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PREFACE

Few agricultural subjects have excited greater general interest
recently, in the Southwest, than the possibilities of cactus culture.
The Desert and its associations have, indeed, kindled human imagina-
tion from the beginning, and it is not remarkable that the grotesque
forms of vegetation with which our arid lands are occupied should
have attracted the interest of scientists and stimulated the hope of
agriculturists engaged in the development of the semi-arid, sub-
tropical Southwest.

Spineless cacti, the leading theme of present discussion, are com-
monly grown in Mexico, and were doubtless known to the agricultural
Indians of pre-Columbian time. They are also known and grown in
South America and in North Africa, where they are valued both for
fruit and as a forage. Within recent years, particularly through the pub-
licity given them by Luthur Burbank, great interest in cacti has been
created among Americans and other civilized peoples having to do
with the development of arid lands. As is usual with popular sub-
jects a good deal of over imaginative writing has resulted; and one
purpose of this bulletin is in some degree to sift the grain of truth
from the chaff with which it is too much associated.

Twelve years ago the Botanist of the Arizona Experiment Sta-
tion planted certain spineless or nearly-spineless cacti from Mexico,
Sicily and South America in his garden, intending to develop them
economically. After considerable observation these cacti, chiefly on
account of their spineless, and therefore defenseless, condition were
judged of little value; and attention was turned to the utilization,
by singeing, of native, hardy, spiny varieties.

Following the interest in Burbank's promotion of the subject, this
Station has renewed its attention to the spineless cacti as applied
to Arizona conditions. The result is that in Arizona our earlier con-
clusions concerning the value of spineless cacti stand confirmed, for
the following reasons:

1. Under desert conditions spineless cacti are difficult and ex-
pensive to defend against their rodent enemies,

2. Under irrigated conditions, with the same land and water
supply, other, more profitable crops may be grown.

3. In general, the Burbank distributions of cacti are not hardy
to winter frosts in Southern Arizona.

4. These varieties also shrivel under the extremes of summer
heat at lower altitudes in the region.



5. Native, hardy, spiny varieties, which may be cheaply pre-
pared for cattle by singeing, are more practicable under present eco-
nomic conditions.

But even though spineless cacti are thus far a failure'technicallv,
in Arizona, Burbank is not materially less entitled to our esteem for
the interest and attention he has drawn to the subject, for after all,
an idea, though undeveloped and unadapted at first, but in the main
sound, is the greatest contribution that a man can make to human
affairs,—his successors can work out the details. Burbank has im-
pressed upon Americans a new agricultural possibility, so thoroughh
that the subject will never be laid aside until it has been made to
contribute materially to human welfare.

The growing literature of the subject, persistent experimentation
by various agencies, and changing economic conditions, indicate a
solution in due time of the difficulties thus far encountered.

The main facts established in this publication are:
1. That certain species of native cacti, on Southern Arizona

ranges and in regions of similar climate, can probably be grown profit-
ably as an emergency forage.

2. That cholla fruits, which represent this class of forage fav-
orably, are not by themselves a life-sustaining ration for sheep

3. That the main value of cactus forage, under our conditions,
consists in its succulence, and as a cheap material which may be balan-
ced and fed in combination with other forages,

R. H, FORBES.
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NATIVE CACTI AS EMERGENCY FORAGE PLANTS
By J, J. Thomber

INTRODUCTION
In the preparation of Bulletin 65, "The Grazing Ranges of Ari-

zona/' the discussion of the utility of cactus forage for range cattle,
and of the possibility of growing these plants in economic quantities
on the lower mesas, was intentionally omitted, since it was thought
best to publish this part of the range investigations in a separate
bulletin. The present publication dealing with the cacti, includes
two titles, "Native Cacti as Emergency Forage Plants/1 by J. ]
Thornber, treats of the botanical characteristics and the economic
or grazing aspects of cacti as forage plants; while "The Nutritive
value of Cholla Fruits/' by A, E. Vinson, has to do with the chemical
composition of cactus forage and its nutritive value.

Like other lines of range study, work with the more promising
native cacti has been under way for a number of years In
the early spring of 1904 and again in 1907 tests were made by the
botanist relative to the cost of singeing cactus forage on the ranges,
and the amount of singed material that can be prepared with an
ordinary day's work. From this it is possible to estimate the num-
ber of animals a person can take care of with a cactus burner during
periods of extreme shortage of feed, as for example the winter and
spring seasons of 1902, 1904, and 1910, when there was little or prac-
tically no winter rainfall on the ranges. This has been compared
with similar work in other States, notably New Mexico and Texas,
where singed cactus forage has come to be looked upon as a valuable
grazing asset for range cattle, especially during rainless periods.
Within recent years the singed and chopped prickly pear pads are
taking the place of other green forage as a part of the winter rations
for dairy cows in Texas.

In connection with the above, observations have been made on
the propagation or reproduction of these plants on the ranges both
tinder natural conditions and by setting out cuttings or joints, Par-
ticular attention has been given to the types of lower mesa country
adapted to the growth of cacti, a brief study having been made
concerning the relation between the character and depth of various
inesa soils on the one hand, and the root systems, rates of reproduc-
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tion, and the number of plants per unit area, on the other hand. In
this study the wide differences between chollas, or cylindrical-lobed
cacti, and prickly pears, or flat-lobed cacti, as forage plants, are appar-
ent at once. This suggests quite different economic methods of hand-
ling these groups of cacti in order to get the best results.

Planting operations were carried on for a period of five years,
1905 to 1909 inclusive, to determine the most desirable seasons of
the year to do this work, the species best suited for planting, and the
methods of planting calculated to insure the largest returns con-
sistent with minimum expenditure. Though this work has been done
necessarily on a small scale,never at any time more than a few acres in
extent, it has nevertheless been handled from an economic standpoint,
thus enabling observers to make practical deductions concerning its
utility on a larger scale. Most of this planting was done on the small
range enclosure near Wilmot siding. This country is typical of the bet-
ter class of lower mesa country lying at or below altitudes of 2,500 feet.
Small areas were likewise planted in the lower part of the large range
enclosure. Observations were also made of a similar planting within
the large range enclosure at an altitude of approximately 3,500 feet.
In this latter area sufficient rainfall occurs to support a good growth
of the perennial or bunch grasses, chief of Which is mesa or crowfoot
grama.

From chemical analyses made by this and other experiment sta-
tions, showing the probable nutritive value of cactus forage, and
from the observations of practical stockmen, the relatively low value
of this class of food, and certain other undesirable features, were well
known in the early part of this work. On the other hand, there were
factors equally favorable relating to cacti as forage plants under
pur conditions that could not well be overlooked. Among these
may be mentioned the fine adaptability of cacti as rough forage for
the Southwest; the longevity and persistence of these plants as com-
pared with others of our forage species; the excellent natural repro-
duction of cacti under ordinarily favorable conditions, and their
ability by means of spiny coats to grow on the open ranges and to pre-
serve intact, year after year, tjieir succulent growth; and, finally,
the ease and dispatch with which this spine-clad, stored-up material,
may be converted into feed for starving range animals by means of
a cactus singeing device. These far more than compensate under
our southwestern conditions for the undesirable features associated
with this class of forage, particularly when fed with alfalfa or such
concentrates as cotton-seed meal.

Having in mind these various considerations the writers have
felt that while cactus forage alone could not answer as a general
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food,there was nnicji in its favor as a roughage for extremely droughty
periods. With continued work and observation it has been more ap-
parent that together with certain of our saltbushes and other arid
growing shrubs, cacti are to be regarded by the stockman as emer-
gency plants which can be utilized to advantage for their grazing
herds when the ranges, through drought,are destitute of other forage.
In our grazing business this is the first and all important place to be
filled by these plants, though the fact is appreciated that they con-
tribute a nominal amount of feed, principally in the form of fruits,
at other seasons of the year.

In connection with the study of cacti as emergency range for-
age, it became desirable to determine whether chollas and prickly
pears possessed such nutritive properties that by their use alone,
stock might be earned over periods of prolonged drought and yet
make profitable gains upon the return of better pasture. Since the
protein content of cactus was known to be exceptionally low, one of
the writers has attempted to answer this question experimentally
by determining whether it would be possible for an animal to main-
tain equilibrium in its nitrogen metabolism on an exclusive cactus
ration. That is, whether an animal could obtain from cactus forage
all the nitrogen required in its various living processes without ab-
sorbing its own tissues to supply a possible deficiency. The observa-
tions made, based on both digestive and metabolism experiments, show
that slieep on an exclusive cactus ration suffer severe nitrogen star-
vation which if long-continued would probably result in death. On
the other hand, when balanced by the addition of a small amount
of protein-rich feed, cactus forage has a decided nutritive value. Its
succulence, moreover, may often exert a beneficial dietetic effect, as
attested by the experience of Texan dairy farmers, and by its use
as a goat feed by Maltese dairymen in northern Africa. .Taken all
in all, from the standpoint of nutrition, cacti again seem adapted
to play the role of a secondary or emergency feed, rather than that
of a staple*

Regardless of what the future has in store for cacti as cultivated
plants, in this bulletin they are considered from the standpoint of
a range forage. As was stated in an earlier publication, the foremost
quality that forage plants must possess, to be successful under our
conditions of climate, is that of extreme resistance, and failing in this
they are useless on the arid grazing ranges, notwithstanding other
excellent qualities they may possess. It is needless to say that in
this respect cacti outrank most of our other forage-yielding specks,
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FORAGE

The present work was undertaken with an idea to determine
primarily whether the native cacti could be grown economical!) and
In sufficient abundance on the lower mesas or desert ranges to pro-
vide dependable forage supplies for stock during prolonged droughts,
At such times both feed and water are scarce and usually far removed
from each other on the ranges. This work, is an attempt, therefore,
to point out a method of tiding over with an inexpensive though ad-
mittedly rough feed the periodic famines on the range \vhicJi have
proved so disastrous to successful stock growing in the Southwest.
These lean seasons also make impossible any further development
of this important industry until effective measures of one kind or
another have been devised to meet this condition. From the un
certain nature of our rainfall * we shall always have droughts, \\Jiich
means occasional shortages of feed on the ranges, e\ en with approved
grazing methods. If these serious drawbacks to the stock business
can be lessened to an appreciable extent by encouraging the growth
of cacti or other resistant plants, or by other means possible to the
rancher, it will be a matter of the greatest importance to the welfare
of our stockmen.

Planting out a sufficient area of cacti, according to the extetit
of one's ranching interests, even at considerable initial expense,
and encouraging the growth of plants already established on the
ranges, will help to increase the amount of feed at all seasons, par-
ticularly during droughty periods. This would constitute a kind of
insurance which thoughtful stockmen might avail themselves of
during unfavorable years. The partial success of an experiment of
this nature would go far towards assisting small stockmen to carry
their herds, which often represent several years' accumulations,
through adverse periods without great loss to themselves and
without being compelled to market their stock in poor condition
at low prices.

Fortunately, the problem of grazing range administration, far-
reaching in its bearing on the welfare of our State, does not depend
alone for its solution on cactus forage. There are other equally
promising means that may be brought into play to accomplish this
same end. Among these may be mentioned the following:

1. Feeding alfalfa hay and other forages grown on irrigated
lands, when grazing on the ranges is extremely short. At such

^Arizona Sta» Bull. 65. The Grazing Ranges of Arizona, p. g5$» $«Pt.
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times continued grazing is detrimental both to the ranges and to
animals and hence it is money well invested to preserve both as far
as possible. This can be done to best advantage by the stockman
who is able to combine the ranging of cattle with irrigation farming.
In this manner the profits of cattle feeding may be retained at home,
and a large amount of fertilizing material incident to feeding may be
restored by the careful farmer to his land. At the same time grazing
lands of low and uncertain forage production, in themselves of little
value, can be utilized to very considerable advantage by the irriga-
tion farmer and be made to do reasonable grazing duty. Our lower
desert ranges are good examples of this class of grazing country.
Such ranges as these commonly have fair to moderate feed during
six or seven months of the year, and in no other way perhaps can
they be handled so efficiently. This method is already practiced
on a small scale in parts of Arizona and it is certain to become gen-
eral with the further development of irrigated lands.

2, Carrying over from seasons of plenty, wild hay of such plants
as alfilaria, bledo or careless weed, grama, galleta and similar grasses.
To these may also be added sorghum, Kafir corn, and similar exceed-
ingly drought-resistant crops. During seasons of greater than aver-
age rainfall, particularly when the number of range animals has just
been reduced by drought, only a portion of the forage for a time is
grazed, the remainder going to waste on the ground. It is granted
that this helps somewhat to re-seed the land, but it is largely lost.
With the return of favorable conditions once more, these ranges are
again overstocked, whereupon another drought of greater or less
severity sets in. In this way a condition is perpetuated which is not
only ruinous to the individual stockman, but exceedingly wasteful
of our grazing and live stock resources.

3, Leasing and fenciiig of as much of the unappropriated pub-
lic grazing domain as is found practicable. Under proper adminis-
tration this would go far towards correcting the present evils of over-
grazing* Leasing and fencing would also make it possible to restore
grazing lands to a condition approximating their former carrying
capacity. This would in large measure accomplish the purpose of
maintaining a more continuous supply of feed on the ranges from
year to year,

The practice of putting tip hay, current everywhere throughout
the central and northern Stages is not generally observed among
southwestern stockmen, due largely to the uaild winter seasons so
l&VQtafcle loi* eartying over stock on the ranges. In no other seeti^n
of our <^n£$xf te sticfr complete indifference shown witi^ reference
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to providing reserve feed for stock as here in the Southwest; and
nowhere else in our country, the northern States with their rigorous
winter climates included, are losses of stock from exposure and
starvation as heavy as in the Southwest, where severe winter storms
are all but unknown. It is rare indeed, that stockmen give any
thought whatever to the conservation of forage supplies for periods
of starvation; and suggestions to this end are commonly dismissed
as impracticable. Regardless of abundant data to the contrary, it
is taken for granted that there will be enough rainfall to make graz-
ing. It is this uncertainty of the rainy seasons, together with the
deplorable practice of making no provision for a future shortage of
feed, that has made stock ranching in the Southwest extremely
hazardous, and that has resulted in the ruin of large numbers of
stockmen.

In the early days of stock ranching this matter was of much
less importance than now, since in times of local failure feed was
then usually obtainable in adjacent grazing districts; but with the
complete utilization of our grazing ranges, and with the pronounced
tendency on every hand to overstock, all this has changed. As
managed during the last 15 or 20 years, the stock business in the
Southwest has been too much a matter of speculation based upon
possible favorable seasonal conditions. It has been little more than
a system of gambling in which men have risked their herds on the
issue of moderate and timely rainfall. This has resulted in gather-
ing riches at one time only to lose them at another.

In the further development of our grazing industry all this must
cease. By means already suggested and perhaps others to be worked
out, investments in stock raising must be safeguarded in every pos-
sible way. As is usual in older settled communities, we must carry
fewer risks and develop greater resources. With the continued
and permanent increase in the prices of meat supplies,and with rea-
sonable certainty that these prices will prevail in the future, there will
be greater incentive on the part of all concerned to cut down unneces-
sary waste. The problem is no longer of local interest only; it is
of vital importance to the country at large.

The writer is aware of resourceful stockmen who have saved
their herds from large losses during severe droughts by cutting off
the younger growth of palo verde, mesquite, and cat's claw, so that
this, along with the ever present mistletoe, might be eaten. Later
in the year during droughty seasons these stockmen have driven
their herds to nearby alfalfa fields until the setting-in of the summer
rains. Other stockmen in the central and northern part$ of the
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State Jiave brought their herds through droughty periods by
feeding the leaves and young limbs of several species of scrub oaks
and similar browse. Still others in southern Arizona have helped
out shortages of forage by utilizing singed cacti and agaves, the
singeing being done in an incomplete way by means of an improvised
hand kerosene torch, by burning brush about clumps of cactus
plants, or finally, by singeing the joints of prickly pears and chollas
in flat piles on brush fires. Occasionally, a correspondent claims
to soften the spines, when feeding cacti to hogs, by soaking the joints
for several days in water, but this is manifestly impracticable on a
large scale.

Devices like these appear at first thought out of the question,
but it must be remembered that they are employed only for a few
weeks or months at critical times, and that they are resorted to as
a means of saving "an investment which represents several years of
labor and outlay. The writer does not agree with the often ex-
pressed statements that such devices are makeshifts unworthy the
serious attention of stockmen. If these expedients are practicable,
even though they are of limited application they will find a permanent
place in the further development of our stock business.

