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CONTROL OF MESQUITE AND NOXIOUS SHRUBS
ON SOUTHERN ARIZONA GRASSLAND RANGES

BY

R. B. STREETS AND E. B. STANLEY

INTRODUCTION
Certain range lands of the grassland type in southern Arizona

are undergoing an invasion by the mesquite tree and noxious
shrubs to the extent that the native stand of palatable forage is
being materially reduced. The development of this problem has
taken place at a pace gradual enough that its seriousness was not
fully realized by stockmen until the cumulative effects of some
forty years' transition in the vegetation type of the affected areas
became increasingly apparent. The persistent increase of burro-
weed, snakeweed, and mesquite rivals if not exceeds the loco-
weed problem. Resident stockmen in the more seriously infested
areas, after fruitless efforts to curb the invasion of these noxious
weeds and mesquite on their ranges, definitely requested at their
state association convention in February, 1936, that the Experi-
ment Station undertake a study of this problem which they con-
sidered of major importance to the range livestock industry, and
urged a prompt attack, promising to aid in any manner possible.

The work here reported was begun by the writers on April 14,
1936, at the request of the Director of the Experiment Station. The
major efforts were devoted to the finding of a satisfactory method
of killing mesquite under range conditions, and the progress made
appears to warrant publication of the results at this time. Some
preliminary studies were made, with some promising results, on
the control of burroweed and snakeweed at points where it has
been invading valuable grasslands. The continuation and exten-
sion of these studies of undesirable range plants have been under-
taken by the Forest Service under a special appropriation secured
for such studies, and work on the problem is being discontinued
by the Experiment Station.

CONTROL OF VELVET MESQUITE

In certain grassland districts in southern Arizona, principally in
Pima and Santa Cruz counties, mesquite is spreading from the
major watercourses up secondary ravines and out on the mesas and
ridges (PL I). One of the older cattlemen still living in the dis-
trict remembers when there was no mesquite on this range except
along the larger watercourses, so the spread of the mesquite shown
in Plate I has taken place largely in the past forty years. Mes-
quite has always been cut as needed for fence posts and firewood,
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central Texas, however, estimate that the carrying capacity of
their land was increased from two and one half to three times
when the mesquite was removed. Native, uncleared brushland
near Kingsville, Texas, will carry one cow to every 25 or 35 acres;
cleared brushland will carry one cow to every 10 to 12 acres (6).

Much time is lost, and considerable difficulty and risk to riders
and horses are encountered in rounding up or working cattle which
have taken refuge in heavy mesquite growth.

On the other hand, unlike burroweed and snakeweed, mesquite
is not without value in a number of different ways: (1) it furnishes
some much needed succulent spring forage for several weeks after
the new foliage appears at a time when grass is short and also
for about two weeks when the leaves begin to fall; (2) later the
mesquite beans provide a palatable, nourishing feed; (3) the
large trees furnish wood for fence posts and a high-grade fuel;
and (4) the trees afford the cattle some protection from sun and
storms. For the above reasons eradication of mesquite would be
undesirable in any ranges except good grassland, as its removal
would decrease rather than increase the value of the range.

Previous experiments.—At the time our experiments were be-
gun in April, 1936, the only information in our possession was a
verbal report ("second hand") that someone in Texas had been
successful in killing mesquite by spraying it with kerosene. In
October, 1936, an article appeared in the Hereford Journal (1)
reporting results secured on one ranch in Texas. Recently an
article appeared in the Cattleman (6) reviewing briefly other
trials by ranchers in various parts of Texas. The conclusions in
these articles will be referred to in connection with our experi-
ments.

EXPERIMENTS ON MESQUITE ERADICATION

All the experiments reported below were conducted in pastures
adjoining the headquarters of the Old Empire Ranch made avail-
able by Frank Boice, who also materially assisted in some of the
experiments. A great variety of methods and materials was
tested in a preliminary way in the spring of 1936, and later the
more promising methods were repeated on a larger scale. As
mesquite on the range varies in size from seedling to trees 18 inches
in diameter (PL VIII) it seems probable that the control measure
chosen would depend largely on the size of the growth to be
eradicated.

