilaria rigida grows over the extremely arid mesas in the western
part of this Territory and adjacent Mexico. The rainfall in this sec
tion cannot exceed five or six inches annually, and it commonly falls
below this amount, so that this species enjoys the reputation of being
one of our most drought resistant grasses. The stems of it are ex-
ceptionally coarse, rigid and woody, and at some distance the scat-
tered bunches remind one of a desert shrub, rather than a ,i»rass.
Stockmen claim it is the most useful forage plant in the region, and
that it cannot be overgrazed readily on account of its woody base.

THE TRIPkE-AWNED GRASSES

The triple-awned grasses are represented in our flora by at least
a dozen species, of which hare's grass or bunch grass (Aristida call-
fornica), Texas poverty grass (Aristida divergent and A. divaricala},
A. Scheidiana, A. Havardii, and A. arizonica are the more abundant.
All are bunch grasses growing in a scattered manner over the mesas,
foot hills, and in the mountains to altitudes of 7000 feet. They are
seldom abundant enough to become a principal element in the plant
covering, and they are grazed mostly in the summer and fall seasons
In most instances they die to the ground in the winter, for which
reason they are not valuable for winter grazing. Their sharp-pointed
seeds are troublesome to sheep and goats, causing Inflammation and
sores in the mouth, as in the case of similar grass seeds heretofore
mentioned.

GRASSES COMMON TO THE MOUNTAINS AND HIGH PLATEAUS

Mountain bunch grass (Muhlcnbergia gracilis) makes a very
heavy growth In parks or mountain meadows in San Francisco Moun-
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lain and the White Mountains at altitudes of 7000 to 10,000 feet. It
also occurs at somewhat lower elevations in the open woodland areas
of these mountains. At least at the higher altitudes it is next to im-
possible to overgraze it, since during winter seasons it is annually
covered wi th dee]) snows. Mr. Peter Slaughter, one of the largest
stockmen in the White Mountain country, says that mountain bunch
grass and pine grass or Arizona fescue (Festuca arisonica) which
grow abundantly in the forests of yellow or bull pine are the two
most valuable grasses in that region. The fine basal leaves of pine
grass or \rizona fescue which arc reputed to have a resinous or pine-
like aroma, remain green throughout the winter months, and are
especially valuable for grazing during the early spring after the snow
has melted away, and before other green growth appears.

Other valuable grasses of the high plateaus characteristic of the
above country are sheep's fescue (Festuca ovina), the dropseeds
(Shon)holus intcrruptus, $. virescens, and $. depanperaius), Indian
millet, western wheat grass (/Igropyron Smithii}, and the mountain
brome grasses or wild oats (Bronius Richardsonii and B. polyanthus
van, paniculaliis}. On a trip between Springerville and Cooky's
Springs in September 1907, the writer drove through extensive grassy
areas or parks composed of the above grasses together with moun-
tain bunch grass in an apparently primitive condition. Only occa-
sionally did the grasses appear to have been grazed at all, and then
in the most desultory manner. The yield of hay over many square
miles in this country could not have fallen below one and one-half to
two tons per acre, so heavy was the growth over the ground. West-
ern wheat grass forms a more or less continuous turf over occasional
areas in certain of the parks of San Francisco Mountain and the
White Mountains. H also grows scatteringly, due largely to over-
grazing, between Pinetop and Snowflake. These are the only sec-
tions in our Territory where conditions are sufficiently favorable to
make possible the growth of a wheat grass in anything like economic
qitantities.

Besides the above there is a host of miscellaneous plants other
than grasses growing in abundance in the mountains at altitudes of
6000 to ()000 feet. These plants supply a large amount of forage
during their growing season, especially as concerns sheep. They are
often spoken of as weeds. They are of greater significance in the
general regions of San Francisco Mountain and the White Moun-
tains than elsewhere in the Territory, on account of their being more
accessible for grazing purposes in this area of prevailing higher alti-
tudes. The following list includes but a few of the more important
or conspicuous ones: yarrow (Achillea lanulosa); meadow rue
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(Thalictrum Pendleri); grandfather's beard (Geum triflonim);
ground cherry (Physalis Pendleri); blue bells (Campanula uniflora),
Dakota vetch (Hosackia wnericana); American vetch (l/icia anicri-
cana) ; also several species of wild peas or vetchlings (Lathyrus
sps.); wild clovers (Trifolium sps.); wild beans (Plmscolus sps.) ;
bog rushes (Juncus sps.) ; and cinque-foil or five-finger (Potentilhi
sps.).

MISCELLANEOUS GRASSES

Other grasses of passing note that grow during the summer and
fall, though often limited in their distribution and in the amount of
forage produced are bulbous switch grass (Panicum bulbosuin), deer
grass (Bpicampcs rigens), and Texas crowfoot of moist situations,
especially mountain canyons; prairie June grass (Koelcria cristala),
and the bunch grasses (Muhlenbergia Pringlei, M, Berlandicri, and M.
affinis), of grassy mountain slopes; Texas timothy (Lycnrns
phleoides), hair grass (Muhlenbergia gracillima), J fall's grass
(Panicum Hallii), Panicum cognatum Triodia mutica, T, acttniuiata,
and cotton-top of foot hills and high mesas; spike grass, wild wheat
or blue stem (Blymus triticoides), aparejo (Sporobolus utilis), and
Chloropsis mendozina of draws and flood plains; dropsecd (Sporobo-
lus cryptandrus), sand dropseed (Sporobolus strictus), and branching
foxtail (Setaria composita) of sandy washes and like areas; also
black heads or purple grass (Pappophorum Wrightli), Sclcropogon
brevifolius, and Triodia pulchdla of arid foot hills and mesas. The
latter supply a small amount of forage which is of very secondary
value.

To sum up briefly, with average rainfall, winter annuals at the
lower altitudes, together with certain perennial forms prochice a
relatively large amount of-forage from the latter part of February
until June; also beginning late in July there is more or less summer
annual growth at the lower altitudes, and a fair to medium growth of
bunch grasses, according to the condition of the ranges, at altitudes
above 3800 to 4000 feet. During dry periods between growing* seasons
stock eat the surplus feed on the ranges, and in addition, browse
from such succulent and woody plants as salibushcs, cacti, shrubs,
and trees. There is little growth on the bunch grass ranges during
the winter and early spring, so that for a nearly continuous forage
supply stock should have access to the lower ranges during the late
winter and spring months, and to the higher bunch grass ranges in
the summer and fall. If this is not possible, only enough stock
should be carried on the perennial grass ranges to keep them mod-
erately grazed, i. e., there should be a reserve supply of feed at all
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times; while on the lower ranges one should have access to alfalfa
pastures or alfalfa hay to assist in carrying stock through the recur-
ring dry spells, and in addition dry seasons. This latter plan is fol-
lowed successfully by several small stock owners on the desert coun-
try between Mesa and Florence, where mesa conditions are appar
ently no more favorable than in the vicinity of Tucson.

The matter of tiding over the annual recurring dry spells and
especially the dry years is the greatest problem before the Arizona
stockman at this time. The extreme uncertainty of our rainfall has
already been pointed out, and is a matter that the stockman must not
lose sight of. Under open range conditions which unfortunately
characterize grazing in our country the stockman is almost certain to
find himself confronted by severe droughty periods with practically
no resources to carry his herd through to better times. Under such
conditions even with conservative management, as far as this is pos-
sible on the open range, he is destined to suffer from time to time
severe losses. As will be seen in the chapters which follow, the most
natural safeguard against this condition is the fencing of the ranges
so as to increase their grazing capacity, and to guard against their
being continually closely grazed and overgrazed. By so doing, de-
pendable reserve forage supplies can be maintained easier and with
less expense than by any other means, and in addition the stockman
may increase his herd from time to time.



CHAPTER HI

PROTECTED ENCLOSURES VERSUS
The most practical means known thus far of restoring depleted

ranges to something like their former forage producing capueit) is
generally conceded to be that of giving them partial or complete rest
for a time from grazing.**}- This is sometimes brought about by al-
lowing stock to graze on them only a portion of the year, as for ex-
ample, the winter and spring or the summer and fall months. This
plan has been used successfully for some years by the Empire Land and
Cattle Company in the instance of a fenced section known as Aliso,
or Kane's Ranch. By this means the more nutrkms forage plants
which are kept closely grazed during much of the year are enabled
to reestablish themselves by virtue of uninterrupted growth and seed
production over areas where they were formerly abundant, and often
predominant; but over which they have been reduced to secondary
species on account of adverse years and long continued close graz
ing and tramping. As is well known, stock are ever prone to cat
first and closest the most nutritious forage, and leave to the last or
reject entirely that which is least edible or pleasing to the taste,
Accordingly, there is an ever directive tendency on all grazing- ranges
for the most valuable plants to be reduced in numbers or eradicated,
while those which are of little forage value or, worse yet, are detri-
mental to ranges, are encouraged in their growth and further spread;
since first, they are little or not at all eaten by animals, and second,
additional space for their continued growth is made possible by the
suppression of the more valuable plants.

So encouraging are the results in numerous instances attending
the exclusion of grazing animals from ranges that stockmen have
often been led to fence their private holdings; and in addition,
such other portions of the range as school sections, which they
are able to lease for a time. In keeping with this general observa
tion, and to make possible a study of the various types of ranges
under conditions of rest, the small range enclosure was established
nine years ago; and two years later the large range enclosure repre-
senting range conditions on a greater and more diversified scale,
became a reality. The behavior of plants on protected areas from
~ • ' ' ~~"~ " '"•• ' • ' • '" ""'" ' " ™~ ——-—r~— - i- <jj

*Sampson, Arthur W. The Revegetatlon of Overgrazed Rtingc Amis. TT. S
D. A. Forestry Service. Circular 158, p. 20, S'ept., 1908.

fCotton, J. S. Range Management In the State of Washington. IT, S, IX A
Bureau of Plant Industry. Bull. 75, p. 23, May, 1905.
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year to year as compared with those growing on the adjacent open
ranges enables one to make valuable deductions, after a reasonable
lapse of time, concerning the recuperative power of the various
types of ranges. It needs scarcely be said that this restoration varies
according* to the extent of depletion, and the agencies favoring or
retarding the building-up process,

The writer has had ample opportunity to observe for periods of
two to eight years numerous enclosed areas throughout the Territory
of greater or less extent, among which are the srnall range enclos-
ure near Wilmot, the large range enclosure including certain of the
outlying foot hills of the Santa Rita Mountains and the mesa-like
mountain slopes to the north, McClcary's foot hill pasture which
joins the large range enclosure on the south, the San Rafael Land
Grant at the extreme southern boundary of the Territory near the
1 luadtuca Mountains, and an enclosed section in the Empire Ranch
country which lias been grazed for some years principally during the
winter seasons; besides enclosed rights-of-way along the Southern
Pacific and Santa Fe railroads, and numerous private holdings.
These represent the greatest diversity in the way of altitude, tempera-
ture, rainfall, and the types of forage producing plants.

PROTECTED RANGES AT THE LOWER ALTITUDES

THE SMAJX RANGlv

This area has been protected with a durable barbed wire fence
since January, 1901, during which time no stock have grazed on it;
it includes 336 acres of typical creosote bush or greasewood and
cactus mesa land, with a scattering of second growth mesquite over
its lower portions; it lies at an altitude of about 2600 feet, and is
representative of large areas of lower mesa land throughout southern
Arizona, for which reason its progress from year to year has been
followed with more than usual interest. The winter and spring
annuals and the summer annuals have continued to be as abundant
outside the fenced area as within, with the exceptions of Amsinckfa
tesscllata, and A. intermedia, two spring growing borages, which
have increased notably within the enclosure. Among perennial
grasses, aside from the introduced silver top or feather blue stem,
crowfoot or mesa grama has materially increased, but this has
been entirely in swales and other depressions where the supply of
water in the soil for plant growth is greater than the annual rain-
fall. It may be taken for granted, therefore, that crowfoot or mesa
grama will not grow continuously over these mesas with the rain-
fall noted for this area. In this connection it is interesting to



288 BULLETIN 65

observe that in certain swales on the open range about Wilmot, this
grass has appeared as abundantly as within the small range enclos-
ure just noted. There has been little change in the clamps of black
grama among the shrubs, or of the sporadic bunches of gallcta or
cracker grass in the swales. The bunches of purple grass or black
heads, and of Triodia pulchella, both of high, dry, barren ridges, are
in some instances 25 to 100 percent more abundant now than for-
merly; also, devil's claw (Martynia althcacfolia), and a species of
Aristolochia, two fleshy rooted plants of the mesas, have increased
considerably under protection. None of the four latter species,
however, are of any particular value as grazing plants,

The species of cacti, including Opuntia fulgida, 0. niamillata,
0. arbuscula, 0. spinosior, and 0. discata, have made fair growths,
and the first three have accumulated heavy loads of fruit ; this is char-
acteristic of these varieties of cacti, known locally as chollas, when
not subject to continuous browsing such as obtains under open range
conditions. The fruit of the other cholla, Opuntia spinosior, does
not remain on the plant longer than one or two years, while, that
of the common prickly pear, Opuntia discata, softens and decays
soon after ripening, unless eaten by stock.

The shrubby growth of mesquite and palo verde is unchanged,
except in occasional swales where storm water has collected as a
result of embankments constructed, in which instance it has been
notably greater.

There has been a gradual accumulation of dried vegetation over
parts of the area, which in some places amounts to a light mulch.
This tends to neutralize the effects of drought on seedling plants;
and over such areas the growth of annual species is invariably heav-
ier. Twice since the small range enclosure has been under close
observation, fires have burned over parts of it as a result of the con-
tinued accumulation of dead vegetation, and heavier plant growth
induced by favorable seasons, viz., the winter and spring of 1904-
1905, and the summer seasons of 1907 and 1908. In the first
instance, the fire burned for the greater portion of two days, and
extended as far as Esmond along the south side of the railroad
right-of-way. Not only was the dried annual growth burned on tlu
open range, but such shrubs and trees as creosote bush or grease-
wood, rayless golden-rod, Mormon tea, bush hackbcrry or garan-
bullo (Celtis pallida), mesquite, and palo verde were killed. That
such fires burning over the mesas and foot hills have not been un-
common in times past may be judged by the fact that in many places
abundant remains of charred stumps of at least ten years duration
are frequently met with.
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In connection with the above, it is very important to observe
that useless shrubs, like creosote bush or greasewood, Mormon
tea, bush hackbcrry or garanbullo and rayless golden-rod, the
latter of which has spread rapidly within recent years over
much of the better class of range country, may be killed outright
at a very small expense by burning over during the annual dry
fore-summer, i. c., May to June inclusive. Where the bushes are
scattered, as is cammonly the case with desert shrubs, this burning
can be accomplished best by the use of a gasoline torch such as
is used for singeing cacti, or by some similar improvised means
\\ here the rayless golden-rod grows in quantity, however, it mav
be burned off readily without resorting to the above. Since most
of these plants are resinous, and since vegetation is very dry at
this season, great care must be exercised in selecting a quiet clay,
preferably an early morning or late afternoon to do the work, and
one should always have at hand a supply of water, old sacks and a
shovel or two to light fire with in case of an emergency. Experi-
ments made on the small range reserve in June 1906* demonstrated
that this was a practical means of destroying such useless weeds
and shrubs as the above growing on the range. On the other hand,
eradication of them by digging them out or cutting them off close
to the ground was not only more expensive but also less satisfactory.
Two years after the large fire noted above, the area in question
was covered with a remarkably good growth of the summer grasses
and Mexican poppy, and practically free from large plants of the
rayless golden-rod.

To sum up briefly, there has been very little change in the
vegetation within the small range enclosure during the eight years
of protection, and it seems reasonable to assume that this condition
would be true for the most part for the greater portion of grease-
wocxl-cactus mesa country in southern Arizona lying at altitudes
below 2600 feet. The ability of annual species, with the exceptions
noted, to grow outside of the fence as abundantly as within, and
of crowfoot or mesa grama to make as heavy a growth over cer-
tain parts of the open range as on corresponding areas in the fenced
portion is due to the limited number of stock in the neighborhood.
This condition is quite certain to continue over such areas on account
of the scarcity of forage during parts of the year, especially the
dry fore-summer, and on account of the distance to be travelled to
water, except where it may be supplied from wells. The amount of
plant growth that these widely scattered herds eat, as compared with

*Blrfiteenth Annual Report, Arizona Experiment Station, page 228, Decem-
ber 1907.
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the amount that comes to maturity and seed production, is accord-
ingly small.

OTHER SIMILAR ENCLOSURES

It will be interesting to observe how the conditions of plant
growth, as set forth on the small range enclosure, compare with
those of numerous fenced areas ranging from 40 acres to a quarter
section in extent, in the neighborhood of Tucson where conditions
are manifestly similar to those already noted, also of the fenced
right-of-way along the Southern Pacific railroad from Tucson to
Mescal. Of a dozen of these enclosures which the writer has had
under observation for periods of three to seven years, in no case has
there been perceptible increase in the annual, perennial hetlweeous,
or shrubby vegetation at the lower altitudes. Occasional!}, some
species, for reasons not always clear, have gained notieeabl) in
numbers over others, but this has been invariably a local matter
Thus hi one spot Cassia Covcsii, a woody half shrub, has become
noticeably abundant; in another place which is especially .sandy,
Riddellia Coopcri, has come to be an important species; while neurh
everywhere, rayless golden-rod has multiplied to an alarming extent.

The study of the railroad right-of-way over a distance of 30
odd miles was especially interesting, inasmuch as it included coun-
try ..ranging from 2400 to 4000 feet altitude. Up to elevations of
3000 feet, conditions, generally speaking, are such as have been
already noted, except that in several of the ditches or excavations
a variety of triple-awned grass and silver top or feather blue stem
have made remarkable growths, in particular the latter species. At
altitudes of 4000 feet at Mescal, and again at Dragoon, conditions
change most remarkably. Within the railroad enclosure at these
points there is a good growth of triple-awned grasses, silver lop
or feather blue stem, little blue stem, crowfoot or mesa grama, wire
grama or woolly foot, curly mesquite, Texas timothy, porcupine or
feather grass, and dropseed, besides several species of the genus
Panicum; while on the adjoining, unprotected range with close
grazing, the stand of these same grasses was not more than one™
fourth to one-third as heavy, and the forage yield manifestly not
greater in proportion,

BROWSE PASTURES

In connection with the fenced enclosures at the lower altitudes
may be mentioned the occasional browse or shrub pastures of river
valleys, notably the Santa Cruz, San Pedro, Salt and Gila Rivers,
The soil here is deep, alluvial, and usually somewhat alkaline in
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nature. These small areas ranging from 40 acres to 160 acres in
extent are private holdings of settlers, and supply rough forage, or
occasionally all the feed for a limited number of stock. The plants
that most commonly occur in them are the various saltbushes, in-
cluding shad scale, salt sage, spiny saltbush, many-seeded saltbush,
J/n'/>/i'.r Torrcyi and A. Icntiformis, besides sacaton and such other
plants as nicsquitc, screw bean, cat's-claw, Arizona ash, and clumps
of hackberry or palo bianco.

