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Editorial

Only Plants Can Make Sugar From Air and
Water. Plant science can be predicted to be the
breakthrough field of the future. Young men and
women considering college would do well to look
into a career with plants. Whatever we eat or
breathe, our clothing, the roof over our heads -
comes to us from the plant kingdom. The fossil
fuels - coal and oil - and the gasoline, industrial
solvents, household supplies, pharmaceuticals and
various other petrochemicals that they yield - are
but the present remainders of the plant life of the
past. Mankind has ingenious ways of tapping the
energy locked up by plants when they converted
air and water into sugar. The internal combustion
engine represents one method. Only plants can
make sugar from air and water - the process is
photosynthesis, requiring a green plant in the pres-
ence of light, ordinarily sunlight, the energy from
the sun. In the process the air is upgraded for man
by the photosynthetic removal of carbon dioxide
and production of oxygen.

The mitochondria in the cells of our own bodies
are the combustion (oxidation) chambers where the
photosynthetic process is reversed to make the
energy available to our bodies. Whether we eat the
plant material directly or eat a beef - animal that had
eaten the plant material makes no difference. Only
the living plant was capable of locking the energy
up in the first place into sugar. True, the sugar may
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have later been altered to starch or cellulose or
beef- animal or into any one of hundreds of common
organic substances, all materials still containing
the energy, energy that can eventually be released.
But as man becomes efficient at using the plant
resources of the present, he also is expending the
plant resources of the past at an alarming rate of
exploitation.

Elementary principles of supply and demand dic-
tate that human demand on the plant life of the
future will be enormous as there develops a short-
fall in supply of plant residue of the past, as human
population increases and as man invents new uses
for the basic raw material. A renewed emphasis on
plant production, as opposed to exploitation, is
inevitable in the last years of the 20th Century and
beyond. There will be, indeed there must be, break-
throughs in plant science that will be as revolu-
tionary as invention of the wheel, discovery of the
double helix or putting a man on the moon. The
fact that we don't know exactly what to expect in
the way of plant science breakthroughs makes for a
challenging, even a thrilling situation: The pressure
from supply and demand is there and we have faith
in the potential of the plant kingdom. Yes, only
plants can make sugar from air and water. They
are the basis of earthly productivity, of our very
existence. They are the key to the future.
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Rubber Production in
the Desert: Guayule
Bounces Back
William G. McGinnies
Office of Arid Lands Studies, University of Arizona

November 1979

Guayule (Parthenium argentatum) is a known pro-
ducer of rubber similar in nearly all characteristics
to hevea, Hevea brasiliensis, and as a plant adapted
to arid conditions it is presently receiving a large
amount of attention.

Guayule is not a newcomer as far as knowledge of
its rubber bearing characteristics is concerned. Early
Spanish explorers in the sixteenth century reported
its use by native people to produce rubber balls for
games. The rubber was obtained by communal
chewing of stems of the shrub.

The plant's rubber producing capabilities first
came to international attention in 1888 when the
New York Belting and Packing Company imported
100,000 pounds of guayule from Mexico and
extracted the rubber by immersing the shrub in hot
water. By 1910, half the rubber used in the United
States was obtained from native Mexican stands of
guayule. Because the whole plant was pulled for
harvest, these stands were completely depleted. An
interesting point here is that when demand for rub-
ber increased during World War II, it was found that
these stands had regrown. Again they were depleted
to supply wartime rubber needs, but recently it has
been found that the stands have made an astonish-
ing recovery.

The guayule plant is a small gray -green shrub
with a silvery cast, hence, the specific name argen-
tatum. In its native habitat a mature plant is one to
two feet in height, branching from the ground and
above to form a compact shrub. The leaves are long
and narrow, usually with one or two tooth -like pro-
jections. The flowers are clustered in heads on stalks
4 to 6 inches long, with seven flower heads per stalk.
Each flower head consists of 5 fertile ray florets and
10 sterile tubular disc -florets in the center. The cen-
ter flowers are sterile, but each of the 5 ray florets
may produce a very small seed, which falls free with
various plant parts attached.

Rubber formation in guayule occurs in the cells.
There are no latex tubes as in Hevea. Rubber is
found in all parts of the plant except the leaves. The
largest concentration is in the bark, which contains
75 to 80 percent of the plant's total rubber. More
than two- thirds of the rubber is in the branches.
Rubber concentration is higher in the secondary
roots than in the main roots.

Resin canals occur throughout the plant, but
principally in the bark. The resins include essential
oils, parthenyl cinnamate and partheniol, betaine,
fatty acids, an unidentified wax and other constitu-
ents. Resin concentration, which may be as much
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as 10 percent of the dry weight, is highest in the
bark and lowest in woody stems and roots. Young
stems contain more resin than old stems.

It is not known whether the rubber is of any
value to the plant. It is the end product of a syn-
thesis in which long chain molecules are formed.
Apparently these do not serve as reserve food mate-
rials, as they do not break down when other food
reserve material is exhausted.

There are large seasonal fluctuations in the rate
of rubber accumulation. Concentration percentage
is highest during cool seasons and periods of mois-
ture stress; lowest during periods of lush growth. In
its native range, the dry period largely coincides
with the cool season and plants are more or less
dormant from October to April.

Guayule is native to the Chihuahuan Desert of
north -central Mexico and the southwestern United
States, particularly the states of Coahuila, Chihua-
hua, Durango, Zacatecas, San Luis Potosi and Nuevo
Leon in Mexico and the adjacent Big Bend area of
Texas. It grows in scattered patches on calcareous
foothill and outwash slopes in regions with an
annual rainfall of 5 to 15 inches, most of which falls
in late spring and early autumn. It does not pene-
trate the alluvial soils of the wide intervening plains
and valleys.

Its elevation range is 2,000 to 10,000 feet, but
guayule grows mainly at elevations below 6,500
feet. In Texas, the elevation range is between 2,800
and 4,200 feet. The most extensive guayule area lies
about 30 miles south of Alpine at an average eleva-
tion of 3,700 feet.

Seasonal and diurnal temperatures in its natural
habitat vary greatly: maximums of 115 °F and mini-
mums of 0 °F have been recorded. Unless dormant,
guayule is not tolerant of temperatures below 15 °F
but it can withstand droughts.

Guayule grows best with temperatures between
90° and 100° Fahrenheit. Growth slows markedly
when the temperature falls below 60 °F. Guayule
does not seem to have a definite seasonal growth
rhythm. It grows, flowers, and fruits whenever, and
as long as, conditions are favorable. In its native
habitat it normally flowers in summer, but it may
do so any time in the year when growth is active,
depending on the amount of rainfall. When irri-
gated the plant may continue to flower from early
spring to late fall.

Guayule has been grown on a production basis in
California areas with dry summers and winter rains,
in Arizona with both winter and summer rains and
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in New Mexico and Texas where the principal wet
season is in summer and fall. In all but the Cali-
fornia Coastal area and southern Texas, rainfall was
supplemented with irrigation.

Guayule is a prodigious seed producer. During
the first growing season, irrigated plants in the San
Joaquin Valley produced 25 to 40 pounds of clean
(unthreshed) seed per acre and 500 pounds were not
uncommon in older plantations. Unirrigated plant-
ings in the Salinas Valley yielded 10 to 20 pounds
the first season and 100 to 200 pounds in subsequent
years.

In commercial practice, ripe seeds are cleaned
with standard seed cleaning equipment to remove
stems, leaves, clusters of sterile florets, insects and
weed seeds. Guayule seeds can then be stored indef-
initely if dried to a five percent moisture content.
Threshing is beneficial, reducing dormancy and
improving percentage germination.

The guayule seed has some physiological dor-
mancy but the chief cause of dormancy lies in the
seed coats. When cultivation was first attempted it
was found that germination was very low resulting
in failure to establish plantations.

W. B. McCallum, an employee of the Mexican
guayule rubber company later known as the Inter-
continental Rubber Company, might be considered
the father of commercial rubber production from
guayule. He solved the germination problem by
treating the seeds with calcium hypochlorite (later
sodium hypochlorite "chlorox" was used). The pro-
cess involves long soaking in water, treatment with
the hypochlorite solution and thorough rinsing.
Treated seed can be dried and stored, or planted
immediately. It can also be kept moist and sown
after germination has begun.

McCallum brought the first seeds into the United
States in 1912 and established a plantation at Valley
Center, California. He moved his operation to Con-
tinental, Arizona in 1916. Not being satisfied with
results there he moved to Salinas, California in 1926
where the operations of the Intercontinental Rub-
ber Company were continued until the company
was purchased by the U.S. Government at the begin-
ning of World War II for the Emergency Rubber
Project.

Because of serious difficulties encountered in
establishing seedlings in the field, McCallum had
developed a system of nursery production that was
continued by the Emergency Rubber Project. Seeds
were sown in seven 2 -inch bands on a four foot bed
by a planting machine which then covered the seed
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Figure 1. A one -year old Guayule plantation in the
Salinas Valley of California.

Figure 2. A Guayule nursery showing overhead sprink-
ling devices and beds with plants ready for lifting.
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with a shallow layer of sand. Moisture was pro-
vided by an overhead oscillating sprinkler system.
Weeding was a serious and expensive problem until
overcome by the development of oil sprays during
World War II. These reduced the necessity for hand
weeding to one tenth of what it had been.

Plants were grown in the nursery for periods of
four months or longer, depending on the rate of
growth, and the need for planting stock. After being
hardened by having moisture withheld, seedlings
were mowed to a height of one to two inches,
undercut by a sharp tractor -pulled blade at a depth
of about seven inches, sorted and packed in small
crates for transportation to the field. Plants could
be held for several days without refrigeration and
as long as 30 days if properly refrigerated. The
transplants were planted by 4- or 6 -row planting
machines, originally designed for planting vegeta-
bles. A crew of 10 could plant about an acre an hour.

Nursery problems and disease losses were minor
as long as the nursery beds were restricted to well
drained sandy loam or loam soils and the beds care-
fully leveled. Sprays that were too coarse resulted
in sand splash injury. Snow fences or other wind
breaks were found essential to control spray drift
and to prevent seedlings from being blown out of
the ground.

The selection of plantation fields is very impor-
tant as guayule grows best on soils within the range
of loamy -fine sands to silty clay loarns with good
aeration and internal drainage. Unsatisfactory
growth and yield result when soil conditions make
moisture available for short periods followed by
extreme drought, as occurs on very light soils and
heavy soils with coarse substrate at shallow depths.

Guayule plants grow well in soils with a px from
6.0 to 8.5, and are stunted at p" 4.5 or p" 10.5. Opti-
mum growth occurs from p" 7.2 to 8.3. Guayule
tolerates a salt content up to 0.3 percent anywhere
in the soil profile, but a salt content of 0.3 to 0.6 in
the top 2 feet greatly retards growth and over 0.6
percent in the surface soil results in death.

It was found essential that irrigation runs be of
moderate length to insure uniform wetting without
flooding. Flood or basin irrigation was generally not
satisfactory.

Because of the desire for rapid growth, there was
a strong tendency to overirrigate. At first it was
thought that a large shrub could be grown and later
filled with rubber through stressing by withholding
water. This assumption was wrong. It was learned
that growth and slowdown for rubber development
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must alternate, and either cool temperatures or
decreased moisture could provide the "stress" nec-
essary for rubber formation.

Shrub spacing was found very important in con-
trolling growth of individual plants and obtaining
maximum shrub and rubber production. Over a
three year period maximum production was
obtained by closely spacing plants in rows about
14 inches apart. The 20 -inch spacing used during
World War II was too sparse for short cycles (two
years or less), but probably close to optimum for a
four year rotation.

Weeds were found to be a problem in field
plantations. Young guayule plants do not compete
well with weeds, and as cultivation was not suffi-
cient to control weeds some hand weeding was
necessary. The need for hand weeding was later
reduced by the use of cultivators designed to weed
within the rows and by the use of oil sprays. After
plant top growth closed in the space between rows,
cultivation was unnecessary.

The shrub was harvested by digging the entire
plant, as one fourth of the plant's rubber is in the
roots. Mowing was tried as an intermediate harvest
and, as far as survival and growth of the plant was
concerned, it was successful if done during the dor-
mant season. However, harvesting and milling costs
and related processing problems discouraged this
type of harvesting.

After shrubs were dug they were windrowed
before removal from the field. During the earlier
years it was thought that sunning was essential, but
this was later found untrue. In fact it proved to be
detrimental to the rubber. The Intercontinental
Company used an ensilage cutter to chop up the
shrub before hauling to the mill. Because of the
difficulty of defoliating cut shrub, the Emergency
Rubber Project resorted to baling and storing in
bales. The leaves contain almost no rubber, so their
removal in processing is essential to reduce bulk.
This was accomplished by immersing the baled
shrub in hot water and passing through a rotating
screen.

The original rubber extraction practice was devel-
oped by mining engineers who adapted equipment
with which they were familiar and devised other
epuipment as needed. The first step was to cut the
shrub as fine as possible, then pass the material
between rollers to break down cell walls. The shrub
wgs then fed into large, rotating horizontal pebble
mills where the pounding of the shrub in water
released the rubber. The rubber was then separated
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Figure 3. A typical Guayule plant.

Figure 4. A native stand of Guayule in Texas.
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from the fiber in flotation tanks. The rubber, sticky
because of its resin content, was dried in sheets and
pressed into blocks for shipment.

At the end of World War II synthetic rubbers
were considered sufficient for our rubber needs, and
all guayule fields except for a few experimental
areas were destroyed. Research was continued on
a reduced scale, but even this was halted in the late
nineteen fifties. The research did provide, however,
advances in processing, some additional experi-
ences in growing guayule, and produced a number
of mostly untried new varieties.

Research and production remained dormant until
the early seventies when word reached the United
States that Mexico was carrying on guayule research
and had developed improved processes resulting in
a product equal to hevea rubber. With this aroused
interest, a conference was held in Tucson in 1975

and researchers began to look for seed sources. The
only available source in the United States, except
for seed from native stands, proved to be the
National Seed Storage Laboratory in Fort Collins,
Colorado, where very small amounts of seed from
twenty -five varieties had been stored.

Based on this source of seed and recent collec-
tions in Texas and Mexico, breeding and produc-
tion studies were initiated at several places in the
Southwestern United States. Limited financial sup-
port became available from the National Science
Foundation, the Four Corners Regional Commis-
sion, Southwest Border Regional Commission and
some state agencies.

A second meeting was held in Saltillo, Coahuila
Mexico in 1977 and the interest in guayule
expanded and the pace of research accelerated. One
of the more recent developments was the funding
of a technological assessment of the commercializa-
tion of guayule conducted jointly by the Office of
Arid Lands at the University of Arizona and the
Midwest Research Institute in Kansas City,
Missouri.

In Mexico, the Centro de Investigacion en Qui-
mica Aplicada, supported by funds from the Comi-
sion Nacional de los Zonas Aridas, has operated a
pilot plant for extracting rubber from guayule since
March 1976. The facility has a capacity to process
one ton of shrub a day. Processing methods are
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based on the techniques developed by U. S. engi-
neers during the 1940's and 1950's, but incorporates
several new techniques. Principal advances are in
a more complete deresination, and dissolving the
rubber in hexane to remove all but two percent of
the non rubber substances. More recently Firestone
has developed a solvent method in which the shrub
is deresinated in acetone prior to extraction of the
rubber. These techniques produce much higher
quality rubber. In fact, the guayule rubber now
being produced is considered to be the equivalent
of hevea rubber in nearly all respects.