PETROLEUM OIL PRODUCTS

In addition to kerosene, which is relatively expensive for use
on a large scale, a much cheaper fuel oil (known as "27 plus") and
waste oil from crankcase drainings diluted with one half kerosene
were used. Three methods of application were tried: (1) wetting
foliage and all parts above ground using a 3-gallon-compressed-
air sprayer, and later a power sprayer; (2) wetting trunk thor-
oughly to a height of 30 inches using a compressed-air sprayer;
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The use of this bottle avoided most of the spilling of poison on
the ground or hands. A still better applicator is an engineer's
1-quart oil can fitted with an 18-inch spout and a pump operated
by the thumb. The large capacity, long spout, and pump enabling
the operator to squirt poison into hard-to-reach places would in-
sure speed and effective treatment.

ARSENIC COMPOUNDS

Sodium arsenite is one of the most toxic chemicals known both
to vegetation and animal life (2). Prepared by the method of
Crafts (4) it has been used extensively in California and in Ari-
zona (7) for the destruction of perennial noxious weeds with
connecting underground rootstocks. Its ability to penetrate and
kill roots suggested that it would prove effective in killing mes-
quite stumps if a satisfactory and safe method of using it on the
range could be developed. White arsenic (arsenic trioxide) was
also tried, although it was known to be insoluble in water. Re-
sults are shown in Table 2.

Sodium arsenite applied by methods 2, 3, and 4 was a complete
success, giving in nearly every case a 100-per-cent kill. Applied
in holes (method 1) it sometimes failed to kill the entire stump,
but this was a matter of poor distribution, not lack of toxicity of
the chemical.

White arsenic applied by methods 1, 2, 3, and 4 was a total
failure in killing mesquite and only a suggestion of toxicity was
shown in any case. In addition the chemical remained on the cut
surfaces treated within reach of the inquisitive tongues of live-
stock, so the material was discarded as ineffective and dangerous.

ACID SPRAYS

Among the cheapest chemical treatments effective on agricul-
tural weeds were acid-arsenic and sulphuric acid sprays (3).
These sprays, however, proved ineffective in killing mesquite al-
though they quickly killed the foliage and twigs. The spray
solutions appeared unable to penetrate the thicker bark of the
branches and trunk, and further treatments were abandoned.

OTHER CHEMICALS

Applications of sodium thiocyanate and ammonium sulphide,
two chemicals sent us for field tests for the control of noxious
weeds, were made on mesquite, but results were not good enough
to warrant further trials. Sodium thiocyanate applied as a spray
quickly defoliated mesquite and killed some small ones, but the
defoliated plants put out new growth. Ammonium sulphide
applied full strength in basins around the trunk caused no in-
jury unless the trunk was frilled first and the dirt piled around
the trunk after treatment to retard evaporation of the volatile
chemical. Even then very few trees were killed.









CONTROL OF MESQUITE AND NOXIOUS SHRUBS 481

BURNING

Over 100 mesquite trees of sizes ranging from Vz to 14 inches in
trunk diameter were exposed to the flame of a "weedburning"
kerosene torch on October 16, 1936 (PL V), until it was felt that
the bark and wood at the base of the trunk had been heated to a
lethal point. The results were erratic and many of the plants of
various sizes survived. Apparently the time necessary to heat the
bark was underestimated. While there is no guarantee that the
trees would not sprout from below, the method is rapid and in-
expensive (108 trees torched in 80 minutes, using 2 gallons kero-
sene) and deserves a further trial.

Following each spray application of kerosene or oil, a number
of isolated sprayed trees were ignited to see whether the heat
generated would be sufficient to kill them. The effects of burn-
ing were in many cases severe, but very few trees were killed.

MECHANICAL INJURIES

Girdling of large trees by cutting through the light-colored sap-
wood until the dark heartwood was visible (PL IV, E) in every
case killed the tree above the girdle, but sooner or later a vigor-
ous growth of sprouts appeared below the girdle. Trees cut to
a very low stump likewise invariably produced an abundant
growth of sprouts.

Experiment under range conditions.—Following the results of
the preliminary experiments testing all suggested methods of
mesquite eradication, it was considered desirable to test the most
promising method—poisoning with sodium arsenite—on a large
scale under actual range conditions. Only in this way could data
be secured on cost of material and labor and adaptability to use
by ranch labor and general effectiveness.