It is not intended by this to advocate the use of cactus and
other roughage as general feed, but rather as valuable emergency
forage to fall back upon during times of drought. Having studied
carefully for years the part that cactus forage has played on many
ranges in southern Arizona, and knowing its importance as a feed
in parts of southern and southwestern Texas, it is impossible for the
writer to escape the conclusion that large numbers of stock on our
ranges owe their existence to the much despised cactus. When
there is little else on the ranges cattle turn to cacti for feed and water;
and, while the animals suffer evident discomfort in grazing the un-
singed joints of chollas and other cacti, nevertheless, by so doing
they escape death from starvation and thirst Thus they are en-
abled to pass over periods of drought to seasons and years of plenty.
This being possible under open range conditions, we may reasonably
expect more from cacti when planted systematically on the ranges.

For various reasons, the writer has never considered practicable
the growing of cactus forage as a major forage for stock. With the
limited rainfall at lower altitudes where cacti would of necessity have
to be grown, these plants jnake slow progress, as shown both under
natural and cultivated conditions. The most serious objection to
cactus forage is its tendency to cause digestive disturbances wheti eat-
e& in large quantities. Practical stockman who advocate tbe ttse
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of cactus forage, state that cattle cannot live on it exclusively for
an indefinite time; and that when driven to eat it as a principal
diet they suffer from scouring. This is all the more pronounced
^hen stock are m a run-down and half-starved condition previous
to being given this feed. These objections to cactus forage are
met in Texas by feeding singed or chopped pear along with inex-
pensive concentrates like cotton-seed meal. A ration of this kind
has been found to be not only life-sustaining, but actually fatten-
ing to range stock. In this connection the Texan stockman is for-
tunate in having at hand almost unlimited quantities of inexpen-
sive cotton-seed meal, which is rich in protein content, to feed along
with prickly pear forage of well-known low nutritive value. In
Arizona it will be found fmacially advantageous to use alfalfa hay in
place of cotton-seed meal.

CACTI AS RESISTANT FORAGE PLANTS FOR ARIZONA

This family of plants is confined in its natural distribution to
the New World The species are most abundant in the southwestern
parts of our country, embracing the states Texas to California inclu-
sive, and the northern half of Mexico. While cacti have always been
regarded as interesting plants, they have received little attention
from botanists and plant growers until within recent years. The
possibilities, through selection, of developing resistant cacti for
forage purposes and perhaps others with edible fruits for table use,
together with occasional exaggerated statements in the columns of
the press, have served to arouse public interest in them. In addition
to the above, their unique character, due to the absence of permanent
green leaves, the presence of innumerable spines and spicules, and
their peculiar and often grotesque forms, commends them to nov-
elty plant growers. Many of them have large and showy blossoms,
those of the night-blooming cereuses ranking among the largest and
finest of our flowers. It is not surprising, therefore, that once known,
cacti become the center of far more than usual inquiry among plant
growers They are largely inhabitants of mild arid or semi-arid
regions, particularly those characterized by periodic rainfall. They
grow best with moderate precipitation, nevertheless they can en-
dure prolonged drought with impunity.

While the cactus family is relatively prominent in Arizona,
ranking in number of varieties next to the grass,sunflower and clover
families, perhaps not more than two dozen species are of any con-
siderable value for forage purposes. These belong to the
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Qpuntia, though occasionally the giant cactus and one or more kinds
of bisnagas or barrel cacti are used in emergency as forage. The genus
Opuntia includes both the chollas, cylindropuntias or cane-cacti,
and the prickly pears' or nopals. Though not generally recognized
by botanists, these two groups of cacti differ as widely in many
other respects as in their general appearance and habits of growth.
The following are the more promising of our economic cacti, the
first eleven of which are chollas, and the others prickly pears:

1, Opunha arbuscula 12 Opuntia laems
2, 0. neo-arbutcula 13. 0. santa rita
3, 0. verwtolor 14. 0. macrocenfaa
4, 0. Ihydowu 15. 0. Blakeana
5, O* spinoMor 16 0. chlorotico,
6, 0. fulgida 17. 0. dtscata
7, 0. mantilla ta 18. 0. anzomca
8, 0, tdtaccintha 19. 0. Tourney
9, 0. wvipara 20. 0. Engeltnanmt

10. 0. I I hipplei 21. Qpuntia sp.
11. 0, (schtnocarpa 22. 0. casttllae.

VERSUS PRICKLY PEARS

Chollas are commonly upright in growth and tree-like in habit,
the trunk and main branches at least being ^woody. With few ex-
ceptions their flowers are red or reddish in color, while their fruits
are commonly greenish or yellowish and firm in texture even when
mature. The fruits remain on the plants for one to several years
without undergoing any apparent change as concerns nutritive
value. Accordingly, in the course of a few years, protected plants
of species like Qpuntia fu^da, 0. mamillata, and heavy fruiting
strains of 0. arbuscula become loaded down with dense masses of
practically spineless fruits. In the first two varieties the young flow-
ers and fruits develop from near the ends of fruits of previous years'
growth, with the result that in time these come to hang from the
branches or limbs in bunches or chains. As many as 10 or 12 of
these fruits may be observed attached end to end in such a chain.
Sinc^ tltese continue growth from season to season, the oldest fnjits
are aev^raji tiws the size of the youngest ones, which are often not

tfcan a half -inch in diameter.
So heavy does this accumulation of fruit become in the course

two or three years that productive plants of Opuntia a^bmcula,
fecom gmsing ajpdmals, commonly break down under their

, Etaorte Of tW&^wee throe to four feet high in the cactus gaatitan
HI ib* tjniwpity teave produced 75 to 140 pottucis Of fruit
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for a biennial crop, i. e., a crop gathered once in two years, but this
is considerably above the average for ordinary range conditions. It
is not difficult to appreciate the economic significance under our
grazing conditions of the fruits of these cacti accumulating year after
year; for these fruits are eaten by stock more particularly during
droughts, without the animals coming severely in contact with the
abundant, surrounding spine-clad joints.

- < In the instance of Opunlia spinosior, and 0. uerncolor the fruit
yields are not only less, but the fruits shrivel up and fall off, commonly
within a year. These species likewise are more woody than the ones
just noted, the wood developing even in the smaller branches, so
that from nearly every standpoint they are less desirable for forage
purposes, a statement which is particularly true for Opimtia wr^icolor.

Prickly pears or nopals have flattened pear-like lobes or joints,
which are in marked contrast with the cylindrical ones of chollas,
and they are commonly without a central trunk or stem; hence they
are lower growing and of a more spreading nature than chollas. Their
flowers are usually larger than those of chollas and yellowish or
golden to deep orange in color. The fruits are quite soft and juicy
when ripe and commonly conspicuous, being deep red or magenta
in color. They mature during July to September or October inclusive,
and unless utilized in some way soon become over-ripe and spoil
like other soft fruit. At this time they are eaten in quantity by
birds, field rats, gophers and jackrabbits; also by bees and certain
of our fruit-eating beetles. Accordingly, unless eaten by stock at
maturity they are very largely lost. Since they ripen at a season
when there is commonly a quantity of other feed on the ranges, includ-
ing summer annuals at the lower altitudes, and perennial or bunch
grasses at elevations somewhat higher, they are less eaten by stock
than if they remained on the plants for a longer time after maturing,
or if they ripened at a time when there was less other forage on the
ranges. This is an economic difference between chollas and
prickly pears, considered as forage plants, which must be taken into
account in handling them.

On the other hand, prickly pear stems or pads are generally
more succulent and less fragile than those of chollas; hence they are
better adapted to the range either for planting or feeding purposes*
Prickly pears also grow more readily from cuttings and suffer less
from the effects of singeing and close browsing than chollas* It
appears, therefore, that prickly pears are best adapted for planting
on the range with the idea of feeding the green vegetative parts after
singeing or chopping them; while chollas are most useful for their
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crops of fruit The best yields of cholla fruit are had from moder-
atch lar^e mature plants with a maximum, of vegetative growth, and
hence thc\ should not be singed or otherwise cut back, except in
c vti ennU 1 he stockman should encourage the growth of both chollas
and pnckl> peais, for each has a place to fill m his grazing busi-
ness

'Jhc \ields ot cholla fruits given below, including Opunt^a spino
u0r, () fulqnhiy 0 arbuscula and O vemcolor, were of plants growing
in the cactus garden on the University grounds, within the small range
enclosure near Wilmot, and also in the foothills of the Tucson Moun-
tains adjacent to Tucson Reliable estimates of such yields cannot
be made fiom plants growing on the open range. The yields of pncklv
pears, including OpitnUa anzomca and Qpuntm sp were from plants
growing on the open range east of Tucson and in the vicinity of the
small range reserve These were heavy fruiting species of prickly
pears, and, in fact, the only species under observation that fruited
sufficiently heavily to warrant attention being given to their yields

The yields throughout are for average bearing plants and for
aveia^e or good years, except where otherwise indicated It is true
that many cactus plants on the mesas do not produce anything
like the yields given below, due to various reasons. The yields for
the biennial ciop, in the instance of Opunt^a arbuscwla, do not repre-
sent the total production of fruit of these plants over two years' time,
as some fruits fall after the first year During very drouthy spells,
loss of fruits in this way is considerable, often approximating 30 per-
cent annually The yields of Opuntia fulgida represent the fruits on
the plants after three or four years continuous production without
being browsed or harvested The following are some of the fruit
yields

CHOlyLAS
Pounds

Qpwrtita spvnonor 39
OpunHa spinoswr 39
Opuv&w $p*no$wr (seven small plants) 95
Qpuntm $pmoswr , 16

sptnoswr (two small plants) 26
spmoswr (large plant with light crop) 14
fulfftdv (large plant) 85

Jul$iA& (fi^e small plants) 58

(lawge plant haavtly loaded) 161
plant 4 feet high) &%

crap) , .
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arbuscula (biennial crop) . . . 134
Opuntia arbuscula (two medium plants) . 123
Opuntia wrsicolor ........... 85
Opuntia versicolor (large plant) , . 24
Opuntia vetsicolor (large plant) 16

PRtCKXY PfiARS

Opuntia arizomca (large plant) ... 70
Opuntia arizomca (large clumps). 120
Opuntia arizomca (medium plant) , 25
Opuntia arizomca (medium plant). . 24 5
Opuntia arizomca (medium plant) , 50
Opuntia sp. (large plant) . . 42
Opuntia sp. (large plant). , . 47.5
Opuntia sp. (two large plants) 77
Opuntia s p . . . . . . . 2 4
Opuntia sp. (three smaller plants). . 47

GROWING SEASONS OF OUR ECONOMIC CACTI

There are two seasons of growth for cacti at the lower altitudes, —
one in early spring and fore-summer following closely on the winter
rains; and the other during the rainy season of summer. Moderate
to heavy rains within these periods of precipitation result in fair to
godd growths of these plants, while shortage of either winter or
summer rains checks in a large measure their growth. The prevail-
ing impression that cacti grow during droughts as well as other times,
or that th^ey can grow with almost no rainfall, is not correct. The
strong point with them is that they can endure prolonged drought
without injury; but in order to grow they must have a moderate
amount of soil moisture. They get through droughty spells by
drawing upon their stored-up water.

During the very favorable spring and summer season of 1905,
on the mesas and foothills cacti grew almost continuously from March
to September, while in the dry spring and summer of 1902 they made
almost no growth. It is well known that with moderate irrigation,
cactus plants continue growth from spring until fall. R egardless of
rainfall or irrigation, however, these plants blossom each season and
produce a crop of fruits, though this is lighter following rainless seasons
or dry years. At such times, also, tjaere is a relatively large percentage
of sterile fruits and the vegetative growth that is made consists of
small mostly irregular joints. Since heavy rains during their flowering
periods, April to June inclusive, reduce greatly the fruit yields of these
plants, our climate is especially well suited for the production of cactus
fruits for forage.
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Cacti are dormant during the period October to February in-
clusive, and generally during prolonged drouths, except for blos-
soming and fruiting. Naturally, in droughts these plants lose more
w ater from their vegetative parts than they are able to take up
from the soil, though this loss of water is very much slower and
can go on farther without injury to the plant than in the instance
of most species. This explains very largely their extreme resistance
under most adverse conditions. Since this loss of water cannot be
replaced without rainfall, during severe droughts cactus plants be-
come much wrinkled and shriveled up, which is in marked contrast
with the plump, turgid and healthy green appearance they have in
wet seasons. Shriveled cactus forage, being tough and leathery, is less
palatable to stock than the thick succulent pads seen growing at more
favorable times. In connection with the above it is interesting to
observe that cacti can take up large amounts of water during wet
winter seasons, even though they appear otherwise dormant-

It is not possible to estimate with any degree of accuracy the
quantity of growth of cactus plants from year to year. This must
be considered only from a standpoint of cumulative growth. During
seasons of short rainfall cholla joints grow but three or four inches
long, while with moderate amounts of moisture these may grow a foot
or mote in a season, and even have several branches. During
the present summer chollas began to grow with the favorable rains of
the early part of July. This growth came to a standstill with the dry
weather of the latter part of July and the first half of August, The
rather heavy rains of the latter part of August induced a new growth
of joints from the ones that had begun growth but five or six weeks
before. The quick response of these plants to soil moisture is, there-
fore, apparent. As concerns the production of fruit in proliferous
varieties like Qptintia fulgida, as many as four or five fruits may
grow out from each other in a chain in a single season, which con-
tradicts the prevailing opinion that but one or two fruits develop in
a chain in a year.

DISTRIBUTION OF OUR COMMONER ECONOMIC CACTI

Our forage producing cacti grow most abundantly below altitudes
of 4,000 feet, in moderately deep gravelly clay soils capable of receiv-
ing and retaining for a considerable period relatively large amounts
of water. Like other enduring woody species the successful growth
of these ca,ati defends largely upon a more or less continuous supply of
inoi^tee in the ground during their growing season. Such areas on
tiaelditrer mesas ante characterized by scattered plants of scrub xnes-



470 BULLETIN 67

quite, blue palo verde, Condalia lycioidei, and, occasiotialh, tnfis of
galleta, cotton-top, mesa grama and Texas poverty grasses, besides
considerable growths of rayless golden-rod. The} are fur ther defined
by the absence of any number of cresote bushes or grcase\\ ood Ai ens
like these receive some flood waters from the surrounding cm so to
bush slopes and represent the better class of lower mesa lands. Tin
soil is deep,—three to six feet or so, and there is little or no caliche
below; it varies in texture from light to moderately hea\\ ela\ in
whiqh there is more or less fine gravel and sand. At times one needs
a pick to dig readily a foot or so below the surface, and in these areas
cacti seem to do best. On such land as this there were former!v good
growths of mesa grama grass, but this has long been gra/ed < tit.
Chollas are invariably the predominating species of cacti oeemnni>
over these areas. They include Opuntia julqula, 0, mamiliata, and
0. spinosior with small scattered patches of (). atbuu ula. There arc
also occasional clumps of several'species of prickly pears indudini;
OpunHa arizonica. For convenience this class of land has been desii*
nated the lower mesa cactus country, since almost mm here else at
these altitudes, i. e. 1,800 to 2,800 feet, do cacti thrne.

The gravelly or boulder-strewn mesa-like mountain slopes eon
stitute another well defined cactus country* These are the meeting
grounds between the lower mesas on the one hand, and the foothills
on the other, They are usually characteristic of southern Arizona
mountains. The soil is usually reddish or brownish in cole r and com-
monly consists of an extremely heavy clay, mixed \vith small amounts
of gravel and sand. Hard work with a pick and crowbar is necessary
to dig down through this soil, particularly during drought) periods,
at which times it is apparently impervious to moisture and air It is
interesting to know that any plants whatever could grow success-
Hilly in land like this. Here also chollas are the predominant species,
chief of which are Opuntia fulgida and 0. mamillata. There are also
scattered prickly pears. In this class of country the stands of cacti
are heavier and more continuous, though the plants are smaller and
seldom attain heights of more than four or five feet, Together with
occasional scrub plants of inesquite and catjs~claw, cacti constitute
almost the only woody growth of any note here.

Besides the above, there is the foothills cactus country. Here,
likewise, the soil is heavy clay though commonly veil drained and
well aerated. Not alone is tbe texture of this soil excellent for re-
taining moisture, but in addition there are numerous pockets or
niches formed by rocks which collect and hold water. Manifestly,
these are of no small advantage to long-lived and deep-rooted



CACTI AvS RESISTANT FORAGE: PLANTS FOR ARIZONA 471

In many respects the foothills are ideal for the growth of woody
species, as is evident from the numerous vegetation forms and var-
ieties of plants present. The cacti here grow scatteringly, but they
are larger in size than those on the near-by, mesa-like mountain
slopes Curiously enough, prickly pears predominate in the foothills.
They include Opuntia di\cata, O Enyelmanm var. cycloides, O Blake-
ana and O. Tourney i> besides several other forms. Opuntia versi-
color, which is commonly quite abundant, is often the only cholla
present.