On the unprotected range, saltbushes more than other shrubby
plants, suffer from overgrazing. In season and out they are kept
closely eaten down, often to the very stump or woody base, with the
inevitable result that the plants seldom mature seed, and gradually
become weaker in their growth. During prolonged droughts
these closely browsed stumps of saltbushes, unable to endure the
drain longer, die out and thus the stand becomes obliterated. It is
true that some of the less palatable ones suffer very little, if any,
from overgrazing; thus Atriplex polycarpa, and A. lentiformis ap-
pear never to be grazed to any extent except in times of shortage of
feed, recuperating during periods of favorable plant growth when
there is an abundance of other forage. But this does not hold for
such species as shad scale, salt sage, spiny saltbush or Atriplex Tor-
rcyi, which are uniformly closely cropped on the open range, at times
to the point of extinction.

On the other hand, saltbush plants within protected enclosures
where they are subject to moderate browsing grow to heights of
from four to ten feet, and at times form thickets of considerable
proportions, being underbrowsed rather than overbrowsed. So
uniform is the stand under such conditions that in the fall of the
year the masses of maturing seeds give to the area a characteristic
bright yellow color which may be recognized at some distance.
In such enclosures the writer has collected 25 bushels of seed with
less than a half-day's work. The stand of saltbush plants in pastures
is always heavier and more continuous than on the open range,
with the result that the annual production of forage is several times
greater. Also, reproduction among them with reasonable protection
is good, while under open range conditions seldom does one find
more than a scattering of seedling plants that have passed the critical
stage, even at the close of a favorable winter season. Seedling
saltbush plants occur most abundantly among shrubby growth, dead
brush or other covering on the ground, which makes it apparent
that close grazing is adverse to their existence. Recent trials* at

'Nineteenth Annual Report, Ariz. Kxp. Stat., p. 354, Dec., 1908.
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this Experiment Station show that reproduction among these plants
is at best slow, and when they have once been destroyed over an
area the restocking of it is a tedious and expensive process.

PROTECTED ENCLOSURE OF THE DESERT BOTANICAL LABORATORY

The fenced area of the Desert Botanical Laboratory of the
Carnegie Institution which includes a portion of one of the hills
of the Tucson Mountains adjoining Tucson and some of the mesa-
like mountain slope lying to the west, may be taken as representa-
tive of foot hill conditions at the lower altitudes under protection
While this area has been fenced for a period of but four years,
there has been, nevertheless, a marked increase in the perennial
grasses of the foot hills portion. Gallcta or cracker grass is several
times more abundant on the northern slopes now than formerly,
where it grows as a bunch grass in considerable patches. A near
relative of this is a variety of curly mesquite which occurs plentifully
in places over gentle, bowlder-strewn slopes. This grass supplies an
excellent feed during much of the year, and remains green at the
base throughout the winter season, on which account it is invariably
closely grazed under open range conditions. Other grasses that are
more abundant now than formerly are side-oats grama, spruce-top
grama, black grama and tangle head or twisted beard grass. Annual
species, both of the summer and winter types, have always been a feat-
ure of the Tucson Mountains; of these, annual feather grass especially
has increased manyfold during the four years of protection, so that
now it forms a diffuse layer over much of the hill. In contrast with
this promising condition, the above species in addition to many
others, where growing on the adjacent, unprotected range under
similar conditions with reference to soil, rainfall, and temperature,
are noticeably less abundant and produce as a consequence less
forage annually, being closely grazed most of the year.

PROTECTED ENCLOSURES AT THE HIGHER ALTITUDES

KANE'S RANCH OR ALISO

The enclosed section of high mesa land in the vicinity of Empire
Ranch, east of and adjacent to the foot hills of the Santa Rita
Mountains, known as Kane's Ranch or Aliso, is located in an excel-
lent grass country, the altitude being about 4700 feet. As observed
under the discussion of precipitation, rainfall is both timely and
exceptionally well distributed for the growth of perennial grasses.
These form a more or less continuous turf, except where killed out
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from overgrazing and tramping, over this entire country extending
well down into Mexico, and including the San Rafael Land Grant.
This section of land has been fenced for about 12 years, during
which time it has been used by the Empire Land and Cattle Company
largely as a winter pasture for cattle. With two exceptions the
writer has examined it annually in the fall for the past eight years,
and on several occasions in May or June. At the latter season it
usually appeared grazed about as closely as the adjacent open range,
though without the bad effects of excessive tramping.

During the time that this area has been under observation there
has been a medium to heavy growth of the perennial grasses each
}ear, the dry summers of 1902 and 1906 being excepted. On these
years .the growth was about one-half as heavy as usual, and the pro-
duction of seed very small. In certain swales having rich, alluvial
soil and subject to annual summer flooding, blue grama grows com-
monly two or more feet in height, yielding accordingly, while side-
oats grama and silver top or feather blue stem grow three and four feet
respectively. On the gravelly slopes and hills, growth is necessarily
much shorter, but even here there is a fairly good grassy covering
present. On such areas the commoner species are hairy grama,
wire grama or woolly foot, spruce-top grama, curly mesquite or south-
western buffalo grass, and Texas timothy, together with such other
less abundant species as hair grass, cotton-top grass, Eragrostis
lugcns, and several triple-awned grasses. The grama grasses, south-
western buffalo grass, and Eragrostis lug ens are especially valuable
for winter grazing, since as already noted, their forage tends to
cure naturally on the ground, and the lower parts of the stems
and the basal tufts of leaves remain green and more or less juicy
throughout the winter season. Since this area is commonly winter
grazed, an unusually large amount of seed is matured each year,
so that as heavy a stand of grass plants grows over the ground as
the annual rainfall will support, with the result that there is a mini
muni growth of weeds. In addition to this a considerable amount
of the seed is inevitably carried to the adjacent ranges by winds.

On the open range adjoining this fenced area there is ordinarily
a fair to medium growth of the grasses just noted, though this is
never as heavy as within the protected enclosure; and in man>
instances, especially in draws having alluvial soils, the grass plants
have been mostly grazed and tramped out, and considerable erosion
has resulted. This is especially true in the instance of blue grama
which has largely disappeared, except as an occasional species, from
swales, draws, and canyons where it was formerly predominant and
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often cut for hay in the fall. Some of these areas denuded of their
grassy covering are now occupied by rank growths of cockle-burs,
while others, especially in draws, have become badly eroded or
gullied. Since these washes are in reality gullied draws and canyon
beds, no small amount of the summer rainfall, which was originally
retained on the surface by a grassy covering until it soaked into the
ground, finds its way now from the closely grazed hillsides into these
drainage channels and thus out of the country. In support of this
it is stated that the summer floods which collect from this section of
the country and pass through Cienega Creek to the north are of
longer duration and heavier now than formerly. Except in occa
sional localities where overgrazing has not obtained to anv extent as
yet, due to natural barriers, or to the smaller number of stock, the
conditions just described are common to our Territory as a "whole.

THE SAN RAFAEL LAND GRANT

This fenced area lies in the vicinity of the Huachtica Mountains
in southern Arizona at an altitude of 4751 feet, and consists of four
square leagues, being five and one-fifth miles on a side. As in the
case of the Empire Ranch it is located in one of our best grama
grass countries, there being an abundance of the grama grasses,
triple-awned grasses, blue stem grasses, curly mesquite or south-
western buffalo grass, cotton-top grass, and Bragrostis lugens. So
copious are these over much of the country within the fence that
at times they tend to form a turf, rather than grow in the usual
bunch grass formation, which is suggestive of more favorable con-
ditions of growth and reproduction than usual.

Though a portion of this area was fenced as early as 1886, it
has as a whole, been under protection only since 1903. In no in-
stance have the pastures making up this enclosure, one of which is
used for breeding purposes, and another as a pasture for calves after
being weaned, ever been grazed down to anything like that which
obtains continuously on the near-by open range. At this time, six
years after being under fence, it is stated on good authority that 15
acres are allowed for each head of stock not counting- suckling- calves,
while on similar open ranges between 25 and 30 acres are necessary,
More than this, cattle keep in excellent condition in these pasture-;
throughout the year, those on the open range, on the other hand,
falling off very much in weight during the winter and early spring
months; and occasionally some die from shortage of feed. It is
also stated that this range has shown continued improvement from
year to year since it has been under fence, and that at least five or
six years is believed to be the minimum time allowance for ranges
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of this t^pe to regain a reasonable forage producing capacity.
When the writer saw this range in April 1908, there was a good
growth of the natural cured grama-grass of the previous year, known
to the Mexicans as "chino" grama, over much of the area, while
the surrounding open range contained practically no new growth
and but little dried growth of the year before, so closely had it
been grazed down.

inE LARGE: RANGE RESERVE TRACT

The large range reserve tract, as heretofore stated, was tfenced
in the spring of 1903, since which time no animals of note have
grazed upon it. it embraces 50 square miles of country which may
be divided for convenience into two parts, as follows: (1) that por-
tion lying between the altitudes 2900 and 3500 feet with practically
no growth of perennial grasses and but little winter annual or sum-
mer annual forage on it; but with an abundant and nearly uniform
covering of mosquito, cat's-claw, and rayless golden-rod, besides occa-
sional plants of bush hackberry or garanbullo, squaw bush, Condalia
lycioidcs, and several species of prickly pears and chollas, the cacti
being less abundant than at the lower altitudes; and, (2) that por-
tion situated between the altitudes 3500 and 4800 feet including cer-
tain outlying, rocky foot hills, which has only a scattering of trees
and shrubs, but a fairly good growth of grasses and perennial herbs.
This part especially is crossed by numerous broad sandy washes
which mostly lose themselves below, and which run occasionally for
a few hours at a time with flood waters from the near-by moun-
tains. It is along or in these sandy washes that nearly all the trees
and shrubs of the upper grassy portion of this enclosure are to be
found.

The part of this area lying below 3500 feet altitude has shown
least improvement during the five years it has been under fence.
Though there is ordinarily a fair depth of soil which is to all appear-
ances superior to that of the mesas lower down, there are no per-
ennial grasses of note and even the short-lived annual species grow
with difficulty, though there has been a notable increase in them
within the last three favorable summer seasons. It is firmly believed
that the presence in quantity over much of this area of the native
deep rooted forms, as trees, shrubs, and half shrubs, makes it
practically impossible for plants less deeply rooted, and of a less
enduring nature to maintain a hold in the soil even after they have
once secured it. The occasional scattered bunches of the more re-
sistant perennial grasses growing on this area, which invariably occur
in the most favorable places, and the more or less absence of the
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annual species may be cited as an example of the sparsity of herba-
ceous growth over such areas as this one. And in general, this
statement holds true for the Territory as a whole. The fewer woody
plants there are growing on an area, the heavier and more continu-
ous is the stand of grasses and other herbs. There is good philoso-
phy, therefore, in destroying useless shrubs and weeds on the grazing
ranges.

As already stated, perennial grasses are the predominant plants
on the higher portions of the large range reserve tract. Of these,
crowfoot or mesa grama is the most abundant, as well as the widest
distributed, occurring over nearly all the area between the altitudes
3500 and 4000 feet. It has gradually increased in quantity under pro
tection, becoming especially prominent during the last three favorable
summer seasons. Judging from its present stand, it has attained
about a maximum yield, and would not grow much thicker on the
ground, even if kept for some years from grazing herds. On sandy
ridges where there is less available soil moisture, eiowfoot or mesa
grama is alternated with patches of the deeper rooted bunch or
hare's grass, and in swales and draws with tangle head or twisted
beard grass, silver top or feather blue stem, and side-oats Crania
Through it are growing scattered bunches of wire grama or woolly
foot, and several of the triple-awned grasses, including Texas poverty
grass. All these have increased notably in numbers under production,
as a comparison of the forage conditions on the adjacent open rang'*
will show. Above 4000 feet altitude, spruce-top grama commonly pre
dominates, being associated, at least on rocky slopes with such spe-
cies as curly mesquite or southwestern buffalo grass, hairy grama,
wire grama or woolly foot, side- oats grama, little blue stem, and
Eragrostis lugens.

Texas poverty grass has multiplied to such an extent that its
seed heads which at maturity are blown about scattering their seeds
meanwhile, become lodged m dense masses in mescjitite and other
shrubs. The writer has never observed this elsewhere in Arizona,
though it is in accord with what the early settlers have said. In
like manner black grama has spread remarkably. Prior to the time
that this area was fenced one could observe it only occassionally
among these shrubs, and then the bunches were small and as closely
cropped by animals as the shrubby growth would permit. Now, how-
ever, it grows in large bunches in many of the shrubs, at times
covering them entirely over. Also occasional bunches of it are found

*During> the fall of 1909, over considerable areas on the largo range enclos-
ure, this grass cut at the rate of 2,190 pounds of My to the acre, though it
must be admitted that some of this was dead grass of previous years* growth
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growing in the open, though this is not common. The reproduction
of spruce-top grama over some of the more favorable areas is
especially interesting From several counts of the plants growing
within small squares, there was an average of ten young plants for
every mature one, and in one instance the writer counted 254 young
plants to nine mature ones on 16 square feet of land. One needs
but to see such examples of range improvement as the ones cited in
order to appreciate the extent of restoration that is taking place over
the better parts of this enclosure as a result of the protection
afforded.

Other perennial herbs that are ordinarily closely grazed on the
open range, and that have increased in numbers under protection
arc a yellow-flowered pea (Ilosackia puberula), low morning glory
(Rvolvolus arizonicus), gunaninpil or trailing four-o'clock, and
S.'rffl diffusa. In the higher parts of the pasture, a white-flowered
half shrub (Enogonwn Wrightn) has become much more abundant,
there being as in the case of other species a preponderance of young
plants; on the outside of the fence, however, only occasional plants
of it may be seen, and these are closely browsed. In protected
enclosures, and especially in pastures grazed principally by horses,
this plant tends ever to become more abundant.

It is a' fact worthy of note that young mesquite plants are com-
ing in quite thickly over considerable areas of the grassy portions
of this tract. There is reason to believe that stock grazing on these
ranges previous to their being fenced is in part responsible for
this growth of mesquite, since the young plants that were formerly
held in check by close grazing and occasional fires, grow undis-
turbed now, and hence their apparent sudden appearance on parts
of this area since the completion of the fence. It is well known that
grazing animals have had much to do with the spread of mesquite,
both in this and other countries, particularly Texas. That a good
growth of grass and shrubs OP trees will continue to take place on
the same land cannot be expected, at least the writer has never made
such an observation, and hence judicious range management may
be necessary to hold in check the spread of mesquite, as well as to
maintain the grasses at their maximum forage production.

In the absence of close grazing such as obtained under primitive
conditions, the effect of fires as a check on the spread of mesquite
and similar woody plants on the open range would be most pro-
nounced over the heavier grassed parts of the country, and least
pronounced where the herbaceous growth is ordinarily scant, such
as commonly obtains at the lower altitudes. The effect, therefore,
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hairy grama, spruce-top grama, side-oats grama, wire grama or
woolly foot, curly mesquite or southwestern buftalo grass, and Era-
grostis higens; (2) bench land with a scattering of scrub mcsquite,
c&t's-claw, squaw bush, Briogonum Wnghtii, and rayless golden-rod,
with occasional bunches of black grama, cotton-top, branching fox-
tail, and mountain rye, nearly all of which grow among shrubs; and,
(3) bottom land .having a rather heavy growth of mesquite, eatVeUw,
and some hackberry or palo bianco, besides a few trees of Arizona
walnut (Juglans major), sycamore (Platanus Wrightii) and hw
oaks in the canyon. The mesquite trees mature heavy crops of pocl^
annually which are eaten by Mr. McCleary's stock until well in the
winter months, unless damaged by heavy fall rains.

There is usually a fair growth of winter annuals over much of
the area, the more common of which are Indian wheat, native Califor-
nia poppy, Plagiobothrys ari&onicus, and the species of Pcctoccuya on
the bench land and annual spear grass on the bottom lands, Alfilaria
was introduced on a small area four years ago, since which time it has
spread to a most remarkable degree. From the writer's observations,
Indian wheat, annual spear grass, and the introduced alfilaria among
winter annuals, hairy grama, spruce-top grama, black grama, cotton-
top, curly mesquite, and mountain rye under perennial grasses, and
the half shrub, Briogonum Wrightii, have made noticeable gains
during the last few years; and to these should also be added, unfortu-
nately, the worthless range weeds, rayless golden-rod, purple or tansy
aster (Aster tanacetifolius) and yellow weed (Aplopappus gracilis),
the two latter of which invariably become abundant in horse-grazecl
pastures.

According to Mr. McCleary's estimate there has been an average
of eight animals, three horses and five burros, grazing on this pasture
for the last nine or ten years; and the forage is as good at this time
as at any corresponding season since the area has been under fence,
notwithstanding the fact that the winter annual growth, due to cool
winter and spring weather was below the average this year, i. c., the
spring of 1909. On account of short grazing, it has been necessary
to feed this stock, especially the horses, on two different occasion-*
within the last nine years, once during the dry spring and summer
of 1902, and again in the spring of 1904, The extent of these
droughts may be judged from the fact that Mr. McCleary found it
necessary to deepen his well 70 feet, whereas/ordinarily, water stands
within a few feet of the surface. Mr. McCleary does not regard
the summer annual grasses of much value on account of the occur-
rence at this season in quantity of the more valuable grama and
mesquite grasses.
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On the contiguous open range south of Mr. McCleary's, a good
number of range cattle winter over; the hillsides here, except at the
higher and steeper slopes, are generally closely grazed by the middle
of March, while on the near-by level bench and bottom lands scarcely
a vestige of lu'ibaccous growth can be seen at this season, so closely
is the area eaten off. Fortunately, these grassy slopes strewn with
j»nivd and bowlders are not readily denuded of their plant covering
by close grazing and tramping, since the discontinuous layer of cob-
ble stones prevents in a large measure both these conditions, and in
addition possible erosion. Besides this, stock graze the steeper foot
hill slopes to an appreciable extent only when forage becomes so
short on the lower and more accessible bench lands, bottom lands
and mesas as to compel them to range continuously higher from time
to time. On this account such grassy mountain slopes as these con-
tinue in a remarkably good state of preservation without protection,
while in near-by canyons the plants are often entirely grazed and
tramped out, so that erosion becomes an easy matter.