The experimental area chosen was a ravine supporting a heavy
growth of mesquite (PL VI, D) variable in size and density but
typical of heavy mesquite growth which shades out grasses and
interferes with the working of cattle in the Empire Ranch district.
The mesquite trunks varied from 3 to 18 inches in diameter (PL
VIII), and many of the larger trees were second growth with
multiple trunks which made treatment difficult (PL VII).

Fifty cords of mesquite wood were cut in two adjacent areas
and the stumps frilled and poisoned from 2 to 30 days after cut-
ting. Another 20 cords were cut in an adjoining area, but the
stumps were not poisoned. The cutting was done in November
and December, 1936, and January, 1937, and the final notes on
effectiveness were taken in September, 1937.

Effectiveness.—In the larger area where about 40 cords were
cut, not a single treated stump showed a regrowth. In the smaller
area where about 10 cords were cut and poisoned in January, the
day following the cutting of the larger area, twenty-two out of a
total of fifty-nine stumps showed more or less sprouting. This
area was largely second-growth clumps following the cutting of
posts some years ago. These stumps were re-treated on August









CONTROL OF MESQUITE AND NOXIOUS SHRUBS 485

fuel and can be cut and ricked for around $2.00 per cord. As it is
worth several dollars per cord on the ranch for use or sale, the
operation including poisoning can be made to show a profit.

The smaller branches which are of no value for fuel should be
scattered around and allowed to lie, as they were observed to
promote the growth of grasses by protecting them from tramp-
ling and grazing.

This procedure has proved very desirable on ranches near Rock
Springs, Texas, where cedar is being eradicated from grasslands,
doubling their carrying capacity within two years (6). Where
quantities of this material occur it might be used to advantage
to build brush dams to check erosion.

Cost data on clearing mesquite.—A summary of methods and
costs of clearing mesquite on five ranches in different parts of
Texas appearing in a recent article (6) emphasizes the fact that
costs will vary widely depending upon the number and size of
mesquite per acre. Cost data from different methods used on the
same ranch, however, can be compared.

It will be seen that the cost of the kerosene treatment is con-
sistently low, but will probably be higher than the cost of the
Arizona sodium arsenite treatment on similar stands.

SODIUM ARSENITE SOLUTION
The poison used in these experiments is prepared from two in-

expensive chemicals—white arsenic and caustic soda. These
chemicals need not be highly refined; the cheap commercial
grades are just as effective. When purchased in quantities of
100 pounds or over the arsenic costs about 5 cents per pound, the
caustic soda about 6.5 cents per pound.

DIRECTIONS FOR PREPARING SODIUM ARSENITE SOLUTION

Formula For 3 qts. For 4 gals.

White arsenic (arsenic trioxide powder) 8 pounds 40 pounds
Caustic soda (sodium hydroxide flakes) 2 pounds 10 pounds
Water 3 quarts 15 quarts

Mix dry the arsenic and the soda in a steel drum. When
thoroughly mixed, add one fourth the water and stir with a long
wooden paddle. The chemicals will promptly react with the form-
ation of considerable heat much as in the slaking of lime. Add
the remainder of the water gradually, keeping the mixture ac-
tively boiling. Too violent boiling will cause spattering and
should be prevented by the addition of more water. Adding too
much water before the heating action develops will slow up the
reaction and may give incomplete solution of the arsenic. In
mixing small quantities start with hot water.

The finished solution should be a heavy sirupy solution free
from floating particles and undissolved chemicals. This solution
is sodium arsenite and is very poisonous. Do not breathe the
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fumes arising from the hot mixture. Work in the open in pre-
paring the solution. The arsenic which is very insoluble in the
trioxide form has been converted to sodium arsenite which is
soluble and very poisonous to vegetation and animal life. Keep
it in sealed metal or glass containers out of reach of livestock
and children. The solution will keep indefinitely.

Sodium arsenite is also available commercially, although it is
not known to be available locally. The ready-made preparation
is called "8-pound sodium arsenite solution," as it contains 8
pounds of actual arsenic per gallon of solution.1 This solution
weighs 16 pounds per gallon and is very similar to the homemade
poison.