Such prickly pears as Opuntia chloratica, 0. laems and 0. santa
rifa inhabit slopes of mountain canyons between altitudes of 3,500
and 5,000 feet. These are essentially low mountain species, never
occtirmg in great abundance anywhere and not at all on the lower
mesas. When planted in the latter situations they generally die out,
or fail to make growth of any note. In the instance of Opuntia laems
and O. santa nta, which are our only indigenous spineless or nearly
spineless prickly pears, the plants grow almost invariably on reeky
slopes and canyon sides that are inaccessible to cattle.

AREAS WHERE CACTI ARE GROWING SPARSELY

The large creosote bush or greasewood areas so characteristic of
southern Arizona contain only occasional but seldom thrifty plants of
cacti, most of which are chollas. Such land is commonly shallow
and gravelly or sandy, underlaid with almost impervious limy hard-
pan or * ' caliche.}' Not only is soil of this type unable to take up any
considerable amount of water from rains on account of its limited
depth, but, being porous in character, it cannot retain for any length of
time the little it does receive. Even when given occasional irrigation
cacti do not thrive, as is evidenced by the plants in the cactus garden
on the University grounds. Many of these make poor headway at
best, and begin dying out after a few years' time, Such land, there-
fore, is listless for growing cacti.

As opposed to the above, on the immediately adjacent deeper
and heavier clay-like mesa soils, without irrigation other than the
annual rainfall and occasional run-off from the surrounding areas,*
scattered prickly pear clumps attain diameters of eight to fifteen feet,
while chollas grow singly of in groups, the younger plants pushing
out slowly in masses under protection of the older ones.

AH?© trftituctaft of 3,500 feet over the gently undulating higher
4j&d i»«rfEke siiotu^tain slopes, perennial or tjppt graces are

(jfe* and ^toftWe forage plants, anfi ttelrefore it is u»-
tft %»Iiwd^of tlite nature, Itupe cam be
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brought to a higher state of productiveness by fencing, as alroadv
shown in Bulletin 65. Over these prairies there are occasional cactus
•plants growing, the prickly pears often predominating. Both prickly
pears and chollas grow better here than on the lower mesas, since
rainfall and the prevailing summer temperatures are nu re faxorableiVr
them than at altitudes somewhat lower. Accordingly, one would natu
rally expect these plants to be the predominant woody species oxer
such areas, which would most certainly be the case were it not for the
destructive agency of prairie fires in the past.

In proof of this may be cited two prairie fires which burned over
parts of the large range reserve tract during* the past spring. One of
these was of more than ordinary proportions. Some weeks after,
the writer examined the burned over areas and noted hundreds of
small prickly pears and chollas ranging from two or three to fifteen
inches high which had been injured by the flames so as to be d\ ing
back to their, bases, where new shoots were appearing. Also, there
were considerable numbers of plants that had been killed outfit* ht by
the intense heat. This is a most remarkable example of the destruc-
tive effects of fires on the growth of young cacti. Another example
of these effects may be seen in the vicinity of the small range reserve
where injury done to cactus plants six years ago by prairie fires is still
apparent.

In the extreme western parts of Arizona, largely on account of
greatly restricted rainfall at all seasons, cacti grow only as scattered
plants, except on limited areas which have deep, heavy soils, and
which enjoy infrequent flooding from storm waters. According!},
in this part of Arizona, the cactus as a forage plant will count for little,
except, perhaps, under cultural conditions.

Before leaving the subject of the influence of soil and moisture
conditions on the growth and occurrence of cacti, it will be interesting
to observe briefly the root systems of these plants. Ordinarily, cacti
have two well defined types of roots, viz., those which extend out for
considerable distances, only a few inches below the surface of the
ground, and those which grow almost directly downward for several
feet. These plants are thus equipped to profit by the summer
showers which often wet the soil down but a few inches, as well as by
occasional flood waters and the longer enduring winter raifis, vditn
the moisture reaches down to considerable depths. Both in the moder-
ately heavy clay soils of the lower mesa cactus country and in the
extremely heavy clay soils of certain of our mesa-like mountain slopes
these double root systems are well developed. In the latter situation,
however, most of the roots appear to grow Bear the surface,
with two or three larger ones from below tht plattt e»teadio,f
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ward. Land of this character is not only poorly aerated, but ordi-
narily does not become wet down more than fifteen inches, except
with storm water or long-drawn-out rainy periods. In the shallow,
gravelly mesa soils, the roots of these plants can go down only to the
Jiardpan, often but a foot or so below the surface. Accordingly, there
is here but one kind of roots, functionally, viz., the surface roots.
Such plants are able to take up water only during rainy seasons, and
even then for but a short time. It is not surprising, therefore, that
reproduction of cacti on such areas is poor, and that the plants sel-
dom show healthy growth.

HARDINESS AND REPRODUCTION AMONG CACTI

No other group of forage plants, native or introduced, has thus
far shown the same degree of resistance to our conditions, or have
given as much promise of supplying forage during the long, droughty
periods peculiar to the Southwest, as have cacti. Nor dees it appear
that other plants are as well constituted to do this. Within their
limits of successful growth cacti can endure the mcst trying
conditions on the ranges, being never in danger of annihilation
from excessive trampling, overgrazing, or drought. They grow on
the lower mesas with less rainfall than is required to maintain even
a scattering growth of the coarser and more drought resistant bunch
grasses, exclusive, perhaps,of mesa grama grass and silver top blue
stem. Unlike other of our forage plants, browsing tends to further
their propagation, the spiny joints, particularly of chollas, being
readily dislodged and carried about on the bodies of grazing animate.

Naturally, during favorable years their growth is greater, and
their reproduction better than at other times. They are relatively
long-lived, so that when once established there is practically no fur-
ther outlay in the upkeep of an area of these plants. When trans-
ported to other lands where the climate is better suited to their growth
and propagation than is that of their native desert abodes, as for ex-
ample parts of Australia and South Africa, certain species like Opun-
tia monocantha have become serious pests.

While no detailed study has been made with reference to the rate
of natural increase among our native economic cacti, it will be of in-
terest to observe Conditions as they exist now on many of the lower
mesas about Tucson, which is perhaps the center of the better cactus
country in Arizona. It is very common to find one to several
old, decrepit or dead cholla plants surrounded by grottpsr of five to
fifty yotuftg^r plants of the same species. Naturally* all the individ-
uate in- $W^h clumps or thickets cannot come to maturity, the weaker
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ones dying as competition for space and soil water becomes keener.
Reproduction among chollas takes place to a large extent in tins w u \ .
Varying numbers of young plants grow up about old oholkis which
have long ceased active growth, ultimately to take their places
These old plants are characterized by a sparse growth of half-dried,
shrivelled joints at the tips of their branches. Curiously enough,
young plants are seldom observed growing about vigorous iiidn idtuils.
Even where one finds a clump of a half-dozen robust, nearly mature
specimens, examination at the center of the group will commonh
reveal the decaying stump of an earlier plant.

Over the more favorable lower mesa areas where such reproduc-
tion obtains, the ratio of plants less than half-grown to those practi-
cally mature is often as high as ten to twenty or more young plants
to one old one. There is also fair to excellent reproduction oxer much
of our mesa-like mountain slope and foothills country, the stand of
plants growing being commonly as heavy as the soil moisture will
support. Since the mature plants here grow quite closely together,
the ratio of young plants to older ones is often as low as fi \e or ten to
one, nevertheless heavy enough to maintain the present, nearly con-
tinuous stand. The foothills country with its rock or boulder .strewn
slopes has a sparser growth of cacti, chief of which are prickly pears,
than most other areas, Only in creosote bush or grease wood areas does
one find the rate of increase relatively low, though even here it is often
enough to continue the present stand of cacti, or to insure sotttc in-
crease. Disregarding planting operations,the economy of which will
be discussed later, it is quite evident, therefore, that chollas on the
lower ranges are gradually on the increase, and hence in time to come
we may look for them to play a more important part in the make-up
of the widely diversified forage content of these areas.

The above statements concerning reproduction among cacti
apply particularly to chollas, since these are our most abundant
species and oftentimes the only cacti of importance. It is believed
that if such chollas as Opunlia spinosior, 0. fulgida and Q* mamillata
had increased as rapidly during the past fifty years as they have
within the last fifteen or twenty years, much of our better lower
mesa cactus country, which now has but scattered stands of these
plants, would be grown up largely to them. This increase in repro-
duction is thought to be due largely to the fact that the destructive
prairie fires, which in earlier days were not uncommon, no lotj,g€t
overrun these formerly grasa-grown areas*

As must be evident, prairie fires have beea an effective eheck to
the spread and growth of cacti and other woody specie on the prittitivt
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ranges. Not only did they kill out the younger chollas which grew in a
scattering way throughout the mesa grama grass areas at lower alti-
tudes, and the bunch grass ranges on the higher mesas, but they literal-
ly burned up the clumps of younger cacti about the older plants. The
presence of a considerable mulch of dried cactus joints under and about
older cactus plants supplied fuel to complete the destruction of these
same plants. A condition thus existed on the earlier ranges which was
not only destructive to cacti, but incidentally favorable to the growth
and spread of perennial herbs and grasses. This condition was most
pronounced in the identical areas where cacti are known to grow best
but are often least abundant, i. e., where the heaviest stands of grasses
grew, both on lower and higher mesas; and it was least pronounced
where but a scattering growth, mostly of herbaceous species atnd
perennial grasses grew. Thus we find today much of the lower mesa
cactus country with only a sprinkling of cactus plants, most of which
are as yet immature; while on the nearby drier creosote bush areas
there are scattered chollas which are mature and often declining.

Under present conditions, when cholla plants are once established
in favorable areas, further increase occurs by the continual scattering
of lobes and fruits by stock or other agencies. When broken off by
animals the segments are fresher and in better condition to begin
growth than those which remain on the plant until they
fall from natural causes. When these succulent, dislodged
joints reach moist ground, and are protected by older plants
from the sun's scalding rays and from the hoofs of grazing ani-
mals, the chances are very favorable for them to develop into plants.
It is not surprising, therefore, that sheltered areas about old cacti
and mesquite are ideal for the growth of young cacti, bunch grasses
like black grama, and numerous tender annual herbs.

While cattle assist in disseminating cacti on the ranges, they also
trample down a considerable number of young plants growing away
from the protection of larger plants. It is due in part to this that re-
production of these plants commonly takes place in colonies about
older plants, rather than uniformly over mesa areas. As opposed to
this condition on the open range may be noted the remarkable instance
of reproduction over parts of the small range enclosure where stock
have not grazed for more than ten years. Here, growing in the dis-
continuous mesa grama grass patches are numerous young cholla
plants six to twenty inches high and ten years old or less; also myr-
iads of cactus plantlets one to three or four inches high and at
most one or two years old. These latter, at least, have grown from
immature or undeveloped frtdts a half-inch or more in diameter,
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function as bulbils, rooting whenever they come in contact with
moisture and shade, and immediately developing into plants. Close
grazing of areas of this kind would mean the destruction of niaiiv
of these small plants. After a plant becomes a foot high, ho\\e\er,
there is little danger of its being injured by stock.

Another means of disseminating cacti is by range stock and other
animals eating the fruit. The seeds of cacti have thick, "well-protected
coats and hence pass uninjured through the digestive systems of
animals. While most cactus seeds are proverbially slow to germinate,
the fact remains that sooner or later they grow. Birds, rabbits and
gophers also assist in transporting the seeds.

Reproduction with prickly pears, under natural conditions, is at
best slow. This is partly because the plants have no means of be
coming disseminated other than through the showy fruits and the
occasional loose pads or joints. The latter are not readily se\ ered
from older plants, and besides they are too heavy to adhere to the
bodies of animals by means of spines so as to be carried about like
cholla links. Instead of occuring scattered over considerable stretches
as chollas do, prickly pear plants tend, therefore, to grow in more or
less well-defined patches. The individuals often increase in size by
the semi-prostrate stems rooting below and growing out radially
from the center. Ultimately such plants develop into circular clumps
ten to twenty or more feet in diameter, after which there sets in a
dying and thinning out of the older parts. This is due in part to cer-
tain rodents which inhabit these clumps and dig up the soil and eat
away both roots and stems. Thus in time a colony breaks up into
several distinct plants which continue growth as before. Unlike
chollas, prickly pears do not become decrepit with age, there being
usually a healthy growth in the outer zone of the plants. On account
of our limited rainfall, however, growth with these plants is very
much restricted as compared with that in the prickly pear regions
of Texas.

Opuntia arbuscula, one of the chollas, propagates commonly
through small buds which develop on the widely-spreading and shallow-
seated roots. This is quite a novelty among cacti, and explains
the tendency of the plants of this species to grow in groups. The
fruits of this variety, particularly when old, also root readily and be-
gin growth when covered with a small amount of soil, or even when
lying on moist ground, the few contained seeds remaining inactive
meanwhile. Notwithstanding these devices, Opuntia arbweula is
less abundant on the ranges than most of the foregoing species.



CACTUS FORAGE FOR STOCK FEED

SINGEING CACTUS FORAGE

In the early spring of 1904, during a drought of more than usual
severity, the writer began a series of tests in burning off the spines of
some of our native economic cacti to study the effect of rendering this
class of forage more palatable for cattle. These cacti consisted of
prickly pears and, particularly, chollas, characteristic of our lower
mesas. Upon beginning this work, impoverished range cattle in
the vicinity began to eat greedily of these singed plants, divesting
them of the last remnants of succulent growth. The prickly pears
were often grazed to the ground. This continued from day to day
until, finally, the appearance of the Experiment Station wagon where
the work was being done, was a signal for the cattle to collect and
follow up the cactus burner. This work is described in a publication
issued by this Station.* Similar work in Texas and Mexico is dis-
cussed in a publication of the U. S. Dept. of Agriculture issued
subsequently f

This same experiment was repeated in 1907 when there was a
moderate amount of winter annual growth available. The result
was the same. The cattle turned largely to the singed cactus and
left the withered and dried up annual growth, notwithstanding that
the latter was more nutritious.

The cactus burner was that manufactured by the Beever and
Hindes Company, Pearsall, Texas. It costs about $18.00, and is con-
structed on the principle of a plumber's gasoline torch. It consists
of a strong, well-riveted, brass tank, an iron delivery pipe with mov-
able joints, and a burner for generating and burning the gas. The
tank should not be filled more than two-thirds full of gasoline. In
use it is suspended from the shoulders by means of a strap in such a
manner that the end which supplies gasoline to the delivery pipe is
always lowest, otherwise the flame is constantly going out. Only
a good grade of gasoline should be used and this should be strained
through one or more thicknesses of chamois skin to remove all dirt
and water. It w&s found desirable to use leather washers in all con-
nections, to maintain a good air pressure in the tank, and to operate
when there is little or no wind.

The cost of operating this cactus burner is about *$3.5Q per day
of ^ijjfat hows. This allows for eight gallons of gasoline at 25 cents
a gallon, wd $1,50 for the services of a toan. From personal
' " "

"No. 52* Sw«ed Cacti ps a Fora«e, May, ip"6£ '
&, 2>4Pt« A0cw B ui:. Pwfet Industry, B1HJ1. 74. The ftiddy Pear t̂od otjier CsfcB «s ffood

for Sfodfo ate- &r 1905,
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ience the writer infers that with some practice in handling a burner,
considerably less gasoline would be used for the same amount of for-
age singed; and that if one would not attempt to singe all parts of
the plants closely, which is not necessary, the fuel used \\ould be
10 or 15 percent less than the estimate given above. The amount of
forage that could be thoroughly singed with such a cactus burner, was
found to be 7,000 to 11,000 pounds per day. The quantitv varies
with different species of cacti, the degree of spininess of the plants,
and their abundance in a locality

Since cactus forage contains 75 to 80 percent of water, the dry
material that one has for a day's work varies from 1,600 to 2,500
pounds. Allowing $3.50 per day for operating expenses, this may
be produced at a cost ranging from $2,80 to $4.38 per ton. This
estimate allows nothing for the forage as it grows on the ranges. If
expense were incurred in growing cactus as a crop; this also should
be included.