The stony hillsides surrounding Andraede's ranch and Rosemont,
in the Santa Rita Mountains and those lying between these places
along Davidson's Canyon are good examples of overgrazed mountain
slopes, though with very little erosion or gullying except in the bed
of the canyon. The nearness of these ranges to continuous and
abundant supplies of water is the means of attracting to them a rather
large number of cattle from the surrounding country. These ani-
mals remain as long as any feed is to be had in the adjacent hills,
so that the country is practically always closely grazed. As a result
of this it is stated that less than one-third as much grass grows on
this range now as formerly. In spite of this continued overgrazing,
however, there was a fair growth of grama grass and curly mesquite
over all these slopes during the favorable summer seasons of 1907 and
1908, the roots of these perennial grasses being saved from extermi-
nation no doubt by the stony covering of the surface. With partial
protection there is good reason to believe that such ranges could be
restored quite readily.

A fenced area of 100 acres or so in extent at Oracle, one in
the Dragoon Mountains near Rustlersville, and a third in the Sul-
phur Springs Valley are further examples of similar ranges under
apparently like conditions of altitude and rainfall that have shown
marked improvement with three to six years of protection. It is
not necessary, however, to recite in detail here each of these cases,
and hence they are passed over with mere mention.
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GROUNDS OF TH£ I<0WEU, ASTRONOMICAL OBSERVATORY

The enclosure of the Lowell Astronomical Observatory at Flag-
staff is suggestive of the rapidity with which perennial herbs includ-
ing grasses reestablish themselves over areas that are favorable to
their growth and spread, but over which they have been greatly re-
duced in numbers by persistent close grazing. This small area, but 40
acres in extent, had been under fence only three years when
seen by the writer in August 1907. It lies about a mile west of
Flagstaff at an altitude of 7000 feet, and enjoys an annual rainfall
of 23 inches,* which is nearly equally distributed between the winter
and summer seasons. In the way of woody growth, there is a scat-
tering of yellow pine and white oak (Qncrcus (lUinbelii), \ \ i lh con-
siderable bushy growth of wild lilac (Ccanothus Pcndlcrl), the latter
species of which is subject to close browsing on the open range by
goats and sheep.

The perennial grasses, chief of which are western wheat grass,
mountain bunch grass, native June grass, blue grama, little blue stem,
pine grass, and mountain rye were at least two or three times as
thick on the ground within the enclosure as over the open woodland
where they are kept rather closely grazed down by miscellaneous
stock. The native flowering plants, as for example wild geraniums,
wild beans, painted cups, mountain lupines or horse beans, beard
tongues, Gilia aggregate, and white-flowered or climbing vetch were
especially plentiful withm this fenced portion, being conspicuous by
virtue of their showy flowers; while in the open woodland they
occurred only occasionally. As would be expected there was a good
covering of dead plant growth over most of this area with no signs
of recent erosion, the reverse being the case on the open woodland

The above coincides very closely with what was observed on parts
of the enclosed right-of-way along the Santa Pe railroad in the
neighborhood of Flagstaff. Commonly there was a good turf of blue
Crania interspersed with occasional bunches of other grasses and herbs
already noted, while over the adjoining open range there was at best
a scattering of grass plants; though such ungraded species as common
mullein, Cleome serrulata, Mentselia multi-flora and Guticrrcda were
very abundant. These range weeds often become the predominant
vegetation in alluvial soils of small valleys and draws, where the
valuable blue grama has been largely tramped and grazed out as a
result of the prevailing, free-for-all, grazing methods. Accordingly,
much of the best grazing land about Flagstaff that should produce
annually a heavy growth of grass does little more now than grow a
crop of useless weeds, some of which are spreading over the sur-

*See rainfall records for Flag-staff under chapter' on rainfall.



I*R(>TI«;CTI$D ENCLOSURES VERSUS OPJ^N RANGKS 303

rounding bowlder-strewn slopes that have been denuded of their cov-
ering of yellow pine trees.

CONCLUSIONS

There are certain practical conclusions that follow from the
foregoing observations on the various types of protected and open
ranges. Under our present conditions one is not warranted in fenc-
ing ranges at the lower altitudes where the chief forage plants are
winter and summer annuals, mesquite and cacti. The small range
enclosure which is typical of this class of ranges has not shown any
marked improvement, as concerns forage production, during the ten
years it has been under fence. The most economical plan for hand-
ling such ranges appears to be to graze them moderately heavy every
year, especially after the plants have begun to dry up in the spring;
this docs not seem to lessen their growth the following season, and
besides, a reasonable amount of tramping at this time is an excellent
means of conserving and planting seed. This is well illustrated in
the instance of certain closely grazed mesa ranges in the vicinity of
Mesa, Arizona, and also about Oracle. For obvious reasons there
should be minimum tramping on these ranges in the fall and early
winter when seedling plants are beginning growth. Among browse
plants, neither mesquite, palo vcrcle, nor the native cacti are in need
of protection from overgrazing.

As concerns saltbushes, such varieties as shad scale, salt sage,
spiny saltbush, and Atriple.v Torreyi are invariably overgrazed on
open ranges, and hence should be afforded some protection. The
best forage returns are secured when saltbushes are kept moderately
closely browsed; but they should be neither eaten down to bare
stumps, nor allowed to grow year after year into brushy thickets.
Less edible varieties like many-seeded saltbush are seldom over-
browsed, since they are only grazed during a shortage of other feed.

The perennial or root grasses are the most valuable and pre-
dominant of our forage plants above altitudes of 3800 feet; and,
ordinarily they suffer more from overgrazing than any other of the
plant groups. This is true in particular of those growing on the
higher mesas, mesa-like slopes, and foot hills that are easily acces-
sible to stock, and near to water. Such areas are grazed almost
continuously. Partial or complete protection of this large class of
ranges from overgrazing results invariably in an increase in their
forage yield; and this continues until the area has been restored to
something like its former productiveness, for which at least five
years are required. Protection of such plants conserves both root*
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and seeds for future growth, and for this reason the increased yield
is noticeably greater after the first and second years. The fencing
of all such ranges is greatly to be desired, and therefore, is recom-
mended in every case possible.

On the steeper and less accessible grassy mountain slopes which
are strewn with cobble stones, no fencing appears to be necessary,
as in these situations heavy grazing is intermittent, beginning onl)
in the late fall or winter when grass seeds have matured and fallen
and continuing at latest until the beginning of the summer rainy
season.

At the lower altitudes where forage production is often scan*,
60 to 75 acres should be allowed for each grazing animal, and in
addition some provision should be made for a supply of feed to
assist in carrying stock through the occasional severe droughts,
On rather closely grazed bunch grass ranges 25 to 30 acres are nec-
essary for each head of stock, and 15 to 20 acres on the better class
of these ranges. Where possible, it has been found advantageous
to graze stock on the lower winter ranges from February until June,
and on the higher bunch grass ranges during the remainder of the
year.



CHAPTER IV

WATER OR

The use of earthen embankments or dams to divert storm
water from its usual course or concentrate it on a given area, and of
furrows to retard its flow over the surface, are means that have been
employed by occasional ranchers with varying degrees of success
in the growing °^ such short lived or drought resistant crops as
barley, sorghum, Egyptian, Jerusalem, and Kafir corn, careless
weed, barnyard grass, and the so-called water grasses, including
shama millet or jungle rice, and Chloris elegans. This principle
is employed to a considerable extent by various tribes of south-
western Indians in the production of crops, like beans and corn,
necessary to their existence, and has corne to be known popularly
as "Indian farming'*. As concerns range improvement, storm water
embankments have been used very little, and the results when cal-
culated from a financial basis have usually been in the negative,
so that they cannot be looked upon as promising from this stand-
point. This is due to a number of causes among which are the
following: (1) the cost of constructing and maintaining them;
(2) the uncertainty of their duration even when well planned;
(3) the very limited areas which are usually benefited by their
retained storm waters; (4) the relatively low value of the class of
crops produced; and (5) the extreme uncertainty as to the extent
and duration of the seasonal rains.

CONSTRUCTION OF DAMS ON THE SMALL RANGE EN-
CLOSURE

In order to study the practicability of such earthen dams for
range reclamation purposes, a number of small ones were built
across swales, old roads, and in other favorable situations within the
small range enclosure, with the idea of confining" on a limited
area the runoff from a more or less definite watershed; and of
observing the effect of this increase in soil moisture on the growth
of the native forage plants, Six of these dams were completed in
January 1902, and two smaller ones which had been thrown up
the previous year by Dr. Griffiths were extended and repaired. Dur-
ing the succeeding year only a small amount of water collected
in any of these dams, since the summer rains were very sparse
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while those of the winter and spring seasons came so gradually
as to occasion little runoff.

The following June with the aid of an engineer's level, another
dam, known as Woodward's contour dam/1* was made. This latter
one was a low embankment—compared with those completed the
year before—built across a shallow swale on approximately a con-
tour line. It filled with water to a depth of six or seven inches,
after which it began to spill over at its lower side in a broad, slow
moving stream, thus averting erosion of the surface and also danger
of overflowing and consequent washing out. In some ways this
type of clam is suggestive of the common practice of plowing fur-
rows acr'oss low areas, which likeness becomes the more apparent
when several of these dams are constructed in series. Such dams
are, however, far more enduring than plowed furrows, which ordi-
narily do not follow contour lines and hence break away at the lower
levels with the first flood. Of the dams built the year before, two
were added to, so that they would fill to within six or seven inches
of their tops before beginning to spill over, while a third was short
ened so as to be in less danger of overflowing. There were, there-
fore, for purposes of observation nine of these embankments,
as follows: three, including two of Dr. Griffiths, that diverted water
from its ordinary course over small niesa areas, though they re-
tained very little water; five that Confined a relatively large amount
of water to limited patches, the water standing 10 to 14 inches deep
along the dams; and one, the contour dam, that held storm water
over a relatively large area at a maximum depth of six or seven
inches.

In building these dams, 12 to 15 furrows were plowed at some
little distance from, and on both sides of and parallel to the proposed
site. Then with teams and scrapers the loose soil was drawn in at
right angles to the embankments and dumped where wanted, the
horses assisting materially in tramping and packing the dirt as
they crossed from one side to the other with each load. A good
working combination was found to be two men, each with a team
and scraper, a third man to manage and complete the work, and in
addition a strong plow. The cost of such an outfit was $10.00 per
day, $3.00 for each man and team with an allowance of $1.00 for
provisions, and $2.00 a day for the person in*charge.

Much of the finishing can be done, however, with an inverted
scraper drawn lengthwise of the dam, and weighted sufficiently to
assist in levelling and packing. Two sections of a drag were also

*Plan suggested by Pro! S. M. Woodward, formerly Professor of Mathe-
matics, Univ. of Ariz.
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used to advantage in this way. As completed, such a dam is quite
compact, rather broad and rounded, and altogether satisfactory.
Brush was used in the construction of the ends of the earlier dams,
where it was thought Ihe greatest danger from erosion would occur;
but this was soon abandoned as it tended to retard the settling* of

£s

the soil, thereby producing a loose, springy embankment, rather than
a solid, compact one, such as may ordinarily be made from our
mesa and adobe soils.

The more important statistical information concerning dams
built by the writer, appears in the following table:

No

1
2
3
4
5
6
7

r «., r tM, A V O I M & O Average Time
length hd^ht bom to Imild

270 fi 20 in 54 in. 1 dav
550
405
417
594
312
570

24
20
20
22
20
12

60
54
54
56
54

2% days
' 1M "1 1M "J 21A "
' 1JA "

36 ' 1'day

Area Maximum nflooded water depth Cost
.20 iu

1.10
.50
.80

1.25
.60

1.25

res 6 in. $1000
14
9

12
14
9
6

2250
17.50
17.50
22.50
15.00
10.00

Darn number 1 diverted storm water over a level, adjacent, mesa
area; this type of embankment is of value chiefly during wet sea-
sons, since at other times the small amount of water becomes spread
over too great an area. Dam number 3 also functioned in part to
divert storm water; as the lower part of it filled up, the excess of
water spilled over and was collected in darn number 4 which is
located just below on a less pronounced slope. In like manner,
clam number 6 caught the storm water spilling over from number
5. This latter was built across a worn, abandoned roadway which
drains an indefinite watershed. It received a relatively large amount
of water besides some mud and sand, which latter would have to be
given consideration under more extensive operations.

It will be observed that dam number 7 holds flood water from
one to six or seven inches deep over a maximum area, and that it
was built at a minimum cost, The only other clams that flooded
areas comparable in size to this one are numbers 2 and 5, which
were constructed at nearly double the expense; though, as a matter
of fact, they hold water over their lower flood areas to depths of
12 to 14 inches. This concentration of storm water is objectionable
at times, however, since during periods of excessive rainfall these
dams have been known to fill three times in the course of ten days,
with the result that plats of forage plants growing in them have
been damaged or killed out.
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DIFFICULTIES IN THE WAY OF THE PRACTICAL USE
OF SUCH DAMS

The combined area benefitted by these seven embankments is
estimated to be not greater than 5.70 acres, and the total cost of
building was $115.00, or $20.00 per acre. If dam number 7 alone
is considered, the cost of construction falls to $8.00 per acre, which
is still high. It must be borne in mind that this is the initial cost,
and does not take into consideration the matter of keeping them in
repair from year to year. Along with this, the fact remains that
during dry seasons but little runoff collects in them, so that even
with this outlay one is not assured of sufficient flood water each
season to make certain the growth of such crops as beans, or even
the more drought resistant sorghum, Kafir or Jerusalem com, or
doura; though proper methods of cultivation would greatly increase
the probability of growing these crops.

Certain of the native plants, however, as crowfoot or mesa
grama, silver top or feather blue stem, trailing four-o'clock, Mexi-
can poppy, alfilaria, the six-weeks grasses, and some of the annual
borages have made noticeably heavier growths over the areas
occasionally flooded by the above impounded water; this increase
in growth, however, is by no means commensurate with the cost
of constructing the dams. In almost every instance, except where
the land is covered with a stand of silver top or feather blue stem
which plant will be noted under cultural operations, ray less golden-
rod has increased to an alarming extent.

Even with spillways properly constructed so that the clamus
could fill only to within six to ten inches of their tops, a large amount
of trouble has been experienced from breaks or washouts caused
by gopher holes. No less than 15 such washouts ranging* from
two to 20 feet in extent occurred in these dams during the summer
months of 1904. In one instance an embankment 24 inches high
was completely cut away when the water stood but 12 inches clccp
against it. Naturally this difficulty grows as the embankments
become older and more tunneled with gopher holes, and since these
usually communicate with one another for considerable distances
along the darns, washouts may occur at almost any point as a
result of water finding its way sooner or later through the embank-
ment. The above was the writer's experience in spite of the pre-
caution to poison all gophers in the immediate vicinity, and to have
the dams examined for fresh holes every few days during the rainy
season. Dam number 7 has been least subject to trouble from this
source, but even this one was cut out in no less than 12 places
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hy heavy rains during the summers of 1907 and 1908. And at
this lime, all the dams are badly washed out, though no repairs
have been made since the early summer of 1906. This factor
renders imperative one's continued presence in the vicinity of such
dams during the rainy periods of the summer * months; and it is
largely on this account that the native Indian, whose primitive and
migratory abode are ever closely associated with his means of live-
lihood, succeeds so well in his way with this mode of farming.

Nor is this difficulty confined to small, quickly constructed
embankments of the mesas. Throughout the country one meets
repeatedly with the same complaint, the damage usually occurring
when least expected. Embankments impounding irrigation waters
of greater or less extent are subject, likewise, to washouts or breaks
from the same cause, except where a vigilant watch is kept.

PRACTICAL HINTS UNDERLYING THE CONSTRUCTION
OF STORM WATER DAMS

In order to insure economy in building, and efficiency and per-
manency afterwards, certain practical considerations should be
observed by those contemplating the construction of dams. Low,
broad embankments 12 to IS inches high are for obvious reasons
cheaper to build than larger ones, and in proportion to the cost they
Hood relatively greater areas. When, therefore, it is a question
whether to build one dam 24 inches high with a base to correspond,
or two smaller ones of equal kngth but 12 or 15 inches high, the
latter will be the more economical construction. Besides this, wash-
outs arc repaired at less expense in small dams than in large ones.

The site of the proposed dam should parallel as nearly as
possible the contour lines of the surface, except where these are
irregular, when it may approximate them being first on one side and
then on the other. In so doing a minimum amount of labor will
be required in building, and the dam will hold a relatively large
amount of water over a maximum area, without being in danger of
overflowing. It needs hardly be said that the area flooded and the
amount of water impounded will be greater where the slope or
incline of the surface is small, so that nearly level areas should be
selected where possible. The ends of the dam should be curved up
gently in the direction of the higher slope. These parts or wings
arc tapered, since it is not necessary for them to be of the height
of the main dam, and extended sufficiently to retain all the water
possible over the area to be flooded without allowing it to stand
within six inches of the top of the dam at any point. A greater
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case of long clams at both ends; this is to allow water in excess of
the amount necessary to fill them a means of escape, without flow-
ing over the top or cutting a channel in the ground near by, thereby
reducing* the holding capacity of the dam. This is done best by
providing a broad, level surface next to the curved end or wing of
the dam so that water may flow without obstruction in a shallow,
slow moving stream with a minimum amount of surface erosion.
I t is needless to acid that in locating sites for dams to be built after
these suggestions, it will be found necessary to use an engineer's
level, a matter which will be the best of economy in the long run,
both in their building and subsequent duration.



CHAPTER V

CULTURAL ON THE
RESERVE

Cultural operations have been carried on more or less intermit-
tently, due largely to seasonal conditions, since the time that thus
area was fenced. The experiments begun by Dr. David Griffiths
have been repeated or extended wherever results seemed to justify.
Since a rather complete account of Dr. Griffiths1 operations is given
in bulletin 4, of the Bureau of Plant Industry, entitled "Range Im-
provement in Arizona", it has been deemed sufficient to review them
only briefly here; they are, therefore, noted under areas which were
designated A, C, E, F, and B.