Safe handling of sodium arsenite in pastures.—Arsenic is very
poisonous and should be handled only by responsible adults. The
sodium arsenite applied to the mesquite sapwood in the groove
produced by the ax is quickly absorbed into the wood. As a pre-
caution against cattle attempting to lick treated surfaces, a little
dirt was thrown over them after the poison had been absorbed
for half an hour. Some 300 head of yearling Herefords were kept
through the winter of 1936-37 in the pasture where the 1936 ex-
periments were conducted, and about 100 head of older stock
were pastured through the summer of 1937 in the pasture where
the 50 cords of mesquite were cut and the stumps poisoned the
preceding winter. No losses or symptoms of poisoning were ob-
served. It is probably safe to cut and poison mesquite in pastures
containing livestock if the treated surfaces are covered with dirt
before leaving the poisoned area.

Extent and rate of absorption of sodium arsenite by mesquite
roots.—The phenomenal effectiveness of sodium arsenite in kill-
ing mesquite raises the question of how quickly the poison is ab-
sorbed and how deeply it penetrates into the underground root
system. Root samples were taken eleven days after application
of sodium arsenite and analyzed for arsenic by the Department
of Agricultural Chemistry. The results are shown in Table 7.

TABLE 7.—ARSENIC ABSORBED BY ROOTS OF MESQUITE AS
FOUND IN SAMPLES TAKEN ELEVEN DAYS AFTER

TREATMENT OF BASE OF TRUNK WITH
SODIUM ARSENITE.

Sample
no.

1
2

3

Location of root

Lateral
Taproot, top
Taproot, bottom
Taproot, top
Taproot, bottom

Distance below
point of treatment

(inches)
12
18
48
18
30

Arsenic as As2O3
(ppm)

210
120

60
120
90

1 The cost, including freight to Tucson, is about 80 cents per gallon in 50-
gallon drums and 90 cents per gallon in 10-gallon drums (May, 1937,
prices).
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The above data indicate a rapid penetration of a considerable
concentration of sodium arsenite into the root system. The
amount used is perhaps much in excess of the minimum lethal
dose, but since labor is a much greater item of expense than the
poison, it does not seem desirable to attempt accurately measured
dosage.

The relatively large arsenic content of the stumps suggests
that they should not be grubbed and used for fuel until more is
known about possible danger from arsenic fumes arising from the
fire.

CONTROLLING MESQUITE GROWTH ON THE RANGE

The experiments reported show that it is possible to control or
eradicate mesquite from livestock ranges by relatively simple and
inexpensive methods. The extent to which the stockman should
apply these methods to his own ranges becomes a problem in
range management. In making a decision the following points
might well be considered:

Heavy mesquite growth.—Where ravines or watercourses are
choked with a dense growth of mesquite trees from 6 to 18 inches
in trunk diameter and this growth causes difficulty and danger in
working cattle, the stand may be cut for wood or posts and the
stumps poisoned with sodium arsenite. Kerosene is not recom-
mended in this case because dead wood is more difficult to cut.
The value of the wood cut will considerably exceed the cost of
cutting and poisoning.

If there is a convenient market for the wood or if it can be used
on the ranch, the maintaining of some of the more extensive
ravines or bottom lands as wood lots would probably produce
more revenue than grazing alone.

Average mesquite growth.—Where mesquite occurs in clumps
or as scattered trees of from 3 to 6 inches trunk diameter but
sufficiently abundant to materially reduce the stand of perennial
grasses, cutting and poisoning of the stumps with sodium arsenite
will eliminate mesquite competition and furnish some wood for
fuel or posts and brush to aid in the re-establishment of grasses.
Kerosene would probably be as effective in late spring, but no
wood or brush would be secured unless the dead trees were cut
down later.