In connection with feeding singed cactus, the fact should not
be lost sight of that along with it, stock eat other miscellaneous browse
on the ranges. This includes the leaves, flowers, flower stalks and
wiry green stems of such harsh forage as scrub oak, jojobe, palo bianco
or hackberry, palo verde, bagote, cat's claw, mesquite, Mormon tear

Spanish b&vonet, and bear or hickory grass, besides several saltbushes,
In fact, during bad seasons almost anything on the ranges with green
or succulent parts is eaten. Not only does such feed take the place, in
part, of singed cacti, but it makes possible variety and diversify
in the ration, which is an important consideration. This is as essen-
tial on the range as in the lot or feeding stall. It is well known
among stockmen that the nutritive value of feeds in general is
increased when these are fed not alone, but as mixed rations.

At no season of the year do grazing animals, of their own accord,
confine themselves to one kind^of feed. Even during periods of abun-
dance of nutritious grasses in our summer and fall seasons, and of
tender, succulent winter annuals in the late winter and spring months,
stock eat some cactus forage and nibble browse plants. As here-
tofore noted by the writer, this diversity of forage on southwestern
grazing ranges, and the mild winter climate, are among the manifest
advantages that we have over other sections of the country in stock
raising.

On a dry basis singed cactus runs high in ash, which is character-
istic of desert plants. It is also high in nitrogen-free extract, including'
starch; and low in fiber and nitrogen. In brief, there is one-third as
much fiber and one-half as much nitrogen in dry cactus forage m in
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good alfalfa hay.* At $4.00 or $5.00 a ton, this feed, in itself crude
and not life-sustaining for an indefinite time, is still cheap in connection
with a ration of a more nitrogenous feed like alfalfa, bran or cotton-
seed meal, for carrying range cattle over famine periods to the next
rainy season. As an emergency feed to prevent heavy losses of stock
during a drought, cactus forage would be cheap at almost any price;
and yet, not counting the labor of an operator, it can be prepared on
the ground at an expense of $1.60 to $2.50 per ton of dry matter.

In feeding cactus forage,there is also a water content of 75 to 80
percent to be considered, which is very important when range stock
are far removed from watering places. This water content enables
animals to remain grazing for a longer time, and to make fewer trips
to water than would otherwise be posible. The constant travel by ani-
mals between watering places and feeding grounds is a tremendous
factor in cutting down their energy and vitality at times when every-
thing possible should be in their favor. During severe droughts it
is common for cattle to browse away from water as long as possible.
When compelled to go to water in a famished condition, they not
only drink more than they should, but, having endured the pangs of
extreme thirst for a time, they remain about watering holes appar-
ently preferring death from starvation to that from thirst. The feed-
ing of even a moderate amount of cactus would be largely instru-
mental in preventing such consequences, since a day's ration of 100
pounds of cactus forage would supply about eight gallons of water. It
has been suggested that cactus is as useful to stock for the water it
contains as for the solid food. It is stated, in fact, that in Texas range
cattle fed on prickly pear and cotton-seed meal did not care to drink
of tener than once a week in cool weather, and but three or four times
a week in the summer season. In feeding tests conducted at the
New Mexico Agricultural Experiment Station ,t it is stated that the
steers seldom drank water when feed on prickly pear alone

DBTAJXS OF PRACTICE

Cacti should not be singed too closely, as they are then less likely
to grow again* The practice of singeing old chollas is doubtful as
they are of value chiefly for their fruits. Young cacti should never
be singed, since their growth is set back and at times they are killed
ptttri^ht. G& this account care should be exercised to singe only the
tipper part$ of larger plants, so that the flames will not follow down
to the boge, about wWct there are commonly growing several young
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In practice It was found that chollas singed more readily than
prickly pears, less manipulation of the cactus burner being necessary
to get the flame around the cylindrical joints of chollas than on both
sides of the flat pads of prickly pears. Again, with chollas the greater
number of inflammable spines assist in spreading the fire rapidly.
With prickly pears, on the other hand, practically all parts must be
exposed to the flame. Where chollas are abundant, a considerable
number may be set on fire at once, after which the finishing can be
done with the cactus burner.

Not uncommonly stockmen singe cacti with improvised kerosene
torches. These consist of green mesquite or palo verde limbs to the
ends of which are wired a bundle of rags which are dipped then in
kerosene. With spiny cacti like Opimtia fulgida and O* <rf>ino$ior,
much can be accomplished in this way, and the work is usually
as thorough as it should be for the best interests of the plant. Prick-
ly pears are not singed so well by this method, though the sharp tips
of the spines are burned off. With the kerosene hand torch many
parts are left wholly or partly unsinged, even in the instance of chollas,
The plant is not subjected, however, to the intense heat of the gaso-
line blast flame, which is a distinct advantage. Another method oc-
casionally resorted to is to cut and throw the spiny parts to be singed
on brush piles which are then set on fire. JRayless golden-rod, a
pernicious range weed, is unexcelled for this purpose, even in the green
condition. When the fire is too hot, some of the links are badly
charred, but this can be regulated with a little care in preparing the
brush heap, This method has the advantage of singeing the edible
parts of both prickly pears and chollas without bringing the fire in con-
tact with the living plants. Unless one has cheap labor at hand,
However, this method is more expensive than either singeing with a
gasoline blast lamp or with a kerosene torch. Occasionally one finds
a stockman singeing by building brush fires about the plants, but this
practice is destructive to young plants,

From his observations on feeding cacti to stock on Texas ranges,
Dr, Griffiths* states that it is common for Mexican herders in prickly
pear regions to carry machetes to cut away the edges of the pads so
as to give grazing animals, a better chance to feed on them, By re-
moving this outer edge of the pad, a large proportion of the spines is
disposed of. This is slower and less desirable than singeing, inas-
much as the more or less abundant spines or* the sides of the pads
still remain.

*U, S Dept Agr Bur Plant Industry, Bull. 74, The Prickly Pear aad Otbtot Cacti '«* Food
for Stock, Mar. 8, 1905.
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CHOPPING OR CUTTING CACTUS JOINTS

Another method of preparing cactus forage in parts of Texas is
to cut up the joints with a pear-cutting machine. These machines chop
or crush the joints into small pieces, and break most of the spines, ren-
dering them in considerable measure harmless. Many of the spines
also are \\iunowed out from the chopped parts as they leave the ma-
chine. Chopping prickly pears with a machine is said to be successful
where cactus feeding is practiced on a considerable scale. About
(en men wi th five or six teams are required to keep a pear cutting
machine running to its full capacity. Of these, three men with teams
and wagons are needed to haul the pear to the machine, and a fourth
man \\itli a team and wagon to haul the chopped material away.
Seven men, including the foreman, constitute an operating crewT and
four horses furnish power for the machine. With this force about
20,000 pounds of pear may be cut in an hour. Ihis method of pre-
paring cactus forage necessitates three different handlings of the feed
before it reaches the animals, as follows: (1) Cutting and loading the
spiny joints in the field, and hauling them to the machines; (2) feed-
ing these joints to a machine which after cutting delivers them by
means of a carrier into a second wagon bed; and (3) hauling the
chopped pear to stock.

The machine costs about $125.00. Allowing three dollars per
day for men and teams to operate a cactus chopping machine, the
cost would be about $24,00 for 160,000 pounds of the chopped material.
This is half the expense of singeing under our conditions with a burn-
er. The singed cactus, however, is more edible for .stock than the
chopped forage, which of necessity contains a considerable number
of spines. Again, we have no such heavily overgrown cactus areas
to feed from as characterize parts of Texas.

1JIWKCTS OF SINGEING AND CLOSE BROWSING

At first thought, singeing cactus plants on the range appears
to be an ideal means of preparing this class of feed for stock when
gracing is short. Not only is it inexpensive but it is very convenient
There are, however, serious objections to this practice and for this
reason the writer welcomes such economic means of preparing cactus
for feed as tutting the spiny lobes and singeing them over brush fires,
or singling them in small piles with a cactus burner. Naturally the
hot flame of the cactus burner is injurious to the outer living parts
of tlie branches and trunks of the plants, which alone remain after

browsing* Besides, dose singeing:, induces close browsing and
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thus all the edible succulent branches, from which new g r o w t h take*;
place most readily, are destroyed. Close browsing of ehollas also
removes the succulent fruit bearing branches. Accordingly chollas
thus treated have little or no fruit for several seasons. Since these
plants are most valuable for the fruit, it is doubtful \ \hethei they
should be singed under any conditions short of dire want .

It has been suggested that only a portion of a cactus be sim»eil
at a time, and that the remainder be left untouched to enable the
plant to recover more quickly from the burning. This is ord inar i ly
impracticable, however, in singeing such spiny ehollas as O/ntnda
julgida and ()> ^fnnosior; for once the lire comes in contact w i t h the
heavy coat of d r \ , inflammable spines, it spreads rapidly, even fol
lowing down the branches for some distance, and reaching the ground
through falling parts. Here it destroys the dead cactus debns and
in addition burns severely the young p lan ts growing around the bases
of the older ones.

For this reason it is better to cut the limbs of ehollas and pi le
them on a layer of brush to be set on fire as needed; or such material
may be singed with a cactus burner. As compared w i t h singeing
the material on the growing plants, tins latter method requires more
labor, but less gasoline. By this means, there is no occasion to bring
the fire in contact with the living plants, and hence the only possible
damage done to them is the removal of the green 1/ranches. ,

Prickly pear joints may be singed in place w i t h much less danger
of injuring the plants. There are several reasons for (his. Here
the spines are fewer and farther removed from each other, and the
lobes are flat and fleshier, which prevents the fire from spreading
rapidly to all parts of the plants and also from.developing any con-
giderable heat. Again, prickly pears are of most value for their crops
if green pads or joints, the f f t i i t being at best u minor consideration.
Finally, prickly pear plants endure singeing and the resultant gra/
ing better than ehollas, the closely eaten stumps beginning new g r o w t h
quite readily upon the return of favorable conditions.

Thus it appears that ehollas and prickly pears should be handled
quite differently for best economic results. Chollas are more subject
to injury from singeing, and also more valuable for their f rui t pro-
dttction than prickly pears. When singeing is resorted to, therefore,
the parts should be cut off and thrown on brush heaps to be burned.
On the other hand, prickly pear forage may be singed on the plants,
without seriously injuring them. The spines on only the upper half
of the plants should be burned off. This can be done, ordinarily,
without the fire following4 down to the base, and thus damaging' the
plant .
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EARLY EXPERIMENTS

In 1899 and 1900, Professor J. W. Tourney, a former botanist
of this Station, secured promising varieties of cacti from various parts
of the Southwest, also from Argentina, Chile, and Sicily, and
made plantings on the University grounds looking to the selection
and propagation of varieties that might be of value for growing in
tins region, Upon Professor Tourney's departure, nothing more \\as
done with this subject until the early spring of 1904, when it was taken
up by the writer. The fate of this collection of cacti, many of which
were introduced spineless or semi-spineless species, is not only in-
teresting but suggestive of what might be expected under like con-
ditions on the grazing ranges. A substantial barbed-wire fence which
enclosed the University grounds provided ample protection from
grazing animals, though not from jackrabbits, which pests devoured
the succulent pads of the spineless cultivated forms with as much ap-
parent relish as if they represented an equivalent of green barley or
alfalfa.

Accordingly, when the writer came upon the field somewhat more
than a year after the last planting had been made, there were but two
plants of the spineless or nearly spineless varieties alive, one from
Argentina which was doing poorly, and the other a robust, erect grow-
ing, Mexican variety known as the Mission pear or nopal de Castilla.,
This species, as already noted, had been growing successfully in Mex-
ican gardens in southern Arizona for many years and its^ success
here under less favorable conditions is suggestive of its possible value
as a forage plant for semi-arid agricultural lands. The cultivated
Sicilian plants, without exception, had died out. On the other hand,
the native spiny varieties, long accustomed to our extremes of drought
and heat, continued to make fair growth up to the time the experi-
ment ended about two years ago.

From the above and similar experiments made later the writer
took the position early that spineless cacti could not be grown sue*
cessftilly on open ranges, nor even in fenced enclosures, unless such
fences were rabbit-proof. Under present conditions, the cost of a
fence of this kind is beyond economic consideration. It is useless,
therefore, to attempt to grow these plants on unprotected ranges, and
even with the spiny varieties a great deal of trouble has been exper-
te&ced from rabbits and other animals.

The soil wbere these cacti were planted Was characteristic of
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lower mesa cactus country, being of a clayey consistency. It was
free from shrubby growth and rayless golden-rod. No cultivation
or irrigation was given these plants except in a row on the cast side
which got some water from the irrigation of nearby eucalypt trees. It
is interesting to note that the plants which received even a little irn
gation made better growth at all times than those which had to de-
pend entirely on rainfall for their supply of moisture.

RECENT TRIALS WITH SPINELESS CACTI

In June, 1908, this Station obtained a small consignment of Bur-
bank's spineless cacti through Mr. F. N. Doud of the Thornle&s Cactus
Company, Los Angeles, California. These consisted of cuttings and
rooted plants of the Monterey and Chico varieties. Upon arming
they were planted in the Experiment Station forage garden and pro
tected by a fine woven wire fence. Since it was desired to encourage
a reasonably heavy growth in this preliminary work in order to get
more cuttings for planting, irrigation was given as often as it v\as
thought advisable, i. e., generally once in two weeks during rainless
growing periods. Notwithstanding this, these plants did very poorly;
they showed signs of injury from the heat and drought in June, while
in August several of them rotted off near the ground from heavy
summer rainfall. These latter were rooted in pots and set out again
the following October. At this time most of the plants grew one or
more joints each during the cooler fall weather. The following winter
was*about an average one for southern Arizona, nevertheless, sev-
eral of the plants were injured by frost. In the spring, growth
began under quite favorable conditions, but during June there was
the usual trouble from heat and drought.

By the end of the growing season these plants were generally un-
healthy in appearance and several of them were little larger than
when set out two years before. Thus from nearly every standpoint
they proved a complete failure. Concerning these varieties Burbank
states* that the ' 'Tapuna'' class of Opuntias, including the Monterey
and Chico varieties of spineless cacti, are hardier than those of the
"Ficus-indica" class, and that the Monterey variety is the most rapid
growing Qpuntiaoi this group. Mr. Burbank says the Chico cactus is
one of the two best of this class, so that these varieties wete as good as
could be had for experimental work under our conditions.

Along with the above plants a number of rooted cuttings of the
Mission pear were set. These did fairly well almost from the start,
and with the exception of slight damage done (Curing the cold winter

*The New Agricultural—Horticultural Opuntias, '
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of 1909-1910, when the Monterey and Chico varieties were frozen
bacllv, they have not suffered injury from any cause. They are more
resistant to heat and drought than the Monterey and Chico varieties
and also are better adapted to our soil conditions. In March, 1911,
when the experiment ended, the Mission pears were looking well and
had begun new growth, while the Burbank cacti were in poor condi-
tion and some had died. In taking up this work it was expected that
\\ ith moderate care in the way of cultivation and irrigation a consid-
erable amount of new growth of the Burbank cacti would soon be
available to the Station for further and more varied planting experi-
ments ; but this was far from the case.

In October, 1908, Mr. Davidson and Mr. Cole of Tucson, along
witli several other farmers, purchased small lots of several varieties
of spineless cacti from agents of Mr. Burbank. These were planted on
their farms at or near Fort Lowell where the winter temperatures are
several degrees colder than at Tucson, but where soil conditions are
in the main more favorable for plant growth. On account of being
set out late, most of these plants remained inactive until spring,
though some of them grew new shoots which did not mature that fall,
but which were frozen back in the winter. By spring a number of
the plants had died from unknown causes, while others were consid-
erably injured by frost. The following season, growth of these plants
was quite slow, though the land was given occasional cultivation and
irrigation* Many of the plants showed ill effects of heat and the dry
atmosphere in June. During the severe winter of 1909-1910, all these
plants were frozen back one-fourth to one-half. At this time (July,
1911), fully one-third of those set out by Mr. Cole are dead, while of
the remainder, a few growing about a water faucet and receiving
abundant irrigation have done well, being three and one-half to four
feet high. The others, which have had little or no irrigation during
the past year, are 12 to 18 inches tall, yellowish in color and consider-
ably wilted. Thus the Burbank spineless cacti of the '' Ficus-indicaJ'
type have failed also to make successful growth under our conditions
except when irrigated, being injured by severe winter freezes and by
extreme heat and drought in the summer seasons.