DR. GRIFFITHS' WORK

Area A was disced twice before being sown, and harrowed
afterwards; parallel furrows were then plowed at intervals to pre-
vent storm water from running off, so that altogether the soil wa^
in good condition for plant growth. Besides the above, two small
dams were constructed along one side, but these tended to divert
the storm water from its usual course, rather than to hold it over
any considerable part of the plat. Of the 12 varieties of forage
plants sown on this area, prominent among which were slender
wheat grass (Agropyron tencrum}, western wheat grass, blue grama,
fine top salt grass or alkali sacaton, rye grass, Indian millet, drop™
seed, silver top or feather blue stem, Metcalfs bean (Phascolus
retusus), and finger grass, but one species, namely, the annual native
finger grass made a good showing, and that was only for the first
year. After that it grew as an occasional plant over the plat, A
few bunches of silver top or feather blue stem grew and have per-
sisted to this time. From the seed of these plants there is now
growing over a part of the area a scattered stand of this grass.

On area C the seed was scattered over the ground before cul-
tivation, after which one-half of the plat was disced and the remain-
der harrowed. The more important varieties of forage plants used
were silver top or feather blue stem, galleta or cracker grass,
Schrader's brome grass, wire bunch grass (Agropyron spicatum),
western wheat grass, spike grass, finger grass, and western brome
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grass (Bromus marginatus), none of which made any growth worthy
of note.

Area E included a west half on which seed was sown without
previously cultivating the soil, and an east half which was disced
before being sown and harrowed crosswise afterwards. A portion
of the west half was disced and harrowed, and the remainder har-
rowed twice. The principal grasses used were Indian millet, sacaton,
line top salt grass or alkali sacaton, dropseed, side-oats grama, woolly
foot or wire grama, blue grama, spruce-top grama Bouteloua Hum-
boldtiana, slender wheat grass, wire bunch grass, branching fox-
tail, curly mcsquite or southwestern buffalo grass, Metcalfs bean,
finger grass, crab grass, sand timothy (Phelum asperum), Aristida
Ilumboldtiana, mountain bunch grass (MiMenbergia gracilisj,
mutton grass (Poa P cndleriana), Poa lucida, Bromus polyanthus
paniculatus, and five species of rye grasses (Blymus), the last nine or
ten being natives of somewhat cooler and moister climates than our
own. Very few of these made any growth worthy of mention,
and in no instance did the occasional plants persist for more than
a few months at most.

Area F was devoted principally to saltbushes of which the fol-
lowing varieties were sown: shad scale; salt sage; Australian salt-
bush (Atriple.r scinibaccata); round-leaved saltbush (A. nummu-
laria); tumbling saltbush (A. volutans); and Atriplex cremicola;
in addition to these, rye grass, Indian millet, and blue grama were
sown over a portion of this area. The seeding was done on the
virgin soil, after which the ground was disced twice at right angles,
and finally harrowed. With the exception of a scattering of plants
of shad scale, no growth persisted for any length of time. These
plants have made a very slow, woody growth as compared with
individuals of the same species in the adjacent Santa Cruz Valley
where the soil is deep and more or less alkaline in nature.

Area B was dragged with a fine tooth harrow to determine
the effect on the native vegetation of loosening or scarifying the sur-
face, but so far as could be judged there was no change.

The writer examined carefully the above plats both during,
and at the close of the summer rainy season following the winter
when the seeding was done, and also the year after, but with few
exceptions experienced considerable difficulty in recognizing more
than a scattering of plants, even on the better of the plats. Most
of them contained no plants, other than the native ones already grow-
ing there. The failure of the above experiments is all the more
pronounced when it is recalled that both the winter and summer
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rainy seasons were quite up to the average; though these were
followed by a remarkably dry year which was a severe test for
any but well established, drought resistant species. In this con-
nection it is interesting to note that our native, perennial grasses
grow with difficulty, even as scattered bunches, on the lower mesas,
and hence it is not surprising that species like wire bunch glass,
western wheat grass, Indian millet, slender wheat grass, mutton
grass, mountain bunch grass, Poa lucid a and the various species of
rye grasses, all from cooler and moister climates, failed to germinate,
or at most to persist for more than a few weeks or months.

CULTURAL WORK DURING THE PERIOD 1902 TO 1909

The almost complete failure of the above experiments with a
reasonably favorable year led the writer to undertake a series of
experiments on similar land receiving more water than the annual
rainfall. To this end the storm water embankments or clams already
noted were built, and the small areas over which their flood waters
occasionally extended were cultivated and sown from time to time
with the more promising of the native grasses, saltbushes, and other
forage plants, in addition to a number of introduced ones. For
purposes of comparison, most of these varieties were sown on adja-
cent areas not so flooded, and also in the forage garden on the Uni-
versity grounds where moderate irrigation was given.

As concerns cultivation, the land was disced parallel to the
embankments once or twice, seeded, and then harrowed crosswise
to the discing, so as to leave it as nearly level as possible. With
grasses like dropseed and sacaton, which have very small seeds,
sowing was done after the final harrowing, in order to keep the seed*-
from being covered too deeply. On the other hand, coarser seeds
like those of wild oats, brome grass and sorghum, were sown before
the second discing. In general, seeding was done at the time of the
year when growth with the varieties in question begins under natural
conditions. Thus saltbushes and other winter and spring growing
seeds were sown in the fall; while native perennial grasses, which
invariably grow during the summer season, were sown just pre-
vious to the begining of the summer rains. In every instance, two
or three times as much seed was used as would be considered nec-
essary under more favorable conditions of growth; and most of the
varieties were tried two or more years in succession to determine
their behavior under varied climatic conditions.



OPERATIONS 315

THE GRAMA GRASSES

Of this group of grasses which are so abundant over the higher
mesas and foot lulls, blue grama, side-oats grama, crowfoot or mesa
grama, woolly foot or wire grama, low grama, and black grama, be-
sides several of the annual species were tried. The seeds were sown
late in June 1903 on land prepared as already noted. The rains for this
season were above the average, beginning late in June and continu-
ing until well in September, which is quite unusual. In addition
to this, a considerable amount of storm water collected on the
lower portions of these plats as a result of the dams constructed
In the instance of one of the larger dams, this extra amount of
water approximated three feet in depth. The results which fol-
low may be taken, therefore, as an index of what may be expected
under the most favorable conditions that are likely to obtain with
these grasses on such ranges as the one in question.

Good stands of blue grama, side-oats grama, and hairy grama,
and poor stands of crowfoot or mesa grama, spruce-top grama,
woolly foot or wire grama, and low grama, were secured. The low
vitality of the seeds of the four latter species, was responsible in a
large measure for the poor stands. All varieties in question matured
seeds the first fall, which is not uncommon with these species in our
climate. Crowfoot or mesa grama in particular, ripened a heavy
crop, though as is usual, the seeds were of very low vitality. The
ensuing droughty winter, spring and fore-summer killed out about
50 percent of the plants on these stands; and since this time the
remainder have been slowly dying out, with the result that there is
now scarcely more than a scattering of plants over most of
these plats. Later sowings of these same species with less favorable
seasons have resulted generally in failure. With the above in mind
it is quite reasonable to presume that none of these grasses can be
grown successfully under conditions similar to those on the small
range enclosure. And even if good stands were secured during a
time of favorable seasons, it is not likely that they could be main-
tained for any length of time without occasional irrigation, which is
impracticable.

Black grama, which belongs to quite another group of grasses,
never made any growth whatever on the cultivated areas. Occasional
bunches of it, however, grew from seeds scattered among shrubs,
but even here its growth was slow and entirely disappointing.

THE BLUE STEM GRASSES

Of these, silver top or feather blue stem, tangle head or twisted
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With several trials during rather unfavorable seasons, a scat-
tered stand of plants of tangle head or twisted beard grass was
secured. These plants appear to be equally as resistant to heat and
drought as silver top or feather blue stem. It is interesting to ob-
serve that apparently this same species is one of the heaviest yielding
forage plants in India under intensive culture. As concerns the little
blue stems which are so abundant on our grassy mountain ' slopes.
only occasional plants were ever seen on the areas sown to them, and
these disappeared in the course of two years.

DROPSEED GRASSES

The grasses of this group, used in the following trials, were the
\\ ell-Hunvn sacaton, fine top salt grass or alkali sacaton, dropseed
sand (h-opsecd, and Efocampes ligulata Seeding was done in June
1()03, with the usual cultivation. Though the season was entirely
fw niblc, there was almost no growth on those portions of the
plats receiving only the annual rainfall ; while on the lower adjacent
parts that were occasionally Hooded with storm water, good stands
of dropseed, sand dropseed, and sacaton were obtained. In October
1(>03, these small seedling plants which were three-fourths to one
and one-half inches high, and remarkably well rooted, covered the
ground nearly everywhere with a good stand. During the following
droughty spring and fore-summer, however, they died out completely
Since these experiments were made under very favorable conditions,
and since the results were pronounced and could not be mistaken, no
further work was done with the dropseed grasses.

TRlPLHrAWNED AND PORCUPINE OR NEEDLE GRASSES

The triple-awned grasses, in general, are not regarded very
highly either for hay or grazing purposes. While they are very
drought resistant forms, they seldom become predominant species in
the grassy covering, even though considerably less grazed than the
grama or mesquite grasses with which they are often associated.
Among the varieties sown on the small range enclosure, were purple
top bunch grass, winter bunch grass (Aristida fasciculata var.),
hare's grass or bunch grass, Texas poverty grass, and porcupine or
needle grass. In no instance was there ever more than a scattering
of plants of these grasses observed growing on any of the plats,
though average conditions as concerns rainfall and culture obtained.
When these experiments were repeated later, the results were no
more favorable than for those just noted. The seeds of tangle head
or twisted beard grass, porcupine or needle grass, and the triple-
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awncd grasses in general are difficult to collect in any quantity, so
that only small plats of these species were sown.

MISCELLANEOUS GRASSES

Other native perennial grasses that have been given one or more
trials on the small range enclosure, under conditions such as have
been described, are galleta or cracker grass, branching foxtail, Indian
millet, evergreen millet, curly mesquite or southwestern buffalo grass,
spike grass, cotton-top grass, bulbous switch grass, Texas crowfoot,
Texas timothy, vine mesquite, Chloropsis mcndozina, and Tiiodia
mutica. Of these Texas crowfoot, branching foxtail, spike grass,
bulbous switch grass, and Chloropsis mendozina grew scatteringly
for one season, after which they gradually disappeared and were
replaced in part by volunteer plants of silver top or feather blue
stem. No favorable results have been obtained from work with
curly mesquite or southwestern buffalo grass, and it is not believed
it can be grown on our lower mesas, though it is one of the most
valuable and resistant grasses at altitudes somewhat higher. It is
practically impossible to gather the seeds of this species in any
quantity for sowing.

The following* perennial species also were tried but invariably
with negative results: mutton grass; western wheat grass; large
water grass (Paspalum dilatatum); meadow fescue (Pcshtca elatior);
Natal red top (Tricholacna rosea); Redficldia flcxuosa; and filytnus
glauciftorus. While several of these grasses grew successfully in the
forage garden they appeared entirely out of place on the small range
enclosure. Recent experiments seem to indicate that large water
grass requires as much irrigation as alfalfa, and makes only a frac-
tion of the growth.

METCAI^S B&AN

Several small squares were planted to this bean in June 1003
and again in 1905. In one instance the seeds were sown broadcast
before the final discing, in another they were planted in hills after
the manner of corn, while in a third they were sown with grama
grass seed after discing and before harrowing. Fair stands were
secured on practically all the plats. Though the young plants made
rapid growth during the time the rains were heaviest, they had
mostly died out from drought by late fall, which result also
obtained in the instance of Dr. Griffith's experiments two years
before. A few of the plants that grew in the moistcr parts from
seeds planted in hills persisted for about two years, but their growth
was never robust nor healthy at any time. Neither did this species



319

grow satisfactorily in the forage garden on the University grounds
with moderate irrigation.

Metcalfs bean together with several other species occurs native
in mountains in southern Arizona between altitudes of 4000 to 7000
feet, where it is quite robust, the runners often growing to length^
of four or six feet. More attention than ordinary was given to it in
connection with range work, on account of its reputed value in parts
of New Mexico as a forage plant for arid regions.

SAI/fUUSIIlSS AND RElvAT^D PLANTS

Of this group of herbaceous and shrubby plants, more than 20
species have been tried at one time or another during the past seven
years. The following were the more important ones used: shad
scale; mesa shad scale; spiny saltbush; salt sage; winter fat or white
sage; silvery saltbush (A. argentea); many-seeded saltbush; bur
saltbush; tumbling saltbush; Atriple.r clegans, A. bractcosa; A.
Torrcyi; A. lentifonms, A. erciiiicola; Australian saltbush; round-
leaved saltbush; mealy saltbush (A. halimoidcs)- slender saltbush
(A. Icptocarpa), Rhagodia sginescens; and R. linearifolia. The
first 14 of these are native species occurring mostly in Arizona, while
the remainder are introduced ones from Australia. In January 1902,
following the completion of the earlier storm water dams, the first
lots of seed were planted, but on account of the small amount of
rainfall at that time there was no growth worthy of note, A second
planting* was made during the favorable winter and spring months of
1904-1905. The best germination results were obtained when the
seeds were covered only to depths of a half-inch or less with soil,*
and the surface strewn with a mulch of brush or other material.
At this time, in addition to sowing seeds of many of the above
varieties, 100 potted plants each of mealy saltbush, salt sage, shad
scale, mesa shad scale, winter fat or white sage, slender saltbush,
many-seeded saltbush, Australian saltbush, and Atriplex lentiformis,
were planted. Besides these, small areas of Australian saltbush were
set out at different times during the fall, winter, and early spring
months of 1904 and 1905 in swales and other favorable situations
over the small range enclosure. In some instances seeds were used,
in others, small seedling plants, and in still others hardy plants grown
outside in pots.

As concerns this work, never at any time did the results seem
to indicate that these plants could be grown successfully on the rnesas.
At times the seeds germinated poorly and unevenly; again the

*NeIson» EHas. Native and Introduced Saltbushes. Wyoming Bxp, Stat,
Bull. 63, p.'17, 1904,
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young plants were killed by occasional frosts, dried out before they
became established, or else they were eaten off by rabbits. The lat-
ter was particularly the case in the late spring when the scattered
plants had made growths of a few inches, and the mesas were
becoming destitute of succulent feed. Most of the potted plants
suffered the same fate, disappearing sooner or later after the close
of the winter and spring rainy period. A few dozen, however, wcr -
watered and protected during the dry fore-summer in order to watch
their further behavior; but even these never became well enough
established to endure our ordinary droughty spells.

In connection with the above experiments, it is interesting to
observe that the native saltbushes, which do extremely well in our
deep, heavy soils containing a considerable amount of alkali, do not
occur naturally on the adjacent mesas where the soils arc inclined to
be gravelly or sandy and shallower, and hence less retentive of
moisture ; nor can they be made to grow successfully in these situa-
tions when planted. As far as observed this statement appears to
hold true, also, for the Australian species. Within recent years
there has been a feeling on the part of some ranchers that the
Australian saltbush might he grown successfully over the better parts
of our lower mesas without irrigation, once it were established, as it
has been observed to do in certain parts of California.1* The above
experiments, however, appear to discredit entirely this belief, since
every reasonable chance was given this species to secure a hold on
the mesas, but without results. Wherever the Australian saltbush
has been observed growing outside of cultivated areas in southern
Arizona, it has been invariably along roads, ditch banks, or fields
where more moisture occurs in the soil than is supplied by the annual
rainfall And when this species and several other Australian and
native ones were planted at different times in the Rillito Valley near
old Fort Lowell, in soil containing more or less alkali, they did mod-
erately well as long as they were given occasional irrigation ; other-
wise, they died out or failed to make any growth from season to
season.

ANNUM, GROWING FORAGE PLANTS

Of this class of plants German millet, shama millet or jungle
rice, water or everlasting grass, barnyard grass, finger grass, hleclo
or careless weed, Texas or Colorado millet (Panicum lexanwn),
green foxtail (Set aria viridis'), teff (Eragrostis abyssinica), sprouting
crab grass (Fanicum proliferum), Schrader's brome grass, sour or

*Shinn, C. H. and Jaffa, M. A. Australian Saltbushos. Calif. T3xp. Stat
Bull. 125, p. 23, May 1899.
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Indian clover, bur clover, wild oats, alfilaria, Indian wheat, Texas pea
or annual milk vetch, Arizona brome grass (Bromus carinatus var.,
crisonicus), red foxtail (Bromus rub ens), Egyptian clover or ber-
scem (Trifolium Alexandrinwn), black medic, and Amsinckia tes-
scllala were among the ones tried. The first ten of these grow
naturally during hot, moist summer seasons, while with the remainder
growth begins in the fall or winter and continues until the hot dry
spring sets in.

Among the above summer growing species, there was a heavy
growth of Texas or Colorado millet on land periodically flooded with
storm water. This measured at the rate of one to one and one-half
tons per acre, and was rather coarse. Texas or Colorado millet is a
rapid growing species of second rate quality; it does best in moist
soil during hot weather, for which reason it might be of some value
as a quick growing summer crop in moist valley lands. Continued
trials on the small range enclosure and in the forage garden showed
that it was not well suited for growth on the mesas. Water grass,
sham a millet, finger grass, and barnyard grass made fair to excellent
growths the first year after sowing on land similar to the above, but
as is usual with such annual plants it was necessary to sow them
every season. These species, in common with Texas or Colorado
millet, made their heaviest growths on those parts of plats receiving
the greatest amounts of flood water; while on cultivated mesa land
without irrigation, growth, at best, was very much less. It is not
uncommon for such so-called water grasses as these to yield at the
rate of a ton or more per acre in moist alluvial soils of flood plains
and valleys, where they often grow in abundance on waste lands.
During seasons with less rainfall than the average, i. e.s four inches
or so, these plants made but little more growth on the mesas than
the native annuals growing on adjacent areas, and besides they
niatttred no seed. Bledo or careless weed also did well with summer
rainfall slightly above the average, in addition to occasional flooding,
while with less than four inches of precipitation it made scarcely any
growth. This species is at its best, however, in deep, rich soil with
an abundance of water, under which conditions it grows four to six
feet high and yields two or more tons of coarse feed per acre.