Light mesquite growth.—The younger infestations of mesquite,
where the plants range in size from seedlings to 3 inches in trunk
diameter, might be cut at the surface of the ground, and the
sodium arsenite applied without frilling, a shovel of dirt being
thrown over the stump to cover the poison. Or, what is probably
much better, the young mesquite trees and shrubs might be cut
to stumps 6 to 12 inches high without poisoning, and the regrowth
left to furnish browse during the late spring months when some
green forage is often badly needed.2 Growth of mesquite is not
2 Mr. Boice, in commenting on this alternative, said, "In spite of anything

we can do, there will always be plenty of mesquite for browse. Also,
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occurred on the lowlands along the Santa Cruz River had by 1910
spread to areas on ridges and mesas where the predominant
grasses were annuals. Cribbs (5) reports that at the present time
the lower lands comprising nearly two thirds of the Santa Rita
Range (about fifty sections) is heavily infested by burroweed
which diminishes to medium and to light stands as altitude in-
creases toward the base of the mountains where the grass is fairly
good.

The experiments reported below were conducted to discover
a practicable method of eradicating the first infestations men-
tioned above to protect the range from further invasion and are
not designed to solve the problem of eradicating large and heavy
stands of burroweed or other noxious shrubs.

Published information on the eradication of burroweed is scant,
but the following brief note by Professor J. J. Thornber, Botanist
of the Arizona Experiment Station, published rather obscurely
in the Annual Report of the Station for 1906-7 (8) is of special
interest in showing that the burroweed problem existed at that
early date, and that experiments were conducted to find a method
of controlling it. The note is quoted in full:

The rapid spread of the ray less golden rod, Isocorna hartwegi [—burro-
weed (Aplopappus fruticosus) as names are now used],° and similar
weeds over the ranges led the writer to consider economical means of
destroying them. On June 28, 1906, a considerable patch of the rayless
golden rod lying along one of the abandoned roads within the fenced
portion of the small [Santa Rita] range reserve tract was burned off, due
care being exercised to keep the lire withm bounds. All the plants in the
area burned over, even those partly charred, were killed outright, includ-
ing such other shrubs as the catclaw [Acacia], creosote bush [Covillea],
Brigham's tea [Ephedra], mesquite, and Zizyphus. This may prove an
easy means of destroying well-defined patches of such worthless range
weeds as the above, when growing in the open. About fifty per cent of
the plants of another patch of rayless golden rod which were cut a year
later, two inches above ground, were destroyed. When, however, the
plants were cut somewhat below the surface of the ground all were killed.
It goes without saying that the latter method is much more expensive
than burning off.

While the experiments conducted on the control of burroweed
(Aplopappus fruticosus),4 also called rayless goldenrod, and
snakeweed (Gutierrezia sarothrae), the latter being called some-
times broomweed, were not as extensive as those on the control
of mesquite, the results secured were sufficiently definite to in-
dicate the probable success or failure of the methods under trial.
Since the writers have encountered no recent published informa-
3 Notes in brackets added by authors.
4 Aplopappus fruticosus, burroweed, is referred to in the older literature

as Bigelovia coronopijolia, Isocoma coronopijolia, or Isocoma fruticosa,
names now regarded as synonyms.

A closely related species, Aplopappus heterqphyllus, known as Jimmy-
weed, has the following synonyms: Linosyris heterophyllus, Bigelovia
wrightii, and Isocoma wrightii.

Jimmyweed is a larger plant, growing chiefly at lower altitudes than
the grassland ranges being invaded by burroweed. In case it should
become a local range problem, its similarity to burroweed suggests that
the same methods of control should prove effective.
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The most frequently observed insect is the larva of a moth which
feeds on the foliage and spins a web, tying together a cluster of
stems forming a cell into which it retreats after feeding on the
green leaves and stems (PI. XIII). The distorted plants are con-
spicuous when the insects are numerous, and areas many acres in
extent have been observed where the snakeweed has been very
greatly reduced but not entirely eradicated by the insect. An-
other larva has been observed burrowing the roots and crowns of
established plants resulting in the death or serious injury of even
large snakeweed plants. Two scale insects are also found on
snakeweed but have not been observed in numbers sufficient to
cause great damage.

Staked plots were sprayed with kerosene-crankcase oil 50-50
and with 7.5 per cent sulphuric acid on May 14, 1936, and the
plants were practically all dead on July 3. Similar plots were
sprayed on June 13 with sodium thiocyanate at the rate of 1, 2, and
3 pounds to 3 gallons, and the plants were practically dead on July
3. Plots sprayed with ferrous sulphate at the rate of 1, 2, 3, and
65 pounds to 3 gallons on June 13 were not much injured by the
spray. Hoeing the plants just below the soil line proved effective
but is difficult or impractical in stony ground.

