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Editorial

Editing and publishing Desert Plants has been
chosen by the College of Agriculture of the Univer-
sity of Arizona as an appropriate activity for it to
engage in under the tripartite program at the Boyce
Thompson Southwestern Arboretum. It is an out-
growth of an idea first suggested by Dr. R. P. Up-
church, head of the Department of Plant Sciences,
and later developed during a series of work -sessions
sponsored by the Environmental Horticulture Group
on the University campus at Tucson.

Without support from the Boyce Thompson
Southwestern Arboretum, Inc., and without cooper-
ation from the Arizona State Parks Board, it would
have been difficult for the University to initiate this
venture because of inadequate funding and man-
power. As the management of the public aspects of
the Arboretum passes from the University to the
Parks Board, the University has the opportunity to
channel its efforts more directly to academic, and re-
search activities at the Arboretum.

Desert Plants is intended to be a semi -technical
journal of interest to layman and professional alike.
It is hoped that it will faithfully chronicle the aca-
demic and research activities at the Arboretum
while serving as an effective medium of information
exchange among individuals and institutions with
an interest in similar activities. It is anticipated
that a truly international exchange will eventually

Editorial

develop through this journal, since information gen-
erated at one desert station may be applicable at
another. Articles are solicited regardless of geo-
graphic region, the criterion for acceptance being
that they deal effectively and usefully with some
aspect of desert plants. Articles may deal with any
phase of arid land plant science -horticulture, land-
scape architecture, taxonomy, morphology, ecology,
physiology, weed- science, phytogeography and re-
vegetation. Also included will be contributions to
history of plant science in desert regions and bio-
graphies of desert plant scientists.

While the journal is one of the first tangible pro-
ducts to come from the University's new program at
the Arboretum, it is not the only new area of Arbo-
retum commitment for the University, nor is it the
greatest. Other areas of active involvement are the
isolation of plant growth regulators from native
plants, the development of a computerized infor-
mation- retrieval system for cultivated desert plants,
an international seed -exchange program, the devel-
opment of a master research collection of desert
plants, the screening and testing of desert landscap-
ing plants, studies of endangered species, as well as
taxonomy and distribution of the ornamental genus
Pensternon. With this wide range of inter- related
activities, the years ahead promise to be both chal-
lenging and productive.
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Assisting Nature
with Plant Selection
Larry K.Holzworth
Tucson Plant Materials Center
USDA Soil Conservation Service

Man's activities leave various kinds of scars on our
earth and pollution in our environment. Given time
and left alone, many of these scars heal themselves.
However, nature needs our help to accelerate the heal-
ing and prevent further degradation of three vital re-
sources: soil, water, and air. These resources must be
conserved to insure adequate supplies of food and
fiber for future generations. A fundamental tool for
protecting these resources is plant material.

The Plant Materials Program
The USDA Soil Conservation Service (SCS) plant

materials program was established in 1935 to assist
private landowners with soil and water conserva-
tion. SCS operates or provides funds and technical
assistance to 22 plant materials centers (PMC) in
the United States. Each PMC is located in a particu-
lar phytographic area. The purposes of the SCS plant
materials activities are to assemble, test, and release
needed plant materials; determine techniques for
their successful use; arrange for their commercial
increase; and promote their use in resource conser-
vation and environmental improvement programs.

None of the plant materials work is possible with-
out the active participation, cooperation, and support
of conservation district cooperators. They provide
land and labor for conservation field trials and field
evaluation plantings. Moreover, these farmers and
ranchers grow crops of released plants to provide
seed for conservation use throughout the southwest-
ern United States.

Ecological Benefits
Since 1935, approximately 200 superior plants

have been released by SCS for use in soil and water
conservation. Over the years, these plants have con-
tributed numerous benefits: erosion control, pasture
and range improvement, critical area stabilization,
windbreaks and shelterbelts, beautification, wildlife
food and cover, recreation, firebreaks, etc. For exam-
ple, using plant materials to hold soil in place re-
duces sedimentation in our lakes and streams, con-
serves energy by maintaining soil fertility and
reduces air pollution.

Tucson PMC Program Objectives
The Tucson, Arizona, Plant Materials Center is

located in the Sonoran Desert, one of the lowest and
hottest North American deserts. Precipitation ranges
from near 0 in central Baja California, Mexico, to an
upper limit of 12 to 14 inches in the uplands. The
desert has an extremely diverse plant community in
the harshest climate in the lower 48 states and pre-
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Figure 1. Many arid -land plants have chaffy and light
seed spikelets requiring specialized harvesting equipment.
Here Pennisetum ciliare is being harvested with a Nesbitt,
air -brush type seed harvestor. Photo by L. K. Holzworth.