In addition to improvements in plant culture and
extraction methods guayule has a great potential
for genetic improvement.

Guayule is a plant breeders dream. It is the
only one of the seventeen American species hav-
ing appreciable quantities of rubber, and it can
be crossed with other species to develop desirable
characteristics such as size, branching habit, or cold
tolerance. Like some other members of the sun-
flower family, it tends to be apomictic - that is,
it produces progeny without pollen fertilization
although the pollen may be necessary to stimulate
seed production. It was discovered during World
War II that the chief varieties were largely apomic-
tic and hence, not readily crossed for development
of improved hybrids. But this difficulty was over-
come and it was found possible to make desirable
crosses and later select desirable progeny for apo-
mictic reproduction.

The basic chromosome number is 2x =36. No

18- chromosome plants have been found, but varie-
ties with 54, 72 and 108 are common. The culti-
vated varieties have 72 chromosomes, as does the
non -rubber producing Mariola (Argentaturn inca-
num) which commonly occurs along with guayule
but has a much greater northern range and greater
cold tolerance.

In summary it appears that guayule has a great
potential for production of high quality rubber, and
with ever increasing shortages of petrochemicals
and rising rubber prices, there is a strong possibility
that guayule will become an important crop plant
in the warmer portions of the Southwestern United
States and northern Mexico.
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Establishing Vegeta-
tation on Highway
Slopes in Arizona
Martin A. Mortenson
Natural Resource Planner,
Arizona Department of Transportation

The Arizona Department of Transportation has the
policy of minimizing erosion and sediment dam-
age to the highway and adjacent properties. This
is accomplished by applying special techniques to
temporarily control erosion and encourage vege-
tative growth for long -range erosion control and
improved esthetic quality of our roadsides. The ero-
sion control seeding is accomplished on the road
construction contract, or a separate contract soon
after, to lessen the erosion potential.

Most of the areas along our roadsides will not
readily support dense vegetation because of soil of
low inherent fertility, toxic soil conditions, steep
or unstable slopes, low rainfall or temperature
extremes. Amendments are used to improve the
condition of the soil. Toxic material is plated with
suitable soil. Steep slopes are flattened or benched
where possible. Species that are adapted to condi-
tions at each site are selected to further the chances
for successful seedings. Mulch is used to stabilize
the soil surface, modify the temperature and extend
the favorable moisture period.

The condition of the soil is of primary impor-
tance in establishing vegetation at each new site.
The soil is analyzed and amendments selected to
provide improvement of the growing medium.

Toxic areas are identified and given special con-
sideration. Sulfur, gypsum or a combination of these
can be tilled into soil which has sodium in excess
of 10 0/o base saturation. Gypsum at the rate of 400
pounds per acre will reduce sodium saturation by
1 ° /o. If there is adequate lime in the soil, the same
results can be obtained with 72 pounds of soil sulfur
per acre. Sodium as high as 39 °/o has been treated
with a combination of 8,000 pounds of gypsum and
400 pounds of sulfur per acre. After the amend-
ments are tilled in, the area is plated with 6 inches
of soil to encourage vegetative growth.

Nitrogen and phosphorous are tilled into seed-
beds in amounts up to 80 pounds per acre each.
The exact amount is more dependent on rainfall
than soil analyses. Excessive fertilization seems to
induce lush vegetative growth creating competition
for the limited moisture available in the lower rain-
fall areas.

The next consideration for establishment of veg-
etation is the selection of species suitable for each
site. Because each species has its own climatic,
physiographic and biologic limitations, those not
fitting into the ecological parameters of a particular
site will not be successfully established. Each species
selected must therefore be adapted to all existing
or manipulated factors of each site.
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Figure 1. An area where two tons of hay per acre were
anchored by crimping after having been seeded.

Figure 2. Vegetation resulting from a mulched seeding
two seasons old.
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Figure 3. Grass stand from a two -year old mulched
seeding.

The same seed mixture is usually used through-
out the project being planted. The mixture is
usually made up of species indigenous to the area
(subject to availability), species that have done well
on similar sites and species suitable for special areas
within the project.

The seeding rate is determined to provide from
20 to 60 pure live seed per square foot of the pri-
mary species combined. The harsher the site condi-
tions become, the higher the seeding rate used.
For example, broadcast seeded and unmulched sites
require a higher seeding rate than that which is
required when planting by drilling with subsequent
mulching with hay or straw.

The depth at which seed is planted is an impor-
tant aspect of success or failure in a planting. Seed
planted too deep has difficulty in emerging. If not
covered, germination can be hindered. Large- seeded
species are usually planted about one half to one
inch deep by drilling. Small- seeded species are usu-
ally planted by broadcasting and covered by lightly
dragging the surface.

The final consideration for establishment of veg-
etation is the use of mulch over the seeded areas.
Mulches can increase infiltration of water into the
soil by preventing raindrops from dispersing soil
fines that plug the interstices through which water
moves into the soil. Mulches also moderate tern-

peratures, decrease evaporation, prolong periods of
favorable moisture levels and stabilize surface soils
and fertilizer in place while vegetation is becoming
established.

The use of mulch is predicated on the erosion
potential and the possibility of establishing vegeta-
tion without it. Areas that are relatively flat, with
soils of low erosion potential, can be vegetated
without mulch if the rainfall patterns are suitable.
If the erosion potential is high and revegetation
potential uncertain, mulches are used to good
advantage.

Grain from the straw and weeds from the hay
can provide undesirable competition to new seed -
ings. This type of mulch is readily available how-
ever, and less expensive than excelsior or rock
mulch. Hay or straw is used at two to two and
one -half tons per acre, either crimped into the soil
surface or tacked with emulsified asphalt at 400
gallons per acre.

The Arizona Department of Transportation has
treated approximately 5000 acres of disturbed land
over the past four years. Costs per acre have aver-
aged between five hundred and seven hundred dol-
lars. Even when the initial treatment is expensive,
considerable savings in maintenance funds over a
period of time are expected.
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Protecting Arizona's
Native Plants by Law
and Regulation
An Interview With
Richard A. Countryman
Assistant Director, Arizona Commission
of Agriculture and Horticulture
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The native plant law of Arizona applies equally to
private land, federal land and state land. This
makes it a tough law to get around. Arizona has
probably the most effective and best enforced native
plant law in the United States. Now that the federal
government is forming regulations dealing with
endangered and threatened plant species, it might
be productive to look at how use of protected native
plants is regulated in Arizona. The high degree of
regulation of protected native plants in Arizona
comes undoubtedly from the rich diversity of
unusual cacti and other desert plants in this much -
varied state.

Recently Desert Plants went to the offices of the
Arizona Commission of Agriculture and Horticul-
ture in the state capitol district of Phoenix to take
a close look at how state law and Commission regu-
lations protect Arizona's native plants from being
destroyed or mutilated or from being dug up
without cause and without permission of the land-
owner. The following dialogue with the Commis-
sion's Assistant Director, Richard A. Countryman,
represents the findings that were made.

Desert Plants: We appreciate very much your tak-
ing time to discuss with us the Arizona Native Plant
Law, Mr. Countryman. Just how long has Arizona
had such a law?

Mr. Countryman: Since 1929. At that early date,
when Phoenix had a population of only 38,000 and
Tucson 26,000, the Arizona Legislature had the fore-
sight to enact a law to protect the rare desert plants
of the state. The law was considerably updated in
1967 and funding provisions were made to bring a
native plant investigator on the scene at the Ari-
zona Commission of Agriculture and Horticulture.
The law has been amended continually since 1967
to meet the conditions encountered and to close the
loopholes. We now have six full -time men assigned
to investigating native plant law violations.

Desert Plants: Can we assume from the fact that
you need this number of men working full -time
in this area that commercial dealing in protected
native plants has become a relatively big business
in Arizona?

Mr. Countryman: Yes. Private land -owners still
have the right to sell certain protected native plants
from their land, but only under stringent regula-
tions designed to uncover theft of protected plants
from government land or from land where permis-
sion for removal has not been granted. The value
of protected native plants that people demonstrated
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"Certain plants can be collected only for scientific, edu-
cational or preservation purposes ..."

a legal right to move came to $1,731,094 during the
last fiscal year alone. Now that the state is experi-
encing a boom in building of single -family homes
and other residences, landscaping activities are
increasing. Desert landscaping is becoming more
popular as water rates rise with increasing energy
costs. We are seeing an increase in both legal and
illegal digging of protected plants. Arrests are up
from 46 to 91 during the 1978 -1979 fiscal year.

Desert Plants : How does the law apply to destroy-
ing or mutilating protected native plants?

Mr. Countryman : It is illegal to knock protected
plants over with a vehicle (including a bulldozer),
to chop them with an axe or hatchet or to mutilate
them by rifle, pistol, archery target practice, or to
drive over them or flatten or destroy them.

Desert Plants: How are such cases dealt with by
the courts?

Mr. Countryman: There are the usual penalties
of fines and imprisonment. In addition, there is a
growing tendency for a judge to require restitution
as well.

Desert Plants: Previously you spoke of persons
moving plants legally or illegally. Are we to under-
stand that a particular species of protected native
plant could be legally dug up or moved or sold in
one instance, but illegally so in another?
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"According to the Arizona Revised Statutes, Section 3 -901,
Paragraph C ..."

Mr. Countryman: Some species of native plants
are so rare, endangered or threatened that the Legis-
lature has mandated that permits for their removal
can only be for scientific or educational purposes
or to preserve the plants from imminent destruc-
tion. Other protected species can be removed from
nature under commercial permits from the Com-
mission, but only when the applicant already has
a legal right to take the specific plants in question.
That is to say that the applicant must already own
the plants or have permission of the land -owner to
take the plants. We never legitimize an otherwise
illegal situation by issuing a permit. A permit in no
way transfers ownership.

Desert Plants: Which species of natives are con-
sidered so rare that removal can only be for scien-
tific, educational or preservation purposes?

Mr. Countryman: These plants are listed in the
Arizona Revised Statutes, Section 3 -901, paragraph
B: Washingtonia fili f era (Native Fan Palm), Lysi-
loma thornberi (Ornamental Lace -tree), Bursera fag-
aroides (Elephant Tree), Cereus schottii (Senita
Cactus), Cereus thurberi (Organ -pipe Cactus), Tou-
meya papyracantha (Native Paper -spine Cactus),
Toumeya peeblesiana (Navajo Cactus), Neoevansia
diguetii (Dahlia Cactus), all Pediocactus species, all
Sclerocactus species and Agave arizonica.



Countryman

"It is illegal to ... mutilate them by rifle, pistol, archery
target practice ..."

Desert Plants: But Mr. Countryman, we see spe-
cies like the Native Fan Palm and Ornamental
Lace -tree for sale everyday in nurseries and less
frequently we see Senita Cactus and Organ -pipe
Cactus. How can this be?

Mr. Countryman: The law applies only to native
plants which have grown wild in Arizona without
being propagated or cultivated by human beings.
Plants grown from seed or other legitimate means of
propagation in nurseries are not covered by the law.

Desert Plants: Can pads or cuttings of protected
native plants be taken without a permit?

Mr. Countryman: No. This would tend to muti-
late the plants in nature and could not be allowed
under the law. However, cuttings of legitimately
cultivated plants can be made and the resulting
plants would not be native plants under the mean-
ing of the law because they are specifically
exempted as having been "propagated or cultivated
by human beings."
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"It is illegal to chop them with an axe or hatchet ..."

Desert Plants: Can fruits or seeds be collected
from protected native plants?

Mr. Countryman: Only with permission of the
owner of the land where the plants grow. We do not
require Commission permits for fruit or seed col-
lecting, but persons should remember that they are
subject to trespassing laws. All parts of the desert
are owned by someone, either private land -owners
or federal or state governments.

Desert Plants: Might not some conservation-

minded persons think that collecting of seeds or
fruits should be made illegal?

Mr. Countryman: In most instances a plant pro-
duces a tremendous number of seeds, many times
more than germinate in nature. Growing protected
plants from seed helps reduce the demand on native
ones of the same species.

Desert Plants: Won't the new federal endangered
species act prohibit collecting of certain seeds on
public lands?
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"If this was your second offense, you could go to jail for
18 months and pay a fine up to $1000 ..."

"Have you ever seen a Saguaro damaged by a shotgun
blast ?"

"We can and do prosecute in Arizona if a person presents
a false bill -of -sale from out of state ..."

Mr. Countryman : This law should provide guid-
ance to landowners and administrators of public
lands for either allowing or disallowing seed collect-
ing, depending on the species. In the past the Forest
Service or Bureau of Land Management or other
government agencies used discretion when issuing
seed collecting permits.

Desert Plants: You mean then that permits are
required for seed collecting?

Mr. Countryman: The type of permit that these
government agencies grant is essentially a "per-
mission of the land- owner." The Commission of
Agriculture and Horticulture does not act in the
capacity of a land- owner, so its permits are in a
purely regulatory capacity. It does not regulate seed
collecting by permits, although a seed -dealer's
license must be obtained from the Commission by
anyone intending to sell more than a pound of seed.

Desert Plants: Yes. The distinction between these
types of permits is easy to see. We can also see how
a person could easily confuse the Commission's
regulatory permit with the other type of permit.
Has anyone ever thought the Commission's permit
entitled him to get out and find a native plant to
collect, sort of like a deer -hunter with a tag?

Mr. Countryman: We never issue a permit under
the state law until we are satisfied that the party
applying for the permit already has legal ownership



Countryman

"A 100 year old Saguaro destroyed by vandals is a sad
sight ..."

of the plants in question or has written permission
of the land- owner, or a permit from a government
agency acting as manager of the land.

Desert Plants: You have mentioned plants which
are protected but which can be removed from
nature by a private individual or commercial nur-
sery when the Commission issues a permit.

Mr. Countryman : These are listed under Arizona
Revised Statutes Section 3 -901, paragraph C in four
groups: 1) all species of the following families,
Liliaceae (Lily Family), Amaryllidaceae (Amaryllis
Family), Orchidaceae (Orchid Family), Crassulaceae
(Orpine Family) and Cactaceae (Cactus Family). 2)
all species of the following genera: Aquilegia (Col-
umbine), Lobelia ( Lobélia), Dodecatheon (Shooting
Star), Primula (Primrose), Fouquieria (Ocotillo). 3)
the following species: Atriplex hymenolytra (Desert
Holly), Cercis occidentalis (Western Redbud), Dalea
spinosa (Smoke Tree), Holacantha emoryi (Cruci-
fixion Thorn), Fremontia tali f ornica (Flannel Bush),
Pinus aristata (Bristlecone Pine), Rhus kearneyi
(Kearney Sumac), Sapium biloculare (Mexican
Jumping Bean) and Sebastiana pavoniana (Mexican
Jumping Bean). 4) the following species of live or
dead plants or parts thereof: Prosopis juli f lora
(Common or Honey Mesquite), Prosopis pubescens
(Screwbean Mesquite), Cercidium microphyllum
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"I'm reluctant to disclose our methods but we do have
investigatory techniques that yield evidence acceptable to
a judge ..."

(Little -leaf Palo -verde), Cercidium floridum (Blue
Palo -verde), Parkinsonia aculeata (Jerusalem Thorn,
Long -leaf Palo -verde) and Olneya tesota (Ironwood
Tree).