No great significance is placed on these results, since the extreme
dryness of the summer together with attacks of the stem borer
greatly injured or killed most of the broomweed in the vicinity of
the plots by October 14. The only plants in bloom at this time
were in an overflow draw where they had received some moisture.
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SUMMARY

The spread of mesquite into range lands of the Southwest to
the detriment of the grazing capacity of the land invaded has be-
come a problem of considerable importance to cattlemen in cer-
tain districts in Arizona and Texas.

In Arizona the velvet mesquite (Prosopis velutina) has spread
from the watercourses, to which it was largely limited some sixty
years ago, up into secondary channels and ravines and out over
the mesas reducing the carrying capacity of some of the best
grassland cattle ranges in southeastern Arizona.

The spread of mesquite appears to be chiefly due to the hard
seeds, many of which survive mastication and digestion when the
mesquite beans are browsed freely by livestock.

Cutting alone has not proved successful in controlling mesquite,
5 Did not all dissolve.
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as the stumps promptly sprout forming dense clumps more objec-
tionable than the original trees. t

This bulletin reports the results of experiments with twenty-
seven different methods of mesquite control under range condi-
tions. Among the materials tested were: sodium arsenite, white
arsenic, acid-arsenic and sulphuric-acid sprays, petroleum oils,
sodium' thiocyanate, and ammonium sulphide. These materials
were applied as sprays or in cuts or holes or to the base of the
trunk. Torching was likewise tried.

One method, which has been further proved by testing on a
larger scale, is recommended for the control or eradication of
mesquite in grassland ranges. This method, which is 100 per cent
effective when carefully used, is to apply sodium arsenite to the
sapwood by frilling the base of stump or tree with downward
strokes of an ax. The poison is rapidly absorbed by the root sys-
tem in quantities sufficient to kill it.

An experiment where sufficient mesquite was cut to produce
50 cords of wood gave the following cost data for poisoning of
stumps: poison 10 cents per cord; labor 10 cents per cord. Two
men with axes and one of them applying poison treated stumps
yielding 30 cords of wood in one day. The sodium arsenite treat-
ment is cheaper, more certain to kill than the other methods
tested, and is about equally effective any month in the year.

Application of kerosene to the lower part of the trunk has in
some cases proved very effective where proper dosage, method
of application, and time of application are observed. Spraying
the trunk to a height of 2 feet, holding nozzle close to saturate
bark, and applying kerosene at the rate of 1 pint to a 5-inch trunk
is recommended. June is the best month for applying kerosene in
Arizona, and May or April second best. The action of kerosene
is much slower than that of sodium arsenite, and it cannot be
recommended without reservation until more experience under
Arizona conditions is available.

None of the other methods of killing mesquite tested is con-
sidered to be suitable from the standpoint of effectiveness,
economy, and ease of application for general use on cattle ranges.

Control of mesquite on grassland ranges rather than its eradica-
tion is suggested on account of its value as spring forage.

The sodium-arsenite method is adapted to and has proved suc-
cessful for the killing of unwanted trees in city and country yards
and along fence rows and ditches.

Burroweed (Aplopappus fruticosus) and snakeweed (Gutier-
rezia sarothrae), two unpalatable perennial shrubs which are
also more or less poisonous to livestock, are likewise spreading
into the better grassland ranges, causing concern among cattle-
men.

Preliminary experiments on methods of controlling these shrubs
by means of spraying, grubbing, and burning indicate that these
xerophytic plants are unusually resistant to sprays; that grubbing
is effective but impractical where plants or seedlings are abundant;
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and that torching of scattered plants or careful broadcast burning
of patches is the most effective control now known.

Broomweed was observed to be partially controlled but not
eradicated by two insect enemies and severe drought, and seed-
lings of burroweed were found to die in drought periods.

It should be emphasized that the expense and labor of eradica-
tion of mesquite, burroweed, snakeweed, or other undesirable
plants is justified only on grassland ranges where it is quite cer-
tain that palatable grasses and forage plants will take their places.
The problem of rehabilitating deteriorated desert ranges must be
solved by further experimental work.
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