Figure 2. Overview of the 1977 Warm Season Grass
Initial Evaluation Planting containing 174 collections.
These collections are being comparatively evaluated at
Tucson for multi -use conservation in the desert South-
west. Photo by P. Williams.
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Table 1. Cultivars released jointly by the Tucson PMC and the University of Arizona Agriculture Experiment Station
and /or USDA Science and Education Administration since 1935
Cultivar name
or number Scientific name USDA Common name

Year
released Use

T -15327 Panicum antidotale Blue panicum 1949 Pasturage

A -68 Eragrostis lehmanniana Lehmann lovegrass 1950 Rangeland improvement
A -84 Eragrostis curvula var. conferta Boer lovegrass 1950 Rangeland improvement
A -67 Eragrostis curvula Weeping lovegrass Rangeland improvement
A -2969, Uvalde Bouteloua curtipendula Sideoats grama 1950 Rangeland improvement
A -130 Panicum antidotale Blue panicgrass 1950 Rangeland improvement
Sonora Bouteloua eriopoda Black grama 1965 Rangeland improvement
Catalina Eragrostis curvula var. conferta Boer lovegrass 1969 Rangeland improvement
Palar Eragrostis superba Wilman lovegrass 1972 Rangeland improvement
Paloma* Oryzopsis hymenoides Indian ricegrass 1974 Soil stabilization and

range forage
Kuivato Eragrostis lehmanniana Lehmann lovegrass 1976 Rangeland improvement
Puhuima Eragrostis lehmanniana Lehmann lovegrass 1976 Rangeland improvement
Corto Atriplex semibaccata Australian saltbush 1977 Critical area stabilization

and landscape
Cochise** Eragrostis atherstonei Atherstone lovegrass 1979 Rangeland improvement and

critical area stabilization

*Released by New Mexico State Univ., Colorado State Univ., and Univ. of Arizona Agriculture Experiment Stations; New
Mexico State Highway Department; and the USDA -Soil Conservation Service

* *P -15608 scheduled for formal cultivar release in July 1979.

sents a multitude of challenges to the plant materials
program at Tucson.

Currently the Tucson PMC is screening plant
materials for meeting four priority conservation
needs. These needs were identified by cooperators
with conservation districts in the Tucson PMC's
area of responsibility- southern Utah, southern
Nevada, and Arizona.

1. Range improvement- Adapted plants for seed-
ing denuded and depleted rangeland.

2. Critical area stabilization- Drought tolerant
introduced and native plants for revegetating surface
mined areas; ground cover plants for controlling
wind and water erosion on critical areas created by
highway construction and urban expansion.

3. Environmental protection -Plants for salinity
control that have a high uptake of dissolved salts
and are salt tolerant, to improve water quality.

4. Woodland- Drought tolerant, evergreen and
deciduous, fast -growing trees and shrubs for use in
shelterbelts and windbreaks; fast -growing evergreen
trees for commercial Christmas tree production.
The Tucson PMC also develops cultural and man-
agement techniques for establishing and maintain-
ing the plants in a hot, dry climate. A specialized
piece of equipment used for harvesting light arid
land seeds is illustrated in Figure 1.

Many of the plants screened for one or more of
the priority conservation needs have multiple -use
value in other areas. For example, many can be used
as landscape plants to conserve water and reduce
urban water costs in desert areas.

Tucson PMC Accomplishments
The Tucson PMC has cooperated with the USDA

Science and Education Administration and the
University of Arizona to release 14 grasses for range
improvement and critical area stabilization and one
shrub for critical area stabilization and landscap-
ing (Table 1). The soil and water conservation bene-
fits are a tremendous asset to the state.

Outstanding Plant Materials
By the end of 1979, the Tucson PMC will have

approximately 1;350 plant collections (trees, shrubs,
grasses, and fortis) under evaluation. An example of
an Initial Evaluation Planting (IEP) is shown in
Figure 2. Furthermore, five grass and nine shrub -
selections will be in small -scale seed production for
advanced field evaluation. The selected plant species
and their potential uses are listed in Table 2. Fifteen
selected plants are in large -scale seed production for
entry into large -size comparative planting trials.
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Table 2. Plants in small -scale seed increase at the Tucson PMC for problem site evaluation

7

Scientific name Common name Accession number Potential use

Shrubs and forbs:
Kochia prostrata Prostrate summer cypress PI-343101 Rangeland improvement and critical

area stabilization
Kochia prostrata Prostrate summer cypress PI-330708 Rangeland improvement and critical

area stabilization
Franseria dumosa White bursage A-18335 Critical area stabilization
Dalea greggii Indigobush PI-421047 Critical area stabilization
Cassia corymbosa Flowery senna PI-421039 Critical area stabilization and

beautification
Mirabilis multiflora Four o'clock A-18428 Critical area stabilization and

beautification
Eurotia lanata Winterfat A-18430 Range improvement and environ-

mental protection
Penstemon palmeri Palmer's penstemon A-18493 Critical area stabilization and

beautification
Lycium andersonii Wolfberry A-17860 Critical area stabilization and wild-

life food and cover
Grasses:
Trichachne californica Arizona cottontop A-18679 Range improvement and environ-

mental protection
Bothriochloa barbinoides Cane beardgrass A-18119 Range improvement and environ-

mental protection
Bothriochloa ischaemum Yellow bluestem A-14827 Range improvement and environ-

mental protection
Setaria macrostachya Plains bristlegrass A-19916 Range improvement and environ-

mental protection
Pennisetum setaceum Fountaingrass commercial Range Improvement and critical

area stabilization

Table 3. Plants in large -scale seed increase production at
the Tucson PMC for manageable -size problem site evalu-
ation.