Desert Plants: It looks like your personnel have
to be pretty good at identifying a large number of
protected native plants.

Mr. Countryman: Our line of work is a rather
technical field in the Commission to begin with
and I believe it becomes even more technical in
the native plant area.

Desert Plants: Suppose we operate a nursery and
we want to obtain a dozen 5 -foot tall Saguaro cacti
to sell. Do we just come to you to get a permit?

Mr. Countryman: No. We will only issue a per-
mit after you bring in a permission form signed by
the land -owner giving the complete legal descrip-
tion of the land involved and a complete list of
protected native plants to be removed. If you were
going to dig these Saguaros on government land
you probably wouldn't get permission except under
exceptional circumstances. If you were caught dig-
ging, transporting or selling these Saguaros, you
would probably be apprehended and receive a stiff
fine.

Desert Plants: How would anyone know that the
Saguaros were illegal?
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"Last year we made house -calls that turned up 3,062 cases
of compliance and 177 cases of non- compliance ..."

"Stolen cacti are brought to our holding yard ..."

"Once the confiscated plants are in the holding yard, we
plant them loosely so they can be removed ..."

Mr. Countryman: If you can't show that you grew
them from seed and they don't have native plant
tags or blue seals, then they are subject to confisca-
tion. If you try to sell a dozen such undocumented
Saguaros, we would prosecute.

Desert Plants: What then?
Mr. Countryman: A first offense is a Class 3 mis-

demeanor, up to 90 days in jail and a $500 fine. If
this was the second time around for you, it would
be a Class I misdemeanor and you could receive
up to 18 months in jail and a $1,000 fine. If a corpo-
ration is involved, it could receive up to a $20,000
fine under Class 1.

Desert Plants: Is a person really apt to receive a
stiff penalty such as a $1,000 fine.

Mr. Countryman: Yes, indeed. I could readily
point to instances of fines up to $1,000. In addition,
the law allows each individual plant to constitute
a separate offense.

Desert Plants: We can see the value of having
full -time native plant investigators. Does the money
to support this program come from the taxpayer?

Mr. Countryman: The Commission received 90 °/0
of the permit fees and 90 °/o of the fines under the
Native Plant Law to provide money for the program.

Desert Plants: Supposing we wanted to obtain the
dozen Saguaros legally, how would we be apt to
do it?

Mr. Countryman: You would probably look for
a rancher who wanted to clear cacti from grazing
land or who was putting up a new building or per-
haps putting in a new road. Such a person might
agree to sell you some Saguaros from his land. He
would sign the permission form. We would then
check the location to see that the quantity and kind
of cacti specified on the permission form were actu-
ally there. If the cacti were not there, we would not
issue a permit. Also, if it proved from county land
records that the rancher didn't actually own the
land but was leasing it, say from the State of Ari-
zona, then the application would be denied. We
stop quite a few people from breaking the law by
denying applications.

Desert Plants: What is to stop a person from find-
ing a dishonest land -owner to sign a permission
form for a dozen Saguaros when it is actually
intended to dig the Saguaros from government land?

Mr. Countryman: This is one trick that has been
tried, alright, and it shows why investigators are
needed to keep track of the comings and goings of
native plants. We make plaster casts of tire -marks
where someone has backed up to an illegal Saguaro
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and hoisted it onto a truck. We have ways of match-
ing roots from a confiscated plant with ones left
behind in the hole. I'm reluctant to reveal all of our
methods, but believe me, there are several investiga-
tory techniques which yield evidence that a judge
in a court of law will ordinarily accept.

Desert Plants : Do your people go into court, then?
Mr. Countryman: Yes. There are three ways we

appear in court, 1) as a complaining witness, 2) as
a regular witness, or 3) as an expert witness. During
the last fiscal year the Commission signed 43 com-
plants bringing persons to court. Citations by vari-
ous law enforcement agencies brought another 48
to court. When we sign the complaint, we must
appear in court in the capacity of a complaining
witness. In a native plant case, we would also be
apt to be called as a regular witness in a capacity
of "keeper -of- the -records," that is, we could testify
that a particular person did not have a permit to
dig up a Saguaro from a specific tract of land. We
could also serve as an expert witness in technical
matters having to do with details uncovered or on
the cash value of a confiscated plant. Each case is
different. When the value is over $100, a felony case
of theft can be made. Usually this would require a
complaint by the land- owner.

Desert Plants: You don't actually prosecute a
native plant case do you?

Mr. Countryman: No. We assist the prosecutor in
preparing his case. The prosecutor most often is the
County Attorney. Aside from regular court cases,
we do have quasi- judicial hearings in the Commis-
sion offices.

Desert Plants: You mentioned fees. How much
does it cost to obtain a permit?

Mr. Countryman: A permit can be written for a
number of plants. Each plant must be tagged. The
tag for a Saguaro costs $2.00 while a tag for any
other protected species is $1.00. The fee for a cord
of wood of protected trees is $1.00. Here again, by
paying $1.00 per cord for the wood permit, a person
doesn't obtain ownership of the wood.

Desert Plants: Why should dead wood be
protected?

Mr. Countryman: Once wood is cut up it's next
to impossible to show what was dead or alive when
it was cut. The Legislature wanted to protect cer-
tain tree species which were being cut for firewood.
Once the wood is on a truck and a few miles away
from where it was cut, it's hard to tell if it came
from an Arizona State Park, from National Forest
Land or from private property. When wood of Mes-
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quite, Palo -verde or Ironwood is taken from private
property, a wood permit is required for amounts
over a cord. For amounts under a cord, a person
should have permission of the land -owner just as
was the case with amounts over a cord, but the state
regulatory permit is not required. No special wood
permit is required from the Commission when
wood is removed under a permit from the Forest
Service or Bureau of Land Management.

Desert Plants: But why should a tree like Mes-
quite be protected in the first place?

Mr. Countryman: It's true that Mesquite can be
an unwanted invasive tree on some ranges. How-
ever, in Yuma County we had instances where
the Mesquite, Palo -verde and Ironwood were being
chained out and hauled into Mexico for firewood,
for fueling the brick kilns and for carving. These
were the only trees in some desert areas and if some-
thing hadn't been done fast the wholesale theft
would have left no trees in many spots. People
doing the hauling were selling the wood in Mexico
and bringing back narcotics for sale in the United
States. Now we don't have to catch the violators in
the act of cutting the trees. Now a truckload of
wood can be stopped before it passes the border and
a citation issued. Also, before the law was passed,
a large number of people didn't care where they cut
their firewood. Places included highway rights -of-
way at night, private property, anwhere a chain -saw
operator could work. Now people need formal per-
mission from the land -owner and must obtain a
permit. With fuel costing more nowadays many
people are burning wood in fireplaces or Franklin
stoves. Wood from legitimate sources has risen to
$85 to $100 per cord. Unfortunately, this has caused
increased illegal cutting.

Desert Plants: Is it really possible to keep track of
the comings and goings of protected native plants?
What if someone wants to dig up a plant in his yard
to give to a friend across town? What if someone
buys protected native plants from outside the state
and brings them in?

Mr. Countryman: Yes, we have developed a num-
ber of methods for keeping tabs on native plants
and to deal with just about any possibility that
arises. When cacti are brought into Arizona, per-
sonnel at the inspection station fill out a card report-
ing the species, quantity, destination and other
facts. These cards come here and are kept on file
for our information. If the plants are native -grown
and the same species as protected in Arizona, we
apply blue seals to them. Usually the shipment is
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"We uncovered the theft of a large number of Arizona
Rainbow Cacti that had been taken to California ..."

quarantined to its destination, inspected there and
blue seals applied. This operation can be done at
the Arizona border as well. On the United States -
Mexican border, the federal plant quarantine people
blue -seal the plants for us.

Desert Plants: Are barrel cacti such as Echino-
cactus ingens or the Royal Agave, Agave victoriae-
reginae, blue -sealed when they have been dug up
in Mexico and brought into the United States?

Mr. Countryman: No. We can tell that they are
species that do not grow wild in Arizona.

Desert Plants: But how would a sheriff's deputy
or a Department of Public Safety officer know that
these species don't grow wild in Arizona?

Mr. Countryman: We work very closely with all
law- enforcement agencies. We help train and edu-
cate, provide assistance and information. We make
available 24 -hour telephone numbers of Commis-
sion personnel to law enforcement agencies. In
addition, if a case is not entirely clear, we can place
a "HOLD" tag on a plant until it is identified by
an expert or the situation is otherwise resolved.
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Desert Plants: If a plant is grown out of state from
seed and brought into Arizona, is it blue -sealed?

Mr. Countryman: No. Blue seals are not ordi-
narily needed for seed -grown plants.

Desert Plants: How can a person differentiate
between a plant that was seed -grown by man and
one that grew wild on the desert if both plants are
of the same species?

Mr. Countryman: Expert testimony in a court of
law can be developed regarding the structure of the
root system, the overall nursery -grown vs. desert -
grown appearance and so forth. A nursery flat of
36 uniform appearing Saguaros, each two inches
high and with no evidence of broken roots would
probably be taken by a court of law as material
grown from seed by man. On the other hand, if
someone saw a person carefully dig up the 36 tiny
Saguaros on the desert, or if any other adverse evi-
dence existed, then the decision would probably go
the other way. We generally know which nurseries
grow plants from seed and know what such seed -
grown material looks like.

Desert Plants: Do you check nurseries over for
native plant violations?

Mr. Countryman: Last year we made 514 nursery
checks. In addition, we have 26 employees around
the state who get involved in various aspects of
nursery regulation and plant inspection. These peo-
ple devote part -time to Native Plant Law aspects of
their jobs in addition to our six full -time investiga-
tors. As a result, we have the most effective native
plant law in the United States.

Desert Plants: Once protected native plants are
planted in a yard, how can you tell if they were
legally or illegally obtained?

Mr. Countryman: We ran 425 checks of subdivi-
sions last year alone. We keep records on the kinds
and numbers of protected native plants in each yard
in the subdivision. When a new plant appears on
the scene, we make a house -call to determine if the
native plant law has been complied with. Last year
these house -calls turned up 3,062 cases of compli-
ance and 177 cases of non -compliance.

Desert Plants : How do you determine compliance?
Mr. Countryman: Upon planting a protected

native plant, the owner removes the tag or blue seal
and retains it until it is checked by our investiga-
tors. The home -owner should keep the tag since,
like a deed, it provides a record of ownership.

Desert Plants: What if a person has several native
cacti in his yard which are being cultivated and
which were legally obtained in the past. Can a per-
son give them to a friend across town?



Countryman

"I would say that 800 /0 of the violators are cactus whole-
salers or cactus peddlers ..."

Mr. Countryman: Upon request, we will blue -
seal the plants so they can be moved.

Desert Plants: The blue seals are always issued
without charge aren't they?

Mr. Countryman: Yes. We can provide this ser-
vice on a time -available basis. If a nurseryman has
fifty plants that need to be blue -sealed, he may have
to wait a few days until we happen to be in the
neighborhood on other business.

Desert Plants : How do you know that plants corn-
ing in from an adjacent state for blue -sealing didn't
actually originate in Arizona or were otherwise
illegally obtained?

Mr. Countryman : We require a bill -of -sale from
a legitimate source. This prevents theft of native
plants from adjacent states. We can and do prose-
cute in Arizona if a person presents a false bill -of-
sale from another state. We have been working
with officials of several states to prevent theft of
plants from government land in these states. Often
the material comes into Arizona and we spot it
from falsified bills -of -sale or other suspicious cir-
cumstances. We have worked on cases in Utah, New
Mexico, California and Nevada, all cases where the
plants were being marketed in Arizona. Arizona
and Utah as well as federal officials combined forces
on one recent case.
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"Arizona has the best regulated native plant law in the
United States."

Desert Plants: We've noticed that plants coming
in from Mexico are seldom longer than 18 inches.

Mr. Countryman: Yes, that's the largest that can
be handled by the federal plant quarantine people
in their fumigation chambers.

Desert Plants: Oh, so that's what it's all about.
Mr. Countryman: Material also enters Arizona

from Mexico by way of smuggling on back roads.
Desert Plants: How would you characterize the

violators -- those persons who were actually arrested
last year - were they hard cases or just casual
violators?

Mr. Countryman: I would say that 80 °/o of the
violators are in the wholesale cactus or cactus -

peddling business. Many of these individuals are of
questionable character. In the case of the minor
offender who was merely ignorant of the law, we
confiscate the plants and issue a warning. Last year
we issued 84 warnings. We have thought it better
to "educate rather than prosecute." We presented
103 talks on native plant protection in Arizona to
school groups, clubs and various organizations dur-
ing the last year. Also, we generated 23 television,
radio or news articles and had booths or displays
at 5 garden and plant shows.

Desert Plants: We want to thank you very much,
Mr. Countryman, for answering all of our ques-
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tions. We certainly have a much better insight now
into conservation of protected plants in Arizona
and a healthy respect for the many types of knowl-
edge and techniques that a native plant investigator
uses in his daily work. Is there anything which you
would care to add?

Mr. Countryman: We do want to enlist the aid of
the people of the state. However, do not accost a
possible violator. Write down the license number
of the vehicle immediately and then report the situ-
ation to the nearest law -enforcement agency. You
can call the Arizona Commission of Agriculture
and Horticulture or any sheriff's office, Department
of Public Safety office or the Arizona Game and
Fish Department.

Also, I would like for more people to know that
the law now requires private land- owners planning
to clear land of protected plants to notify the Com-
mission 30 days in advance so that attempts can be
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made to save the plants from destruction. When
state land is involved, 60 days' notice must be given.

Desert Plants: These new provisions seem to be
commendable. What happens to such material?

Mr. Countryman: We try to place such material
where it can be used for scientific or educational
purposes or for landscaping public buildings as far
as possible.

Desert Plants: By the way, before we leave, what
provisions are made for scientific and educational
plant collecting?

Mr. Countryman: Aside from the plants that can
be collected only for scientific, educational or pres-
ervation purposes, the same provisions apply as for
commercial permits except that no fee is due from
the scientific or educational institution.

Desert Plants: Again, we want to thank you for
such an interesting discussion.
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AVIS: A Prototype
Arid Vegetation
Information System
Mariana Holland
Program in Landscape Architecture
School of Renewable Natural Resources
University of Arizona

AVIS is the prototype of a system to gather, store
and disseminate plant information to a broad range
of users in arid and semi -arid regions. The criteria
for this information system were derived from
extensive investigations of traditional information
sources, computerized plant indexes, various plant
experts and potential users of information. The pro-
totype phase has been completed and is opera-
tionally successful.

One of the problems that we face in Arizona, like
in other arid and semi -arid regions of the world, is
the lack of easily available information on native
and cultivated plants. Plants and computers are two
very different subjects. However, their combination
may be of great assistance in the future as a means
of answering many land resource questions.

The Problem
The population of Arizona is increasing at a very

rapid rate. This increase is causing more intense
development demands and is exerting pressure on
our natural resources. The reasons for this popula-
tion shift to warmer climates include lower land
costs, lower population densities, lower energy
needs, cleaner air and water and easier access to
natural recreation areas. It is evident that the very
attributes that attract new people are degraded by
the resulting intense use.