Besides the above, the writer is aware of similar failures witk
spineless cacti m the upper Gila, Salt River, and Santa Cruz valleys,
and also in the vicinity of Benson, Arizona. Occasional plants set in
garden® or yards and cared for after the manner of cultivated specie®
have »»4e fair to excellent growth, but certainly no better than
that of Mispw pew pirate under similar conditions^ This iodk#U$
that a Salubrious climate, such as obtains in the Pacific coafct
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country where spineless cacti are said to yield well, Is necessarv
for their good growth, and that under our arid conditions these cac
ti are wholly out of place. In the face of repeated failures like the
above, the writer has felt justified in advising against the planting
of Bin-bank's spineless cacti in Arizona.

This does not preclude, however, the growing* of hardy spineless
cacti like the Mission pear or nopal de Castilla as w inter succulence
for dairy stock. It is quite possible that this species can be culth a ted
successfully on semi-arid agricultural lands where one or more irri-
gations may be given during the winter and early spring months,
and perhaps one in the summer season. However, the Mission pear,
which is hardier than any of the Burbank spineless cacti tried here,
cannot endure for any length of time temperatures lower than ten 01
fourteen degrees P., which limits its successful growth in sotttheiu
Arizona to altitudes below 3,000 feet.

MISCELLANEOUS EXPERIMENTS WITH NATIVE CACTI

In January, 1905, the planting of cuttings of several of the more
promising native cacti was begun on the ranges. The varieties used
were those that are browsed by stock, and also that grow native on
arid mesas. This work was primarily to determine the more fa\ot
able seasons for planting, the species of cacti best adapted for grow
ing, and the probable length of time required to secure a crop of forage
after planting. It was evident at the start that under our conditions
growth of cacti is at best slow. This is offset in part, however, bv
the following considerations: (1) The small expense incurred in plant-
ing and maintaining fields of cacti; (2) the large tracts of lower mesa
Country suitable for growing cacti and similar plants, and nearly
prorthless for the production of other forage; and (3) the manifest
adaptability of cacti as forage plants to our peculiar conditions,

During the two years ending with December, 1906, thirty six
cuttings each of Opwntia arbuscula, O> fulgida, 0, mamillata, 0. spino-
sior, 0. versicolof) 0, Blakeana, and O.Engelmannii*w®tt planted about
the middle of each month on the small range reserve. The cuttings
of each variety were set in square plats about twenty feet on a side,
the borders of which were ridged slightly to prevent heavy rainfall from
running off, and to prevent the flowing in of indefinite amounts of storm
water. In planting, holes were dug six to eight inches deep and the cut-
tings set at a small angle and covered to within three orfour inches of
their tips. No cultivation was given, native growth including scattered
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and cacti plants being left undisturbed. The cuttings used
\\erc mostly small, those of Opuntia Engelmannii consisting of one
pad, of O. Blakeana two pads, and of the chollas one or more joints
each, or sufficient to make pieces eight to ten inches long. As was
found later, larger cuttings would have answered far better.

The various plats suffered from time to time from the ravages of
rabbits. This was particularly so during the late spring and dry
fore-summer periods when there is little other succulence on the
ranges within reach of these animals. Occasionally, entire plats
\\ere killed out in this way. This damage continued to a lessened
extent throughout the second year after the beginning of fresh growth
in the spring. The greatest injury was done to those varieties having
fewest spines, for example,Opuntia mamillata among chollas, and 0.
Engelmannii of the prickly pears.

On account of this it is impossible to draw any definite conclu-
sion from this test. There are, however, certain general observations
which may be noted. Of 800 cuttings of Opuntia versicolor planted,
none grew. Even under favorable conditions this species roots with
difficulty, and nowhere does it occur native on the lower mesas. The
percentage of prickly pears that began growth was generally greater
than that of chollas, though in the end a larger number of the latter
were found growing, on account of less damage done to them by rabbits.
The best growths were made by cuttings set out during January and
February when there is usually enough moisture in the ground to
enable them to root immediately; while the poorest growths were
made by cuttings set out in the rainless periods, i. e., April to June,
and September to November, inclusive,

Along with this experiment may be noted a similar one made
by Dr. Griffiths of the Bureau of Plant Industry, on the large range
reserve at an altitude of 3,500 feet The annual precipitation here is
about 15 inches, somewhat more than one-half of ^hich falls during
the summer growing period. The area is covered with a rather heavy
growth of mesa grama and similar perennial grasses, through which
are growing scattered mesquite shrubs. This experiment consisted in
setting out on the first of each month during the year 1905, 20 cuttings
each of Qpuntia spinosior, O, marmllata, and 0. d^scata. The cuttings
were selected and rather large, and planted moderately deep.

There was a good growth of Opunfoa dtscata in nearly every
planting made throughout the year, though larger plants grew from
cuttings set during the first half of the year than from those planted

on. to a few plats, by mistake, another species of prickly pear
substituted for Opuntia discata, in which instances the results
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were almost invariably poor. This emphasizes the impoi lance of
selecting right varieties for planting. The larger plants of Of>uniia
discata five years after planting range from 15 to 2S inches hi '^h, f i ad
are very robust. With Opuntia fulgida there were good to fair <;iov tlis
of those set during the remainder of the year. The a\era'4e h e i g h t s
of the better of these plants at five years of age range from IS to 28
inches. Opuntia sp^nos^or made the poorest shewing of any, The
cuttings planted during the first three months of the } car made fair
to poor growth at best, the better ones being 12 to 15 inches h i^h ,
while with those set during the remainder of the year the growth
was generally poor, and many died. A smaller percentage of the ait
tings of this species grew than of either of the others.

In this trial the best stands of plants as well as the best growths
came from plants set during the period January to April inclusive.
In looking'over this*plat of cactus plants, one recognizes at once a
gradual decrease irfthe"'size of the plants as he passes from those set
during the first half to those set during the second half of the \ ear,
After more than four years' time, this difference in g rowth , \\liieh
should be small now, is far greater than can be accounted for, unless
it is granted that like other plants, cactus cuttings grow best when
made during their dormant periods.

In order to determine further whether growth of cactus cuttings
planted at different seasons is influenced by the amount of soil moist-
ure, or by other considerations, 12 cuttings each of Opuntia fulgida,
0 spinosior, and Opuntia sp.} a large-lobed prickly pear, were planted
in the Experiment Station forage garden about the middle of each
month during the year 1907. The soil here is of the ordinary mesa
type, being 12 to 15 inches deep and underlaid with caliche, The
plants were irrigated monthly during periods of little or no rainfall
Of the cuttings of the large-lobed prickly pear, 90 per cent grew and
flourished, regardless of the season when planted. Eighty-three per
cent of the cuttings of Opuntta, spinonor grew, though less than 30
percent made fair growth, while but 50 percent of the cuttings of O.
fulgida grew. Very few of the latter, however, made even fair growth.
Thus with moderate irrigation prickly pear plants did well regardless
of the season when planted, though the ones set during the early part
of the year made the best growth; plants of Opuntia spinonor grew
best from late winter and early spring planted cuttings; while Opun-
tia fulgida failed under any conditions, and many of the plants of the
latter species rotted off at the ground after beginning growth. Prom
the above it would appear that prickly pears, in general, root
readily than chollas when planted out, and also that they are ta*
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fluenced by the season of the year when planted, but that It is best to
plant cacti cut during their dormant seasons.

In the small range enclosure, along with the above experiments,
50 cuttings each of the same species, viz., Opuntia arbuscula, 0. ful-
yidat O. mamillata, 0. spinosior, O. verwcolor, O. Blakeana, and 0.
Engehnamui were laid in order on the surface of the ground in January,
1905, and a second lot in June following. This was to determine
whether cuttings treated in this way would grow under arid condi-
tions, as they do in parts of Texas where rainfall is at least double
what it is here. Of these, no cholla cuttings rooted at all, and only
those of the prickly pears grew that happened to lie in the shade of
(3thor plants; thus, several cuttings of Opuntia Engelmannw grew
under a mesquite tree, and a few of Opunt^a Blakeana under scattered
shrubs. Prickly pear joints lying on the ground in this way become
* ' warped' ' and often strike root from the lower convex surface
with favorable seasonal conditions. The cuttings laid on the
ground in June scalded badly in a few hours time, so as to be yellow-
ish or brownish in color and quite soft. Where prickly pear cuttings
were distributed miscellaneously in the shade of shrubs and covered
with a little soil, nearly all grew during a favorable season. This ex-
periment bears out the general observation, that under natural con-
ditions, propagation of cacti is best on land covered with herbaceous
growth like grass, and in diffuse shade of trees and cacti.

As concerns the relation between the age of cactus joints and
their percentages of growth, in no instances did immature cuttings
grow when planted. On the other hand, cuttings made from joints
at least two years old rooted better than similar ones from one-year-
old pieces. With reference to the size of cuttings to plant, experi-
ments which were begun in February, 1906, demonstrated that with
relatively large cuttings, i. e , those of two or more joints each, not
only did a larger percentage of plants grow but the growth was more
rapid than when smaller pieces were used. It is desirable, therefore,
to plant reasonably large cuttings, namely, those 12 to 15 inches long.
With Iarge4obed pears such cuttings would include two lobes each,
while with chollas, the cuttings should consist of several small
branches*

Of 200 fruits each of Qpuntia fulgida, 0. mamMata, and O. spino-
sior planted in February, 1906, in furrows, after the manner of setting
out cutting®, only a small number started growth. The following
year lairge mature fruits of Opuntia arbuscula were planted about am

deep % shallow furrows and covered with trash. These grew
It is cawmon for old fruits of this species to begin
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growth while still on the parent plant, so that it was to be expected
that they would grow when planted. Naturally, such plants make
slower growth than those which develop from cuttings. I/ater Mt td i t s
on the raii f>e have shown that such chollas as Ofiuntia mamillntii, ()
fulqida and 0. arbuscula propagate readily from their f iu i t s , p a t t i
cularly when these are afforded some protection by other plants*

FIELD PLANTING TESTS WITH NATIVK CACTI

During the period January to February of the years 1906 to 1008,
inclusive, 500 cuttings each of Opuntia atbmcula, 0. fulgula, 0, mamil
laki, 0 spmosior, 0 Blakeana, and 0. Engelmannii \\erc planted
withm the small range enclosure; and in 1909, 100 cuttings each of the
above species were planted, together with Opuntia lingua*. Jorntis and
the Mission pear. Small plantings were also made of the above specie s
on the lower part of the large range enclosure during the eailv bpthi t>
seasons of 1908 and 1909. The cuttings used in this work \\eie such
as would be employed in planting on an economic scale, and as far as
possible the experiment was earned on with this purpose in mind.

The native growth on the land included occasional melinite
shrubs, palo verdes and creosote bushes, besides numerous rayless
golden-rod plants and scattered patches of mesa grama grass. The
soil generally was deep and without caliche near the surface. In
spots it was quite clayey, though much of it is more or less sandy,
and hence not as well suited for cacti as heavier soils.

In planting, parallel furrows were plowed 12 to 15 feet apart,
and as nearly as possible at right angles to the slope of the land, in
£>rder to prevent erosion. After this the cuttings were set four to
six feet apart in the rows, slanted against the ridged portion, and
covered to the desired depth by means of a second plowed furrow.
The last furrow made retains occasional storm water near to the
young growing plants, the advantage of which is obvious. Planting
after this manner is relatively inexpensive, since two men with a
team, plow and wagon may cut, haul and plant two acres of cacti per
day. This allows the rows to be 16 feet apart, though 18 feet is a
better distance, and for the plants to be set six feet in the row* for
which 450 cuttings are required to the acre. Working In this way,
two men with the necessary equipment could plant 100 acres of cacti
during the winter season, when conditions are most favorable for
this work, at a costaiot to exceed $300.00.

Experiments have shown that under our arid conditions it is not
necessary to expose cactus cuttings for even a few days to the
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rays before planting them, though such treatment is not objection-
able in the least. Cactus cuttings may be handled to advantage with
iron tongs 8 to 10 inches long, the fingers of which are curved nearly
at right angles within one and one-half inches of the flattened tips. Such
tongs should be light enough to be used with one hand. The cutting
may be done with a light sharp axe, particularly on woody plants like
Opu,ntia arbuscula, or with a corn knife or, better yet, a Mexican
machete. Any heavy, long-bladed knife will answer well for fleshy cut-
tings, like those of Opuntm mamillata* It is desirable to keep a good
sharp cutting edge on the instruments so as to leave a clean surface.

In handling cactus cuttings, those of prickly pears may be piled
high in wagon beds, and, if not set out immediately, unloaded with
a shovel or scoop in small piles about the field where they are to be
planted. Only reasonable care need be exercised in this work not to
damage them. On the other hand, cuttings of chollas like Opuntia
fulgida and 0. spinosior, should be placed not more than four layers
deep, preferably in a low wagon bed, and removed in order. They
should be transferred immediately to the plowed furrows so as to
prevent being broken by extra handling. Cuttings from half-grown,
robust chollas which as yet have not begun to fruit heavily grow bet-
ter than those from older plants which are often loaded down with
fruit. 3?ruit in any quantity should be removed from cuttings before
these are set, in order to discourage rabbits from eating them.

NOTES ON FIELD PLANTING WORK

In field planting operations in 1906, the furrows were plowed as
deeply as an ordinary plow would go without extra effort, i e.s 5 to 8
inches. Occasionally, the second furrow turned did not cover the
cuttings well and hence some of this work had to be done with a heavy
hoe. The cuttings in this first trial were smaller than those used in
later years, those of Opunfaa arbuscula being 8 to 10 inches long,
seldom branched, and often not thicker than a lead pencil; while with
other chollas, not uncommonly single large links were planted. In
the instance of prickly pears single pads of these were often planted
a$ cuttings, The soil was*in fine condition at planting time, the winter
rainfall being exceptionally heavy and continuing well into the spring.
The summer rainfall, however, was slightly below the average. The
growth of these plants was unsatisfactory from the start, wjiich fail-
ure the writer attributes largely to shallow planting and to the rather
small cuttings used. Much damage also was done by rabbits, there
betog from 30 to 60 percent of the cuttings of Opuntia mamillMa and
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0. Engelmannii destroyed during the first year. Likewise, the other
species suffered heavily.

In the second field test, made in February, 1907, the furrows were
plowed deeper than before, i.e., 8 to 12 inches,and the cuttings used were
larger,those of large-lobed pears being of two joints each, while cholla
cuttings consisted of a cluster of several joints. The latter w ere handled
carefully, so as not to break them, being carried for the most part
from nearby plants in clothes baskets, which answer well for this
work. The rainfall for this season was considerably above normal,
though there were no heavy rains after January. The summer rain-
fall was also heavy, being nearly double that of the average for this
area. The plants suffered little from rabbits on account of the abun-
dance of annual growth during the winter and summer seasons, and
growth generally was good. Many of the plants grew in a single
season to heights of 15 to 18 inches, averaging twice the size of those
that had been §et out a year earlier. So favorable was this growing
season that scattered cuttings of prickly pears and Opunlia arbutcula
lying about the field rooted and grew into plants.

The third field planting was done in all respects like the one of
the previous year. The winter rainfall, though well distributed, was
but one-half that of the year before, while the summer rainfall was again
heavy. Most of the plants made fair growths but were injured con-
siderably by rabbits and gophers, many of the less spiny ones being
eaten to the ground or entirely destroyed. For purposes of comparison
a smaller planting was made on the large range enclosure near to the
north gate. The soil here is loose above but clay-like and heavy
below, and the shrubby growth, including cacti, is less abundant but
larger than on the small range enclosure. This entire plat of cuttings
was destroyed by rabbits within six weeks of the time that it was
set out, regardless of the fact that several of the species used were
very spiny.

The last field planting was made in the spring of 1909. Unfor-
tunately, it was not done until late in February, though four or five
weeks earlier would have been much better, The work was done
according to the general plan heretofore ^described, except that a
second furrow was plowed from the bottom of the first one, after which
the cuttings were set and covered by hand. This plowing of a second fur-
row from the bottom" of the first one has the advantage of getting the
cuttings deeper and of loosening up the soil below, which is desirable
during dry periods, though in planting extensively a team and plow
should be used for covering the cuttings, thus leaving an open furrow
to collect storm Water. The winter rainfall this season was slightly
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below tlie average, beau? 4 SO inches, the bulk of which came in De-
cember Accordingly, the late spring was dry with the result that
there uas little annual growth on the ranges. The summer rainfall,
lio\\ever, \\as heavier than normal and well distributed.

A plat of cacti similar in size to the above was also set out on the
large range enclosure adjacent to the one of the previous year. From
the vStart these plants were attacked by the rabbits, the damage be-
in $ greater than ever before On the small range reserve all cuttings
of Ofmntia linqu(u]ormis and the Mission pear, and nearly one-half
those of the remaining species were destroyed before July 1; while on
the large range reserve all plants were eaten early in May. Not only
were the cuttings eaten to the ground, but the underground portions,
the spines of which were softened with the soil moisture, were dug
out and devoured.

vSUMMARY OF ABOVE EXPERIMENTS

The following table gives the winter rainfall immediately preced-
ing each planting test, the summer rainfall following, the number
of cuttings of each species planted in the small range enclosure during
the different years, and also the number of plants growing in each
of these plats on June 1, 1911:

Year.