Scientific
name

Common
name

Accession
number

Shrubs:
Atriplex canescens
Atriplex lentiformis
Menodora scabra

Fourwing saltbush
Quailbush
Twinberry

P-15644
PI-330671
A-17773

Grasses:
Bothriochloa ischaemumYellow bluestem A -14207
Cenchrus ciliaris Buffelgrass P -15625
Eragrostis atherstonei Atherstone lovegrass P -15608
Eragrostis intermedia Plains lovegrass A -19189
Leptochloa dubia Green sprangletop A -14254
Muhlenbergia wrightii Spike muhly A -8604
Panicum antidotale Blue panicgrass P -15630
Sporobolus airoides Alkali sacaton A -14711
Sporobolus contractus Spike dropseed A -14544
Sporobolus cryptandrus Sand dropseed A -16352
Stipa formaricum Spanish needlegrass P -15629
Trichachne californica Arizona cottontop A -16514

Some of the plants will be released as cultivars for
public use within a few years (Table 3).

Indications are that the PMC's will be working
with more native plant materials and will be empha-
sizing multiple -use benefits. Whatever the direction
or need, the plant materials program will continue
to meet the challenge of plant selection for soil and
water conservation and help nature with revegeta-
tion.

References
Crosswhite, Frank S. 1975. Relations of Precipitation and

Vegetation at the Boyce Thompson Southwestern Arbo-
retum. Boyce Thompson Southwestern Aboretum. Su-
perior, Az. 24 pp.

Shreve, Forrest and Ira L. Wiggins. 1964. Vegetation and
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USDA Agriculture Research Service. 1972. Grass Varieties
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Government Printing Office. Washington, D.C.
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Aberrant Sex -Ratios
in Jojoba Associated
with Environmental
Factors
Serena L. Cole
Kalamazoo College, Kalamazoo, Michigan

August 1979

The present report is based on a three -month study
of Jojoba, Simmondsia chinensis (Link) Schneider,
growing under natural conditions at the Boyce
Thompson Southwestern Arboretum during the late
summer and fall of 1978. One purpose of the study
was to obtain information of possible significance
regarding differential natural selection in Jojoba
with regard to sex of bushes on north -facing and
south -facing slopes. I wish to thank Dr. Frank S.
Crosswhite for suggesting this research and for pro-
viding much of the material in the introduction.

In a paper on the natural history of Jojoba and its
cultural aspects, Gentry (1958) wrote that scientists
at the Boyce Thompson Southwestern Arboretum
(Fred Gibson and Bernard Bensons reported to him
that the Jojoba population at Superior, Arizona, had
about five males for every one female. This in-
trigued him and he reported that counts were sub-
sequently made at seven locations; three in Arizona,
three in Baja California and one in California. In
Arizona 100 males to 23 females were found at
Superior, 80 males to 40 females at Tucson and 3 -4
males were estimated for each female at Camp Creek.
In Baja California somewhat more normal ratios were
found with 31 males to 20 females at Aguitos, 77
males to 62 females at the Meling Ranch and an even
50 males to 50 females in the San Telmo Valley. In
California there were 30 males for 27 females at Ag-
uanga. Gentry concluded that the ratio of male
plants to female plants, at least in Arizona, was very
unequal. Although he stated that the cause of the dis-
parity in the sex -ratio was not known with certainty,
he suggested that it might be due to environmental
rather than genetic factors. He wrote that "apparently
three to five males will survive the stresses of seed-
ling establishment where as many females will fail."
(Gentry, 1959. p. 278).

Aside from Gentry's hypothesis concerning dif-
ferential selection in the seedling population, Cross -
white (1978) suggested that the rigors of producing
five pounds of seed per female bush during the hot
dry summer should theoretically place these bushes
under greater water -stress than their male counter-
parts which become dormant during this period. A
corollary to this might be a greater incidence of
death in mature producing female bushes compared
to the death rate in male or poorly bearing female
bushes. Furthermore, such increased female mortal-
ity should be expected in populations where water -
stress is a significant factor in the over -all survival
of mature plants.

Such a water -stress situation might be expected to
occur in populations where a large number of young
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Table 1. Precipitation at the Boyce Thompson South-
western Arboretum during alternately wet and dry years.
Derived from data published by Crosswhite (1975).

Year Precipitation (inches)

1933 18.22
1934 9.94

1941 27.58
1942 11.07

1952 19.16
1953 8.74

1959 22.42
1 960 9.74

1965 26.15
1966 11.04

plants have matured and then, as larger plants, corn-
pete increasingly one with the other for available
moisture. Such selection theoretically would be in-
tensified under a climatic regime allowing rank plant
growth during an extremely wet year followed by
severe water stress in a succeeding drought year. Al-
though rainfall is somewhat uniform in some regions
outside Arizona where Jojoba grows, within the state
and at the Boyce Thompson Southwestern Arbore-
tum, a harsh climatic regime with quite nonuniform
precipitation exists. The annual precipitation
records at that location (Table 1) are taken from
Crosswhite (1975).