As development escalates and the demands that
are made on land increase, the need for responsible
and sensitive planning and design grows in impor-
tance. This is particularly true in arid regions which
are more easily degraded and slower to recover from
impact because of the following ecological factors:
1) high temperatures of long duration, 2) low
amounts of precipitation which occur biseasonally
and with high intensity, 3) long periods of drought,
4) alkaline soils with low water holding capacity,
5) stark landforms such as dramatic mountains,
broad valleys and canyons, and 6) a broad range
of vegetation types many of which are sparsely
distributed.

Expert planning requires information which is
accurate, easily available and in usable form. Plant
information is one of the major data types required
by planners and designers. Currently there is a lack
of easily available information on plants which
grow in Arizona and other arid and semi -arid
regions of the world. This includes native plants,
plants which are currently being cultivated from
other origins and plants from other areas which
could fill our needs effectively.
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The vegetational classification system outlined
by Lowe and Brown (1973) describes fourteen major
plant communities in Arizona. This diversity of
vegetation types necessitates the use of many kinds
of plants, both native and non -native, to solve the
broad range of resource problems which occur in
the Southwest. Many of these plants could also be
used in other arid and semi -arid regions. Informa-
tion on Arizona's native plants and other plants
which can be used here is currently very scattered
and incomplete. Data can be found in many sources:
1) technical and non -technical books ánd maga-
zines, 2) scientific journals related to many different
fields, 3) in -house agency and government publica-
tions, 4) the files of plant institutions, and 5) the
unrecorded and unpublished knowledge of those
working with plants.

Designers and planners need many types of infor-
mation about a plant to use it wisely. The basic
information should include a complete description
of the plant's size, shape, leaves, bark, flowers, fruit,
horticultural requirements, phenological patterns,
uses and problems with plant use. Many projects
would benefit from even more detailed information
such as whether or not the plant is indigenous, the
plant communities in which it occurs, its eleva-
tional range and its cold- hardiness. In some cases,
such information as ethnobotanical uses, floristic
origins or the types of wildlife the plant attracts
would be of use.

Plant information, much of it of the type needed
by planners and designers, is also used by many
others such as nurseries, growers, educators, govern-
ment agencies, horticulturists, botanists, ethnobot-
anists, foresters and the public. Research being done
on plant characteristics is often not transmitted
from one field to another or even within individual
disciplines. Research done on specific plants and
groups of plants is spread through various journals
and known mostly only by other scientists working
on similar subjects or by readers with specific inter-
ests who were willing to do time -consuming and
expensive library and computerized bibliographic
searches.

Botanical organizations not only need various
types of data on plants, they need a mechanism to
report and exchange their own research findings
and observations with potential users in order to
better perform their informational and educational
roles. Institutions researching and/or emphasizing
plants also need an efficient mechanism to keep
records on their plant specimens, to determine areas

of needed research and to analyze and manage their
plant collections. The more information the insti-
tution has, in a useful form, which is available to
others, the more vital the role the institution will
play in the plant world.

The Objectives
The Arid Vegetation Information System (AVIS)

was begun to provide people of arid and semi -arid
regions with easily available, accurate and complete
information on plant material. As the lack of plant
information affects many disciplines and users,
there is the potential for a broad range of applica-
tions. The system developed must 1) quickly pre-
sent information in a form usable to people of
varied backgrounds, 2) include the types of data
important to many plant- related fields, 3) be avail-
able to as many users as possible, 4) be accessible
at as low a cost as possible, 5) have the ability to
add information types, 6) present information in a
variety of report formats, and 7) have the ability to
update, modify or delete existing data.

Such a method of storing and outputting infor-
mation would result in a viable resource which
could be updated as new research and observations
are completed. The resulting system should take
advantage of work done by the many plant -related
fields, define areas of needed research, reduce dupli-
cation of research efforts and help alleviate the
difficulties of locating many information sources.

The problems of those dealing with native and
cultivated plant information in the Southwest can
begin to be solved with existing information being
collected from various sources being put into a form
usable to many and being made easily available for
use and exchange. As new facts emerge, corrections
and additions can be added to update the system
and make it of maximum value to users.

Existing Information Sources and Plant
Data Systems

Three computerized bibliographic information
searches were made to determine the types of arid
and semi -arid plant information available in scien-
tific journals and research projects of various fields.
It was found that much of the arid and semi -arid
plant information needed by such fields as plan-
ning, design, nurseries, horticulture, botany, ethno-
botany, forestry and ecology could be located.
However, the following conclusions were made: 1)
Information is often incomplete, inaccurate or in a
difficult to use form. 2) Data available at times
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03/22/79 AVIS w ARTO VEGETATTON INFORMATION SYSTCM

NAME ACCESSIDW NUMBER 000010,23
SCIENTIFIC NAME JUNIPERUS MONOSPERMA
COMMON NAME ONE.SF,EDED JUNIPER

ORGANIZATION LISTING ORGAN, BOYCE TMOMPSON ARBORETUM. 163
LOCATION OF PLANT U.S.A.

ARIZONA
DATE RECIEVED UNCERTATN
SOURCE UNCERTAIN
ExISTANCE VERIFIED B/77
EXTRANT M. HOLLAND

PLANT GROWTH FORM TREE
DESCRIPTION PLANT TYPE NEEDLES /SCALES /BRISTLES

CHARACTERISTICS OTOECTOUS
GROWTH HABIT SRANCWING
MATURE SIZE.HEIGHT (12.24')
MATURE SIZE.WIDTM (10.1411)
BLOOM PERTOO MAR TO MAY
EFFECT IN BLOOM INSIGNIFICANT

FRUIT FRUIT COLOR BLUE
FRUIT PERIOD JUN TO AUG
FRUIT EFFECT INSIGNIFICANT

FOLIAGE FOLIAGE COLOR YELLOW /YELLOW GREEN
FOLIAGE TYPE SIMPLE
FOLIAGE SIZE (4 1/2 ")
FOLIAGE SURFACE DULL
FOLIAGE EFFECT INSIGNIFICANT

BARK BARK COLOR GREY
BARK SURFACE PEELS

MORTTCULTURE PROPAGATION METH, SEED
WATER REQUIREMENT NO SUPPLEMENTARY
ExD SURE SUN
DISEASE PROBLEMS CEDAR.APPLE RUST
GROWTH RATE SLOW

ECOLOGY PLANT ORIGIN N, AMERICA
RARE R ENDANGERED ABUNDANT
ARIZONA NATIVE YES
VEGETATIVE COMM. JUNIPER /PINYON WOODLAND
NAT. ELEVATTON.AZ (2000.4000')/(4000.60000)
ENVIRONMENTAL PREF. )(ERIC
COLD HARDINESS ZONE 4

USES ECONOMIC USFS CONSTRUCTION /DYE /FIREWOOD /FOOD
ARCHITECTURAL USE SCREEN /PRIVACY CONTROL
ENGINEERING USES BARRIER /SPACE DEFINITION
DISADVANTAGES RESPIRATORY IRRITANT

Figure 3. Example of a data return sheet or print -out
which can be obtained for any plant entered in AVIS.

depends on the response of others. 3) Even books
directed at the use of plants were incomplete in the
information presented. 4) More work is needed on
arid and semi -arid land plants. Areas of potential
research would be clarified if information was col-
lected into one source. 5) Duplication of effort
would be reduced if information was centralized.
6) Data specific to one special field, such as ethno-
botanical uses, ecological information, rare and
endangered species information, complete plant
description, etc., although not included in many
general works, could nevertheless be useful to
designers and other users.

In addition to examining available journals
through computerized searches, a review of exist-
ing plant data systems was instigated. While such
systems have been developed and in use for some
time, they are all very specific in regards to the
types of users and the information they record. One

November 1979

of the objectives of this project was to create a sys-
tem that while generalized was applicable to a host
of different user types. The existing plant data sys-
tems researched were all responsive to the institu-
tions, agencies and problems for which they were
designed. However, none were directed toward solv-
ing information problems facing the people using
plants in arid and semi -arid lands or were suited
to record and supply the plant data required by a
broad range of users.

Development of Plant Data Indices
The data types included in the prototype AVIS

system were chosen to include the many informa-
tion types needed by a broad range of users. Simpli-
city in the types of data included and the way in
which they were included was stressed to make
the system usable to people of many backgrounds.
Finally, each information type, and the description
of each information type in a cost effective man-
ner, had to be considered. The criteria selected are
shown in Figures 1 -2.

The prototype for AVIS uses the Control Data
Corporation (CDC /Cyber) computer at the Univer-
sity of Arizona and a program named SELGEM.
SELGEM is an existing general purpose information
processing system developed by the Smithsonian
Institution. It is a collection of programs developed
for information management and is widely used
for curatorial, registrarial and research activities
(Mello, 1973).

The Capabilities of the AVIS System
The types of output which have been generated

by AVIS thus far include the following types of
reports:

1) A data return sheet (Figure 3) which is pro-
duced for each plant entered in AVIS. The sheets
can be combined to form an index of information
that can be organized in alphabetic order or by
accession number. This index of plants can include
any group of information types. It could serve many
purposes such as providing a list of plants entered,
a general reference work with which to easily
answer questions, a reference with which to deter-
mine additional information needed on particular
plants or an information source with which to
easily inform others about certain plants. The infor-
mation can be printed on regular computer paper
or can be outputted on index cards if desired.

2) A report to answer the specific questions of a
plant curator as illustrated in Figure 4. Any category
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Question:
Plant curator wishes to report additions to plant collection
and their growth forms for annual report.

Process:
Consult AVIS.
List all plants added since

Answer:

1970 and their growth forms.

10 /2A /7B AVIS .. ARID VEGETATION INFORMATION SYSTEM

SCIENTIFIC. NAME

PLANTS RECIEVED SINCE 1978

COMMON NAME GROWTH FORM

ARECASTRUM ROMANZOFFIANUM QUEEN PALM TREE /PALM /PALM /LI
KE

LAGERSTROFMIA INOTCA CRAPE MYRTLE SHRUB
LYSILOMA TMORNBERI FERN OF THE DESERT SHRUB
XYLOSMA CONGESTUM XYLOSMA SHRUB /TREE

Figure 4. AVIS report for a botanical institution.

or a combination of categories may be combined as
qualifiers to produce such a list of plants.

3) A report to answer questions on ethnobotani-
cal uses, elevational information or occurrence in
plant communities.

4) A report to answer the specific question of a
landscape architect as in Figure 5. As in the exam-
ple above, any number of qualifiers can be used
and additional information can be included on the
plants which meet those qualifications.

5) A report to answer the specific questions of a
horticulturist who needs to find additional plants
for climate modification.

The types of reports and indices which could be
generated are many. The reports may provide
answers as illustrated above, may aid in research
projects, may provide an institutional management
tool, may provide an educational resource for
schools and the public, or may provide information
for governmental planning agencies. The variety of
uses will grow with the increase in 1) the number
of contributions, 2) the numbers of different kinds
of users, 3) the numbers of plants entered, and 4)
the numbers of categories.

The Applicability of the AVIS System
A questionnaire was sent to 160 botanical insti-

tutions and 60 nurseries across the United States to
see if the plant indices being developed for AVIS
would be responsive to their record keeping needs.
The following major questions were asked: 1) What
kinds of plant material are being collected? 2) What

Question:
A landscape architect must determine the best plants
to attract attention to a building entrance and reduce
the client's water usage.

Process:
Consult AVIS.
List all accent plants requiring minimal amounts of water.

Answer:

I0 /21B/78 AVIS ARID VEGETATION INFORMATION SYSTEM

ACCENT PLANTS WITH LOW WATER USE

SCIENTIFIC NAME COMMON NAME

AGAVE AMERICANA
AILANTHUS ALTISSIMA
SOPHORA SECUNOIFLORA

COMMON CENTURY PLANT
TREE OF HEAVEN
MESCAL BEAN

Figure 5. Use of AVIS by a landscape architect.

methods are being used to keep plant records? 3)
What actual information is kept on each plant?
(This was to determine if it would be covered by
the AVIS indices.) 4) Is the institution's plant infor-
mation available to others? 5) To whom are the
plant records available? 6) Has the institution con-
sidered computerizing its records?

The results of this questionnaire showed that the
data types included in the Arid Vegetation Informa-
tion System are broad enough for all but the most
specialized needs. Even these subjects could be
included if desired. All of the institutions queried
were attempting to provide information to others.
The ease and methods by which they could provide
plant data varied greatly and, in most instances, a
computerized information system would be a very
desirable mechanism through which to accomplish
this goal.

Conclusion
The prototype of AVIS has been completed and

is operationally feasible. The next step is to move
from a prototype stage to the development and
implementation of this system at both a number of
locations and with the capability of handling thou-
sands of such individual entries. These future steps
would have two costs, 1) final software develop-
ment, and 2) the time to create the data files
required by an institution.

The prototype effort that is described here has
been initially applied at the Boyce Thompson
Southwestern Arboretum for a small number of
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plants. It was felt that the Arboretum offered the
perfect vehicle for testing and implementing the
first stages of this study. At the present time it is
possible to demonstrate that with even a limited
number of plants entered, a large number of ques-
tions can be answered quickly and efficiently. The
objectives of this project which seem to have already
been met by this prototype effort are 1) to quickly
present plant information in a form usable to peo-
ple of varied backgrounds, 2) to include the types
of data important to many plant- related fields, 3) to
be available to as many users as possible, 4) to be
accessible at as low a cost as possible, and 5) to have
the ability to add information types.

The success of the prototype makes it possible to
envision the use of the AVIS system not only at the
Boyce Thompson Southwestern Arboretum, but at
other institutions. As the participation of other
institutions increases, the number of plants entered
in AVIS will provide a unique information source
to people of arid and semi -arid regions. AVIS could
serve as an information center disseminating plant
data from many sources to varied users. At that
time the benefits to developing nations, researchers,
educators, plant institutions, nurserymen, horticul-
turists, ecologists, botanists, ethnobotanists, plan-
ners and designers would be significant.
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Figure 1. Eriogonum inflatum growing in the field.

1. Present address: 1170 Bonito Place, Casa Grande, AZ 85222.
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Eriogonum inflatum, originally described by John
Torrey, is a striking roadside plant in many parts
of the arid Southwest because of the large swellings
on the lowest internodes of the scapes. A perennial,
it is characterized by a cluster of glaucous gray -
green scapelike di- trichotomous stems from 15 cm
to 1 m in height. These arise from a basal rosette of
crisped, hairy leaves varying in shape from obcor-
date to oblong. The involucres are few flowered,
five toothed and about 1 mm in diameter. The
flowers are pale sulphur yellow. The plant is popu-
larly known as "Inflated Wild Buckwheat" or
"Desert Trumpet" because of the enlarged stems.
These swellings are the chief identifying character-
istics in taxonomic keys and also suggest the spe-
cific epithet of the scientific name (Fig. 1).

Johnston (1924) distinguished E. inflatum var in fl-
turn from another variety, E. inflatum var deflatum,
only by its inflated stem. Stokes (1936) considered
the two varieties to be synonymous and thought
that the fistulae failed to develop under extremely
dry conditions.

The purpose of this investigation was to deter-
mine the cause of the inflations in E. inflatum and
to determine the validity of the variety deflatum.
Anatomical and morphological aspects of the stem
inflations were considered.

Field Studies
Eriogonum inflatum was studied in the field to

determine the incidence of stem swellings. Plant
populations were observed as far north as Walker
Lake, Nevada, and in many areas of the state of
Arizona. During three successive years, observa-
tions were made at all seasons on two of the
populations.