Of the above winter and spring growing annuals, Schrader's
brome grass, wild oats, sour clover, bur clover, black medic, alfilaria,
Indian wheat, Amsinckia tessellata, and red foxtail began good
growths with the advent of the fall and winter rains of 1906-1907
and 1907-1908; with the exception of the last four, however, these
dried tip in the early spring before maturing any seeds. For several
winter seasons, Egyptian clover or berseem was sown on the small
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range enclosure whei*e it made a little growth but never blossomed
Alfilaria and the native winter annuals, examples of winch are Indian
wheat and the coarse growing borages (Amsinckia sps.j made fair
to excellent growths, according to the seasons., when sown on culti-
vated areas within the small range enclosure. The best results were
had with alfilaria, when the seeds were sown in the spring soon after
ripening, or not later than June, which matter has been noted hereto-
fore.

While seeds of winter annual plants germinate in the fall or
winter whenever there is sufficient moisture in the ground, the seed-
ling plants do little more during this season of rather low temper-
atures than grow a root and a tuft or rosette of leaves. In this
stage it is possible for them to begin very rapid growth in the early
spring, provided moisture and temperature conditions are favorable.
The failures noted above were due largely to the rainfall of these
seasons ending with February, whereas for good winter annual for-
age yields it should continue until March or April. Since alfilaria
grows with somewhat lower temperatures in the winter and also
continues later in the spring by virtue of a well-developed root
system, it makes some growth nearly every year, even with occasional
adverse conditions; and in these respects it resembles the more resist-
ant of our native winter annual species.

Prom the above experiments, and also from observations ex
tending over a period of years, it is quite apparent that winter grow-
ing species like bur clover, sour clover, black medic, wild oats, and
Schrader's brome grass require a considerably longer growing season
to mature seeds than the native winter annuals or alfilaria; and
hence, they cannot be depended upon to grow spontaneously from
year to year over the lower mesas, even when introduced under most
favorable conditions. These and other similar introduced plants,
however, do remarkably well over flood plains areas and in valleys
where the moisture content in the soil is more uniform and of longer
duration than on the mesas.

EXPERIMENTS WITH SORGHUM AND AlyUItP SPECIES

The moderate success in growing sorghum on valley or Hood
plain lands with reasonable summer rainfall and some irrigation led
to trials with these plants on the small range enclosure during the
summers of 1905 and 1906. The seeds were sown in drills two inches
deep'and about two feet apart, the areas being subject to the usual
flooding from certain of the dams. The varieties used were Kafir
corn, Jerusalem corn, Egyptian corn, milo maize, amber cane, Afri-
can red top cane, Maude's wonder or pearl millet, and teosintc,
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(Huchlacna nwxicana). At least one-half the plants died out between
rainy periods during the summer seasons. The stands though thin on
the ground, made growths ranging from 6 to 20 inches high, after
which they began to dry up in September with the setting in of the
dry season. The precipitation for these two summers was somewhat
below the average, nevertheless, little is to be expected from these
plants under mesa conditions, except perhaps, where extensive culti-
vation is made use of. Continued trials for several years in the forage
garden indicate that while these species can endure a large amount of
drought, they require moderate irrigation to make anything like
reasonable growth.

ROOT-PLANTING EXPERIMENTS WITH MISCELLANEOUS
VARIETIES

Other species that have been planted from time to time, prin-
cipally as roots, along the storm water embankments to act as soil
binders, or on the areas subject to occasional floods are' vine mesquite,
buffalo grass (Buchloe dactyloides), curly mesquite or southwestern
buffalo grass, low grama, windmill grass (Chloris verticillata),
Rhodes grass (Chloris Gay ana}, Johnson grass (Sorghum halc-
pcnse), Bermuda grass (Cynodon dactylon), European bindweed
(Convolvolus arvcnsis), fog fruit (Lippia nodiflora), Lippia cunei-
folia and Vicia ncvadcnsis. Of these Lippia nodifiora transplanted
quite readily when set out during the early parts of favorable winter
seasons, though under ordinary conditions it begins to die out after
two or three years time. 25 percent of the plants of curly mesquite
and buffalo grass lived for two years, albeit it was a matter largely
of existence. Neither Johnson grass, Bermuda grass, nor European
bindweed endured for a year with the annual rainfall. No others,
including vine mesquite, windmill grass, Rhodes grass, and Vicia
ncvadensis, secured a hold or made any growth whatever. As con-
cerns the setting out of rooted plants without irrigation, which can-
not be regarded as practical in any sense under our conditions, the
writer's experience has been that one can hope for only nominal
success at best when the most favorable seasons obtain, provided the
plants are set out just previous to their growing periods, which is
always desirable. The above results are in contrast with those of
Bentley* in his work in central Texas, where the rainfall is easily
double that at Tucson, and other climatic features favorable accord-

ingly.
*Bentley, H. I* Bange Improvement m Central Texas. IT. S. D A. Bureau

of Plant Industry. Bull, 13, p. 31, 1902.
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EFFECT ON THE NATIVE ANNUAL SPECIES OF CULTI-
VATING THE SOIL

Before leaving the subject of cultivation as applied to grazing
areas, the writer desires to note briefly its effect on the native annual
growth, which as is well known, is an important part of the plant
covering" on the lower mesas, constituting 60 percent of the species
within the small range enclosure. The winter annuals represented
by alfilnria, Indian wheat and the borages, and the summer annuals
by the six-weeks grasses, Mexican poppy, and several kinds of Boer-
haa\ia, grow larger, yield heavier, and remain green longer at the
close of their growing periods on mesa land that has been disced or
otherwise cultivated than on similar untouched areas, though the
!'lants are less abundant numerically over the surface. On the other
hand, the shallow-rooted, perennial crowfoot or mesa grama grass
was killed out with this treatment. This increased yield of the annual
plants is clue no doubt, to the fact that a larger percentage of the
rainfall remains in the ground longer where it is available for plant
growth. In certain cases where the cultivation had been unusually
thorough, the yield was several times heavier than on corresponding
virgin areas. The above observation has been made at different times
in the small range enclosure, and also on cultivated areas in other
parts of the Territory.

Of these latter may be mentioned especially the cultivated land
of Mr. Nott E. Guild, at Red Rock, Arizona. The writer visited this
enclosed field late in March of the past year, i. e., the year 1909, and
noted that the soil was in excellent condition, having been cultivated, it
is said, to a depth of five or six inches several times during the pre-
vious summer, after the so-called dry farming methods. Apparently no
crop had been sown on the land the previous fall or winter, though
the recent summer rainfall was unusually favorable. The winter
annual growth represented by such species as alfilaria, two varieties
of Indian wheat, patota, a small annual mallow, and several borages
including two species of Amsinckia was remarkably heavy. Though
the plants were less abundant than on the open range, they were
much larger and quite green, and apparently would continue to be
in good grazing condition for a month longer. Many of the alfilaria
plants ranged from one to two feet in diameter, while the species of
Amsinckia were ten to twelve inches high, and the Indian wheat four
to six inches. On the unprotected open range, there was a heavy
stand — in fact too heavy for good growth during a dry season — of
these same species which was one to three inches high, but which was
everywhere dried up except in occasional swales and other small
depressions. The contrast between the plant growth of these two
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areas is all the more interesting because of the fact that the winter
rainfal l which was very light, was at an end by the first of February,
and hence the shortness of the winter growth generally.

The writer has already called attention to the fact that the
removal of such useless shrubs as creosote bush or greasewood and
rayless golden-rod from portions of the mesas resulted in a pro-
nounced increase in the growth of the summer annuals over the
areas concerned, which becomes all the more apparent after the first
>ear Whether either of these methods, i e., clearing the ground of
useless growth, or cultivating the soil, or both combined will yield
results sufficiently economical to warrant their extensive use on the
lower mesas remains to be determined by additional experiments.

Having the above in mind, in January, 1905, an area of about two
acres \\as ridded at right angles at intervals of 20 feet, with the
idea that the surface should receive the actual rainfall and no more.
A portion of this area was planted to saltbushes and cacti, and the
remainder was set aside to be observed with reference to changes in
the annual growth. So far as could be judged, however, no appre-
ciable difference could be seen at the end of three years between the
annual growth here and that on the adjacent, untouched mesas.

PARALLEL EXPERIMENTS IN THE FORAGE GARDEN

As noted in the Introduction, a small forage garden has been
maintained on the University grounds in connection with the above
cultural work. The soil is of the ordinary mesa type, being deficient,
at least, in organic matter and nitrogen, and of a rather compact
nature, but containing* considerable coarse sand and gravel. It
ranges from 10 to 18 inches deep, below which is the characteristic
"caliche" layer. No manure or other fertilizer was used on the land,
though it was well known that such would have been decidedly bene-
ficial as concerns quantity of plant growth. At the start the area was
irrigated and plowed as deeply as possible, after which it was laid
off in squares or plats 16 feet or thereabouts on a side, the squareo
being separated by small ridges which conserve the rainfall and also
aid in irrigation.

Sufficient irrigation has been clone to keep the newer sown plats
from drying out, and the older established ones growing most of the
time; though in order to study the behavior of the different species
under varying amounts of soil moisture, and to observe their resist-
ant qualities during prolonged droughty periods, the watering has
been varied, i, e,, at times rather heavy, and at other times relatively
light. Occasionally, winter or summer seasons have been allowed to
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pass without irrigation and once practically an entire year. Through-
out the seeds have been sown in drills rather than broadcast, the
numerous advantages being at once apparent. Before reseeding old
plats, or sowing new ones, the land used was irrigated, spaded deep,
and raked.

Most of the native species of any promise, besides a large num-
ber of introduced ones have been grown at one time or another In
this garden during the past six years, many of them being given
several trials. More than 400 varieties have thus been tried. The
seeds of a large number of these have been obtained through ex-
change with Agricultural Colleges and Experiment Stations, particu-
larly those of California, Wyoming, Nevada, Nebraska, and South
.Dakota, also with the Sydney Botanical Garden, New South Wales,
Professor J. JBurtt-Davy, Pretoria, Transvaal, and Dr. Trabut, Al
giers. The United States Department of Agriculture has kindly sup
plied a number of varieties at different times. A few of the more
important grasses and other forage plants have been given a square
or plat each: however, one-fourth to one-half a plat has been the
usual size sown.

By virtue of this work it has been possible generally to interpret
negative results on the small range reserve tract. When a species
failed in the garden with reasonable irrigation, obviously from a
lack of resistant qualities, its growth was seldom attempted on the
small range enclosure where conditions were known to be much more
severe. Besides this, the various species growing in the forage gar-
den have been studied closely with reference to their duration, habits
of growth, seed production, viability of seeds, and, as already noted,
comparative resistant qualities. During the past two years, the
varieties that have persisted, nearly all of which are indigenous, have
been allowed to spread at random over the garden to determine
further concerning their aggressive properties.

The following more important observations are noted here be-
cause of their bearing on work done in the small range enclosure,
and also on range work in general. Such species as spruce-top
grama, blue grama, wire grama or woolly foot, hairy grama, low
grama, crowfoot or mesa grama, curly mesquite or southwestern
buffalo grass, galleta or cracker grass, silver top or feather blue stem,
tangle head or twisted beard grass, porcupine or needle grass, spike
grass, sand dropseecl, dropseed, fine top salt grass or alkali sacaton,
branching foxtail, Texas crowfoot, Texas poverty grass, Texas
timothy, cotton-top, vine mesquite, bulbous switch grass, deer grass,
Chloropsis mendosina, Epicampcs ligulata, Triodia mutica, and Bra-
grostis liigetis made about one-half as much growth with an average
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rainfall during the season that irrigation was omitted that they make
under ordinary conditions in their natural habitats, i. e., the higher
mesas, foot hills, and mountain slopes, between altitudes of 3500 and
6000 feel. Crowfoot or mesa grama, galleta or cracker grass, silver
top or feather blue stem, spike grass, sand dropseed, dropseed, fine
top salt grass or alkali sacaton, porcupine or needle grass, Texas
poverty grass, Triadia mutica, and Chloropsis mendozina were the
principal ones that matured any seed; a number did not head out at
all, while in the instance of others the basal leaves which commonly
remain green through the winter season, dried up in the fall. If such
a test were continued over a period of years combined with grazing,
it is not assuming too much to say that most of them if not all would
suffer eradication. In this connection it is well to remember that the
above list of grasses includes a large proportion of our most drought
resistant species.

When these same species were irrigated moderately, i. e., once
in three weeks or thereabouts, during the drier parts of the year,
with certain exceptions, they made as heavy growths as they ordi-
narily do under their native conditions. In other words, these grass-
es, with certain exceptions, suffered as much from drought on the
lower mesas with an average rainfall as they do with a shortage of
rainfall in their native habitats; and with moderate irrigation on the
lower mesas they did no better than they do ordinarily in their native
haunts with reasonable rainfall. Silver top or feather blue stem,
tangle head or twisted beard grass, and sacaton are exceptions to this
general statement. The two former yielded considerably heavier in
the forage garden with irrigation than they do in the foot hills, while
the latter grew only one-fourth to one-third as tall as it does in
alluvial soils of cienegas and draws. Black heads or purple grass
and purple top bunch grass, two very drought resistant lower mesa
inhabitants, grew as well as usual in the garden during the season
without irrigation, while with moderate watering they made little
additional growth.

Black grama, which invariably grows among shrubs in its native
state, made a scant growth under cultivation on open ground, never
getting more than a foot high. From this and other observations, the
writer assumes that its habit of growing among shrubs is due to en-
vironment, rather than to immunity from grazing animals which it se-
cures there. Western brome grass, a robust species from Nevada,
grew for two years after which it needed to be resown. Buffalo grasb
has spread slowly from year to year, showing extreme resistance; its
growth is shorter and more seared than in its native country, and it
never matures seed. When tried as a lawn plant under more favor-
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able conditions, it appeared about normal. Prairie June giass which
occurs in our mountains as low down as altitudes of 4500 feet ha-.
never endured for an entire year in the garden.

As compared with the foregoing resistant species may be noted
briefly another list which constitutes the better class of tame meadow
and hay plants over much of our country. With few exceptions,
these have been unable to live for an entire year in the forage garden
with moderate irrigation, even when the seed was sown in the fall
so as to secure for the young plants a good start before the sctting-in
of the hot weather the following summer. This group of plants is
represented by such species as orchard grass (I)actylis ^lowerala),
bulbous oat grass (Arrhenatherum elatus var., bulbosuui), tall ual
grass (Arrhenatherwn elatum), yellow oat grass (Trisctum pra
tense}, timothy (Phlcum pratcnse}, meadow foxtail (Alopccurns
pratensis), red top (Agrostis alba var., vulgar is), Canadian blue
grass (Poa comprcssa), reed canary grass (Phalans antndinacca),
smooth brome grass (Bromus incnnis), velvet grass (Holcus I ana
tus), sweet vernal grass (Anthoxanihum odoiatum}, creeping bent
(Agrostis stolon! [era), sheep's fescue, meadow fescue, Kentucky bine
grass (Poa pratensis}, alsike clover (Trifolium hybrid inn), red
clover (T. pratensis), white clover (T. repens), bokhara or white
sweet clover (Mclitotus alba), together with numerous representatives
of the rye grasses (Blymus sps.), wheat grasses (Agropyron sps.),
bromc grasses (Bromus sps.), spear or blue grasses (Poa sps.), fescue
grasses (Pcstuca sps.), and ray grasses (Lolium sps.). The grow
ing of such grasses should not be attempted in Arizona for agricul-
tural or range purposes below altitudes of 4500 or 5000 feet, which
practically excludes them from the southern half of the Territory.

Much experience from work in the forage garden and on the
small range enclosure has shown that the fall of the year, i. e., Sep-
tember or October, is the bevst time here to sow seeds of plants that
are natives to regions having cooler growing seasons than our own,
since our period, September to April inclusive, approximates in a
measure the growing seasons farther north. On the other hand, the
latter part of June, or just previous to the beginning of the summer
rains is the most favorable time to sow seeds of our native south
western grasses which almost invariably germinate and make their
growth during the summer period. Any considerable deviation from
this plan has usually resulted in failure, both in the sowing of seeds
in the forage garden and on the small range enclosure.

Of the annual species, teff, barnyard grass, Texas or Colorado
millet, shama millet or jungle rice, crab grass, finger grass, water or
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everlasting grass, Schrader's bromc grass, wild oats, bur clover, sour
or Indian clover, broom corn millet (Panicwn mihaccmn), yard
grass (Elusinc indica), crowfoot grass (Datlyloctcnium a<
canan grass (Pluikins canancnus), brown top (Panicum fa
var., chartaxniciise), and spoiled medic (Mcdicago maciilaut) made
fair to moderate g n m t h s during the season following their sowing,
after which they mostly disappeared from their respective plats even
with the usual watering. Such species, however, as crab grass, linger
grass, water or everlasting grass, tell, sour or Indian clover, and bur
clover were exceptions to this, reappearing season after season \x ithom
further seeding. Sprouting crab grass, green foxtail, )ellow foxtail or
pigeon grass (Sclana glauca), Japanese clover (Lctpedeza stnata),
giant beggar weed (l)csmodiitm tortulosum), guar and velvet beans
( M u c u n a ittilis) have done very poorly even with moderate to heav\
watering. With limited irrigation in the forage garden, most of the
above species failed entirely, except when the rainfall \ \as consider-
ably above the average.

Certain perennials killed out with the winter frosts, though they
made a good showing during the summer season. The most notable
examples of these are spekboom (Portulacaria afra), a Fortulaca-like
shrub, Natal red top, sweet grass (Chloris virgata), and Ccnchrus
nionianus, all from South Africa, and IMclinus ininntifionts from
Brazil. Sweet grass especially, is a remarkable summer growing
species and is quite drought resistant.

The species that have yielded the largest amounts of forage year
after year, and also that are among the most drought resistant an-
silver top or feather blue stem, tangle head or twisted beard grass,
fine lop salt grass or alkali sacaton, and Rhodes grass, the latter
grass being a native of Transvaal. All these are very promising
meadow and hay plants for growing on agricultural lands of second-
ary value on account of limited water supply.