In addition, at the Arboretum, tremendous fluctu-
ations in precipitation from month to month occur.
Four entire months without a trace of rain have
occurred. On the other hand, over 19 inches of
precipitation were received in another four -month
period. Vegetative growth of Jojoba is correlated with
the usually wet winter months of December through
March, whereas seed -production occurs in the nor-
mally hot and dry pre -summer consisting of April,
May and June. The seeds come to maturity in July,
too late for the thunderstorms developing as a result
of the Sonoran Monsoon to aid their development
( Crosswhite, 1973).

The field study which follows was designed to
test the hypothesis that there may be some correla-
tion between the environment and the male -female
ratio in populations of Jojoba. In particular, it was
desired to record differences in the sex -ratio on
south -facing slopes with extended exposure to solar
radiation and on north -facing slopes with less such
exposure.

Aberrant Sex -Ratios in Jojoba 9

Materials and Methods
Wild Jojoba plants growing on north -facing and

south -facing slopes were examined and classified
according to sex. Fourteen slopes, seven facing south,
seven facing north, were chosen for this survey. In
order that samples be relatively representative and
that variables be limited, slopes having fairly
uniform characteristics were used. The slopes were
of moderate steepness (25° to 50° angles) and devoid
of unique or outstanding features.

Note was taken of angle of slope, soil character-
istics, plant communities and other noteworthy in-
formation (e.g. presence of numerous rodent burrows
or nearby roads) concerning each slope. A line tran-
sect was chosen randomly about midway up each
slope along a horizontal plane. Plants falling along
this transect were recorded by sex. For uniformity
and because the sex of individual bushes is not read-
ily apparent at all times of the year, counts of male
and female plants were restricted to September. At
that time of year mature female plants bear ripe seeds
and the males retain desiccated flowers.

A few plants too young to bear any indication of
sex were not included in the data. A total number of
male and female plants along each transect was
tabulated. The samples for each slope ranged in size
from n =23 to n =141, depending upon the area of the
slope and upon population density. Sample size
averaged n =71.5 plants and a total of 1,003 plants
was recorded.

The entire population observed in this study was
included in the area comprising the Boyce Thomp-
son Southwestern Arboretum, west of Superior in
Pinal County, Arizona. The Arboretum property is
considered to be in the Arizona Upland Division of
the Sonoran Desert, within the Lower Sonoran Life
Zone, as designated by C. Hart Merriam (1898).
Elevation of the area is 2400 feet, at a latitude of
33 °17' North and longitude of 111°8'30" West. Annu-
al precipitation at the Arboretum is 16.30 inches,
averaged over the past 50 years.

Results and Discussion
Female Jojoba plants represented 51 percent of the

population on north -facing slopes but only 45 per-
cent of the population on south -facing slopes (Tables
2, 3). Percentages of male and female plants occuring
on each of the seven north -facing slopes are present-
ed in Table 2. These percentages, being derived from
line transect counts, make an unbiased generaliza-
tion concerning the populations which were sur-
veyed. Sample size for each slope is also presented in
the table. A similar treatment of transect data is used
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Table 2. Percentages of male and female plants on north -
facing slopes at the Boyce Thompson Southwestern Arbo-
retum.

Slope
No.

Percent
female

Percent
male

Sample
size

1 60.9 39.1 23
2 46.1 53.9 39
3 50.7 49.3 138
4 58.9 41.1 73
5 36.7 63.3 60
6 41.5 58.5 65
7 62.2 37.8 39

Mean 51 49 62.1
Range 36.7 -62.2 37.8 -63.3
Standard Deviation 24.6

for counts taken on south -facing slopes and these
percentages are presented in Table 3.

Information concerning variable characteristics
such as soil type, steepness of slope, other plant spe-
cies present, geological peculiarities and other not-
able features have not been presented as correlations
were not found in relation to Jojoba growth or sex -
ratio. A Student's t -test comparing the means of the
two populations (those of Table 2 vs. Table 3) rate the
differences between the means as significant for a
0.1 with a critical value of 1.712, d.f. 12.

It is apparent from the results of this survey that
there is some correlation between orientation of
slope and the male -female ratio. Although standard
deviations are fairly large, the data indicate a distinct
trend and are, therefore, of value. Populations occur -
ing on north -facing slopes are composed of nearly
equal proportions of male and female plants. Indeed,
some populations are predominantly female, a situa-
tion quite at odds with the literature so often quoted
that in Arizona the males outnumber the females
anywhere from a ratio of two to one to a ratio of five
to one. However, on south -facing slopes, the male
plants are indeed apparently more successful.