The major flowering season is in the spring; how-
ever, in sheltered locations where moisture is avail-
able a few plants may bloom in the winter. All of
the winter scapes that were seen were uninflated.
The plant, a perennial, may flower in the first year,
but such plants are sometimes extremely small and
produce one delicate scape about 15 cm tall. In
more favorable locations the plants achieve con-
siderable size within the first year.

Specimens were potted in the field and transferred
to the greenhouse. All of these plants had some
inflated stems which had grown in the field, and
several plants had both inflated and uninflated
stems at the time of transplanting.

Sixty -seven young stems from the population of
Tortilla Flat, Apache Trail, Maricopa County, were
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Figure 2. Stem with pupal case attached near an open-
ing filled with mucilaginous material. The dark object is
the pupa.

examined in early spring during the development
of the swellings. Most of the stems were in active
growth at that time; the youngest stems had just
begun to enlarge, and were growing very rapidly.
All of the stems with inflations also showed insect
damage 2 to 10 cm above the base of the lowest
internode of the scape, and 10 to 25 cm below the
bottom of the inflation. Minute larvae, visible only
with the aid of a hand lens, were found in the stems
about 2 cm above the external lesion.

The population north of Wickenburg, Yavapai
County, was examined in the winter and in the
summer. In a random sample of this population,
93 °/o of the stems examined had stem enlargements.
Of the inflated stems, 97 °/o showed insect damage,
and many contained insect larvae feeding in the
pith of the lowest internode.
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Figure 3. Plant transplanted from field to greenhouse
showing a) inflated stems developed in the field, b) unin-
flated stems developed in the field, and c) uninflated stems
developed in the greenhouse.

Insect Damage
In each of the populations of plants examined,

many of the old inflated stems had small round
openings, about 11 mm in diameter, near the tip of
the inflation. The cavities of these inflations were
discolored and contained strands of webbing, pupal
skins, hair and feces. The discolorations probably
were made by the adult insects before they left the
cavities, because only those cavities which had an
open escape hole had discolorations of this type. A
stem was found with a pupal case still attached to
the inside of one of these unopened "portholes"
(Fig. 2). The pupal case was attached to the walls
of the cavity in several directions by single strands
of webbing; there was no cocoon. The "portholes"
from which the adult insects emerge are filled with
a semi -translucent material, which is evidently an
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insect secretion. These plugs appear non -cellular
and mucilaginous under the microscope.

In March, immature microlepidoptera larvae of
the Pyralidae family were found feeding in the stem
pith never far above the basal rosette. They were 1
to 2 mm in length at this time. Larger Pyralidae
larvae were about the size of the pupa mentioned
above.

Various attempts were made to rear the larvae to
maturity without success. Consequently no adult
insects have been recognized and identification is
as yet impossible.

Another type of larva found in E. inflatum is a
species of beetle. These larvae are of the Mordelli-
dae family, and feed actively through the winter.
In general, the swellings on stems which contained
Mordellidae larvae were more slender than the
swellings on dry stems which had been inhabited
by Pyralidae during the previous summer. Speci-
mens of plants which contained Mordellidae larvae
were planted in the greenhouse in late January. By
April these larvae had bored out of the stems, mak-
ing fresh small holes of /2 mm to 1 mm in diameter.
These minute larvae disappeared, possibly to pupate
in the soil. Apparently pupation did not take place
in the stem, because there were no pupal remains
in the cavities of the stems.

Greenhouse Studies
Achenes were obtained for germination tests

from plants with inflated stems. After various
attempts it was determined that washing for 24
hours in running tap water was necessary to induce
germination.

Seedling plants were grown in the greenhouse for
about four months before an attempt to induce
flowering was carried out. To do this, two plants
were allowed to dry out while others were watered
regularly. When watering of the dry plants was
resumed, flower stalks were initiated in ten days to
two weeks. All of the other seedlings reacted to a
period of drought in the same way. It was found
that the perennial transplants could be induced to
form a few flower stalks at any season, if watered
after a period of neglect. These stalks were smaller
and fewer in number than those produced in the
normal spring season of bloom.

Eriogonum inflatum is difficult to transplant, but
once established, does very well in the greenhouse.
Plants were transferred to pots in the field, watered
at once, and covered with large plastic bags to retard
wilting. Of the four groups of transplants the over-
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all mortality was about 600/0; slightly better results
were obtained in the spring than in the fall.

All of the flower scapes which were grown in the
greenhouse were uninflated, whether they grew on
transplants which had produced inflated stems in
the field, on seedlings from inflated plants, or on
seedlings from uninflated plants. Seedlings pro-
duced uninflated scapes both the first and second
year (Figs. 3 and 4).

In spring and early summer, during the growth of
scapes on greenhouse plants, an attempt was made
to induce inflations by artificial means. Some stems
were mechanically wounded by pricking, others had
growth substances applied, and some had a larval
extract introduced. Of those which were mechani-
cally wounded by pricking with a dissecting needle,
none produced fistulae. On stems treated with 1.0 °/o
indole- acetic acid (IAA) in pure lanolin, abnormal
elongation and deformity were obtained when the
chemical was applied to the meristematic portions.
When applied to basal areas of the scape, no abnor-
mal growth occurred. Stems treated with 0.5 °/o col-

chicine showed no deviation from the normal
morphological pattern. No inflations were produced
in either situation. When water extracts of the lar-
vae were induced into the stems by micropipettes,
one stem, the youngest of those treated, showed a
slight swelling. The induction of larval extract was
repeated when additional scapes were available, but
no further swellings were produced. This line of
experimentation needs to be carried further using
very young scapes and repeated induction of larval
extract.

Anatomical investigations were carried out using
thin sections and cleared portions of stems. Mature
fistulae were cleared in 5 0/o sodium hydroxide
(NaOH) for one week; tannins were then removed
by two days of immersion in "Craf's A" (Johansen,
1940). Chloral hydrate was used to complete the
clearing. The material was then washed in water
and stained in safranin in 50 °/o alcohol (Arnott,
1959), (Fig. 5). In the larger swellings where the dis-
tance between vascular bundles is greatly increased,
new vascular tissue develops from the inter -
fascicular cambium. These strands are faintly vis-
ible between the normal vascular bundles.

A series of thin sections across the end of the
inflation in a very young stem disclosed pith cells
which gradually increased in diameter as the cavity
of the fistula was approached in successive sections.
This stretching eventually ruptured a cell wall, and
in successive sections several cells were found to be
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Figure 4a. Transplanted Eriogonum inflatum showing
fistulae produced in the field.

Figure 4b. Greenhouse grown seedlings grown from
plant in Figure 4a. The stems are not inflated.

torn until the open cavity was reached. In older
stems, the center of the stem is often hollow to the
base, the cells having been eaten by insect larvae.
Sometimes there is a hollow portion near the bot-
tom occupied by the larva. Above this is a solid
portion, and above this is the open fistula. If the
larvae reach maturity in the stem, the entire inter -
node will be hollow and there may be some evi-
dence of feeding in the lower half of the fistula.
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Discussion and Conclusions
Field observations indicate that the ultimate size

of the fistula depends on several interacting con-
ditions. If the plants are undergoing rapid stem
growth, then the larger, more vigorous plants in the
most favorable locations will have the largest swell-
ings. In other plants or in different stems on the
same plant, variance in fistula size appears also to
be related to the time of initial insect damage and
to the duration of larval inhabitation. Beck (1953)
observed a similar situation in the galls on Solidago,
which apparently ceased to develop when the insect
larvae died, and concluded that the ultimate size of
the gall depended on the duration of stimulation.
Barber (1938), and Lieby (1922), working with other
types of galls, came to the same conclusion. Beck
(1953) also found that the proliferation of tissue
in Solidago stems was induced not only by the
mechanical feeding activity of the larvae, but also
by a chemical stimulus received from silk deposit
on the inner surface of the stem by the feeding
larvae.

In plants with several scapes, two sizes of fistulae
may be found on the lowest internodes of the stems.
The stems with the larger swellings usually contain
live larvae, while smaller fistulae on the same plant
will occur on stems which exhibit evidence of insect
damage, but which contain no live larvae. In a
study of galls produced by sawflies (Hovanitz, 1959),
it was shown that the abnormal growth began when
the plant was wounded by the ovipositor of the
adult fly. However, continued growth depended
upon the stimulation by salivary secretions of the
sawfly larvae. Microlepidoptera have no ovipositor,
so this initial wound stimulus has to be discounted.
The abnormality in E. inflatum stems must result
entirely from larval feeding.

Eriogonum inflatum stems with injuries high on
the first internode had very small swellings, if any,
and rarely contained live larvae. Thus if the initial
injury occurred when the first internode was near-
ing the end of the meristematic activity, the swell-
ing was small. Occasionally the swelling did not
develop at all, probably because the injury occurred
when growth of the lower internode had ceased.
The experiments in which E. inflatum was treated
with IAA also indicated that the net hormonal
effect depended on the degree of meristematic activ-
ity at the time of treatment.

Swellings on the second and third internodes
occur on both large and small plants but rarely
exhibit larvae or insect damage. It appears that the
upper inflations occur as the result of stimulation
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Figure 5. Cleared stem showing a) developing vascular
bundles between mature vascular strands, and b) an open-
ing made by a larva.

to the lower internode during meristematic activity
of the second or third internode. Cessation of larval
feeding before the development of the upper por-
tions of the stem would probably allow normal
development to take place, larval feeding being nec-
essary to stimulate in the plant the production of
growth substances which are responsible for gall
development (Leonian and Lilly, 1937). Evidently
this substance is transported in the stem. Parasitic
depredation of the larvae may terminate the stimu-
lus before the upper internodes develop.

In Solidago (Beck, 1953) it was found that the eggs
of the gall -producing moth Gnorimaschema were
deposited on the crown and on dead material near
the crown of the plant. The eggs overwintered there,
and in the spring the larvae hatched and burrowed
into the soft meristematic tissues of the apical bud.
Occasionally the larvae entered through other parts
of the stem. Pyralidae larvae in E. inflatum pupate
in the fistulae and emerge sometime in August. In
March, recently hatched larvae are found in the
stems, and as with Gnorimaschema, the eggs are
evidently the overwintering stage of this Pyralidae.
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The small "portholes" that are sometimes found
in the fistulae of E. inflatum are thin enough to
admit light. Barber (1938) described this type of plug
in Solidago as a thin ring of epidermis; Beck (1953)
says that the plug is an insect secretion which is
dissolved by the digestive juices of the adult, thus
allowing it to leave the cavity. From the stains
inside the cavity it is evident that pupation takes
place within the fistula, and since the moth has no
chewing mouth parts, it must dissolve the plug
with saliva.

In Eriogonum inflatum, the fistula develops
through an increase in the number and size of the
interfascicular cells, thus increasing the distance
between vascular strands in the region of the swell-
ing. The resulting increase in the circumference of
the stem produces tensions on the large thin -walled
cells of the pith, eventually causing them to rup-
ture, forming an initially schizogenous cavity. Thin
sections at the apex of the fistula showed the
increased size of the central stem cells, then rup-
tured cells, and finally the main cavity.

The inflated stems of E. inflatum var. inflatum
are not the normal morphogenetic condition of the
plant, but are induced by cecidozoa including a
Pyralidae and a Mordellidae. Therefore, the taxo-
nomic recognition of the varieties inflatum and
deflatum is not based on a genetic characteristic,
but on a monstrosity, and has no validity.
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Recently Desert Plants arranged a series of confer-
ences with growers, partly by telephone and postal
correspondence, in order to combine elements of
theory and practice to explore soil mixes for desert
plants in the format of a miniature journal sym-
posium. The facts uncovered are reported in two
sections, 1) theory and generalities, and 2) practice
and specifics.

Theory and Generalities
To produce desert plants for revegetation pur-

poses, for domestic or civic landscaping, for research,
display or other purposes, it has been customary to
raise the plants under greenhouse or nursery con-
ditions, usually in containers (or in raised beds in
the case of larger cacti) rather than in the open
ground of cultivated fields. In such a greenhouse or
container -nursery situation, the grower attempts to
manipulate and improve conditions (which might
have otherwise been less favorable) to effectively
and economically produce healthy plants. The
nursery stock, when grown in containers, can be
manipulated more effectively and can readily be
moved to market and /or to the site where the plants
are to be used. The soil mix is more easily modified
in a container situation than in the field and can
easily be varied for different plant species.

Problems Associated with Container
Plants. When desert plants are grown in con-
tainers, they are usually subjected to conditions
quite different from those in nature where the
plants grow without assistance from man. As an
example, on the hot desert, the root system of a
plant is rather well -insulated from the peak mid-
day temperature. Not so with a container -plant
where root and soil temperatures soar quickly on
hot days and drop as precipitously with nightfall
or when cold weather sets in. The result is a range
of temperatures ordinarily not experienced by plant
roots under natural conditions. Soil in containers
dries out so quickly that the plants have to be fre-
quently watered, often as much as once a day in
mid -summer. The restricted soil volume of a con-
tainer severely limits the natural spreading of plant
roots so that the stress -buffering capabilities of a
natural root system (with taproot, laterals and
feeder roots intimately associated with physical
features of the landmass) can not be achieved.

Growers of desert plants have been forced to
develop special mixes for greenhouse and nursery
growth of these plants. In practically no instance
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can soil be taken up from the desert and used with-
out alteration as a successful medium for plant
growth in containers in the greenhouse or nursery.
Such soil may compact under nursery conditions or
may have other undesirable qualities when placed
in a container -situation. This is unfortunate because
desert soils, having been subjected to little rainfall
during the period of their formation, have generally
not been leached of their nutrients to the extent
that non -desert soils have been, and potentially
represent some of the most fertile soils on earth.

There are three serious objections to using a
heavy compactible soil for growing desert species
in containers even when these same species seem
capable of growing on such soil in nature. The time-
table of watering, which results in repeated cycles
of wetting and drying, can cause swelling, shrinkage
and compaction of such soil, resulting in 1) poor
wetting of soil if the soil ball shrinks away from the
side of the container, 2) poor aeration resulting
from compaction, and 3) poor drainage once the
soil has been thoroughly saturated with water. The
latter two conditions allow pathogenic organisms
to multiply and harm or kill plants under nursery
conditions. Many of the decisions a grower of desert
plants makes concerning formulation of a soil mix
are related to preventing the three possibilities
listed above from ever happening.

Clays can be extremely important agriculturally
because of the fertility resulting from their favor-
able cation exchange capacity (CEC) discussed in
a section below. Nevertheless, clays are avoided by
many growers of desert plants because of their cohe-
sive properties and potential compactibility. Addi-
tion of organic material to the clay is beneficial and
at least one grower of desert plants uses a mix rather
high in these two materials. Clays are also avoided
by growers when plants are shipped for any distance
if high shipping rates apply; a container filled with
clay weighs more than one filled with organic
material and sand.

Some Desert and Non -desert Contrasts.
Under desert conditions, bare -root or balled -and-
burlapped material has proven successful in limited
situations only, as noted below. In contrast, in the
eastern United States, or where humid conditions
prevail, it has proven economically feasible to grow
nursery stock in fields and to sell such material
either as bare -root winter- dormant plants or as
field -dug balled- and -burlapped stock. A soil high in
clay is preferred for growing the latter material
because the cohesive nature of the clay inhibits
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breaking of the root -ball. Citrus trees are success-
fully balled- and -burlapped and transplanted in Ari-
zona, but this is an exception. Also, some large tree
species are field -grown in Arizona and boxed for
transplanting successfully. Most of the nursery
industry in desert areas, however, centers on grow-
ing plants in containers. Cacti and succulents are
bare- rooted routinely; most desert trees and shrubs
are not. Containers are definitely preferred by nur-
series for growing most desert plants.