The grasses that have been most active thus far in spreading over
the various plats are silver top or feather blue stem, spike grass,
tangle head or twisted beard grass, Texas poverty grass, and Chlo-
ropsis mendoffinctj nearly all of which have structures, as awns or
hairs, on the seeds by virtue of which these are blown about or
otherwise distributed. The varieties that have not spread any to
speak of, but that have held their own against invasion of other
species are sacaton, fine top salt grass or alkali sacaton, bulbous
switch grass, curly mesqttite or southwestern buffalo grass, blue
grama, hairy grama, spruce-top grama, side-oats grama, and Epi-
campes ligulata. Those which have disappeared wholly or in part
from their plats from unfavorable conditions or on account of being
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crowded out by other species, are branching foxtail, Texas crowfoot,
cotton-top grass, vine mesquite, dropseed, sand dropseed, black grama,
galleta or cracker grass, and Bouteloua repens. Introduced species, m
general, have required more irrigation where they have existed at all,
and also have made less growth than the native ones, Rhodes grass
being a notable exception.

VIABILITY OF SEEDS AND SEED COLLECTING

Since there were always some experimental plats on the small
range reserve where no plants were observed growing from seeds
sown, it became necessary early in the cultural work to test the viability
of the more important lots of seeds, to determine whether a failure
might be due to poor seeds or to other causes. As described in the
Sixteenth Annual Report of this Station where a number of these re-
sults were published, the tests were made for the most part with the
ordinary plate germinator or with fine moist sand, the percentages
given representing an average of several trials. From these tests
and others made since, it appears that the seeds of such species as
galleta or cracker grass, crowfoot or mesa grama, wire grama or
woolly foot, spruce-top grama, curly mesquite or southwestern
buffalo grass, blue grama, side-oats grama, and silver top or feather
blue stem range from three to 25 or 30 per cent viable, the first five
in the list being invariably low. On the other hand, from 30 to 60
per cent or more of the seeds of such species as sacaton, fine top salt
grass or alkali sacaton, tangle head or twisted beard grass, hairy
grama, bulbous switch grass, Texas crowfoot, finger grass, cotton-
top grass, little blue stem, Chloropsis mendozma, and Eragrostis
lugens germinated in the tests made. As was to be expected, the
percentage of viability is notably higher in seeds matured during fa-
vorable growing seasons than during seasons of minimum rainfall, an
observation of no small significance in connection with range manage-
ment. This is in line with what was found in the case of seeds
grown in the forage garden; namely, that seeds matured there by
the various species generally have a lower vitality than similar lots
of seeds grown in the native habitats of the plants. The less favor-
able growing conditions as concerns heat and aridity are undoubtedly
the causes of this lowered vitality.

In addition to the fact that many of our grasses have a low
percentage of viable seeds, in a considerable number of them the
seeds ripen unevenly shelling or thrashing out meanwhile, and even
with those where the ripening is more or less uniform the seeds often
fall away upon maturing or with the least handling. These charac-
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teristics appear to be common to a large percentage of our wild
grasses, of which the blue stems, curly mesquite or southwestern
buffalo grass, spike grass, finger grass, Chloropsis mendozina, Era-
grostis lugens, and certain of the grama grasses are good examples.
Such grasses are well suited for grazing purposes once they are
established, since the seeds fall away and are blown about as fast
as they ripen, rather than remain in heads to be eaten by stock,
which is a common trait with range animals when seeds are abundant,

The collection of such seeds in any quantity, however, is often
attended with no small difficulty, as they must be harvested some
little time before all are ripe, in which case there is a considerable
number of immature seeds mixed with the ripe ones, or else it is
necessary to visit the patches several times. Such seeds also require
more care than usual in drying. Certain other of our grasses have
seeds with conspicuous awns and sharp pointed bases which render
them disagreeable to handle, and also injurious to grazing animals
Of these, tangle head or twisted beard grass, porcupine or needle
grass, and the various triple-awned grasses are good examples. All
the above characters tell against a forage plant becoming used on a
large scale agriculturally, even though it may have many other good
qualities, as it is next to impossible to harvest such seeds commer-
cially, and besides such species are likely to spread and become pests
on the farm.

SUMMARY OF RESULTS FROM CULTURAL OPERATIONS

Good stands of blue grama, hairy grama, and side-oats grama
were secured with heavy summer rainfall in addition to flooding, on
the small range enclosure. These, however, gradually died out with
average summer rains and little or no flooding from storm water.
Crowfoot or mesa grama though more or less common on the lower
mesas, killed out badly with prolonged droughts. With moderate
irrigation practically all the grama grasses did well in the forage
garden, while without such irrigation, their growth was short and-
they showed signs of dying out. It is quite evident, therefore, that
the rainfall at the lower altitudes is too limited for the successful
growth of these species.

Silver top or feather blue stern has become established on the
small range enclosure wherever sown on areas subject to annual
flooding after which with average rainfall it has yielded at the rate
of three-fourths to one ton of hay to the acre. It has resisted in a
remarkable degree prolonged drought, never having suffered any
injury therefrom when once established, and is gradually spreading
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over cultivated areas on the small range reserve, and in addition,
swales and mesa depressions. When sown on the higher creosote c i
greasewood land not subject to flooding, or during seasons . w i t h
less rainfall than the average, it has generally failed. \\ ith
moderate irrigation In the forage garden it ha> made better \ i c ld
than it does under its native conditions at the higher altitudes, and i t
has spread to the surrounding plats to a remarkable extent. Koi
these reasons it is recommended for planting in the deeper soils of tlu
lower mesas where flood water occasionally collects, m places when
erosion has set in and also as a dry land meadow or hay plant \ \hcri
occasional irrigation may be possible. Tangle head or twisted beard
grass has also made a good showing on the small range enclosure,
though as yet only on a small scale, while in the forage garden it has
yielded even heavier than silver top or feather blue stem. I t should
prove a valuable hay plant to be cut in blossom, though from the
nature of its seeds it will be difficult to start areas of any considerable
size. No other grasses of this group were successful.

The dropseed grasses including sacaton, made fine beginning ^
on the small range enclosure when sown on areas occasionally flooded
with storm water, though all these stands died out completely be
fore the rains of the following summer began. With rainfall heavier
than the average on land not so flooded, they made little or no growth
from the start. Sacaton yielded only about one- fourth as much for
age in the garden with moderate irrigation, as in deep valley or flood
plain soils. Fine top salt grass or alkali sacaton did nothing on the
small range, though it does very well in the forage garden, and there
is reason to believe that it will be a good hay plant for cultivated
alkaline lands subject to seepage.

Metcalf's bean, galleta or cracker grass, branching" foxtail, pot*
cupine or needle grass, cotton-top grass, Texas crowfoot, western
brome grass, spike grass, curly mesquite or southwestern buffalo
grass, vine mesquite, bulbous switch grass, Triodia mntica, Hmgrosiis
lugcns, Chloropsis mendozina, and the triple-awncd grasses made
little or no growth in the small range enclosure with two or more
trials. The last eight of these have done well in the forage garden
with irrigation, while branching foxtail, cotton-top grass, Texas crow -
foot, and western brome grass grew fairly well for two or three
years and then died out

No introduced forage plants, including- species from cool, moist
climates and higher altitudes, made any growth on the small range
enclosure, and but few of them persisted in the forage garden for any
considerable length of time.

Both the native and the Australian saltbushes failed repeatedly
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to secure a hold or make any growth of extended duration, though
the\ \ \ere planted on land occasionally Hooded with storm water; and
also hard) plants were set out during favorable winter seasons in
suales and other depressions^ on the mesas. In the forage garden
\ \ i t h irr igation, such species as mesa shad scale, shad scale, many-
scaled saltlnish, Australian saltbush, and Jtriplc.v lentifornus have
done well. In alluvial soil in the Rilhto Valley, the above and numer-
ous other species of saltbushes failed to make any growth except
with irrigation,

\nioiu* the summer growing annuals, Texas millet, finger grass,
shama millet or jungle rice, water or everlasting grass, and barnyard
grass did fair to excellent with heavy rainfall in addition to flooding;
\ \ i t h average rainfall and no flood water their growth was short, and
tht1} ma tu red liftle or no seed. Generally speaking, they need to be
soun each 3car . Of the winter growing species, alfilana and Indian
\\heat made good growth when the rains were favorable, and invar-
iably matured seeds. l>oth the above are valuable species for winter
and spring g n m i n g , and the introduction of them, in particular alfil-
ana, should be encouraged wherever possible. Sour or Indian clove*,
bur clov( r, spotted medic, Egyptian clover, black medic, wild oats,
and Sehrader\ broine grass grew for a time on the range but in-
variably dried up before maturing any seed, the winter and spring
growing season ending too abruptly for their successful growth on
the mesas.

Sorghum and allied species like Jerusalem corn, Kafir corn, and
Kgyptian corn grew a foot or so tall on land occasionally flooded with
storm water, after which they dried up in the fall before coming to
maturity. In the forage garden with moderate irrigation they made
only a fair growth. These species require more soil moisture for
successful growth than ordinarily obtains on the lower mesas, and
hence their growth should not be attempted except with irrigation.

Root-planting experiments were generally unsuccessful, and are
not recommended under our conditions. In seeding, the best results
were had when the seed was sown after discing and before harrow-
ing; however, coarse seeds like wild oats and Shrader's brome grass
were disced in to the best advantage, and very fine seeds must be
sown after the final harrowing. Saltbush seeds, though commonly of
considerable size, gave best germination results when sown*a half-
inch deep, and covered with a loose mulch.



CHAPTER VI

THE PAST, AND OF

THE PRIMITIVE OR VIRGIN RANGES

Thirty years ago, or prior to the time that large herds had begun
to graze on the southwestern ranges, there was a wealth of plant
growth practically everywhere in the country. In our own Territory on
the higher plateaus, numerous mountain grasses, as for example, pine,
brome, and western wheat grasses, together with a large number of
other forage plants formed an ever continuous covering on the
ground; while, in canyons, draws, and gulches, and over foot hills and
mesa-like slopes surrounding our widely scattered mountains there
were even richer growths of the renowned grama and mesquite grass-
es. Occasionally, crowfoot or mesa grama grew in abundance over
the more favorable parts of the lower mesas as low down as altitudes
of 1600 feet, while nearly everywhere, shrubs and bushes were filled
with tangled growths of black grama. Below altitudes of 4000 feet,
fair to excellent growths of such winter annuals as Indian wheat
commonly obtained during the late winter and spring months, and of
the six-weeks grasses within the summer and fall seasons.

In moist valleys, cienegas, and occasionally canyons, tall sacaton
grasses were the predominant plants. These valleys, examples of
which are the Santa Cruz, San Pedro, San Simon, and Little Colo-
rado were veritable cienegas or flood plains over which the excess
of storm water spread from time to time in broad sheets as it moved
slowly down its course, retarded by the accumulated vegetation of
past years, and occasionally by groups of beavers' dams. Strange as it
may appear now the latter were not uncommon in those days in tanks
or water holes which marked the courses of the often poorly defined
stream beds, and which formed one of the dependable water supplies
for stock. In those earlier days the water level in such valleys as the
ones noted was commonly within a few feet of the surface, whereas,
today, under greatly changed conditions, it is often 20 or 30 feet.
Such sacaton meadows or cienegas were commonly fringed with
thickets of catVclaw, screw beans, and mesquite, while cottonwoods
and willows grew in their moister parts.

There was little erosion in these valleys, or for that matter, in
the country at large, since from the scarcely grazed and trampled,
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grass-covered mountain slopes and foot hills, the surface runoff was
at a minimum. Accordingly, the formation of serious floods which
have come to be characteristic of the country within more recent
years was not then possible. Instead of an unmanageable, mud-bear-
ing torrent of a few hours or days duration, the obstructed flow con-
tinued in an orderly way for as many weeks, to the manifest benefit
of both rancher and stockman. Small herds of sheep and cattle
grazed here and there over the ranges, mostly in the neighborhoods
of settlements, but hardly was their presence manifest from the abun-
dant but as yet little touched plant covering. Such, in brief, were the
virgin plateaus, mesas, and river valleys of Arizona, as described by
Indian scouts, prospectors, pioneer stockmen and ranchers, and as
verified since in a large measure by occasional protected enclosures,
and other little grazed areas of a diversified nature throughout the
Territory.

CAUSES LEADING TO THE DEPRECIATION AND BREAK-
DOWN OF THE RANGES

Upon completion of the mainline railroads through the South-
west, and with clangers from Indian depredations greatly reduced,
stockmen from overgrazed sections, particularly Texas, moved their
herds into Arizona and other southwestern Territories in search of
more and better range, and especially of "free grass".* Also, capital
from the East and to some extent from Europe, was invested in stock
to be shipped from the States to these boundless free pastures of the
nation, to grow into herds such as had formerly made the plains of
Texas famous the world over. The "cow business" became the favor-
ite get-rich-quick scheme of the time; every one who could get to-
gether a small bunch of stock became a "cowman" or "sheepman" as
the terms went, riding the range by day and calculating his profits
at night. The demand for grazing animals of all kinds being brisk,
prices naturally advanced above normal, which lent additional stimu-
lus to the rapidly growing industry. With no rent to pay and a
wealth of free grass in every direction as far as one could see, with an
abundance of water in canyons, cienegas, rivers, and springs, with no
winter storms to make necessary shelter or feeding, and with the
matter of expense a mere bagatelle, being largely that of an annual

*The enactment in 1879 and 1883, by the Texas Legislature of the Texas
Land Laws, which have since ?jeen brought to a high state of perfection, was in
no small measure responsible for this pronounced western movement of stock.
These tews in brief, made it mandatory for stockmen to lease the grazing
ranees they were using at a nominal fee, for which reason they were looked
upon at the time as adverse to the stock-raising industry, rather than as favor*
abje to it as they have since proved to be.
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round-up for purposes of branding and counting, and selecting" out
of salable stock which could be transported to market by railroad,
what more was there to be desired by those seeking an easy and
apparently certain road to wealth!

Under such favorable conditions, stock multiplied rapidly on the
ranges, with the resnlt that in the course of a few years, or during
the period 1880 to 1890, the country became generally well stocked
Though the loss of stock on the ranges was considerable during the
latter part of this formative period, especially in occasional instances,
it was not considered serious, being due rather to neglect than other-
wise. During this time much of the better grazing country came to
be apportioned, as far as "range rights" on public land could mean
anything, among those already on the ground. Resident stockmen
located water holes or springs, by which means they were able in a
measure to control the immediately surrounding grazing country,
This was especially true later when such watering places were fenced
against use by outside stock, which matter was occasionally carried
to the point of monopoly.

Since the country was practically all public domain, each man
was free to graze as much stock on it as he was able to possess,
without restriction, and without any consideration as to the carrying
capacity of the grazing areas. Besides this, there were those from
the outside who drove in herds from time to time to graze on the
same and adjoining areas, thus sharing further the range with those
already using it to its fullest carrying capacity, and in addition, con-
tinually adding to their herds. With this "free for all1' scramble for
grass into which grazing conditions finally developed, each stockman
sought to get all he could while it was yet to be had, for what was
left by one lot of stock was sure to be eaten off by another. The
nominal possession of a well-managed range was simply an invitation
for others to come in and graze it off closely without any regard
whatever for the moral rights of the settler or squatter, who might
desire to make a home there. No thought was given concerning the
maintenance of the range, nor its permanent settlement later, which
above all else were the things to be most desired. That which was
free for all to use, came to be regarded as free for all to despoil. The
very domain that should have been carefully guarded as a heritage
for future generations, was being ruthlessly destroyer! by a mere
handful of persons, in the absence of any laws regulating its proper
use. The above state of affairs led not infrequently to recourse to
arms, especially between cattlemen and sheepmen, of which instances
our local history is unfortunately replete.

Under our arid conditions, this overstocking soon resulted in
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destructive overgrazing and tramping out of large areas of forage
producing plants, often beyond recovery. With this completed, the
herds were moved on to other less grazed districts to be denuded, in
turn, of their plant growth. Naturally, such depletion of the plant
covering was very much hastened and intensified by recurring
droughty seasons or years, which matter became all the more serious
with the gradual increase in stock over the country. After eating off
closely and trampling out the plant covering in the neighborhood of
watering places, the hungry animals were compelled to travel ever
farther for grass, eventually wearing deep trails or paths across their
feeding* grounds, usually in the beds of draws, gulches, and other
water courses. Later, not a few of these paths became cut down or
eroded by storm water into deep gullies and washes.

Since it was easily apparent that arid ranges could not endure
as heavy or continued grazing as those situated in regions of greater.
rainfall, under the circumstances little else than the actual breakdown
of the ranges could have been looked for by those at all conversant
with our conditions. At least some of the earlier stockmen of Ari-
zona and New Mexico had been instrumental in overgrazing tempo-
rarily the ranges of Texas under the previously existing "free grass"
conditions, and hence it is to be presumed that they were well aware
of what might be expected here under conditions even less favorable
to plant growth.

RESULTS FOLLOWING CONTINUED RECKLESS OVER-
GRAZING

The serious consequences attending the grazing, ultimately, of
nearly double the number of stock on the ranges that could be car-
ried safely year after year, culminated in the disastrous droughty
period of 1891 to 1894 when the effects of such indifference and lack
of foresight was felt by practically every person involved. With a
general shortage of feed and water on the ranges, stock died off on
every hand. It is estimated that over 250,000 cattle out of somewhat
more than 800,000 all told, perished on the ranges in Arizona alone
during the period of 1891 to 1894, not to mention the number of
sheep and other grazing animals. In many localities from 25 to 50
percent of the stock died from starvation, while as many more were
left in such condition as to require a season for recovery. The finan-
cial losses of those interested were even greater than the above figure^
would indicate, inasmuch as the price of cattle, which had been fall-
ing steadily for eight years, reached its lowest mark during this
period and the two or three years immediately following. This was
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extending- back of the tributary drainage channels. Thus the country
is being robbed annually of a certain increment of its invaluable rain-
fall which escapes as turbulent, destructive floods, instead as formerly
of soaking into the ground and making possible additional plant
growth. As a result of this condition the live stock industry in the
Southwest has suffered a most serious handicap, since the forage yield
of these naturally arid ranges is dependent upon the amount of avail-
able moisture in the ground taken up from the annual rainfall, and
not wholly upon the depth of the annual rainfall itself. Increasing the
runoff from the surface by any means whatever as excessive tramp-
ing, overgrazing, or erosion, is equivalent, therefore, to decreasing
the annual rainfall an amount even greater, and results in the end in
a proportional reduction in the possible forage yield over the ranges
in question. While this affects directly the individual, it is a matter
of much more serious concern to our Territory as a whole, since one
of the chief resources of the country is threatened. In connection
with the above, and as concerns the future of the Territory, it must
not be forgotten that this southwestern country is admirably fitted
for stock raising—in fact, more so than for any other class of agri-
cultural pursuit—by virtue of (1) its mild climate, (2) its normally
dry fall and early winter seasons which affect to a minimum extent
the food value of the naturally cured range grasses, (3) its large and
varied class of forage plants maturing at different seasons, and (41
its almost unlimited grazing areas of the most diversified character.