The aberrant sex -ratios may be attributed to one of
several possible causes, some of which seem diffi-
cult to examine. In the Arboretum region the south -
facing slopes are much hotter and drier than the
north -facing slopes, a condition prevalent in the
northern hemisphere where the sun tends on the av-
erage to be to the south. The two physical factors,
heat and dryness of soil, must be looked at inde-
pendently even though the latter is a consequence
of the former.

The effects of high temperature on plant growth
and development occur both directly and indirectly.

August 1979

Table 3. Percentages of male and female plants on south -
facing slopes at the Boyce Thompson Southwestern Arbo-
retum.

Slope
No.

Percent
female

Percent
male

Sample
size

1 35.8 64.2 53
2 48.2 51.8 27
3 51.6 48.4 93
4 35.5 64.5 141

5 46.4 53.6 69
6 48.4 51.6 62
7 49.6 50.4 123

Mean 45.1 54.9 81

Range 35.5 -51.6 48.4 -64.5
Standard Deviation 16.3

Extremely high temperatures can have the effect of
rendering inactive some enzymes essential for me-
tabolism and of slowing the rates of some reactions
necessary for proper growth and maintenance of the
plant. The rate of respiration and photosynthesis,
after first increasing with an increase in temperature,
reaches a point at which it drops below the rate nor-
mal for a lower temperature (Greulach, 1973). High
transpiration rates which may result from high temp-
eratures can cause desiccation of a plant. Perhaps the
most obvious effect of long hours of sunlight, heat
and drought is water -stress to plants. It seems reason-
able to assume that such water- stress, intensified on
south -facing slopes, is of utmost significance in the
Arboretum region where vegetation on south vs.
north aspects of hills and canyons is often strikingly
different.

The greater success of male plants on south -facing
slopes may be a result of a selective advantage over
female plants which bear the burden of seed product-
ion, a hypothesis which led into the present study.
Another possible explanation might conceivably be
one of leaf physiology as asserted by Sivtsev and
Sizov (1972), who suggested that the difference be-
tween survival of male and female forms of plants
might be a matter of the ability of their respective
leaves to adapt to a water shortage. The crucial point
in development could possibly be prior to seed -bear-
ing age. An experiment could be designed to obtain
optimum germination and growth of seeds from a
north slope and seeds from a south slope to compare
sex -ratios. Male and female Jojoba plants are virtually
indistinguishable when young. Seed that will grow
into a female plant is indistinguishable from seed
destined to grow into a male plant.

During the course of this study, it became evident
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that the aforementioned counts of male and female
plants presented by Gentry (1958) were not in accord
with the data accumulated by the author of this
study. Presumably, the Gibson and Benson counts, as
well as those of Gentry, could have been made on
south -facing slopes and this alone could explain the
discrepancy. It seems unlikely that the population of
mature plants could have changed so radically in 25
years, given the average life span of 100 years or so
for a plant of the species.

Future study of environmental effects on sex -ratios
might involve plantings of known numbers of male
and female plants on north- facing and south -facing
slopes. Such an experiment would most probably re-
quire plantings of cuttings to insure that sex of the
bushes planted was known. A plantation of cuttings
could provide conclusive evidence provided the suc-
cess or failure of plants is not determined at a seed-
ling stage bypassed by cuttings. In repeating the pre-
sent study in the future, to eliminate a possible
source of error, slopes could be classified according
to amount of available soil moisture during a drought
month, rather than by the simple north vs. south
criterion.

The present paper makes no claim that the in-
creased percentages of male plants on south -facing
slopes confers an adaptive advantage to the popula-
tion in the Arboretum region. However, it has not

11

gone unrecognized that the species is wind- pollin-
ated and that the prevailing air patterns at the Arbo-
retum (from the southwest) could be expected to
cause pollen from plants on south -facing slopes to be-
come airborne and to settle down to the north as the
impact of the breeze is muffled by the topography.
Whether this is a fortuitous circumstance or is in-
timately associated with inherited adaptations in the
population is not known.
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Arizona's Mount Lemmon near Tucson was named
for these distinguished students of southwestern
plant life. John Gill Lemmon (1832 -1908) or J. G.
Lemmon, as he customarily wrote his name, was a
survivor of the infamous Andersonville Prison of
Civil War days in Georgia. Marcus E. Jones, reminis-
cing on botanists whom he had known, characterized
Lemmon as "an old soldier of the Rebellion and an in-
valid. His name is the most mentioned of any in the
botany of California. He was suspicious of all other
botanists and hard to deal with." (Jones, 1930. p. 48)
Midway through his post -war career as a plant ex-
plorer, the 48 -year old Lemmon married Miss Sara
Allen Plummer. Much of his most notable work
seems to have been accomplished jointly with his
wife, but little has been published concerning her.
He consistently used the designation "J. G. Lemmon
& Wife" in his plant exploration and collecting work
almost as a merchant might use a trade name such as
"A. J. Baker & Sons."