Winter rainfall before planting
Summer rainfall after planting.
Number of cuttings set, each species,

Chollas.
Opuntia arbu^cula
0. fulgida ....
0. m&mtllatct' •
0. spinosior. ,

Prickly Pears*
0 ]Bl®kBQ>WiQ>

0, Eng6lmo>nii\ , .
0, Castillo*® . . . ,
0, Ungwwformif -

1906

8 69
4 27
500

1907

8.06
9 74

500

1908

4.13
8.39
500

1909

4.50
7 44
100

Percent
growing

Plants living, June 1, 1911
191

59
60
36

2
5

338
223

86
271

91

220
165
168
189

98
70

54
44

31

56
00
00

50%
30%
20%
33%

7%
13%
00%
00%

From the above it will be observed that a much smaller number
of prickly pears are growing from cuttings than of cfaollas, which is
due wholly to the greater damage done to them by rabbits. Not
only have tfae&e animals killed outright a large number of the plants
but they fcave bee& the means of stunting many others in their growth,

pears and chollas. The larger of the
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prickly pears, which are three and four years old from cuttings,
are 12 to 18 inches high, while the smaller ones have grown Imt a fow
lobes each. Among chollas, Opuntia mamillata, the least spiny
species, was Injured most by rabbits. The larger and healthier plan Is
of this species,which are three and four years old, are 12 to 18 inches
high, while the smaller ones are but a few inches and commonlv do-
ing poorly. This species has made a very poor showing.

Opuntia fulgida and 0. spinosior have each about the same* num-
ber of plants growing from cuttings, viz., 33 percent, those of ()/>nntin
spinosior being generally taller, but of less compact growth. The larger
plants of Opuntia spinosior which are four years old from cuttings
range from 15 to 33 inches high, while corresponding plants of Opiui
tia fulgida are 12 to 28 inches in height, A considerable number of
the smaller and slower growing plants of Opuntia fithfidn and O.
mamillata are suffering at this time from drought, having dropped
many of their joints. This may be due to the character of the soil in
which they are standing. The plants of Opuntia spinosior appear
healthier than those of other chollas, Opuntia arbuscula exeepted.

Optmtia arbuscula ranks first in the number of plants growing
from cuttings, there being 50 percent of all that were set out. The
woody cuttings of this species are less disturbed by rabbits than those
of the more succulent varieties, but the young tender shoots are much
eaten. This is a slow-growing but very persistent species, occasional
cuttings remaining in the ground two years before showing any growth,
The larger of these plants three and four years old are 12 to 24 inches
high, much branched from the base and of very compact growth. At
this time these plants are making a fair growth and have a healthy
appearance.

A few of the larger plants of Opuniia arbwscula, 0. fulgida^ O,
mamillata, and 0. spinosior blossomed and fruited the first time this
year. When ten years old many of the above plants will be bearing
moderate though not large crops, the yields of which will continue to
increase as the plants become larger and older. Judged from the past
rate of growth, average prickly pear plants 10 years from cuttings
will be five to seven feet in diameter, when the first crop of green
forage may be drawn upon. Considering past experiments, prickly
pears should produce a crop of forage once every five years, and may
be singed that often.

Such a crop should not interfere with the usual growths of winter
and summer annual plants on the land, nor of mesa grama grass,
which is often heaviest in cactus thickets. More than this, the pres-
ence of cactus plants makes impossible the grazing out of these herb-
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aeeous species. While these yields of cacti are by no means flattering,
they are well worth consideration at the hands of practical stockmen
as an emergency forage. This is particularly so when it is recalled
that the cost of planting cacti is not greater than $2.50 or $3.00 per
acre, and that the work can be done by the stockman during winter
seasons with almost no expense to himself.

There are also large areas of lower mesa cactus country partly
grown to cacti naturally, the planting of which could be completed
at little expense by transplanting young cacti now growing in
thickets about older plants. When once an area is planted to cacti,
there is no further expense until the succulent growth is prepared
for feed; and with chollas where fruit production alone is considered,
there need be no expense whatever. Under ordinary conditions, the
first crop of forage will cover the expense incident to planting; and dur-
ing this time and continuing in the future, growth with these plants
will be greater from year to year both in fruit and forage. When
considered, therefore, for periods t of 10 or 20 years or more, the
growing of native cacti in economic quantities on our and ranges
is practicable.

HINTS ON CACTUS PLANTING ON THE RANGES

After several seasons of pioneer work in planting native cacti
on our ranges, in which more failures than successes have been re-
corded, the writer offers the following practical suggestions on the
subject. While the planting of cacti is not uncommon in parts of
Texas, it is believed that this is the first work of this nature to be
undertaken in the more arid parts of the Southwest

Cuttings of native cacti may be planted in southern Arizona anv
time from December 15th to February 15th, or in wet seasons until
March 1st. No planting should be done after growth has begun in
the spring, or after the soil has begun to dry out with the spring and
early summer drought. Planting on any considerable scale should
be done only during years of favorable rainfall, as for example the
period 1904 to 1909, This will reduce very much the damage done
by rabbits to newly-set plants, since at such times there is an abun-
dance of tender green herbage on the ranges. Also, when planting is
done immediately following a wet winter and spring, it is more cer-
tain to be successful even with moderate summer rainfall. Thus far,
no practical means of poisoning rabbits has been devised, hence the
necessity of selecting favorable seasons in which to do planting.
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The cuttings should be relatively large, those of large-lobed
prickly pears consisting of two joints, while cuttings of smaller pricklv
pears should have three or more joints. Cholla cuttings should be
12 to 14 inches long and made up of a number of joints or smaller
branches. They should be planted immediately upon being cut to
prevent extra handling, while prickly pear cuttings may lie for a few
days, if it is convenient, without injury. It will save one handling of
these to cut them in the field and allow them to remain until one is
ready to begin planting. All cuttings should be set moderately deep,
i. e., 9 to 10 inches, and covered about three-fifths of their length, or
within a few inches of their tips The spinier varieties of both chollas
and prickly pears are much less attacked by rabbits, and, therefore,
should be giyen preference in planting.

Only the heavier soils of the lower mesas should be utilized for
planting cacti, gravelly or sandy soils even of good depth, and soils
underlaid with caliche, being useless for this work. All worthless
growth like rayless goldenrod, creosote bushes, bush hackberry or
garanbullo, squaw bushes and C and aha, lycioides should be grubbed
out or burned off during dry periods as it is a hindrance to the
growth of useful plants.

In planting, the furrows should be plowed at right angles to the
slope of the land, where this is at all pronounced, and 9 to 12 inches
deep This depth will often necessitate the plowing of a second fur-
row from the bottom of the first one. In addition to the furrow for
setting the cuttings, two others should be plowed, one to cover the
cuttings to the proper depth, and another next to it j:o prevent the soil
near to the roots of the younj plants from drying out rapidly, and to
provide a basin in which to retain storm water during heavy rains.



DESCRIPTIONS OF OUR MORE PROMISING CACTI

Below are given a key and short descriptions of our commoner
economic cacti. These are of a nou-technical nature and from a scientific
standpoint, rather incomplete. By means of these and the plates,
however, the reader should be able to identify the commoner cacti
with which he meets.

KEY TO SPECIES OF CACTI

A. Joints or links cylindrical or nearly so, never flattened 01 pear-shaped in
outline; spines with sheaths. Species of chollas.

1. Joints or links 1-2 to 3-4 inches in diameter, rarely larger, scarcely
fleshy, al least with age

a. Plant a straggly shrub, 3 to 4 feet high, without a definite trunk,
mature fruits light orange in color; flowers light rose.

1. Opuntia tetracantha.
b» Plants more or less tree-like in form, with definite trunks; mature

fruits green or yellowish-green, never orange or reddish.
Spines in clusters of 5 to 11, dark colored with age; fruits
spiny when young, nearly smooth with age, falling off after one
year; foothills species. 2. Opuntia versicolor.
Spines in clusters of 1 to 4, little darkened with age; fruits nearly
spineless throughout, remaining on the plant longer than one
year; mesa species.

Spines 1 to I and 1-2 inches long; flowers golden-brown; plants
densely branched. 3. Opuntia arbuscula.
Spines 3-4 to 1 inch Itmg; flowers light purple, plants loosely
branched. 4. Opuntia mmpara.

2. Joints or links 1 inch or more in diameter, noticeably fleshy, even with
age.

a. Ifruits proliferous, suspended firom the branches in dense, chain-like
massed-

Plants densely spiny, glistening white in color; spines in clusters of
7 to 12, 1 to 1 and 1-2 inches long. " 5. Opuntia fulgida.
Plants not densely spiny, bluish-green in color; spines in clusters of
4 to 9» 1-2 to 3-4 inches long. 6. Opuntia mamillata.

b, Ftnits never proliferous, erect uyon the branches.
Plants very densely spiny, the clusters of whitish spines crowded;

greenish-yellow, never red; foothills and canyon species.
7, Opuntia Bigelawvi.

' less densely spiny, the clusters of grayish or darker spines
not dreaded; flowers varying from deep red to rose, rarely green-
ish-y^llow; mesa species, * 8. Opuntia spinosior*

Joints ©r $»a4s> flatte&ed and pear-shaped or circular in outline, never
«4l»Ldi4^lt; spines wit&otit sjaeaths* Species of prickly pears.

Taint* of pads lAoEy spineless^ 12 to 17 inctoes long, splcules few; flowers



498 BDUv«TiN 67

orange-yellow when openings two inches in diameter; fruits nearly globose,
greenish or light purple. . . • 9. Opuntia castillae.

2. Joints or pads more or less spiny, 12 inches long or less; spicules mostly
abundant; flowers yellow, rarely with orange when opening, mote
than 2 inches in diameter.

a. Pads nearly circular or broadly-oval in outline.
Spines rather stout, their upper two-thirds whitish; fruits obovate
to elliptical, deep magenta-red when ripe; flowers deep yellow.

10, Opuntia discata.
Spines slender, not whitish above; fruits nearly globose to broadly-
elliptical, light purplish in color with green pulp; flowers light
yellow.

Pads tinged with red or purple; spines few, dark brown, mostly
falling after the first year. I I . Opuntia santarita,

.Pads light green, never reddish; spines becoming smoky-colored
and reflexed with age, persisting for several years,

12, Opuntia chlorotica.
b. Pads oblong-obovate to broadly-obovate in outline, with a more or

less tapered or wedge-shaped base.
Pads or joints with few, rather short spines which mostly disappear
after the first year, hence plants nearly spineless; both pads and
fruits slender and long tapered. 13. Opuntia laevis.
Pads or joints with numerous rather stout spines which persist from
year to year.

Spines 1 'and 1-2 to 3 and 1-2 inches'long, very^ pronounced.
Spines in clusters of 1 or 2, shining/ reddish to dark brown
or nearly black; fruits narrowly pear-shaped to egg-shaped.

14. Opuntia macro centra.
Spines in clusters of 1. to 4, not shining, light brown below,
nearly white above; fruits obovate to broadly-obovate.

. . . 15. Opuntia Toumeyi.
Spines 1-2 to 1 and 1-2 inches long, rarely longer.

Plants 12 to ISinches high, serniprostrate; pads tinged with red
or purple, 5 to 7 or 8 inches long; fruit light red, with green pulp.

16. Opuntia Blakeana.
Plants 2 to 5 feet high, ascending or erect pads green» never
reddish, exceeding 7 inches in length.

Spines reddish-brown at the base, flesh-colored or pink above,
three prominent and nearly equal in size, the others smal-
ler; plants spreading, forming circular clump 12 to 20 feet
in diameter. 17. Opuntia arissonica,
Spines pinkish or reddish at the base, whitish or yellowish
above, one large and prominent, the remaining smaller.

Mature fruits with light red skins and green pulp, ripening
in July and August. 18. Opuntia Engelmanni*
Mature fruits solid deep magenta-red, ripening in August
and September; a large-growing, heavy-fruiting species.

19, Opnniw *£.
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1. Opuntia tetracantha Tourney.
Plants three to four feet high, of shrubby growth, with stems

three-fourths to one and one-half inches in diameter, cylindrical and
often tinged with red, younger branches one-half to three-fourths
inches in diameter, spines commonly four, one half to one inch long,
one large central one, lighter below, brownish or reddish at the tips;
sheaths semi-transparent, covering only the upper half of spines;
spicules reddish-brown, becoming lighter, flowers one to one and
one-half inches in diameter, light rose in color; fruits oblong to oval,
one and one-fourth to one and one-half inches long, three-fourths to
one and one-fourth inches wide, light orange or scarlet when ripe.

This species occurs sparsely on the foothills and on the mesas,
and is of value chiefly for its small crop of fruits. It is never browsed
by stock except during periods of short feed. It does not propagate
readily from cuttings and is of very slow growth. The stems are woody
even to the younger branches.

2. Opuntia versicolor Engelm.
Plants six to twelve feet high, loosely branched, tree-like in form,

and woody up to the younger growth; joints one inch or less in dia-
meter, four to eight inches long, varying from green to deep red in
color; tubercles not prominent, the crest tapered below, abrupt
above; spines one inch or less long, in clusters of five to eleven, with
one central stout one, all dark-colored; sheaths close-fitting, grayish,
becoming dark with age; spicules reddish-brown, most conspicuous
in areoles on the fruits; flowers one and one-quarter to one and three-
quarters inches in diameter, varying from greenish-yellow to reddish-
brown; fruits one to one and one-half inches long, pear-shaped to
nearly globose, green, tuberculate and spiny when young, becoming
nearly smooth with age.

This is a common foothills inhabitant, never occuring on the
lower mesas. It is little browsed by stock except during occasional
winter and spring months when the fruits are eaten. The fruits are
smaller than those of most chollas and the stems are quite woody. It
is a slow-growing species and among those of least value to us. Re-
production takes place largely if not entirely from seeds, it being not
uncommon to find numerous seedlings growing under protection of
oMer plants,

3. Opwntia arbuscula Engelm.
Plants three to six feet high, tree-like in form, and much branched

from a stattt central trunk; joints about one-half inch in diatnet^
to el^Yadi of more inches long, bright green, cylindrical scbxoafc
taberctiAate; &gbxe& oute to one and a half i8£he$
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of one, two, three, or occasionally four, stout; sheaths loose, flattened,
brownish above, lighter below; spicules yellowish; flowers one to one
and one-quarter inches in diameter, yellowish to golden-brown;
fruits one and one-half to two inches long, narrowly pear-shaped,
green in color, occasionally proliferous and produced in large num-
bers at the tips of the younger branches; the fruits are sterile and
few-seeded, and with age become larger, reddish in color and often
begin a growth of young branches even when on the plants.

This is one of the more promising of the chollas for fruit produc-
tion. During droughty periods, not only are the fruits eaten by stock,
but the younger branches as well. Selected strains fruit heavily and
when not touched by stock for two or more years, often break down
under their loads of fruit. Since the fruit begins to dry up and fall
off after two years, this species should be browsed annually. Propa-
gation takes place in nature by the lower branches rooting as they lie
on the ground, by bud development on underground roots, and by
means of mature fruits which grow readily in the shade upon coming
in contact with moisture. The young plants are of slow growth, and
the species occurs sparsely over the mesas, almost invariably in colo-
nies.

4. Opuntia, wwpara Rose.
Plants four to eight feet high, shrub-like, much branched from the

base, the older stems of which are one and one-half to two inches in
diameter; younger branches or lobes bluish-green, one-half inch or so
in diameter, four to twelve inches long, tubercles low, oblong, abrupt
above, long tapered below; spines one to four, one-half to one inch
long, one longer than the others, with nearly colorless sheaths; spi-
cules light yellow on the young fruits, otherwise inconspicuous; flow-
ers one and one-fourth to one and one-half inches in diameter, light
purple, produced in clusters at the tips of the branches of the previous
year;fruit oblong,one and one-fourth to one and one-half inches long,
nearly smooth, light green or yellowish, and spineless.

This species grows scatteringly in our foothills and on the lower
mesas, though it is never abundant anywhere. It is of value chiefly
for its crops of fruits which are browsed by stock during late winter
and early spring seasons. It propagates readily from the branches
and fruits which fall off and begin growth about the bases of old
plants, or in the protection of other plants.