Aside from differences in cultural practices for
desert and non- desert plants, soils have been found
to behave differently in deserts than elsewhere. For
example, under non - desert humid conditions, clays
of agricultural soils generally aggregate nicely with
silt and sand in a non -compacted condition with
numerous air -spaces. Under desert conditions, or if
worked when too wet, clays tend to compact. Under
non -desert humid conditions, continued growth of
sod on compacted "worn -out" agricultural soil will
eventually return the soil to a condition where the
clays will once again aggregate with the other soil
particles to form air spaces which enable the observ-
able fertility of the soil to return. Unfortunately,
under desert conditions, such a transformation is
more difficult without adding various soil
amendments.

Peat -moss and Sand, the "U.C. Mix ". It has
become popular with growers over the years to
obtain a good CEC value in a potting soil by using
peat -moss and to obtain good drainage by using
sand, most often in a ratio of one part of peat -moss
to one part of sand. However, when clay does not
constitute the basis of the CEC of the soil, the CEC
fluctuates with the acid -base balance (pH) associ-
ated with the soil's organic material. A one -to -one
peat -moss and sand mix adjusted to a favorable pH
with lime has long been recommended as a mix for
container plants by the University of California.
This mix is customarily referred to as a "U.C. Mix"
and there are many variations and modifications.
Such a "soil -less mix" has no fertilizer value itself
until the nutrients required by plants are added to
it. Nevertheless, when this mix can be afforded, it
serves extremely well and has been tested by time.
Nutrient retention is good and when slow -release
fertilizers are used it is excellent. Peat -moss is pro-
duced in areas remote from the world's deserts and
shipping charges make it a relatively expensive
commodity for desert use. It tends to be used by
desert growers for high -value plants grown in small
containers.
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Fertilizer Availability and Cation Ex-
change Capacity (CEC). Nutrient ions are con-
tinuously being removed from the soil solution by
plant roots. When fertilizer is added to the water
given to a container plant, its nutrient ions are
available to the plant for a brief time only. Solution
dripping out of the container through the holes in
the bottom flushes the nutrients with it and these
leached nutrients are no longer available to the
plant being cultivated. But nutrient ions with a pos-
itive charge (cations) such as calcium, magnesium,
potassium, ammonium, manganese, zinc and cop-
per, can become attached to soil particles having
suitable negatively charged exchange sites. Such
sites with negative charges are the basis of the
observed cation exchange capacity (CEC) of the
soil. When the plant is watered with a solution
containing relatively fewer cations than are being
held by the CEC- providing material of the soil, then
some of the cations leave the soil particles and once
again become part of the soil solution. They may
then be taken up by the roots of the plant being
cultivated or may be lost through the holes in the
bottom of the container. Roots themselves are
negatively charged and have relatively good CEC
values.

Traditionally we classify the particles of the soil
as mineral (sand, silt, clay) and organic (humus).
These substances vary tremendously in cation
exchange capacity. Of the three mineral particles,
clays are finer particles than silts and silts are in turn
finer in size than sands. But clays are not merely
more finely divided than silts. Only the sands and
silts are the simple weathered remains of gravels
that were eroded from the rocks of the earth's crust.
Clays are alteration products generated through
crystallization of materials which had dissolved or
worn away from rocks in the distant past. By virtue
of their crystalline structure, clays possess an inher-
ently large surface area, a negative charge and a
good CEC value. Clays and humus both serve as
nutrient storehouses of the soil because of their
high CEC values and much less because of any
nutrients which are contained in their own chemi-
cal structure.

Cation exchange acts as a buffer which elimi-
nates rapid change of nutrient level in the soil solu-
tion. Loss of nutrient by leaching tends to decline
with an increase in CEC value. Although fertility
of the mix is improved with the addition of a mate-
rial with a high CEC value, the nutrient is not
provided by the high -CEC material itself; rather a
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fertilizer source external to such material is essen-
tial to act in conjunction with it. Addition of cal-
cium and magnesium in the form of agricultural
lime may be necessary when organic material pro-
vides the bulk of the CEC value of the soil mix if
a large number of exchange sites in the humus
become occupied by hydrogen or sodium ions after
continued intermittent watering.

Slow- release Fertilizers for Incorpora-
tion into Soil. In recent years fertilizers have
been encapsulated in tiny membrane -like plastic
spheres which can be incorporated into soil mixes
to slowly meter out nutrients to the soil solution
with each watering. The result is similar to cation
exchange but the process is very different. Such
osmotically active coated fertilizers, named Osmo-
cote by the manufacturer, have become very popu-
lar with commercial growers. They are available in
several formulations and are intended to provide
nutrients for periods of 3-4 months, 5 -6 months,
8 -9 months or 12 -14 months. These slow release
fertilizers have an action which seems further
enhanced by presence of high CEC material in the
soil mix.

Reasons for Using Organic Materials.
Organic materials such as peat -moss, sawdust, com-
post, finally ground tree bark or animal manure can
effectively be used as one ingredient in soil mixes
for desert plants to serve three very important func-
tions, 1) to increase fertility by providing the CEC
that clay would have provided in a heavier mix,
2) to lighten the soil mix and improve its texture
by making it loose, friable and well- draining, and
3) to physically retain moisture for a period of time
short enough to inhibit growth of pathogenic orga-
nisms and long enough to minimize water- stress to
the plant being cultivated. In addition, organic
material such as manure, blood -meal, high -protein
plant material or legume crops break down to pro-
vide natural fertilizer.

Although organic material, partly due to its
spongy nature, has a tremendous surface area and
a potentially high CEC value, the leaching action of
continuous intermittent watering, when combined
with the necessity of having a relatively fast -
draining soil, can remove the mineral cations, par-
ticularly calcium and magnesium, replacing them
with hydrogen ions. Such a soil becomes acid and
its potential CEC value can not be realized with the
lower pH. Organic material can also become loaded
with (non -nutrient) sodium when this ion is abun-
dant in the water supply. As opposed to the perma-
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nent negative electrical charge on clay particles (the
charge that attracts and holds nutrient cations), the
negative charge on particles of organic material,
being pH- dependent, is reduced as the soil becomes
acid. Routine use of either 1) water -soluble low -
strength fertilizer injected into the watering system,
or 2) slow -release fertilizer incorporated into the
soil mix, can give good results, but probably never
as good as when the pH of the soil is also kept
critically adjusted with calcitic and dolomitic lime.

Breakdown of Organic Material. Orga-
nisms in soil break fresh organic material down
into 1) some substances which can be used directly
by plants and 2) other substances, chiefly wood
lignins, waxes, fats and some protein compounds
which are transformed by complex chemical pro-
cesses to humus, a relatively stable colloidal mate-
rial of the soil. It is this humus that provides
abundant CEC sites and stabilizes the fertility of
the soil mix. The less stable organic materials such
as starches, sugars and water -soluble proteins are
broken down in the soil to carbon dioxide, water
and amino acids, all substances which can be bene-
ficial to the plant being cultivated. In nature, plants
without nitrogen -fixing root bacteria depend on
ammonium ions from decomposition of the for-
merly mentioned amino acids for a source of nitro-
gen. Such ammonium ions behave like mineral
cations and are held in reserve by clays and humus
at exchange sites.

When fresh organic material containing large
amounts of carbohydrate and little protein are
added to a soil mix, decomposition by micro-
organisms requires a source of nitrogen. If extra
nitrogen is not added with such organic material,
nitrogen can be "robbed" from other ingredients
of the soil mix and from the nutrients of the soil
solution intended for use by the plant under culti-
vation, thus greatly reducing the actual fertility of
the mix. When animal manures are used, abundant
nutrients are present which can be utilized not only
by the plant being cultivated but by microbial
agents of decomposition as well. Organic colloidal
material is also present in manure to provide a good
CEC value. Exploitation of local sources of manure
becomes profitable to the desert grower as the cost
of energy makes commercial fertilizer more expen-
sive to produce and to transport.

Sand and Silt. Sand and silt, being finely worn
rock fragments, continue to break down and release
to the soil solution the chemicals they are com-
posed of. Any of these chemicals which happen to
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be plant nutrients can be taken up by plant roots
in a straightforward manner and utilized. The pro-
cess of decomposition of sand and silt is very slow,
however, and can not be depended on to support
plant life with any degree of vigor. Sands, particu-
larly, are often little more than silica. Silica provides
no plant nutrients. Sands and silts also happen to
have very poor CEC values. For these reasons, sands
and silts are considered relatively inert ingredients
of soil mixes, sands being more inert than silts. Sand
is very popular with growers because it gives bulk
to a soil mix and provides excellent drainage.

Non -soil Rock Materials, Vermiculite
and Perlite. Aside from using sand, silt, clay and
humus, the important soil components, growers
have found that local non -soil rock materials such
as granite, pumice, and scoria can beneficially be
added to the soil mix, as can manufactured vermicu-
lite and perite. Crushed granite is usually actually
a decomposing partially saprolytic rock that is fur-
ther broken down by crushing and sold for use as
a top- dressing for yards with desert landscaping. It
can also be used as an ingredient in soil mixes.
Growers have discovered that it has not yet released
its nutrients to the extent of a sand that has been
well worn and reduced to silica.

Pumice is a volcanic glassy lava generally of rhy-
olitic (acid lava) composition. It formed during vio-
lent pyroclastic activity, is shot through with air
spaces, is sponge -like, but hard and light. It can be
used as a soil amendment to increase soil aeration.
Being a volcanic glass, it is more or less inert and
is devoid of much CEC value. Scoria, usually of
basaltic (basic lava) composition, is also a naturally
occurring volcanic material. Scoria, like pumice, is
very light. It is sometimes referred to as volcanic
cinder or lavic cinder. It is used more or less like
pumice.

Vermiculite, as sold, is a clay mineral that has
been greatly expanded through intense heat treat-
ment. It combines characteristics of a clay with an
extremely light weight. It has excellent CEC char-
acteristics and holds water well. It tends to break
down and lose its light fluffy character after much
use. Aside from its horticultural value, vermiculite
is utilized in the building industry as a poured
insulation for both walls and the space between
roof and ceiling because of its many air spaces.
When vermiculite is used horticulturally, these air
spaces fill with water. The material is often used as
a substrate for germinating seeds because it retains
moisture for a long period of time. When used alone
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it is poorly aerated when wet and is therefore often
combined with perlite.

Perlite is a hydrated rhyolite which pops into an
artificial pumice when water molecules are driven
from its chemical structure by heating to an
extremely high temperature. As processed, it is usu-
ally much lighter than pumice, has a greater aerat-
ing capacity, but floats to the surface of the soil
because of its extremely light nature. It is much
less easily crushed down than is vermiculite, but
more readily so than pumice or scoria. Unlike ver-
miculite, perlite has little or no CEC value and is
used exclusively to lighten up and aerate the soil
mix. It is also used commercially outside of horti-
culture as a building insulation. Unlike the situa-
tion in vermiculite, the air spaces of perlite do not
fill readily with water. For several years, the corn -
mercial source of perlite for processing by factories
around the country has been the perlitic rhyolitic
flank of Picketpost Mountain adjacent to the Boyce
Thompson Southwestern Arboretum.
Practice and Specifics

Growers of desert plants have variously combined
theory with trial and error and a good deal of
personal ingenuity to develop soil mixes which
perform satisfactorily under their special circum-
stances. It is certain that there is no one "correct"
mix. Materials that prove economical in one area
may not be so in another. Subtle conditions such
as the pH and salt content of the water supply vary
from one location to another. In addition, Canadian
peat -moss, which is a major ingredient in one of
the most popular soil mixes, has recently become
very expensive in the Southwestern United States
partly due to increasing shipping costs resulting
from radically higher prices of gasoline. A number
of growers who once used peat -moss have replaced
it with other materials. To provide for an inter-
change of information on current practices and
to create something of a mini -symposium on soil
mixes for desert plants, several nurseries or institu-
tions which grow desert plants commercially or for
other purposes were invited to contribute informa-
tion concerning mixes they are currently using.

Grigsby Cactus Gardens, Vista, Cali-
fornia (Information courtesy of Dave Grigsby.)
This leading specialty nursery concentrates on
growing rare and unusual cacti and succulents for
collectors, largely as a mail -order business but also
for a walk -in trade during limited hours. A whole-
sale trade is also maintained. All sizes of plants
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from small seedlings to large specimens are mar-
keted. Cacti and succulents require good drainage
and good soil aeration, so pumice is added to the
soil mix. The mix for flats and pots consists of 1/3
pumice, 1/3 humus and 1/3 sand. A Toyota pickup
truck load of pumice, one of humus and one of sand
are mixed together to make a batch. To this, 10 -15
pounds of gypsum (hydrous calcium sulphate) are
added. For delicate Crassula species and some
Haworthia species such as H. truncata, a number 6
charcoal (3 /16th inch to 1/4 inch in diameter) is
added to the pumice- humus -sand mix in a ratio of
one part charcoal to three parts ordinary mix. The
soil mix for the growing beds consists of 1/2 decom-
posed granite and 1/2 horse manure. The growing
beds retain their fertility for about three years. The
horse manure could perhaps more accurately be
described as used stable bedding and consists of
about 1/2 wood shavings or chips. At one time in
the past it was decided to have the soil mix custom -
prepared by others and delivered to the nursery.
Various batches seemed to differ somewhat in com-
position. In order to establish strict quality control
and uniformity, mixing at the nursery itself was
re- instituted.

Hines Wholesale Nurseries, Santa Ana,
California (Information courtesy of George Fra-
ser.) This large grower, a subsidiary of Weyer-
haeuser Corporation, ships container plants by semi
tractor -trailer to nurseries around the United States.
Several desert plants are included in the trees and
shrubs currently being grown and a number of
others are adaptable to desert situations and are
commonly grown in deserts. In addition, in recent
years, a large cactus and succulent department has
been developed. The soil mix for the cacti and suc-
culents is made by combining a 34 cubic yard truck
load of lavic cinder (scoria) with 30 cubic yards of
composted bark. In the past peat -moss was used
and 300 pounds (6 bags) of 18 -6-12 Osmocote of
6 -month duration were added to the batch. Favor-
able results are now obtained with the composted
bark and with fertilization by watering. The regular
field mix for other container plants, chiefly trees
and shrubs, is made up in batches of 180 cubic
yards each, consisting of 2/3 cedar sawdust and 1/3
fine nursery sand having a 40 /o content of silt and
clay. To this are added 52 bags (80 lbs. each) of
38 -0-0 Nitroform prefertilizer mix blended and
bagged for Hines and consisting of calcium nitrate,
potassium nitrate, single super phosphate, iron sul-
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phate and manganese sulphate. The pH is adjusted
by adding 11 bags (80 lbs. each) of dolomitic lime
and 18 bags (50 lbs. each of calcitic lime. The vari-
ous bags are color -coded so that field hands speaking
either English or Spanish can readily and accurately
prepare the mix.