To regain his health following the war's end, J. G..
Lemmon went to live with his older brother near
Sierraville, California. He had been born at Lima,
Michigan on January 2, 1832, was raised on a farm,
attended the University of Michigan but did not
graduate,) taught school for a while and eventually
enrolled with other Michigan volunteers to fight for
the Union during the Civil War (Dictionary of Amer-
ican Biography 11:162).

Recuperation at Sierraville
After recuperating from the war Lemmon wrote

that he woke up one day in 1866 as an emaciated fee-
ble survivor of Andersonville atrocities and after a
year of liberal diet weighed finally a whole 90
pounds" ... I at first groped about the yard upheld by
the fence rail. The next day I was able to walk a little
way alone, being greatly stimulated by handfuls of
unrecognizable plants. In a few days I could go far-
ther, assisted by my aged mother and the good Dr.
Webber who put me up on his horse and accompan-
ied me often a half mile or more, picking up what
plants I desired." (Lemmon, quoted by Reifschneider,
1964.)

With these words, Lemmon vividly recounted the
beginnings of his historic career in the Southwest ex-
ploring for plants. He began collecting and exploring
in the high Sierra of California but eventually travel-
led to the Great Basin Desert, the Mohave Desert,
the Sonoran Desert and to the periphery of the Chi -
huahuan Desert in search of plants. He became a
very capable collector of bulbs, roots, seeds and dried
specimens and promoted himself as such with print-
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Figure 1. John Gill Lemmon, 1832 -1908. Portrait made
in 1866. Courtesy Hunt Institute for Botanical Documen-
tation, Carnegie Mellon University. By permission.

ed letterheads and business cards. Apparently he had
been interested in plants from childhood since his
mother once claimed him to have been "born a botan-
ist, perhaps inheriting the reincarnated spirit of an
ancient weedpuller." ( Reifschneider, 1964.)

The first few plants that J. G. Lemmon collected in
California proved so interesting that he eventually
sent them to Dr. Asa Gray at Harvard University for
further study. Out of the original shipment of fifty
dried herbarium specimens, an amazing number pro-
ved to be species entirely new to science. Gray
published Latin names and scientific descriptions for
these and the name of J. G. Lemmon suddenly be-
came known to the academic world. A photographic
portrait of Mr. Lemmon made in 1866 appears in Fig-
ure 1.

Fired with new enthusiasm and as if awakened
from a long sleep (which was indeed true consider-
ing his long recuperation following release from An-
dersonville Prison) he spent considerable time and
effort searching the countryside for new plants to
outdo his previous discoveries. Soon he began travel-
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ling to remote and inaccessible areas in search of the
undiscovered. Perhaps this travel was hoped to have
a therapeutic effect on his frail body. He roamed up
and down western Nevada and adjacent California
from 1866 to 1874 (Cronquist et al. 1972).

Lemmon wrote to Henry N. Patterson, a botanist
and newspaper editor at Oquawka, Illinois, "I botan-
ize in summer and the winter following come up here
with a wagon of plants and books to study alone,
spreading my flowers out on the floors and tables of a
large hotel with no one nearer than 10 miles ..." (Let-
ter of J. G. Lemmon to Henry N. Patterson, Feb. 4,
1877, Chicago Natural History Museum.)

Many excursions near the California- Nevada bor-
der were undertaken with an assistant, "Professor"
E. L. Case, actually a high -school teacher. Lemmon
wrote of one of these trips as follows -"Stowing our
little wagon with bedding, food and great bales of bo-
tanical paper, we scampered down the long east side
of Sierra Valley, 35 miles to Beckwourth Pass,
through which we emerged into the Great Fremont
Basin to toil for weeks through its sands, alkali and
prickly bushes, revel in its curious and rare flora,
gaze upon its grand yet gloomy scenery and bring
away, besides the characteristic products of the basin
-a train of vivid treasured memories of strange
scenes and striking adventures in that wonderful
sun -scorched land -a veritable tierra caliente." (Lem -
mon, quoted by Reifschneider, 1964.)

Trips Further Afield
In 1876 Lemmon travelled to San Bernardino (Cal-

ifornia) to discuss his plans with C. C. Parry, a well -
known explorer and plant scientist of the time. In
writing to a friend about Lemmon, Parry recounted
how he was obliged to quickly arrange a desert col-
lecting trip "to work off some of his steam." Lemmon
was in need of money so Parry wrote to Asa Gray at
Harvard and George Engelmann in St. Louis suggest-
ing advance payment to Lemmon for plants to be sent
later. Parry revealed to Gray that despite a long his-
tory of invalidism, the man was active "but excess-
ively nervous and fidgety, does not like to stick to
steady work, and likes to make a display of what he
does, besides being short of funds. He is a thoroughly
good fellow and I would like to see him do well."
(Parry, quoted by Rodgers, 1944. p. 104).