5. Opuntia fulgida Engelm.
Plants four to ten feet high, tree-like in form, compactly much

branched, often with depressed crowns; trunks five to eight inches
in diameter, stout, roughened and dark colored with age; joints four
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to twelve inches long, one and one-half to two inches in diameter, oblong-
cvlindrical, bright green, very succulent and readily detached; tuber-
cles depressed on the older joints, with nearly uniform slopes above
and below; spines one to one and one-half inches long, in clusters
of seven to twelve, nearly equal, divergent, yellowish-white in color,
but glistening-white from the loosely-fitting, semi-transparent sheaths;
spiculcs small, whitish; flowers one to one and one-fourth inches in
diameter, light rose in color and with little variation; fruits three-
fourths to one and one-half inches in diameter, tuberculate when
young, smooth with age, pear-shaped, very abundant, proliferous,
and suspended from the branches in dense chain-like masses.

This is one of the most abundant and characteristic of our lower
mesa and foothills chollas. It delights in heavy clay soils where
it often forms dense growths which supply considerable amounts of
feed for stock during droughty periods. Its heavy masses or chains
of fruit may remain on the plant unchanged for several years. Up-
on being singed, the spiny, succulent joints which commonly are
pendant under their own weight, are also eaten by cattle with relish.
This species propagates readily from cuttings during favorable sea-
sons. It is one of our most valuable chollas, and its propagation
should be encouraged wherever it grows well.

6. Opuntia mamittata Schott.
This species is similar in nearly all respects to Opuntia fulgida,

its near relative. The spines are fewer in number, however, about
one-half as long, being one-half inch long,and often light pink in color,
which is partly hidden by the sheaths; commonly, the spines are ab-
sent from the lower half of the lobes; the plant has a bluish-green
aspect due to its fewer and smaller spines, and, if anything, the
branches are fleshier than those of Opuntia /td0wfo;there is no apparent
difference between this species and 0. fulgida in flowers and fruits.

This is another excellent cholla for forage purposes, and more
browsed by stock than 0. fulgida on account of its less spiny charac-
ter, the fruits being equally abundant and more readily obtainable.
The growth of this should be encouraged along with that of 0. fulgida,
though on the ranges it has made a poor showing as compared
with other chollas on account of rabbits. Opuntia fulgida and 0.
mamittata appear to be nearly equally distributed over the lower
mesas and the mesa-like mountain slopes.

7. Opuntia Bigelowii Engelm.
Plants three to Six feet high, tree-like in form, rather erect, com-

paetly branched; joints four to seven inches long, one and one-quarter
to one and three-quarters inches in diameter, oblong-cylindrical, with
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numerous, closely-set, compressed tubercles, spines six to twehe,
one-half to one inch long, nearly white, divergent, with closel} -fitting,
transparent sheaths; spicules prominent, whitish, wool \ellowish-
white, at least on the younger growth; flowers greenish-yellow, one
and one-quarter to two inches in diameter, not showy, fruits yellow
ish, ovate or oval, tuberculate, spiny when young.

This is the spiniest of our chollas, the entire plant being covered
with an impenetrable coat pf white, glistening spines. The species is
common in low mountain canyons and over adjacent gravelly-claye>
foothills in southern Arizona up to altitudes of 4,500 feet Under
any conditions the plants are of slow growth The fruits are few in
number, small, and so protected by spines as to be out of reach
of grazing animals The plants singe readily with kerosene torches or
even matches, the flames spreading immediately to all parts Stock
eat the singed material, though the spiny joints are untouched by
them. The species is not considered of value as a forage

8. Opuntia sptnowor Engelm and Bigel,
Plants five to twelve feet high, tree-like in form, with open

branching habit, woody to the secondary brandies; joints four to
eleven inches long, seven-eighths to one and one-half inches in dia-
meter, cylindrical or oblong, varying in color from green to deep red;
tubercles three-eighths to one-half inch long, depressed, the lower
crest slope two or three times that of the upper one; spines six to
twelve, or as many as twenty-five in age, one-half inch or so long, diver
gent,varying from gray to smoke-colored or even pink; spicules small,
yellowish-white; flowers two and one-half to three and one-quarter
inches in diameter, showy, ranging from deep magenta to light red,
pink, yellow, or even white; fruits one and one-quarter to one and
three-quarters inches in diameter, nearly globose to broadly-oblong,
green or light yellow tinged with red, depressed tuberculate, the tu-
bercles separated by dark green lines.

This is one of the commonest chollas of the lower mesas, and at
times it is quite abundant in the foothills. It is attractive because
of its highly colored flowers and large yellowish fruits, the latter
of which are much sought after by cattle during the late winter and
spring months. Seldom, however, do stock more than nibble at the
very spiny lobes/ With the advent of the dry fore-summer it is dif-
ficult to find more than a few fruits on the plants, so closely are they
kept browsed off. This is one of the most valuable of the chollas,
and because of its success on the lower mesas where other species fail,
its growth should be encouraged, Occasional plants are mote vigor-



DESCRIPTION OF PROMISING CACTI 503

cms in growth and also fruit more heavily than others, and these should
be selected in planting.

9. Opunha castillae Griffiths "Nopal de Castilla"or Mission pear
Plants six to ten feet high, erect, with a short, thick trunk,

branched from the base; lobes twelve to seventeen inches long, nine to
twelve inches wide, obovate, bright green, wholly spineless, and with
very few spicules, areoles small; flowers two inches in diameter, orange
yellow; fruits one and three-quarters to two and one-half inches long,
one and one-half to two and one-half inches broad, sub-globose to
globose, or even broader than long, light yellow or purplish when
ripe, with numerous small dark areoles which contain many minute
brown spicules The flowers of this are smaller than those of most
of our native species, and the fruit crops are relatively light.

Though not native to Arizona, this species is remarkably wrell
adapted to our conditions, enduring well our extreme heat, aridity,
and occasional w inter freezes On two occasions during the last ten
years it has suffered very slight injury from frost at Tucson Besides
being spineless, it is our most rapid growing species under cultivation,
five-year-old plants from cuttings in the cactus garden on the Uni-
versity grounds having grown four to five feet in height with only
occasional irrigation, and with soil conditions far from favorable.
On the open range it is destroyed by rodents as fast as set out, while
with protection and limited cultivation it promises much in the way
of winter succulence for stock. It is known to have been growing in
gardens in Tucson for more than fifty years, having been brought here
by Mexican and Spanish immigrants.

10, Qpuntm discata Griffiths
Plants three to five feet high, sub-erect, branched from the base,

bluish-green in color; lobes seven to ten inches in diameter, near cir-
cular to broadly-ovate; spines two to five or six, about one inch long,
one longer and stouter than the others, more or less reflexed, flattened,
flesh or rose-colored near the bases, upper two-thirds white or nearly
so; spicules prominent, brownish or yellow; flowers three to three and
one-quarter inches in diameter, lemon-yellow above, darker towards
the base of petals; fruits one and three-quarters to two inches long,
one and one-half inches wide, ovate or broadly-elliptical, deep red or
naagenta throughout and very juicy, with pronounced circular are-
oles having whitiah wool and long yellow spicule$.

This is a distinct aad handsome species, characterized by its
large, nearly circular pads, stout white spines, showy flowers, and
large red fruits. It fe one pf QW finest prickly pears, rooting
$e^Iily opd growi#£ quite rabidly witfa favorable conditions,



504 BULLETIN 67

larly at altitudes above 3,000 feet. It is quite abundant in the foot
hills and higher mesa country, though seldom occtiring on the lower
mesas. The flowers and fruits are eaten bv cattle, and to some extent
the unsinged joints. This is one of the prickly pears that is cleserxin^
of cultivation wherever it can be grown successfully on desert ranges.
In a planting test in the large range enclosure at an altitude of 3,500
ieet, it has made a very fine growth. The rainfall there, ho\ve\er is
sufficient to support a good growth of perennial or root grasses,

11. Opuntia santa rita (Griffiths) Rose.
Plants three to four and one-half feet his;h, erect, open-branching,

with a distinct, short, stout trunk; joints sub-circular to ovate, five
to seven inches wide, six to eight inches lom>, with a decided purplish
tinge which is more pronounced in the spring; spines one to one and
one-fourth inches long, few in number, slender, dark brcrwn through-
out, soon falling off; spicules very abundant, increasing in size wi th
age, tawny; flowers two and one-half to three inches in diameter,
light lemon-yellow, lighter within; fruits oval to elliptical, covered
with numerous spicules, purplish in color.

This is perhaps our handsomest native prickly pear, the purplish
color of the nearly spineless, circular joints contrasting vividly with
the light lemon-yellow flowers. It is grown sparingly in Tucson as? an
ornamental. Like Qpuntia laevis it grows in inaccessible places ill
our lower mountain canyons, though in age its numerous spicules
afford considerable protection. It is a slow-growing and rather light-
fruiting species, and will not grow on the lower mesas without irri-
gation. Except where abundant it is of little value for forage.

12. Opuntia chlorotica Engelm. and Bigel.
Plants four to five and one-half feet high, erect, with a short, thick

trunk which soon breaks up into stout ascending branches; pads seven
to nine and one-half inches long, six to nine inches wide, sub-circular
to broadly-obovate, light or yellowish-green in color, rather thick and
woody in age; spines two to seven, one-half to one and one-fourth
inches long, nearly equal, light colored when young, with age becom-
ing dark or smoky-colored, reflexed and later falling away; spicules
long, straw-colored, very abundant, increasing in numbers and be-
coming larger on the older lobes; flowers two and one-half to three
inches in diameter, and light yellow in color; fruits one and one-half
inches long, one and one-half to one and three-fourths inches broad,
globose or broader than long, light red or purplish in color, but green
inside, with abundant small areoles.

This is our most erect growing native prickly pear and may be
recognized as such in our lower mountain canyons. Its nearly dttttt-
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lar lobes with abundant short reflexed spines on the younger growth
also serve to distinguish it. It is distributed throughout Arizona
growing in mountain canyons up to altitudes of 5,500 feet. The plant
bears only a small number of fruits, though in the mountains the
younger growth is occasionally eaten. It does not occur on the lower
mesas, and grows with difficulty from cuttings, the lobes often re-
maining for two years or more in the ground unchanged, except to
develop a heavy covering of spicules.

13. Opuntia laems Coulter.
Plants three to four feet high, semi-erect, much branched, and

practically spineless; pads ten to twelve inches long, four and one-
half to five inches wide, long-tapered toward the base, rounded above,
light or yellowish-green in color, rather thin; spines few, a half-inch
long or less, white below, nearly colorless above, falling off with age;
spicules abundant, especially on fruits, tawny; flowers two and one-
half to three inches in diameter, yellow throughout, or somewhat
darker at the centers; fruits three to three and one-fourth inches
long, one to one and one-fourth inches wide, narrowly pear shaped,
often with narrow recurved neck, deep red in color and juicy.

This species is readily distinguished by its slender, elongated,
green pads which are spineless or nearly so, and its long-tapered
fruits. It inhabits steep, rocky places along canyons, which are most-
ly inaccessible to stock, being found growing almost nowhere else
in our range. Though it has done well in the University cactus gar-
den, plants set out on the small range enclosure were mostly destroyed
by rabbits. The few of these that remain growing there are semi-spiny
in character, though the original plants were spineless. In the moun-
tains it is browsed to extinction wherever cattle can get at it, and
hence it could not be maintained on the lower ranges without fenced
protection.

14. Opuntia macrocentra Engelrn. and Bigel
Plants two to three feet high, semi-erect, branched from the base;

pads five and one-half to eight inches long, four and one-half to six
inches wide, spineless below, from nearly circular to broadly-obovate
or ovate, tapered below, rounded or somewhat flattened above, blu-
ish-green in color, though with a decidedly purplish tinge throughout;
spines one and one-half to three inches long, in clusters of one and
two, from reddish to dark brown or almost black, with lighter bands;
spicules very abundant, in compact groups, reddish-brown; flowers
two and one-half to three inches in diameter, yellow, with some red
at base of petals and in midribs; fruit two to two and one-half inches
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long, about one inch wide, obovate-elliptical to pear-shaped, dark red,
very soft and juicy when ripe.

This species is met with occasionally at altitudes above 3,000
feet on our higher mesas and mesa-like mountain slopes. It may be
recognized instantly by its purplish hue, and long, slender, shining
dark red or nearly black spines. The fruits are readily eaten by stock,
though the lobes are seldom touched. It is not to be recommended
for planting, as it is of slow growth.

15. Opuntia Toumeyi Rose.
Plants fifteen to eighteen inches high, semi-prostrate, and much

branched from the base; lobes seven to nine and one-half inches long, six
and one-half to eight inches wide, elliptical to broadly obovate, com-
monly narrowed at base and apex, yellowish-green in color; spines one
to four, one and one-quarter to three and one-half inches lomjf, more or
less bent and twisted, brownish at base, nearly white above, tinted
with bands of white and pink; smaller spines often reflexed against
the pads; flowers three inches in diameter, yellow above, orange or
reddish at base; fruits one and one-half to two inches long, obovate to
broadly-obovate, deep red and juicy, with small areoles, spicules and
whitish wool.

This species, for the most part, inhabits foothills. In the early
season its young branches are eaten by stock, and later the ripq,
juicy fruits. On account of the pronounced spiny character of the
lobes, these are not touched by animals when singed. It is not a
rapid growing variety and cannot be recommended for planting.

16. Opuntia Blakeana Rose.
Plants twelve to fifteen inches high, semi-prostrate, much

branched, with the lobes rooting from the lower sides, thus forming
rather large patches; joints five to eight inches long, four and one-
half to five and one-half inches wide, obovate to broadly-obovate
below, rounded above, commonly spineless below and with
a pronounced reddish or purplish tinge throughout; spines one
to five, three-fourths to one and one-half inches long, one or two stout-
er, dark brown or reddish at base, lighter above, often banded; splcules
very prominent, reddish-brown; flowers two to two and one-half
inches in diameter, yellow above, reddish at base of petals and on
the midribs; fruits one and three-fourths to two and three-fourths
inches long, three-fourths to one and one-fourth inches wide, ellipti-
cal to narrowly pear-shaped, smooth and light red or scarlet in color,
with light green jpulp.

This is the common, low-growing prickly pear of our lower mesas
and arid foothills. It is a slow-growing and rather woody specif,
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and i£ browsed by stock less than most of the others, the frtuts being
eaten during droughty seasons together with a few of the younger
joints Like other prickly pears, stock eat it readily when singed.
Thou>h it is more drought resistant than the larger-lobed pears, it is
not recommended for planting on account of its slower growth and less
edible properties. Its growth was not satisfactory on the small
range enclosure.

17. Opunt^a arizomca Griffiths.
Plants two to three feef high, much branched and widely spread-

ing, and rooting from the lower pads so as to form clumps twelve to
sixteen feet in diameter; lobes seven to ten inches long, six to eight inches
wide, broadly-ovate, rounded above; spines one to five, one to two
inches long, deep reddish-brown for one-fourth their length, flesh-
colored or pink above, and with bone-like tips; three of the spines are
nearly equal in length, flattened, somewhat curved, and situated
nearly at right angles; the remaining ones are short, and closely re-
flexed against the pads; spicules few, tawny; wool whitish; areoles
prominent, flowers three to three and one-half inches in diameter,
lemon-yellow above, deeply colored below; fruits two to two and three-
quarters inches long, one and one-quarter to one and three-quarters
inches wide, narrowly-obovate to obovate, deep magenta red in color,
juicy.

This is a heavy fruiting species, and valuable for growing on the
lower mesa cactus country where it occurs native and does remark-
ably well On account of its more formidable spiny covering, it is
little attacked by rabbits. On the small range reserve occasional
plants have done well from cuttings. Its fruits are much eaten by
cattle during the period when they ripen, and its pads are readily
eaten when singed. It is one of our most valuable species for planting
on the lower ranges.

18. Opuntia Engelmannii Salm.
Plants three to four feet high, sub-erect or ascending, branched

from the base; joints six to nine inches long, six to eight inches wide,
obovate to broadly-obovate, light green in color; spines one to four
or five, three-quarters to one and one-half inches long, flattened,
whitish or yellowish above, reddish at base, erect or divergent; flowers
yellow, three to three and one-quarter .inches in diameter; fruits
one and three-quarters to two and one-half inches long, one and one-
half to one and three-quarters inches wide, broadly-obovate to ellip-
tical, light red in color, but light green inside when ripe; spicules yel-
lowish, particularly abundant and long on the margin of the lobes.
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This species occurs with more or less abundance in foothills and
over high mesa areas in southern Arizona. It ma} be recognized by
its light-colored spines and smooth, nearly elliptical, light reddish
fruits which are light green inside even when ripe Its f rui ts , especi
ally, are eaten by cattle during the summer season, and occasional!}
the spiny lobes even when unsinged.