Northern Arizona University, Flagstaff
(Information courtesy of William Lipke and Maxine
Rusche.) Desert plants, mostly succulents, are grown
in a University greenhouse, primarily for class use.
The soil mix is prepared from 2/5 native soil, 2/5
vermiculite and 1/5 perlite. The native soil is of a
silty alluvial type and includes clay. Osmocote of
12 -14 months duration is incorporated into the top
1/2 inch of soil. Depending on the nature of the soil
being used, the proportions in the mix may be
varied by feel to produce a good loose soil that
drains well. Whenever it is necessary to recycle the
soil mix, fresh vermiculite is added to replace that
which was crushed down in use.

Native Plants, Inc., Salt Lake City (Infor-
mation courtesy of Steve Pendleton.) A wide variety
of trees, shrubs and other plants native to many
vegetational zones, including deserts, are grown for
reclamation and other uses in the Western United
States. It has been desirable to establish one eco-
nomical mix for growing all of these plants from
desert flora to high elevation conifers, shade trees,
aspen and birch. One batch of mix consists of 56
cubic feet of material in the following ratio: coarse
peat -moss, 24 cubic feet; vermiculite, 8 cubic feet;
perlite, 8 cubic feet; composted bark, 16 cubic feet.
An Osmocote fertilizer of 14 -14-14 formulation
and 5 -6 month duration is added as well as fritted
trace minerals. For some species the soil mix has
been altered somewhat. For example, a few pounds
of dolomitic lime are added to the mix when grow-
ing the desert Winter -fat (Eurotia Janata).

Desert Botanical Garden of Arizona,
Phoenix (Information courtesy of Victor Gass.)
All types of desert plants are grown at this insti-
tution for display purposes and educational or
research use. Generally soil mixes are specially
modified for the material being grown according to
experience. The basic mix for trees and shrubs in
1- gallon to 5- gallon size containers is 1/3 decom-
posed granite, 1/3 compost mix and 1/3 sand. The
compost mix is custom made from horse manure
and other organic material and delivered to the
nursery. When transplanting liners to 1- gallon con-
tainers, up to a tablespoon of Osmocote is placed
under the root system. The 12 -14 month type is
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used for slow growing plants and the 5 -6 month
type for fast growing species. Pumice or perlite is
used in the mix to replace half of the compost when
growing cacti. Relatively more decomposed granite
is used in the mix when growing Agave species.
Seeds are germinated in a mixture of 50 °/o vermicu-
lite and 50 °/o perlite to which nothing else is added.
Liners are grown in a U.C. mix of 1/2 peat -moss
and 1/2 sand to which Osmocote has been added.
It should be emphasized that all soil mixes men-
tioned are stock mixes and that these are adjusted
according to the needs of individual species.

Desert Tree Farm and Desert Tree Nur-
sery, Phoenix (Information courtesy of Greg and
John Augustine.) Desert Tree Farm is a wholesale
grower of desert plants for the Arizona market.
Desert Tree Nursery is a retail operation which
markets a complete line of desert plants, including
but not limited to those grown at Desert Tree Farm.
The basic mix for these nurseries consists of 50 -60 °/o
decomposed bark mulch, about 40 °/o desert silt and
10 0/0 local commercial compost of horse manure
and grass. To each 10 cubic yards of mix, 50 pounds
of Sulfa Soil, a red powder consisting of 20 °/o iron
and 30 °/o sulphur, is added. Soil for larger con-
tainers is prepared using less of the bark mulch to
economize. For germinating mesquite, palo -verde or
Acacia farnesiana directly in 1- gallon containers,
a light mix is used to which 160 pounds of rough
yellow granulated 18 -18 -0 Orchard Starter fertilizer
is added to each 10 cubic yards of mix. Liners are
grown in a U.C. mix of 1/2 peat -moss and 1/2 very
coarse sand to which an 18 -18 -18 Osmocote ferti-
lizer and a fungicide such as Captan or Cohan have
been added.

Mountain States Wholesale Nursery,
Phoenix (Information courtesy of Ron Gass.)
This nursery is probably the largest grower of desert
trees and shrubs for the Arizona market and plants
are also sent out -of- state. The general soil mix used
at the Paradise Valley nursery (a location being
phased out) has been 50 °/o Paradise Valley clay silt
and 50°10 organic mulch, usually of decomposed
bark and sawdust. At the new location in west
Phoenix the same proportions are used but the soil
is a little more sandy. When transplanting liners to
1- gallon containers about a teaspoon of 18 -6-12
Osmocote of 8 -9 month duration is placed under
the root system. Liners are grown in a U.C. mix of
50 °/o peat -moss and 50 °/o sand to which Osmocote
has been added. Seeds are germinated in vermicu-
lite or in a vermiculite and perlite mixture.
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Arizona State University, Tempe (Infor-
mation courtesy of Ralph Backhaus.) Desert plants
are raised for teaching and research purposes. It is
important that each batch of soil mix be exactly like
each other batch so that results can be reproduced.
For this reason no native soil is used. A U.C. mix
of 1/2 Canadian peat -moss and 1/2 sand is used.
Superphosphate, ammonium nitrate and iron sul-
phate are added and the pH is adjusted with cal-
cium carbonate and dolomite. Osmocote of 8 -9
month duration is used in an amount calculated to
provide nitrogen in the quantity that blood meal
would provide in a straight U.C. mix. Succulent
plants are grown in a medium consisting of 1/2 sand
and 1/2 U.C. mix. Seedlings are germinated in a mix
consisting of 50% vermiculite and 50°ío perlite.

Boyce Thompson Southwestern Arbore-
tum.During the last nine years considerable exper-
imentation with various soil mixes, sometimes on
a theoretical and sometimes on a trial and error
basis, has occurred. For several years a mix of 1/3
soil, 1/3 organic material and 1/3 sand was used to
which was added an Arboretum blend of commer-
cial field fertilizers theoretically capable of provid-
ing nutrients in the right proportions. Until the
perlite processing plant in Phoenix was closed about
1974, this material was generously added when
growing cacti and succulents. After 1974 it was used
more judiciously because of the price when ordered
from California. The soil used in preparing the mix
consisted of silt dug from the Queen Creek flood -
plain downstream from the Arboretum or of "top-
soil" from a local construction company.

The organic material usually came from three
sources for any one batch: 1) Arboretum compost
of leaves, wood chips and waste organic material,
2) horse manure cleaned by the Arboretum from
local corrals and 3) wood- shavings or sawdust from
the sawmill at Globe. A goodly number of Eucalyp-
tus leaves were always put into the compost and it
was felt that these inhibited germination of weed
seeds. When the compost pile was dismantled and
no longer used, the weeds became a problem in the
soil mix. Horse manure was used in reliance on
published information that micro -organisms that
multiply in this material destroy root -knot nema-
todes which are a serious problem with cultivation
of cacti. About 1975, slow -release fertilizer replaced
the other type (blended field fertilizers) and has
been used ever since with very good results.

In recent years a dump -truck load at a time of
commercial soil mix has been purchased for Arbo-
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return use. Results have tended to vary with the
batches obtained from the producers. Currently a
prepared mix of soil and organic material obtained
from a Phoenix nursery is being modified as follows
for general purposes such as the Arboretum's retail
nursery: 3/7 prepared mix, 2/7 sand and 2/7 perlite
or pumice To this, Osmocote of various formula-
tions and durations is added depending on the type
of plants being grown. For growing certain plants
or because of personal preferences of staff, various
modifications are freely made. Kent Newland has
recently had a special soil mix prepared for the dis-
play cactus greenhouse beds, a mix which includes
generous portions of sand and pumice.

Adams Nurseries, Tucson (Information
courtesy of Joan C. Johnson.) Native trees and
shrubs are a specialty of this nursery. The general
mix for container plants consists of one part top-
soil to two parts sand and two parts bark mulch.
The emphasis is on keeping the mix loose and
well- draining. Soluble fertilizer is injected into the
watering system. Peat -moss is no longer used in
the greenhouse for liners. A mixture of vermiculite
and perlite is used for germinating purposes. An
18 -6-12 Osmocote fertilizer of 3-4 month duration
is used in the liner mix.

Bach's Greenhouse Cactus Nursery,
Tucson (Information courtesy of Dan Bach.) Cac-
tus seedflats, clumpflats and specimen plants are
grown in several large greenhouses, the first of
which were converted from large chicken houses of
a commercial egg farm. The nursery is a wholesale
operation (with one retail showroom) where cacti
grown by a large number of cactus nurseries in the
United States actually first begin life. In the past
the mix for flats consisted of 50 °/o peat -moss and
50 0/o sand, with an 18 -6-12 Osmocote of 5 -6 month
duration. This has now been altered to 1/3 peat -
moss, 1/3 perlite and 1/3 sand. The previous mix
performed well but was modified because of prob-
lems in obtaining peat -moss at a cost -effective price.
The nursery is well -known for specimen cacti
grown in greenhouse beds. The mix for these beds
consists of 50% chicken manure and 50 °/o sand,
roto- tilled and allowed to rot for six months. The
beds retain their fertility for one or two crops (1 -2
years) and nutrients are replenished by adding new
ingredients to the top and roto- tilling into the previ-
ous material.

Arizona- Sonora Desert Museum, Tucson
(Information courtesy of Mark Dimmitt.) This insti-
tution concentrates on display and educational or



Mini- symposium

research use of plants, animals and minerals of the
Sonoran Desert of northern Mexico and adjacent
portions of the southwestern United States. Pres-
ently a U.C. mix of 50% peat -moss and 50 0/0 sand
is being used. This is stretched by addition of
recycled soil whenever the plant material being
grown allows it. A mixture of 50 °/o U.C. mix and
50 °/o pumice or perlite is being tried for cacti and
for some other plants that tend to rot away when
drainage and aeration are not adequate. Fouquieria
(Ocotillo) and Bursera (Elephant Tree) are grown in
a mix of one or two parts silt, one part coarse sand
and one part peat -moss. Experiments are planned to
compare use of Osmocote and MagAmp fertilizers.

USDA Soil Conservation Service, Tucson
Plant Materials Center (Information courtesy
of Patrick Williams.) Desert shrubs and grasses are
grown for conservation uses in the southwestern
United States. Large -scale experiments are con-
ducted under field conditions of a farm. When
container -plants are grown, the soil mix consists of
1/3 loam from Pima County, 1/3 washed and
screened river sand and 1/3 milled sphagnum moss.
One pint of 8 -9 month duration Osmocote is added
to each cubic yard of soil mix. A mixture of 50 °/o
vermiculite and 50 0/o perlite is used for germinat-
ing seeds.

University of Arizona, Tucson (Informa-
tion courtesy of LeMoyne Hogan.) Many different
desert plants, principally trees and shrubs, are
grown at the Campbell Avenue Farm of the Uni-
versity by the Department of Plant Sciences. The
soil mix currently being used consists of 1/4 sandy
loam, 1/8 plaster sand, 1/s composted pine bark, 1/4
perlite and 1/4 vermiculite. Various other mixes are
used by professors and students for experimental
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purposes, for plants with special requirements or
for germinating seeds or rooting cuttings.

New Mexico State University, Las Cruces
(Information courtesy of Joe Corgan.) For growing
cacti and succulents a mix of 40 °/o sand for good
drainage and to prevent root rot is used with 20°/0
peat -moss to regulate water retention and avail-
ability and 40 °/o soil. A crushed lava rock or scoria
is used locally as a desert landscaping mulch and
this material is also incorporated into the mix to
replace half of the sand when certain species are
grown. Perlite is avoided because of its characteris-
tic of floating to the surface and vermiculite is
avoided because it tends to compact and make for
poor aeration. The plants are watered two or three
times a year with a nitrogen fertilizer and no ferti-
lizer is incorporated into the soil mix itself.

New York Botanical Garden, Bronx Park
(Information courtesy of Julie Schaller.) Desert
plants are displayed in a large glassed -in conserva-
tory and are also grown in auxiliary greenhouse
facilities. The beds in the conservatory are high in
sand and very quick draining. The formulation is
6 parts sand, 3 parts topsoil and 1 part zoo manure,
plus a light sprinkling of lime. Since the Garden is
located next to the Bronx Zoo, a never ending sup-
ply of manure is available. Plants in containers,
including a large number of cacti, are grown in a
mixture of 1/3 Terra Green, a material similar to
finely chipped fired clay pots, and 2/3 soil. Sand is
not used in the mix because that which is available
locally tends to compact when added to the soil
which is used. To each wheelbarrow of the mix,
half of a four -inch pot full of bone meal and two
four -inch pots full of limestone are added. The pH
is carefully adjusted, partly because of the local
water.
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Conversion of Saw-
mill Waste to Garden
Products by a Diversi-
fied Arizona Company

Mary Pettigrew
Kaibab Industries, Phoenix
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Kaibab Industries, an Arizona -based corporation,
operates sawmills in Arizona, Utah and Colorado.
These sawmills process approximately 63 million
board feet of logs per year. Increasing resource costs,
environmental impacts, and the opportunity to mar-
ket lumber by- products resulted in a move toward
more total usage of our natural resource. In Decem-
ber 1973, a bark and soil amendment plant was
constructed adjacent to the Fredonia, Arizona, saw-
mill. Through the manufacture of decorative bark
and various soil amendment products, 80 °/o of our
log input is now manufactured into usable products
. 50 °/o into lumber, and the remainder, which
previously would have been burned or otherwise
disposed of, into garden products.

Approximately 112,000 cubic yards of decorative
bark, soil amendments and wood shavings are mar-
keted annually in the Southwest from this northern
Arizona plant. As the logs are debarked at the saw-
mill, raw bark is moved to the bark and soil amend-
ment plant for aging and processing. The material
is loaded into a screening system where it is cleaned
and separated into various sizes. After product
classification by size or process, some material is
packaged in polyethylene bags for shipment to the
marketplace, while soil amendment products are
placed in windrows, where they compost for a six
to eight week period prior to shipping.

The value of organic material as a soil amend-
ment was pointed out in the previous article "Soil
Mixes for Greenhouse and Nursery Growth of Des-
ert Plants." Aside from use in greenhouse and nur-
sery situations, organic mulch is also useful to the
home gardener in improving desert soils. There is
one difference to keep in mind concerning use of
organic material in garden and landscape situations
as opposed to greenhouse and nursery use. The
majority of desert soils in the Southwestern United
States are alkaline and not ordinarily subject to the
leaching effect that can occur in a greenhouse or
nursery situation where native soil may not be used.

Kaibab Organic Mulch is a blended mixture of
finely ground Ponderosa Pine bark and sawdust,
fortified with nitrogen and iron. It counteracts soil
alkalinity and also helps retain moisture. Attractive
characteristics of this product are: 1) It will retain
about 75 gallons of water per cubic yard, or 3 gal-
lons per cubic foot. 2) Its granular, nonfibrous struc-
ture allows homogeneous mixing with sand, loam,
and other materials. 3) It does not expand when
wet, thus allowing good soil porosity after irriga-
tion. 4) It is slow to decompose and retains benefi-
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Figure 1. Organic mulch production site near Fredonia,
Arizona, in the Arizona Strip north of the Grand Canyon.

cial properties longer than other organics. 5) It has
favorable chemical properties - very low salinity,
slightly acid reaction and non -toxic. 6) It is rela-
tively dense, thus preventing compaction when
used in mixes. 7) It is economical to use and longer
lasting when compared with lighter- weight mate-
rials such as redwood, peat -moss and compost.