In 1877 the Director of the Royal Botanical Gar-
dens at Kew, England, the well -known Sir Joseph
Dalton Hooker, in company with Asa Gray, made a
historic visit to the western United States to view at
first hand in nature plants already known so well in
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the herbarium, greenhouse and garden. Lemmon was
asked to meet them and became ecstatic with Gray's
praise of him as a collector and teacher (Rodgers,
1944. p.104). Actually, Lemmon had tried to earn a
living by keeping a small private school and had as-
sumed the title "Professor" to increase his prestige.
Reportedly when he revealed to Gray what he had
done as a bid for approval, Gray did not disapprove,
"saying that many men who bore the title were not so
worthy of it as was he." (Kibbe, 1953. p. 273).

Andrew Denny Rodgers in American Botany 1873-
1892 recorded that Gray referred to Lemmon as being
"sharp- sighted and enthusiastic." However, an ex-
cerpt of a letter from the Reverend Edward Lee
Greene to Professor Gray has come down to us from
the same authority to the effect that Lemmon
"... seems to me to be nervous and excitable in a very
unfortunate way, and to a degree which leaves him
sometimes hardly responsible for all that he says and
does." (Greene, quoted by Rodgers, 1944. p. 153).

During the 1870's Lemmon came to know almost
everyone working in any way with native plants of
the Southwestern United States. He met Miss Sara
Allen Plummer and went on several enjoyable plant
collecting trips with her. He convinced Asa Gray to
name the new genus Plummera for her. In 1880 Mr.
Lemmon and Miss Plummer were married. Mr. and
Mrs. Lemmon collected throughout much of Califor-
nia and Arizona (Thomas, 1969). During the 1880's
the Lemmons explored Arizona and discovered many
new plants. The marriage seems to have increased
his capacity to explore, perhaps because as a semi -
invalid he finally had someone to fully care for him.

Exploration of the Santa Catalina
Mountains

For an ascent into the Catalina Mountains, the
Lemmons arrived in the old adobe town of Tucson
early in March of 1881 following marriage on the
previous Thanksgiving. In "A botanical wedding trip"
Mr. Lemmon related how an exploration of the Cata-
linas had been chosen for their "wedding tour" (Lem-
mon, 1881). The new bride had been the one to pro-
pose that "instead of the usual ... visit to a watering
place, idling our time in useless saunterings, ... we
should wait a few weeks, devoting the time to study;
then ... make a grand botanical raid into Arizona and
try to touch the heart of Santa Catalina." (Lemmon,
1881. p. 518).

From using field glasses they had already ascer-
tained that the Santa Catalina Mountains consisted
of two sub -ranges with a high mountain valley up-
held between. A fellow plant explorer, Cyrus G.
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Pringle, had described how he had climbed one sum-
mit but because of steep cliffs could not descend to
the valley nor approach the other unexplored sum-
mit. Completely baffled, Pringle had returned to his
home in Vermont. General Carr, the founder of Fort
Lowell near Tucson, told the Lemmons that to the
best of his knowledge no Anglo had penetrated past
the southern summit and that the "terra incognita"
(that was later named Mt. Lemmon) had indeed re-
cently been a stronghold of the Apache.

In the foothills of the Catalinas the Lemmons ap-
propriated "a stick -and -mud cabin" deserted a short
time before by someone "who had been detected
stealing horses." (Lemmon, 1881. p. 518). The Lem -
mons were forced to suspend their food from the ceil-
ing because "by the many holes along ... the walls, it
was evident that the premises were not totally de-
serted." (Lemmon, 1881. p. 519). Each day the honey-
mooners were forced to walk nearly a mile "over the
hot sands" and through treacherous weeds to bring
water to the cabin, and this after a hard day's work
collecting plants. Higher up on the mountain the
going got worse. They attempted day after day to pen-
etrate to the unexplored region, sleeping each night
in a pack -rat infested cave with a fire built at the
entrance to keep out dangerous animals, particularly
Gila monsters. The Lemmons became entangled in
cat -claw bushes (Acacia greggii) "that crowd into the
trail and reach their slender limbs across the way,
armed every half inch with pairs of strong recurved
thorns that tap your veins unawares and cause you to
add drops of blood to the perspiration that drips al-
most constantly from your person." (Lemmon, 1881.
p. 520).

Vivid details were given of the ferocious cacti,
sharp -pointed century -plants and spanish- bayonets.
After recounting the pain and suffering from the
yellow -spined cholla cactus (Opuntia fulgida), Lem-
mon believed that no torture known "exceeds that
produced by attempting to extract these spines from
human flesh." Lemmon claimed that the favorite tor-
ture inflicted upon captive Anglos by the previous
occupants of the territory was to "strip their victims
of clothing, tie their hands and feet, then hurl them
against these cacti, rolling them with their lances
over upon the broken -down branches, until the poor
wretches die from the fiendish torment." (Lemmon,
1881. p. 522).

Unable to reach the summit from the south, they
went to Oracle where with Emerson Oliver Stratton
they ascended the mountain. Stratton named the
peak Mount Lemmon in commemoration of the
occasion (Granger, 1960. p. 270). A post office was
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later established there June 29, 1945 under the offi-
cial designation "Mount Lemmon" with Hurst B.
Amyx first postmaster. The present road to Mount
Lemmon is shown in Figure 2.