Thus, step by step, the ranges came to be stocked to their full
carrying capacity, and finally, in the absence of any grazing regu-
lations, overstocked. As a result of this, destructive overgrazing and
tramping followed, which with recurring droughty spells, often of
great severity, destroyed much of the grassy covering, leaving the
bared, tramped, and cut-up surfaces in prime condition for erosion
and gullying, which was the final chapter in the breakdown of the
ranges.

THE PRESENT CONDITION OF THE RANGES

It is largely in the above state that we find the grazing ranges
today. The alluvial valleys, draws and gulches are badly eroded, and
have at best but a scattering of plants of the once abundant blue
grama; while plateaus, mesa-like slopes, and foot hills produce less
than one-half of what was their former yields of grama, mesquite and
numerous other grasses. In many cases, such nearly denuded or little
grassed areas are now overgrown with worthless weeds like cockle-
burs, yellow weed, tansy aster, rayless golden-rod, and common mul-
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lein, as a result of the destruction of the more valuable and nutritious
plant varieties. Except in occasional less grazed areas black grama
occurs now as an infrequent plant among shrubs, while crowfoot or
mesa grama grows scatteringly at the lower altitudes over areas
where it was formerly cut for hay. Even the winter and summer
annuals, the introduced alfilaria being excepted, are less abundant
now, and also less certain in their growth than formerly. In the river
valleys and cienegas, the overgrown sacaton meadows have given way
to dry sandy beds, or eroded areas overrun with worthless weeds and
shrubs, or, finally, in the still undisturbed alluvial soils, to mesquite
woods, the latter, fortunately, more valuable than the grass.

Only on ranges at altitudes of 8000 feet and above, as in portions
of the country adjacent to the White Mountains, and San Francisco
Mountain, where stock are prevented from grazing during a part of
the year on account of deep snows and severe winter weather ; on tile
steeper, bowlder-strewn, mountain slopes that are less accessible to
grazing animals, and also less subject to erosion; over occasional little
grazed areas such as the writer found some years ago in remoter
parts of the Apache Indian Reservation ; and, in protected enclosures
where continued overgrazing is not permitted, is there anything like
a grassy covering on the ground now, such as there formerly was,
and such as might have been preserved in a large measure to this
time with grazing regulations like those in force in Texas and Aus-
tralia.

In the instance of many ranges there has been a slow recovery.
due to several causes, among which are (1) clearing of overstocked
and overgrazed ranges of animals for a time by heavy losses sus-
tained, (2) more conservative management on the part of stockmen,
and (3) increased rainfall within recent years. Having learned their
lesson, stockmen, generally, have endeavored to maintain a more or
less safe margin against severe losses, as concerns the size of their
herds and their respective grazing areas. This matter, however,
varies greatly with the individual. Recovery of the ranges has also
been encouraged by shipping out salable stock and ufeeders" at the
close of growing seasons, even with an apparent abundance of feed
on the ranges for the coming season, rather than carry them over
another year for the additional increase in value, at the risk of pos-
sible loss from drought and consequence shortage of feed. This is
leading to a considerable extent, on the part of certain large stock
owners, to a utilization of their grazing ranges for purposes of grow-
ing stock, i. e., building the framework of the animal, after which
they are finished for the local market on alfalfa grown in our agri-
cultural districts, or more often shipped out of the Territory to be
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fattened where feed is more abundant and also lower priced than here
Notwithstanding the above, continued close grazing together with

periodical overgrazing is the rule, and is certain to continue as long
as stockmen are driven, under the existing free range conditions, to
graze a maximum number of animals on the ranges in order to get
the largest returns possible; and to regard areas that are tempo-
rally undergrazed as losses on their part, rather than as investments
to be realized on later through increased forage yields. While stock-
men have reduced their herds in many cases to points where losses
through unfavorable seasons are low, which is to their immediate
interest, they still carry enough stock to keep the ranges overgrazed
much of the time, thus affording no chance at all for the production
of seed or of new plants to increase the stand.

And it is only reasonable to presume that they will not take any
serious steps looking toward the permanent restoration of the grazing
ranges until they have been given positive assurance, by virtue of
leasing and fencing or other means, that they can enjoy uninterrupted
use of the lands in question a sufficiently long time to justify them in
the outlay incident to the improvement of their grazing ranges, in-
cluding fencing, water development, and other legitimate means, and
upon conclusion of the lease or permit, in case they do not desire to
re-lease, to be reimbursed in a satisfactory manner for such improve-
ments. It would be considered very poor business management, in-
deed, for A, to improve 'the public grazing lands adjoining his hold-
ings, however much he desired, so long as B, C, and D, his neighbors,
could share equally with him all the advantages and none of the
expense, and F, and G, tramp sheepmen, could drive in their herds
from another section of the country, and appropriate the la'st mouth-
ful of grass, if necessary, for their own use. The above is but one
of a number of conditions which obtains under the empty and de-
ceiving terms, "free grass", f tfree grazing", and "free range".

FAILURE OF FREE OR UNRESTRICTED OPEN RANGE
GRAZING

Tt is a most significant fact that free or open range grazing has
failed utterly wherever tried. The conditions as just described occur
over much of the southwestern country as a result of 30 years of free
grazing, and they are -not overdrawn. They stand out sharply as a
noteworthy example of the bad effects of grazing on the public lands
without Government or State supervision, and they represent the
partial ruination, to say the least, of a country that is pre-eminently
adapted to the stock raising industry.
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Under pioneer conditions, with unlimited forage on every hand,
and with only scattered herds, free grazing for a time justly affords
the early settler or squatter large returns on small investments, thus
enabling him to establish himself, and repaying him in part for the
risks and inconveniences he voluntarily assumed. It also brings into
productiveness quicker than perhaps any other means all the avail-
able grazing land in a region, which is, likewise, desirable. But after
the stock industry has once been established in a new country, there is
no reasonable excuse for the continuance of unrestricted grazing, and
in the interests of all concerned, it should be displaced by more
rational and intelligent methods of administering the public lands.
When the ufree grass" state is continued beyond the above stage, it
brings large returns for a time to a mere handful of persons who are
fortunate enough to be on the ground, or to come in possession of
extensive grazing lands by controlling the watering places. But while
it is doing this for a favored few, it is ever depreciating in value or
ruining large areas of country which are the property of all the
people.

Free range results in overstocking and overgrazing, thereby de-
pleting or destroying the stands of forage plants over the choicer and
more accessible grazing areas, and threatening with destruction the
stock* growing interests of the community. These conditions invariably
accompany it inasmuch as it imposes no restriction whatever on any
one concerning the number or kinds of stock to be grazed on a given
area, or the period or extent of that grazing. Besides this, it leads
occasionally to lawlessness and crime, which are in themselves most
unfortunate features. Not alone have the above deplorable conditions
prevailed over much of the Southwest where no other system of graz-
ing has even been tried, but they also obtained in Texas previous to
the time of the land laws of that State being enacted in 1883, ami
likewise, in Australia, until they were also legislated out of existence.
In fact, the present effective land laws of both Texas and Australia
are the outcome of long continued abuses and corrupt practices on the
part of large stockmen, in "gobbling" the better class of public lands
in these countries. Under free and unrestricted grazing, the large
stockman, who is too often a non-resident, has manifest advantages
in practice over the small stockman whose object is to make a living
and build a home, and who, from choice or necessity, resides in the
Territory to look after his interests in person.

The above generalized statements relating to manifest abuses
existing under free grazing conditions may be cleared up somewhat
by the following more detailed statements. It is admitted by those
at all conversant with stock ranching that unrestricted grazing means



PAST, PRHSKNT AND FUTURE OF OUR GRAZING RANGES 343

certain overgrazing during unfavorable seasons at least, and uncer-
tainty in plant reproduction and seed maturation at all times. It
tends always to reduce in quantity on the ranges the more nutritious
and succulent grasses and other forage plants, and encourages the
growth of rank weeds that are little or not at all eaten by stock. This
is due to the fact already noted, that these latter species are not
checked in their growth by the limited grazing they are subjected to,
but on the contrary, are given additional room over which to spread,
through the suppression by overgrazing of the more palatable species.
Free grazing discourages on the parts of interested persons, seed-
sowing, experimenting, water development, cultivation, alternate graz-
ing and resting of forage areas, and other desirable means of improv-
ing the grazing lands, which would be possible under conditions of
reasonably long-tenure leasing with privilege of fencing, or private
ownership. For these reasons, continued free grazing threatens the
future of the stock industry of any country, inasmuch as the relative
productive capacity of the land tends ever to be less.

Besides the above, free and unlimited grazing destroys confidence
in investments in the ranching industry, by virtue of the fact that
one's financial interests are liable to depreciation at any time on
account of the instability of mutual personal agreements concerning
grazing on the .same or adjoining areas. On this account the market
value of a stock ranch is lower than it would otherwise be, since its
value depends largely on the extent and condition of the immediately
surrounding grazing country, and the probability of its future con-
tinuance, and to a very limited degree on the improvements made on
the private holdings. Because of this ever present uncertainty, seldom
does one find improvements in the way of a convenient home, planted
grounds, orchard or garden, on a stock ranch, even when the income
is manifestly considerable. Instead, however, there is commonly a
collection of unsightly adobe buildings, chief of which is a kitchen
with a few crude cooking utensils, a pasture, corral, and usually an
open shed. Accordingly, the least amount of capital possible is in-
vested in one's ranching business, which statement holds for our Ter-
ritory as a whole. It is true that there are certain notable exceptions
to this broad assertion but these are few and far between, and usually
obtain in instances where title to a considerable tract of land is held,
so that one is at liberty to enclose with fence the land in question and
regulate its grazing. Of such are the San Rafael stock ranch, hereto-
fore noted, and the Sierra Bonita ranch near Willcox, Arizona.

Free and unrestricted grazing reduces to a minimum reproduc-
tion among all classes of grazing animals, and makes impossible the
improvement of herds by better strains of blood. It is directly re-
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sponsible for the maximum losses of stock on ranges from starvation
and other causes, and it favors the spread of disease among stock,
both in the instance of sheep and cattle. All these statements are
self-evident, being well known to stockmen, and need no discussion
or proof here. In addition to the above, it results in the ruination of
large grazing areas by excessive tramping and erosion. It is, there-
fore, destructive in every sense, and cannot truthfully be regarded as
being constructive in any sense. It may be said to belong to the
class of American operations that through greed and ruthless
waste of our natural resources, has, in a way, characterized our
country as a whole.

uFree ranges in Australia were the most unsatisfactory of all
ranges. Under the free range system, cattle 'duffing', outlawry, con-
fusion, and range jumping were the inevitable fruits in the "back
blocks'. For the greatest security, the Australian squatter prefers a
freehold title to his property, but when the government will not give
this, the very next best thing in his estimation is the Crown lease with
all its conditions for renewal of leases, payment for improvements,
etc. Thus the Crown tenant prefers freehold first, leasehold second,
and free range last of all. With either of the first he has some pro-
tection for his stock, and some chance for himself and his family; in
the latter case he is only prospecting for some green-eyed competi-
tor."*

THE ADVANTAGES OF LEASING AND FENCING OVER
FREE GRAZING

In addition to what has been said already concerning the disad-
vantages of free grazing, there are certain positive advantages to be
had by virtue of grazing in fenced areas. These are apparent at a
glance from an examination of grazing conditions in New South
Wales, Texas, and in the occasional small fenced areas in Wyoming,

1. To begin with, stockmen are able to handle the public range
under fence precisely as if it were their own land. They know in
advance their grazing resources, and can increase or decrease their
herds accordingly. Their business is, therefore, on a reasonably sound
basis, and as far as possible removed from loss or disaster.

2. The cost of rounding up, branding, and otherwise handling
cattle is kss in fenced areas, than on the open range where commonly
cattle become scattered over a large extent of country. Less paid
help is necessary, and the owner is at liberty to devote a portion of

* Australian Uand Laws. Bull. No. 23, National Live Stock Association Den-
ver, Colo., Oct. 4, 1900.
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his time to agriculture, or ojthcr pursuits, instead of continually riding
the ranges.

3. During prolonged droughts, weak and starving: animals in
pastures can he kept nearer to supplies of feed and water, and hence
stand a better chance of being brought through. At such times as
these, on an open ipnge feed is farthest removed from water, and
often beyond the reach of poor emaciated animals. Accordingly,
these gather around watering places and starve to death.

4. IJctter care, also, can be given to the mothers and their
young, and the season of the calf crop can be controlled. In Wy-
oming, reproduction among cattle was found to be 25 percent higher
on ranges that were fenced than on the same ranges when the fences
had been removed.

5. On enclosed ranges it is practicable to improve herds by
breeding with high grade animals On the open range under ordinary
conditions it is not, and one's grade of stock is the average of the
entire range.

6. The incentive to overstock ranges is removed by fencing
them, since each man has control of the grazing areas he is de-
pendent upon. For this reason resident stockmen and homesteaders
are most in favor of fencing. Their largest profits come from good
range country, and they desire to manage their ranges accordingly.
Until our grazing ranges are fenced we need not expect any per-
manent or lasting recovery from them.

7. On fenced areas it is practicable to carry on a systematic
alternate grazing and resting of the ranges. Ranges can be divided
into pastures, and each of these grazed for three or four months at
a time, after which they may be allowed to grow up and mature seed
before being grazed over again. Overgrazed ranges can thus be re-
stored to their former grazing capacity.

8. With fencing, each man receives the full benefit from the
improvement of his ranges through restricting the number of grazing
animals for a time, developing water supplies at distances of four 01
five miles, eradicating weeds, useless shrubs, poisonous plants, anc
range rodents, preventing incipient erosion, cultivating occasional
areas, constructing dams for flooding purposes, and in other way<
increasing the carrying capacity of the land. The incentive to dc
this can come in no other way except by fencing. Through sud
intelligent range management, the carrying capacity of ranges is ofter
increased from 50 to 100 percent.

9. Cattle "rustling" ceases to be a common occurrence or
fenced ranges. Dishonesty from this source is much more difficult
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than under open range conditions where cattle belonging to many
owners range far and wide This is the experience in Texas

10. Range "wars11 between sheepmen and cattlemen are not
possible on leased fenced ranges. The tramp sheepman and his rov
ing band is also eliminated.

11. It is stated that in coyote-proof pastures, herds of slice]>
graze much more openly and do less trailing 'than when they are
herded. At night also they tend to bed in smaller bands than when
herded.*

12. Under proper administration, leasing and fencing makes
for the permanent settlement of the country by many resident stock-
men and homesteaders, and encourages the growth of such dry land
crops as sorghum and Kafir corn. Tn this way it furthers agricultural
conditions, as may be seen in the instance of Texas, in turn the
development of agriculture renders more certain the stock industry.

CONDITION OF GRAZING LANDS IN TEXAS WITH LEAS
ING AND FENCING

As compared with the lack of grazing restrictions on the govern-
rnent public lands which obtains under free grazing, it will be inter
esting to note briefly the conditions existing at the present time on
the public grazing lands of Texas with leasing and compulsory fenc-
ing. As is well known the public lands in Texas are the property
of the State and not of the general government, which is the reverse
of what obtains in other States and Territories, These lands have
been managed under a system of leasing and fencing for about 23
years, prior to which time they had been subject to the usual free
grazing conditions Among other things the Texas land laws were de-
manded by the necessity of maintaining the peace, securing permanent
pastures for stock, and inducing search for underground water sup
plies. It is stated j* that as a result of these laws the area of stock
ranching in Texas has been enlarged to reach to the very border of
the State on the west; and in addition, the line of purely agricultural
settlements has been pushed some 200 miles to the west of the Brazos
River. They have been instrumental in the restoration of a large
extent of grazing country, much of which had been reduced to a
desert state by long continued overgrazing under the formerly exist-
ing free grass conditions.

Under the Texas grazing laws, the advantages are pre-eminently

*Jardine, James T Preliminary Report on Grazing Experiments in Coyote-
proof Pastures U S, D A Forestry Service Circular 156, p 31, Dec, 19GB

fThe Land Laws of Texas Bull No 37, National Live Stock Association,
June 14, 1902,
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\\ ith the permanent settler and the small holder. He may purchase not
more than four sections of grazing land at one dollar per acre, and
lease ten other sections for a period not to exceed five years, though
all leased lands not having improvements to the value of $200.00 on
each section, except in the absolute lease district, are subject to sale
at any time to actual settlers The absolute lease district comprises
practically all of western Texas, in which country conditions are
quite similar to those in Arizona The lessee of the land has a prior-
ity right to release on terms fixed by law, and is encouraged to im-
prove his grazing land by developing water supplies and other proper
means In case he does not desire to release he may remove his
improvements, or be reimbursed for them by the incoming lessee.
The amount of land that may be leased by one person is not limited,
but any actual settler may lease not to exceed three sections of land
from a larger leaseholder, provided that by so doing the larger lease-
holder is not reduced to less than ten sections. Thus large lease-
holders are welcome in Texas so long as their holdings in excess of
ten sections of land do not conflict with the interests and welfare of
the smaller resident. All grazing lands in the absolute lease district
are subject to sale for a short time at the end of the lease period, but
if not sold, the former lessee has a preference right to re-lease.
Especially favorable terms are offered under conditional leases for the
development of the less inviting arid regions which might otherwise
remain unproductive. The minimum grazing rental with certain ex-
ceptions is 3 cents per acre which is payable annually in advance,
and it is unlawful to use any part of the public grazing lands of the
State without a lease.

It is hardly necessary to state that in every community there
are those, who desirous of getting something for nothing, will be
opposed to any reasonable terms of leasing* the public ranges. So vio-
lent was the opposition to the Texas Laws in 1881 and for someyeais
after, that a number of stockmen of the State moved their herds to
such adjacent Territories as Arizona, New Mexico, and even Mexico,
where "free grass" conditions still obtained, and the feeling was quite
pronounced that the live stock industry in Texas, which was one of
the greatest of the State, was on the verge of being ruined. After
25 years of continuous operation of these laws, subject of course, to
amendment, this class of persons is smaller than ever before, and it
is doubtful whether there are any substantial stockmen there now
who would entertain seriously a proposition to return to the former,
uncertain, free range conditions. Besides this, the number of cattle
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on the ranges in Texas in 1904 was practically double that of 1884"
which is one of the best arguments favoring a continuance of then
present grazing system.