19. Opuntia sp.
Plants three to four feet high, nearly erect, branched from the

base, bluish-green in color; pads nine to thirteen inches long, vSix to
nine inches wide, obovate to broadly-elliptical, not uncommonly
tapered at both ends, and rather thick, spines two to five or six,
three-quarters to one and one-half inches long, one longer and stouter,
the others unequal, pink or reddish at base, yellowish or whitish above,
with bone-like tips, spicules yellowish or tawny, rather abundant;
areoles large; wool whitish; flowers three to three and one-half inches
in diameter, deep golden-yellow in the morning, soon changing to
orange and finally deep orange in the afternoon; fruits two to two
and three-quarters inches long, one and one-quarter to one and three-
quarters inches wide, obovate to broadly-obovate,often narrowed at
base into a short neck, deep magenta when ripe, scar of umbilicus
large, covering entire end of fruit, flat or even convex,

This handsome species may be recognized even at considerable
distances on the mesas by its showy, deep yellow flowers which soon
change to orange, both colors being present on the plant. The large
obovate or tapered lobes and the red fruits with large flat scars also
serve to identify it. It produces heavy crops of fruits, there being as
many as twenty of these on a lobe They ripen fully a month later than
the fruits of most other of our prickly pears, many of them remaining
green until vSeptember. They are browsed by stock during the late
summer and fall, while the pads are eaten occasionally even when
unsinged, the spines being first partly broken off by rubbing them on
the ground. This is perhaps the finest of our lower mesa native prickly
pears, mature plants often growing six to ten feet in diameter and
four or five feet high. In size and general appearance, it bears the
same relation to the lower mesa prickly pears that Opuntia discata does
to the foothills species, It is very promising for planting on lower
mesa cactus areas.



NDTRITIVE VALUE OF CHOLU FRUIT
By A. E Vinson

INFLUENCE OF CHOLLA FRUIT ON NITROGEN METABOWSM

Cactus as a range forage crop has recently attracted much war
ranted public interest, and in this connection the question naturall)
arose, would it be possible during favorable years to store up ir
prickly pears and in chollas and their fruits sufficient food materials
to carry stock successfully over periods of prolonged drought with-
out feeding considerable amounts of other forage? This we have
attempted to answer by determining whether an animal under ob-
servation would consume sufficient cactus to maintain equilibrium
in its nitrogen metabolism. That is, could the animal obtain from
cactus alone the nitrogen required in its varidus physiological pro-
cesses without absorbing its own tissues to supply the deficiency?

Of the more abundant elements which make up the anima]
body, nitrogen is conserved with the greatest care. If the customary
supply of this element is diminished or cut off, the body soon estab-
lishes the most rigid economy in its use. An animal deprived of all
food quickly diminishes its nitrogen excretion to a minimum, and
continues to carry on its bodily functions largely at the expense of
its reserved fat. When this fat is exhausted, the animal is again com-
pelled to draw upon its nitrogenous tissues to supply material for
processes which could have been covered by fat or carbohydrates,
had these been available. This is marked by an increased secretion
of nitrogen on the part of the starving animal, and indicates the ap-
proach of death. If fat or carbohydrate is supplied as food, the de-
mand on the nitrogenous tissues remains a certain necessary mini-
mum and life is prolonged, but not indefinitely.

The amount of nitrogen thus required to support life is consid-
erably less than that of a so-called maintenance ration, which is the
minimum amount needed to keep an animal in fair condition without
loss or gain in body weight. Early experimenters* found that the
quantity of digestible nutrients required in such a ration varied with
the nature of the feeds used. Meadow or clover hay of medium qtsali*-
ty combined with potatoes, both of which are well known to possess
marked fattening properties, give a ration in which much less diges-

*E. Wolff, Ernahmng der Ntitztiere, Berlin, 1876, p 423, Kellner, Eraatarag'desr Ntrtztiere,
Berlin. 1905, p. 399.
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tible nutritive material is required for maintenance than is required
m a similar ration of straw and stock beets, which have no marked
fattening properties It has been shown by experiment with mature
animals that 100 pounds of medium quality meadow or clover hay
will produce about the same gain in weight or fat as 31 or 32 pounds
of pure starch. Similarly, the starch value of potatoes of average
quality is 19, of straw from 11 to 20, depending on the kind and
quality, and of stock beets from five to seven With sheep the re-
quirement per 1,000 pounds shorn live weight for digestible nutri-
ents in the maintenance ration composed of these feeds as found by
experiment is shown in the following table:

TABLE I.—VARIATION IN DIGESTIBLE NUTRIENTS REQUIRED IN

DIFFERENT MAINTENANCE RATIONS.

Digestible protein
Digestible nitrogen
Digestible nitrogen-free matter
Total organic matter

When fed meadow and
clover hay with pota
toes pounds per day
per 1000 Ibs shorn

live weight

1 0 to 1 3
0 160 to 0208

10 4
16 to 17

When fed straw with
stock beets pounds
per day per 1000 Ibs

shorn live weight

1 7
0 272

12 0
20 to 25

That cacti in general would form a ration probably in nowise
superior to straw and stock beets may be inferred from the following
table, which gives the percentage of crude nutrients:

TABLE II.—COMPOSITION OF VARIOUS CACTI AND THEIR FRUITS *

Cholla (0 fulgtda), without fruit
Fruit of cholla
Tasajo (0 sptnoswr), without

fruit .
Fruit of tasajo .
Prickly pear (0. Enqlemanmt) ,

stems
Mexican spineless, stems

Water

77 79
79 45

75 54
78 95

77 21
&8 28

Ash

4 24
2 58

4 63
2 78

4 18
2 85

Protein

1 60
1 37

1 77
1 46

0 89
0 93

Crude
fiber

1 66
2 99

2 58
4 50

2 62
1 38

Carbo
hydrates

14 37
12 44

16 01
10 96

14 71
6 31

Ether
extract

0 34
1 17

0 49
1 35

0 39
0 25

A liberal estimate, then, in favor of the cholla fruit when fed
alone, would require not less than 1.5 pounds of digestible protein
per 1,000 pounds of live weight. For average native sheep, in fair
condition, of 120 pounds shorn weight, 0.18 pounds digestible protein

*AmonaSta BuU 51, p 594,
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(0.0288 pounds nitrogen) daily would thus be required. The material
used in these experiments, which was gathered from different partb
of the mesa, after careful and thorough sampling was found to con-
tain from 0 100 to 0 157 percent nitrogen, of which 50 percent was
digestible as shown by subsequent digestion experiments. If 0.130
percent nitrogen be assumed as the average, every 100 pounds of
cholla fruit would supply 0.065 pounds of digestible nitrogen, and
thus nearly 45 pounds of the fruit would be required to maintain a
sheep weighing 120 pounds This quantity of cholla fruit would con-
tain about nine pounds of dry matter and over 1.3 pounds of mineral
matter of which more than 0.5 pounds would be absorbed from the intes-
tine and be eliminated again by the kidneys. As shown in Table II, a like
amount of stems would carry very much more mineral matter, but
probably also somewhat more digestible nitrogen. A large amount
of organic acid would also be contained in the ration and might
prove a disturbing factor. It seems improbable that an animal
would be able to handle such excessive amounts of some materials
in order to obtain a minimum of another. When one-fifth this a-
mount of the fresh fruit was consumed by one of the sheep under ob-
servation, the feces no longer retained their pellet form but were
disintegrated. The percentage of moisture in the feces was also
greatly increased, indicating that further consumption of cholla fruit
probably would have led to actual scouring.

The apparatus used in the metabolism and digestion experiments
was constructed after drawings and models of that in use at the
Weende Station in Gottingen, Germany. The pens, which accom-
modate a single sheep, were elevated sufficiently to make room for
the urine jar beneath. The feed and water boxes were of metal and
removable, which facilitated quantitative feeding. The harness was
constructed and adjusted to hold the feces bag and metal urine funnel
properly in place so that no excreta was lost either when the animal
was standing or lying. The feces bag was provided with a buttoned
flap at the bottom, so that the contents could be emptied directly
into a jar without disturbing the harness other than to unbutton the
flap, The accurate fitting and adjustment of the feces bag is the
most essential feature of the harness, as well as the most difficult to
attain. A rubber tube led from the urine funnel through a hole in
the bottom of the pen to a jar beneath. This tube must be so ar-
ranged that no possible movement of the animal can raise the end
higher than the top of the jar, It must also drain freely

The ration for the metabolism experiment was composed c f
cholla ffqit, ^atefrgcass an4 alfalfa hay. The cholla fruit was gath-
ered and analyzed to quantities sufficient to last for several days.
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While the nitrogen content of these separate pickings varied so much
that in one or two instances considerable increase in the amount of
cactus fed yielded a little less nitrogen than the previous smaller
ration, nevertheless the relative amount of digestible nitrogen n\
even the richest samples forms such a small portion of the total a
mount required that this variation could not seriously affect the final
result. Furthermore, under range conditions the animal would be
quite likely to obtain a considerable portion of the less nitrogenous ma
terial. The cholla fruit was singed slightly to remove the more oh
jectionable spicules. The water-grass hay was chiefly Chloric elc
gans, the digestibility of which was determined later. The alfalfa
was second or third cutting, known commercially as "cow alfalfa,"
A new sampling of the alfalfa became necessary May 21 just after
cholla fruit had been introduced into the ration, but its nitrogen
content was almost identical with the previous lot.

The animals used were two-year-old wethers of native merino
stock. Of the four originally selected on the range for these experi
rnents, two proved entirely worthless, as they could not be accus
tomed to the apparatus, although one of them was the most docile
and the best feeder of the lot, when not under experiment. The ani-
mal designated as vSheep 1 was a most excellent subject for experi
mental purposes. It possessed a strong constitution and seemed to
thoroughly enjoy its rations regardless of the inconveniences under
which they were taken. Sheep 2 was a fairly good subject, but had
a less vigorous constitution. For that reason it was allowed an extra
amount of alfalfa from the first. While the results obtained with
Sheep 2 would not mean much alone, they serve very well to confirm
those obtained with Sheep 1.

The original plan was to feed a basal ration composed of rathe*
bulky material to counteract the succulence of the cactus. Inci-
dentally, this condition corresponds closely to that prevailing on the
mesas, where sheep have an abundance of annual forage and in addi-
tion eat varying amounts of cholla fruits, The nitrogen of this basal
ration was then to be replaced slowly, and if possible entirely, by
cactus nitrogen* Consequently, water grass ail hbitum with a small
amount of alfalfa was given until the animals became reconciled to
the experiment. The residue was removed daily and analyzed, be-
cause animals are selective feeders" and pick out the more nutritive
parts of the hay. This, however, was not true for cholla fruit which
they take as it conies. On the sixth day a small amount of cholla
fruit was added to the ration, the quantity after that being increased
rapidly. It seemed to act at once as an appetiser and the animal®
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ate their hay with more relish. This was probably due to the acidity
of the fruit which is as sour as green grapes and also very mucilagin-
ous. After the tenth day, cholla fruit was given ad l^b^tum together
with 230 grams (0.51 Ibs.) of water grass and 250 grams (0.55 Ibs.)
of alfalfa for Sheep 1, and an additional 50 grams (0.11 Ibs ) of alfalfa
for Sheep 2. On the thirteenth day of the experiment, Sheep 1 left
a small residue of hay as well as of cactus. This was due in part, if
not entirely, to increasing atmospheric temperature. From this
time on, the water grass was withdrawn entirely and the alfalfa
ration very much reduced, but cactus supplied ad hbitum. The ex-
periment was discontinued on the nineteenth day on account of the
excessive heat. B\>r the same reason Sheep 2 refused to eat on the
twelfth day and the experiment with it was consequently discontinued.
The temperature of the feeding room was generally much higher
than desirable for experiments of this character It must be noted,
however, that the conditions under which it is proposed to utilize
this forage are the most extreme to which an animal is ever subjected
by nature,-—a pittance of drought-stricken forage, little water and a
torrid sun blazing through a thin atmosphere and a cloudless sky,
with no shelter save that of some half-defoliated bush or the cholla
Itself.

The feces and urine were collected twice daily and composite
samples prepared. The day in every case ended sharply at 5 p. m.

In interpreting the results of this experiment, it must be remem-
bered that the feed for any given day does not appear immediately
in the feces, but portions carry over for several days. The compo-
sition of the urine, howevef, responds much more quickly to changes in
the ration. Even on a uniform ration, the variation in the total a-
mount of excreta for consecutive days is considerable. Thus, we are
obliged to consider results in groups of several days and not for any
one day individually. The heavy loss in the nitrogen balance for
the first few days is due to the change in ration from alfalfa to one
composed largely of water grass, and especially to the restraint and
unrest caused by the harness and other apparatus. From the eighth
to the fourteenth day, with increased cactus ration and a restricted
supply of alfalfa amounting to 250 grams (0.55 Ibs.) daily for Sheep 1,
and 300 grams (0,66 Ibs,) for Sheep 2, the nitrogen income was in
excess of the nitrogen outgo. In the case of Sheep 1, for the first six
days under consideration, this amounted to nearly three grams; and
Sheep 2 promised to dp equally well, had it been able to come through
the heat under the trying condition of the experiment. Dnring this
perk»4, evQgpffrg the ffitetb d#y*, 2,200 grams (4-85 Ibs,) of cholla
fruit w^re placed b§for^ the ^niinals daily, so that on those days
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when that quantity appears In the table the animals would probably
have eaten more, had it been accessible.

On the fourteenth day of the experiment with Sheep 1, the ni-
trogen supply from the hay was greatly reduced, and as a trial ration
3,230 grams (7.12 Ibs.) of cholla fruit were given, all of which was
eaten with no apparent ill effects. After that, cholla fruit was given
ad libitum, and no further reduction of the alfalfa ration made; but
it did not appear that the animal would be able again to establish
its nitrogen equilibrium without the aid of more alfalfa, although it
had access to all the cholla fruit that it could eat, and was still ob-
taining over one-fourth its nitrogen from alfalfa, At this time the
feces became physically abnormal, and it seemed very improbable
that the animal would be able to maintain its nitrogen equilibrium
with cholla alone under any conditions. It had become very etna
ciated and had scarcely strength to stand, but rapidly regained both
strength and flesh when again given alfalfa. There was no noticeable
injury or disturbance of health as a result of the cholla feeding, other
than that of ordinary starvation.

While it is evidently impossible to maintain an ordinary ran^e
sheep weighing 120 pounds in fair condition over any considerable
period on cactus alone, the results show that success may be expected
if the cactus ration be supplemented by about one-half pound of
alfalfa hay per head per day. With this, six pounds or more of cholla
fruit would be consumed. In this connection it must be observed,
moreover, that usually the deficiency of protein in the cactus would
tend to be equalized by the abundance of that material in most of
the crops grown in the Southwest. This is also true of the natural
forages on the ranges which abound in wild beans, peas, vetches and
other legumes.

Attempts were made to repeat this experiment using pads of
prickly pear, Opuntia d^scata. These were singed and cut into small
squares, but the sheep refused to touch them, although they were
given no other feed for more than a week, and became too emaciated
to stand for more than a few minutes at a time. This experience is
in accord with the observations of shepherds, who have observed
that sheep eat greedily the fruits of cactus but never take the stems.

While these observations were made on sheep, due in part to
their better adaptability to experimentation of this nature, they
may be applied to cattle with the expectation of slightly more favor-
able results. As is well known, cattle consume the singed stems
quite as readily as the fruits, and on this ground alone we might in-
fer that they would be able to maintain themselves on this forage
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Sheep in confinement could not be forced to eat other forms of
cactus than the fruit, but this they took greedily when their supply
of alfalfa was limited.

Cattle on the open range eat considerable amounts of cactus.
They are especially fond of the succulent acid fruits and these as
well as the water in the plant itself undoubtedly serve to allay their
thirst. The rather large content of digestible carbohydrate, if sup-
plemented by other proper forage, such as mesquite and nutritious
grasses, unquestionably has considerable fat producing value, unless
taken in sufficient excess to cause scouring. In the almost barren
regions of western Sonora, Mexico, cattle are said to subsist during
February, March and April of each year on little else than the fruits
of various cacti, and even to give a small amount of milk for their
calves. Such animals, however, are always in an exceedingly thin
condition and are probably undergoing slow starvation It is also
an open question in these cases as to what extent the cactus ration
is supplemented by mesquite and other browse, and by dried grasses.