The decision to build the bark and soil amend-
ment plant eliminated burning of sawmill waste,
provided a large quantity of much -needed organic
material for improvement of soils of the South-
western United States, and was a step toward fur-
thering the concept of multiple use of our country's
natural resources.
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Jojoba in a Nutshell.
P. Lynn Scarlett. Jojoba International Corporation.
Carpinteria, Calif. 1978. 55 pp. $5.00.

This paperback book seems to be aimed at persons
considering growing commercial acreages of Jojoba.
The subtitle reads "The Natural History, Cultiva-
tion and Market Demand of Jojoba (Simmondsia
chinensis). It is essentially a literature review tern -
pered with observations on recent research and
commercial development. The book relies heavily
on publications of Howard Scott Gentry, the Uni-
versity of Arizona and the National Academy of
Sciences. In some instances, however, sources of
information are not documented. Let us examine,
as an example, pages 18 -20 where relations to wild-
life and pests are summarized. On page 18 it is
stated that Jojoba may have once ranged more
northerly but during the ice age foraging animals
may have moved south and "virtually wiped out
these more northerly varieties." Scientists who have
studied Jojoba for a number of years would quickly
point out that the culprit from the north was more
apt to be Jack Frost. On page 19 of the book it is
stated that although certain rodents, insects and
birds will taste and collect Jojoba seed, they do not
seem to prefer it as a source of food. This is at
variance with published research indicating that
Perognathus baileyi, a pocket mouse, regularly uses
Jojoba seed as its preferred source of food. On page
20 it is stated that the plant does not have any pests
peculiar to it. There has been ample published evi-
dence, however, that certain injurious insects are
more or less restricted to Jojoba.

Creosote Bush. Biology and Chemistry of
Larrea in New World Deserts.
T. J. Mabry, J. H. Hunziker and D. R. DiFeo, Jr.,
editors. Dowden, Hutchinson & Ross, Inc. Strouds-
burg, Pa. 1977. xvi + 284 pp.

The chapters of this book are separate essays on
particular aspects of Creosote Bush. A total of 27
authors are listed, from one to five for each of the
ten chapters. There are five species of Larrea in the
world: four in South America and one in North
America. The bushes cover hundreds of thousands
of square miles of desert, often forming pure stands.
Creosote Bush is adapted to dry conditions partly by
virtue of its small leaves which resist desiccation
by means of a thick waxy cuticle. These leaves can
maintain photosynthesis and cell division at lower
tissue water potentials than most other species.



Water potentials as low as -115 bars can be tolerated.
The resinous coating on the leaves tends to repel
leaf- chewing insects. It also chemically inhibits
digestion of food by such insects.

Nordihydroguaiaretic Acid (NDGA) extracted
from the resin has many potential applications and
might someday give Creosote Bush an economic
value. This chemical acts as an oxidation inhibitor.
It can therefore be used to stabilize industrial poly-
mers, lubricants, rubber, perfume or other sub-
stances that might otherwise break downs It inhibits
growth of mold and bacteria. It displays cancer anti -
metabolite activity and sensitizes certain tumor
cells to x -ray treatment. It has been used as a food
additive but is presently not on the U. S. Food and
Drug Administration GRAS (generally recognized
as safe) list.

Creosote Bush may have come to North America
through chance long -range dispersal in relatively
recent geologic time. There is an absence of older
Larrea fragments in Pleistocene packrat deposits in
the Southwest. Plants of the Chihuahuan Desert
have a normal (diploid) number of chromosomes,
whereas those of the Sonoran Desert have a doubled
(tetraploid) number and those of the Mojave Desert
have a tripled (hexaploid) number. Larrea is known
to be an invader in parts of New Mexico in the last
100 years. The book is an example of renewed inter-
est in a subject kindled by the International Biologi-
cal Program. Persons interested in the plant from
many different aspects will find the book a handy
reference. Although much of the material has been
previously published, it is brought together in good
fashion by the very researchers responsible for many
of the original discoveries.

The Agaves of Baja California.
Howard Scott Gentry. Occasional Papers of the Cali-
fornia Academy of Sciences. San Francisco. 1978.
119 pp. $8.00.

This monograph results from field work. by Dr.
Gentry over a 30 -year period. It is an excellent and
complete taxonomic revision of three groups of
Agave, the Deserticalae, Campaniflorae and Umbel -
liflorae. The abstract published opposite page 1 indi-
cates that of the 23 taxa described, 4 are proposed
as new species and 8 new taxa are subspecies. In
the introduction, however, 25 taxa are said to be
described, 3 of which are proposed as new. This dis-
crepancy prompted a careful study of the text by
the reviewer, with the finding that 25 kinds of
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Agave are treated, 5 of which are stated to be new to
science (4 new species and 1 new subspecies.)

Indigenous uses of the plants as food are recorded
together with data on sapogenin and other chemical
content of the species. The technical descriptions
of the various species and subspecies are very well
prepared and are supplemented by 62 black -and-
white figures, 7 color plates and 11 tables of data.
Dr. Gentry recounts how he began monographing
Agave while employed in the Plant Exploration and
Introduction branch of the USDA Agricultural
Research Service. Agave has been of interest eco-
nomically primarily because of the presence in the
plants of corticosteroid precursors from which cor-
tisone can be synthesized. Secondarily, Agave plants
represent a source of food (mescal) and drink
(tequila). Gentry's present publication is a major
contribution to our knowledge of these desert
plants, very carefully and accurately written by the
world's foremost scholar on this subject.

Arid Lands Research Institutions. A World
Directory.
Patricia Paylore. Revised and updated edition. Uni-
versity of Arizona Press. Tucson. 1977. xv + 317
pp. $7.50.

Names and addresses of institutions, scientists and
administrators who deal with problems of arid lands
can easily be found in this directory. It is a welcome
update of the original 1967 edition. The informa-
tion provided comes directly from correspondence
between the Office of Arid Lands Studies (Univer-
sity of Arizona) and the various institutions.

The institutions listed are arranged geographi-
cally by continents and then alphabetically under .

country names. Institutions are classified as private,
governmental, international, academic and then by
scope of interest. The governing body is listed when
known. Full postal addresses as well as telephone
and telex numbers are given. Geographic locations
of headquarters and field sites are provided together
with information on climate, vegetation types, ele-
vation and exposure when known. Research pro-
grams are listed under three categories, I) corn -
pleted, 2) current and 3) planned. Chief scientists
and their areas of specialization, department heads
and directors are listed. Information on laboratory
space and equipment, nature and size of library
holdings, serial publications, experimental areas
and arrangements for visiting scientists are pro-
vided. A historical paragraph concludes each insti-
tution's treatment.
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Indice de Proyectos en Desarrollo en
Ecologia de Zonas Aridas.
E. Martinez Ojeda, L. F. Pacheco Llanes, C. Saldivar
Rojas and M. Gonzales Banos, editors. Instituto de
Investigaciones Sobre Recursos Bioticos, A. C.
Xalapa, Veracruz, Mexico. 1978. vii + 97 pp. $8.00
(U.S.)

This very useful index lists 168 major projects
around the world dealing with ecology of arid
regions. The information provided for each project
includes 1) title, 2) objectives, 3) date of initiation
and probable date of completion, 4) name of institu-
tion responsible for the research, 5) names of scien-
tific personnel participating in the investigation,
6) title of the most recent contribution on the sub-
ject, 7) country and region where the research is
carried out, and 8) additional information. Mexico
emerges as the country with the most projects (30),
followed by Argentina (25), Israel (25), the United
States (25) and Australia (14). A key -word index is
included to make the work more useful and
complete.

Design and the Desert Environment: Land-
scape Architecture and the American
Southwest.
James D. Miller, Arid Lands Resource Information
Paper Series. Office of Arid Lands Studies. Univer-
sity of Arizona. Tucson. 1978. iii + 216 pp.

The author approaches the subject by examining
the physical parameters of climate in the deserts of
the Southwestern United States, defines the limits
of human comfort and then explores methods of
modifying the desert environment to be more
acceptable to man. Recommended plant materials
are treated in 16 pages of text, 55 pages of "Plant
Matrix" charts and 16 pages of photographs. The
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Arizona Native Plant Law, 6 pages long, is reprinted
in full. A bibliography of 132 items, complete with
abstracts, makes the book even more useful.

Successful Gardening with Limited Water.
Margaret Tipton Wheatly. Woodbridge Press Pub-
lishing Company. Santa Barbara, Calif. 1978. 128
pp. $3.95.

This book tells how to select labor -efficient and
water -efficient plantings and shows methods for
carefree growing of trees, shrubs, flowers, fruits and
vegetables. It is a natural response to recent water
shortages that have plagued several parts of the
world, for instance the drought in California during
1977. Although the book does not specifically so
state, it is essentially geared to southern California
conditions. The author says that she first became
aware of gardening with drought- enduring plants
through botanical gardens specializing in this par-
ticular type of plant. Several photographs in the
book were taken at the Boyce Thompson South-
western Arboretum, the Santa Barbara Mission or
the Los Angeles State and County Arboretum.

The book includes lists of plants classified accord-
ing to landscape use. Plants mentioned are generally
those which are available from commercial sources.
These lists include 1) plants for dry walling, 2) plants
to enclose or screen the garden, 3) plants to land-
scape the parking area, 4) plants for training, S)

plants for concealing and covering, 6) plants to
shade and shelter the garden, 7) plants for pots and
tubs, 8) plants for ground cover, and 9) plants for
alkaline soils, sand, wind and ocean. The reader
naturally wonders why other such lists were not
drawn up of plants for instance which render the
house more energy -efficient - deciduous vines and
trees that let sun through in the winter but block
it out in summer.



Arboretum Progress
Robert T. McKittrick
Managing Director
Boyce Thompson Southwestern Arboretum
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Special Events highlight the Arboretum year. They
provide a needed service to the participants and rec-
ognition to the Arboretum. Although we would
have preferred to have distributed them throughout
the year, three of the four outstanding special
events in the past year were conducted within one
thirty -day span. The 50th Year Celebration was held
October 25; the Annual Arboretum Plant Sale, April
7 and 8; the Western Regional Meeting of the Amer-
ican Association of Botanic Gardens and Arboreta,
April 18 -21; and the Audubon Institute of Desert
Ecology, May 3 -5. Dates for the Plant Sale are fixed
each year on Saturday and Sunday of the first full
weekend in April. Although the other dates were
more flexible, they were most appropriate in this
mid -spring period. The benefits to the participants
and to the Arboretum of these last two events far
exceeded any difficulties encountered by the tight
scheduling.

The Arboretum was chartered in 1927 and for-
mally dedicated in 1929. The major renovation of
the Visitor Center Administration Building was fin-
ished during the late summer of 1978. It was decided
that an open house to dedicate the new facilities
would be a most appropriate time to celebrate fifty
years of unbroken service to the public and to the
academic community. With much guidance and
assistance from the Arizona State Parks staff, a date
was set and an appropriate program conceived and
assembled. Arizona Governor Bruce Babbitt headed
a list of 200 dignitaries and other well -wishers who
made the celebration a most enjoyable one.

In 1977 the Arboretum held its first annual plant
sale in cooperation with Sunset Magazine, the
Desert Botanical Garden (DBG) and the Arizona -
Sonora Desert Museum (ASDM). Each garden held
a sale and Sunset Magazine publicized them. The
sales featured desert plants in an effort to popularize
their use in desert yards and gardens. The effort was
so successful that the Arboretum has made it an
annual affair as have the other two institutions. Dr.
Carol Crosswhite has managed the sale from its
inception. It has drawn around 5,000 people each
year and has helped to create an ever growing
demand for these attractive (sometimes spectacular)
water -conserving ornamentals.

The American Association of Botanic 'Gardens
and Arboreta is a relatively small but vigorously
growing organization. It is the only national organi-
zation devoted entirely to the interests of these
institutions. Negotiations initiated three years ago
brought their Western Regional Meeting to Tucson



96 Desert Plants 1(2)

in 1979. The DBG at Phoenix and the ASDM at
Tucson joined the Arboretum as the principal hosts
with many other botanical organizations in Arizona
assisting in that responsibility. The author was
named Convener and though it is not possible to
name all of the many persons who gave such able
assistance, I would like to acknowledge Bob Perrill
of the ASDM and Rod Engard of the DBG, Helen
Schaefer, of the Tucson Botanical Garden Society,
and especially Ray Allen, Past Director of the Kings -
wood Center in Ohio and now "retired" in Tucson.
The meetings were housed in Tucson but included
a one -day field trip to the Arboretum and the DBG
and a second full -day field trip in the Tucson area
to the ASDM, the University of Arizona's Environ-
mental Research Laboratory, the Porter Gardens,
and the Tanque Verde Greenhouses, a commercial
cactus and succulent grower. A series of short talks
appropriate to the theme of Desert Plants and Gar-
dens was presented at the various stops. The meet-
ings closed with rap sessions on garden programs
for the public and garden funding and a post meet-
ing tour of Mt. Lemmon where in forty miles four
life zones were traversed. The meetings were excep-
tionally well attended and complimented.

The Audubon Institute of Desert Ecology is spon-
sored by the Tucson Audubon Society in coopera-
tion with the University of Arizona. Quoting Carol
Crosswhite from her "Report of the Curator of
Zoology, 1978 -79 ", the Institute "is an in- depth,
concentrated introduction to the Sonoran Desert
ecosystem, drawing participants on a nation -wide
scale. Instructors present intensive sessions on birds,
mammals, reptiles, plants, invertebrates, aquatic
life, and geology and interweave disciplines as much
as possible."

The Arboretum does have a desert biology pro-
gram that can provide basic housing for relatively
short -term field studies by individuals or groups of
up to thirty participants. The Institute generally
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provides for about sixty participants with staff and
support personnel numbering around fifteen. The
Institute was so well conceived and managed and
the Arboretum and environs so appropriate to their
study that it was agreed to accommodate them. Our
facilities were augmented by recreation vehicles
and tents supplied by the participants and for three
days the guest house and residence area looked like
a State Parks campground. Many of the participants
who were in the field from 6:00 a.m. until after mid-
night (scorpion hunts, owl and bat watches, etc.)
were quick to disclaim it as a recreation venture.
Fifty -nine persons were enrolled in the institute.

In closing the column for this quarter I would
like to personally welcome two new colleagues to
Arizona. Dr. Charles Huckins, who in late Septem-
ber became the Director of the Desert Botanical
Garden in Phoenix, and Dr. Mark Dimmitt, who
earlier was appointed to the position of Curator of
Plants at the Arizona -Sonora Desert Museum near
Tucson.

Charles Huckins came to Arizona from the Mis-
souri Botanical Gardens in St. Louis, Mo., where he
was serving as Chairman of the Department of
Indoor Horticulture. He earned Masters and Doc-
torate degrees at Cornell University and his Bache-
lor of Arts Degree at Brown University. Dr. Huckins
spent fifteen months in 1972 and 1973 studying at
the major herbaria and arboreta of Europe and
Central Asia.

Mark Dimmitt's background includes degrees at
Pomona College, BA in zoology; U.C.L.A., Masters
in Ecology and the University of California at River-
side, Ph.D. in Biology. He taught at the college level
at U.C.L.A., U.C. Riverside and Cabrillo College for
a total of eight years. Dr. Dimmitt left the post of
District Ecologist at the Riverside, Ca. office of the
U.S. Bureau of Land Management, to take up his
present duties.
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