THE SOLUTION OF THE GRAZING PROBLEM IN
AUSTR VLIA

In common with other countries, the laws of Australia relating
to grazing lands were very crude. Pioneer -stockmen occupied ranges,
or runways as they are called there, by right of pre-emption or squat-
ting, and, as usual in the absence of any control, the big stockmen
"gobbled" the greater part of the better giazing lands. The govern-
ment undertook to remedy this by levying a grazing tax, but this wa
cheerfully paid by the big ranchers and matters went on as befoie
Finally, in 1834, the whole system of land laws was revised in New
South Wales, and the basis of the present one laid, though numerous
changes have since been made. Under the above Parliamentaiy Act,
pastoral leases were surrendered to the Crown, and the land in question
divided into two equal parts, one of which was returned to the lessee
as an indefeasible lease with a fixed term, and the other retained by
the Crown as a resumed area, and opened for settlement In this u a\
the large leaseholders were cut down one-half. Legislation affecting
grazing conditions has been more active in New South Wales than
in most of the other Australian States by virtue of the fact that the
country is largely given over to stock raising. On this account, and
also since parts of New South Wales are quite similar to Arizona as
concerns rainfall, and general range conditions, especial attention ha-»
been given in this discussion to grazing conditions there.

Leasing is the common method of handling the public lands of
New South Wales, and all such lands not held as conditional purchas-
es or homesteads are subject to lease. The lands in question are
classified by the general government, and the matter of leasing i&
usually managed by a combination of local and State boards. Abso
lute good faith on the part of every lessee or purchaser is required to
make such lease or purchase valid. In case of fire, drought, flood, or
other trouble, upon application, conditions of lease and payment may
be suspended for six months or a year. Rent of land is dependent
upon original conditions surrounding it, distance from market, and its
productive capacity, but no rent or license fee must be for less than
60 cents a square mile, and the rent is not to be fixed at a higher rate
than 14 cents a head of sheep on the carrying capacity of the land

*Grazing- on the Public Lands. Bull 62, U. S Dept of Agrlc. "Forestry Ser-
vice, p. 53, 1905.
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The rental is fixed every seven years, though an appraisal may be

asked for at any time, and at the end of any seven year period, upon

giving notice, a lease may be surrendered. Such leases are, therefore,

in effect of seven years duration, with the advantage to the lessee of
running 21 or 28 years as the case may be. The owner of a fence
which is used by several parties can demand just compensation from
said parties relative to its cost of construction and maintenance.
Upon termination of a lease, the outgoing tenant, not desiring to re-
lease, is allowed tenant rights in improvements.

There are a number of classes of leases to fit the various condi-
tions. Pastoral leases are unlimited as to area, but of 28 years
tenure, except when brought under the Western Lands Act of 1901,
when they expire in 1943. As an alternative of the pastoral lease is
the homestead lease which is limited to 10240 acres and to 28 years
time. Under this, fencing must be done within two years. The
above leases can only be disturbed during their terms by withdrawal
of lands for public purposes. Scrub and inferior land leases apply to
their respective types of country, which might otherwise remain un-
occupied and unproductive. Their terms are for 28'years usually,
and the maximum area obtainable under either of them is 20480 acres.
One or the other of these may be held in addition to a pastoral or
homestead lease, and lessee must remove scrub growth and otherwise
improve the land. The settlement lease may include 10240 acres of
grazing land. Under the terms of this, lessee must fence within five
years, and reside on the land during the whole term. The annual rent
is Ij4 percent of the value of the land, exclusive of improvements.
There is also an artesian well lease which is similar to the conditional
lease in Texas. In the instance of inferior lands in general, the
terms are especially favorable to encourage the subjugation of the
land.

The aim of the recent legislation in Australia has been more than
ever to prevent land monopolization and other fraud, and to encour-
age actual residence, and continued improvement of the land on the
part of settlers or squatters. The more this is observed, the less is
the rent to be paid. The idea is to secure land at all times for bona
fide settlers on very favorable terms and to give long tenure to leases,
which is regarded as being very desirable by leaseholders. This,
no doubt, accounts for the growing tendency to lengthen the tenure
of grazing leases from one to five or ten years which were their
former periods, to 21, 28, and even 42 years. In keeping with the
above, the recent Acts of Parliament providing for and regulating the
sale or lease of grazing lands were formed largely after consultation
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with settlers or squatters, and after an investigation of their condi-
tions. Accordingly, the Crown tenants of the arid districts as well as
of others virtually made their grazing laws to fit conditions as they
found them by coming in practical contact with them. As a result of
these land Acts, lawlessness has ceased everywhere, the spread of
disease among stock is less prevalent and easier held in check, feed and
water on the ranges are more certain than heretofore, the carrying
capacity of the land has increased, and stockmen are building up and
improving their herds, and also their leaseholds. The country is set-
tling up permanently with a satisfied and prosperous citizenship, a
large proportion of whom are small holders and reside on their land
continuously.

GOVERNMENT CONTROL OF THE GRAZING RANGES IS
BOTH DESIRABLE AND NECESSARY TO

THEIR RESTORATION

Within recent years a strong feeling has developed favoring some
form of Government control in the administration of our public graz-
ing lands. This feeling has been greatly strengthened by the sue
cesses of the Texas and Australian systems of range management, and
also by the diminishing returns from our own overgrazed ranges.
It has developed so far now that it claims among its adherents a good
majority of the stockmen of the West and Southwest. In proof of
this may be cited the interesting data gathered by the Public Land*
Commission which was appointed by President Roosevelt in 1903, to
report upon the present land laws, and to recommend such changes
as were believed to be wise in the future administration of the publk
lands. In response to the question submitted to stockmen throughout
the country by this Commission, "Do your favor Government control
of the ranges under reasonable regulations?", 1090 persons replied
favorably, and 183 negatively, out of a total of 1400 answers re
ceived.* The remaining 127 correspondents failed to answer the
question.

Naturally the American National Live Stock Association has
taken a most active part in this matter by virtue of the able and at
times spirited discussions at its annual meetings, and also through thf
publication of important papers from time to timetjrela^mg to grazing

*Grazmg< on the Public Lands. TJ. S. Dept. of Agriculture, Forestry Service.
Bull. 62, p 14, 1905.

fBuli. No 23, Australian Land Laws; How the Public Lands of Now Soutb
Wales Are Administered. Am. Nat. Live Stock Association. Denver, Colo., Oct
1900.

JBull. No., 37, The Land Laws of Texas. Am. N. L. S. Association, Denver,
Colo., June 1902.
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conditions in Australia and Texas. These called attention to the
practical advantages of leasing and fencing over free grazing condi-
tions in the above countries. It is needless to say that coming from
an organization highly interested in the stock raising industry, they
have been very fruitful in the matter of educating stockmen through-
out the West on this most important of range problems.

Following up the above, the American National Live Stock Asso-
ciation at its annual convention in Denver, Colorado, January 1908,
drafted a bill endorsed by its members providing for the control of
grazing on the public lands, and urged its passage by Congress. At
this meeting members from 32 local and State live stock associations
representing the West and Southwest, were present, and the bill
was adopted by a vote of 396 y2 out of 429 all told. Many of the
excellent recommendations made by the Public Lands Commission
were included wholly or in part in this measure. This bill is mani-
festly superior to others of a similar nature introduced in Congress
within recent years, in that it secures to the residents and users of the
public lands a very large amount of local control in the management
of the ranges. And as is well known this provision is one of the
strong features of the Australian grazing laws. This bill provides for
the establishment of grazing districts by the Secretary of Agriculture,
and the appointment of an officer by the Government to form with a
local committee composed of four representative stockmen, an execu-
tive board for administering the grazing district in question. It is
provided that this local committee may be appointed by the users of
the grazing lands in the district.

Among other things the executive board is vested with the pow-
er, (1) to determine whether permits shall be issued on an acreage or
per capita basis; (2) to determine the number of animals to be
grazed in each grazing district when permits are issued on the per
capita basis; (3) to make proper division of the range between differ-
ent classes of grazing animals; (4) to determine whether the division
of the range in question shall be by individual or community allot-
ments; (5) to determine preference in allotment of grazing privileges
to settlers; (6) to determine value of the improvements and of the
use of the same when necessary; (7) to prescribe rules governing the
movement of live stock across public lands for the welfare of all con-
cerned; and (8) to decide upon the adoption of any special rules to
meet local conditions. Differences between a majority of the local
committee and the officer in charge are to be referred to the Secre-
tary of Agriculture who shall have power to adjust same.

The following are the most important of the remaining provisions
of the Act;
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1. Ibsuing of grazing" permits for periods not to exceed ten
years, with rights to fence, preference being given to homesteaders
and present range occupants who own improved ranches, or who have
provided water for live stock grazed on the public lands.

2. Charging a maximum grazing fee of four cents per acre
and a minimum one of one-half cent.

3. Permitting the entry of public land for agricultural pur-
poses at the end of any grazing season, except where such land has
improvements thereon exceeding $100.00 in value, when it shall not
be disturbed during the period of its permit, without the consent of
the owner of the improvements. Where improvements are worth less
than $100.00, satisfactory settlement must be made for them by the
settler, before said land can be located.

4. Guaranteeing to bona fide settlers and residents the right
to graze their animals for domestic purposes on the adjacent public
lands.

5. Making it a misdemeanor to graze animals without a permit
in grazing districts set apart by the Secretary of Agriculture, when a
reasonable time has elapsed after the establishment of such grazing
districts.

The above bill regulating grazing on the public lands has recently
been introduced in Congress under No. H. R. 22,462, and deserves the
most earnest support of all parties concerned. Upon the success of its
becoming a law depends the future of our grazing ranges for at least
some years to come. Happily, it applies equally well to all classes of
grazing lands, encourages fencing and other means of range improve-
ment, harmonizes both sheep and cattle interests, secures to the users
of the range a large amount of local administration, and provides for
the unforseen development of agriculture by irrigation or other means,
on land lying within grazing districts. While it does not go as far in
some respects as might be desired, especially as concerns encouraging
the permanent settlement of the grazing country by many small stock-
men, it will, nevertheless, if it becomes a law, do much towards cor-
recting the present grazing evils, and will assist greatly in restoring
the depleted ranges to something like their former stock carrying
capacity. And by so doing it will open the way for further desirable
legislation whenever such may be found necessary.

There are two or three additional provisions which the writer
would like to see incorporated in this bill if their presence will not
hinder its becoming a law. ^They are in brief as follows:

1. Suspending grazing fees during prolonged droughts, when
the ranges are often managed at a loss to stockmen. This has special
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significance in the Southwest where year-long droughts are not un-
common.

2. Forbidding the transfer or assignment of grazing permits
except by approval of the executive board, and declaring grazing per-
mits void whenever in the judgment of the executive board fraud is
being practiced in their use.

3. Permitting bona fide settlers to take up homesteads on
grazing lands for grazing purposes, with preference right to oc-
cupy by permit or lease in the usual manner grazing lands in the
immediate vicinity.

This latter would include the filing on 160 or 320 acres of land,
as the case may be, for a homestead, and the preference right over
large permit holders to use sufficient more grazing land in the vicinity,
according to its grazing capacity, to enable an average family to make
a comfortable living. Such a stockman's or range homestead with its
accompanying leasehold would be expected to correspond in produc-
tive capacity to 160 acres of ordinary farm land in Kansas, Nebraska
or the Dakotas. This in substance was recommended by the Public
Lands Commission already noted, some few years ago.* It is be-
lieved that some such provision as the above would go far towards
effecting ultimately the permanent settlement by many small resident
stockmen of much of the southwestern grazing country, and this in
brief is the end above all else to be desired.

*Grazingf on the Public Lands, U. S'. Dept. of Agric., Forestry Service. Bull.
No, 73, p. 65-66, 1905.



SUMMARY

From the foregoing discussion on the grazing ranges in Arizona,
there are certain important conclusions which follow naturally. These
may be summarized in a few words as follows:

1. The present condition of our stock ranges is highly unsalis
factory to everybody. The production of forage, which at best is
uncertain on account of the climatic conditions noted in chapter I,
has been reduced to such an extent over much of the country by con-
tinued overgrazing that the grazing industry is of necessity carried on
under most adverse conditions to the stockman. In part at least this
condition can be remedied.

2. Free grazing with its numerous attendant evils, chief of
which are overgrazing and overstocking, has been responsible for the
general deterioration and breakdown of the southwestern ranges.

3. The uncertainty of the rainy seasons and the severity and
length of droughty periods in the Southwest make it imperative for
stockmen to provide reserve feed for their herds by fencing and other-
wise improving the ranges, develop convenient water supplies so that
stock will not be compelled to travel farther than three miles for
water, conserve the ranges during periods of seed maturation and
seed germination, eradicate such obnoxious plants as the rayless gold-
en-rod, grow forage on occasional cultivated areas wherever possible,
and by other means build up the range.

4. The grazing areas in Arizona are of large extent and ex-
tremely diversified as to the seasons of their forage production and
their forage content. They approximate more than 50,000,000 acres
in extent, and are our most important asset at this time outside of the
mining industry. Their continuance and improvement wherever pos
sible means a certain home market for the ever increasing production
of alfalfa forage, which from the nature of the case must continue
to be our most important crop, at least for many years to corne. It
is quite apparent, therefore, that our grazing industry and agricultural
industry will to a large extent develop hand in hand, and whatever
makes for the one will react favorably upon the other.

5. With partial or complete protection from stock for periods
of four to six years, small areas ranging from 160 acres to several
thousand acres in extent of the better class of our ranges have shown
most remarkable and gratifying improvement from year to year in
the way of increased forage yields. As a result of this improvement
in the instance of the San Rafael stock ranch-, 15 acres of land are
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allowed for each head of stock whereas on the adjoining open range
25 to 30 acres are necessary.

6. Leasing and fencing of the ranges is no longei in the ex-
perimental stage; after nearly 30 years operation in Texas and con-
siderably longer than this in Australia, this plan of administering the
grazing ranges has bettered the conditions of stockmen everywhere,
increased the grazing capacity of the land and placed the stock grow-
ing industry on a reasonably secure basis. Similar results have also
obtained in Wyoming where many small scattered range areas under
diverse management have been fenced.

7. The control of the public grazing lands by the Government
under reasonable regulations is the most desirable and efficient means
known. This is favored by a large majority of our stockmen at the
present time, who, having experienced all the evils of free grazing,
are ready to try any reasonable means that promises to better their
conditions.

8. The plan of administering the grazing ranges as provided
for in the bill endorsed by the American Live Stock Association at
its regular meeting in Denver, Colorado, January 1908, and intro-
duced in the House of Representatives, March 7, 1910, under No.
IT. R. 22462 has many obvious advantages over similar bills hereto-*
fore introduced in Congress. It represents the most and the best
that can be agreed upon at this time, and in the interests of all con-
cerned it should become a law and be put in operation as soon as
possible.

9. For more than ten years, or since the time that it began
a careful study of our range conditions, the Arizona Experiment
Station has stood for fencing the ranges wherever possible, and for
some form of equable range administration. To this end it has coop-
erated with the United States Department of Agriculture in range
reclamation work, and with the aid of this Department has been
the means of getting both the large and the small range reserves set
aside for purposes of range study. The former of these has been
under fence for seven years, and the latter for nearly ten years.
The Station most heartily endorses the provisions of the present
grazing bill before Congress and urges all stockmen and farmers
in the Territory to give it their undivided support in every way pos-
sible.
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267
Texas or Colorado millet (Panicwn tex-

annm) 320, 328
Texas pea or annual milk vetch (As-
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er gens. A. divaricata).. 282, 296, 317
Texas timothy (Lycnnts phlcoides") 284, 318
Texas crowfoot (Lcptochloa dubia]

275, 318
Teosinte (Euchlaena mexicana) 322
Timothy (Phleum pratcnse) 328
Trachypogon sccundus 281
Triodia aciiminata.-. 284
T. mntica 263, 326
T. pulclwlla v... 284, 288
Triple-awned grasses (Aristida sps,)

282, 296
Tufted borages (Pcctocarya lineans,

P. penicillata) 265
Tumbling saltbush (Atriplcx volutans)

313, 319

Velvet grass (Helens lanatus) 328
Velvet beans (Mncitna utilis) .529
Vicia nevadcnsis .., ,. 323
Vine mesquite (Panicitm ohtusuni)

2~5, 323

Wall barley (Hordeitm murimtm) 267
Water or everlasting grass (Hriochloa

punctata) 274, 305, 320
Water grasses 274
Western brome grass (Broftnts margin-

attis) 312, 327
Western wheat grass (Agropyron

Smithii) 283, 302, 318
Wheat grasses (Agropyron sps.) 328
White oak (Qucrcus Gambelii) 302

"White clover (Trifoliwn repens) 328
White-flowered vetch (Vicia, p-ddicl*

la) 302
Wild beans (Phaseolus Wrightii P,

acutifolius} 284, 302
Wild clovers (Trifolium sps.) 234
Wild geraniums (Geranium Premontii,

G. atropurpurewn) „.„„„...,.. 302
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Wild honeysuckle (Anisacanthus Thur-
beri} 269

Wild lilac (Csanothus Fendleri) 302
Wild oats (Avena fatua) 267, 321
Wild peas or vetchlings (Lathy rus sps.)

284
Wild rose (Rosa Fendleri} 270
Wild wheat or blue stem (Elymus

triticoides) 284
Winter annuals 264, 298, 324
Winter bunch grass (Aristida sp.) 317
Winter fat or white sage (Eurotia

lanata) 261, 270, 319
Windmill grass (Chloris verticillata

323
Wire grama or woolly foot (Boutcloua

eriopoda} 278, 296, 315

Wire bunch grakss (Agropyron spica-
tum} ." 312

Wormwood or sage (Artemisia sps.)
270

Yard grass (Blusine indica} 329
Yarrow (Achillca lanulosa) 283
Yellow-flowered peas (Hosackia puber-

ula, H. rigida} 268, 297
Yellow foxtail or pigeon grass (Seta-

ria glauca) 329
Yellow oat grass (Trisetum pratense}

328
Yellow or bull pine (Finns ponderosa)

277, 283, 302
Yellow weed (Aplopappus gracilis} 300