The Experienced Explorer
Each year Lemmon wrote popular articles about his

expeditions for the Pacific Rural Press, the Califor-
nian Magazine, or simply had the episodes printed at
his expense as small pamphlets. Copies of these he
distributed to actual and potential customers of his
plant -collecting enterprise. In a letter to Henry N.
Patterson, Lemmon wrote, "Do you see the Califor-
nian Magazine? A Botanical Wedding Trip in Decem-
ber. It has won me many compliments. Before winter
closes must write "Botanizing in the land of the Apa-
che," recounting our late terrible trip. Read a paper
recently before our California Academy of Science on
"Four New Trees of Arizona." (Letter of J. G. Lemmon
to Henry N. Patterson, Dec. 4, 1881, Chicago Natural
History Museum).

The Lemmons made very large collections of plant
specimens in southern Arizona from 1880 to 1882
and collected in northern Arizona in 1884. At one
time Lemmon had considered settling down at Yo-
semite and making a business of selling dried flower
sets to tourists. But eventually he opted for prestige
over money and decided to continue collecting speci-
mens for scholars and scientists. But prepared herbar-
ium specimens were distributed to the better known
herbaria and museums for a price. Each specimen in-
cluded an ornate printed label (printed in Oquawka,
Illinois by Henry N. Patterson) bearing the scienti-
fic name of the plant, the habitat and location where
collected and the names of the collectors. The latter,
printed merely as "J. G. Lemmon & Wife" recalls the
male- dominated days of yesteryear. When one botan-
ist upon studying an Arizona collection made by the
Lemmons at Mineral Park (Mohave County) deter-
mined that it represented a hitherto undescribed
species, he quite pointedly gave it the scientific
name Penstemon plummerae after Sara Lemmori s
maiden name.

Collecting in the Huachuca Mountains
During a collecting trip in 1882, the Lemmons

sought refuge at Fort Huachuca, Arizona. J. G. Lem -
mon wrote that "The commander shows us many fav-
ors and we are comfortably quartered in tents over-
looking the camp and partially sheltered by a large
oak." (Letter of J. G. Lemmon to Henry N. Patterson,
June 15, 1882, Chicago Natural History Museum).

Perhaps one of the most interesting episodes of
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travel by the Lemmons in Arizona is found in the an-
ecdote below, reprinted by permission of the publish-
er, from Lyman Benson: Plant Classification (Lexing-
ton, Mass.: D. C. Heath and Company, 1959).

"In the 1880's the Apaches were on the warpath. No
white man in the vast network of mountains and
high plains of Arizona and New Mexico was safe.
Even the lowland cities like Phoenix and Tucson
were under military protection. Two botanists, Mr.
and Mrs. J. G. Lemmon of Berkeley, California, wish-
ed to collect plants in the Huachuca mountains in
the heart of the Apache country. They rode south-
eastward from Tucson a day's journey, expecting to
spend the night at the ranch of some friends, but the
house had been burned and the settlers scalped. And
so the Lemmons camped overnight, and the next day
they went on toward the Huachuca Mountains, plan-
ning to spend the night with friends at a ranch far-
ther on. But these friends had been scalped. And so
the Lemmons camped again, and the next day they
went toward the Huachuca Mountains. Soon they
met a small band of Apaches in war paint. The Lem -
mons were stopped and searched; the plant presses
were opened and the specimens examined. Finally
the chief came up with the main band of Apaches.
He inspected the plant presses gravely, then tapped
his forehead. And so the Lemmons went on to the
Huachuca Mountains. If plant collecting is a form of
insanity, it is a mild and pleasant one ..."

Lemmon wrote to Patterson that the 1882 season
had been "so dry and hot that the flora all over Arizo-
na was limited and poor ... The Berkeley people gave
us a grand reception on our late return ... The terri-
ble climate and the yellow fever having turned us
back a month earlier than the usual time of leaving
the territory. Friends fixed up the reception for us
issuing 700 tickets and publicizing the topic of our
addresses as 'Perils and Pleasures of Botanizing in
Arizona.' Mrs. Lemmon has developed into a good
platform speaker as well as botanist and flower paint-
er." (Letter of J. G. Lemmon to Henry N. Patterson,
Oct. 26, 1882, Chicago Natural History Museum).

In another letter, Lemmon wrote that it was "Dan-
gerous living there in the wild Huachucas with Apa-
che massacres occuring frequently, within a few
miles, the Cow -boy [i.e. outlaw] headquarters about
12 miles distant, and the renegades from both armies
of the rebellion in Mexico running over to our lines.
But we just kept right at work, went where we pleas-
ed, clambered about, lodged with the prospectors,
roughed it with the best of them ..." (Letter of J. G.
Lemmon to Henry N. Patterson, Nov. 5, 1882, Chi-
cago Natural History Museum). A reporter event-
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Figure 2. Present road to Mount Lemmon in the Santa
Catalina Mountains. A summer storm is just clearing out
of the canyons on the lower elevations. The valley and
the City of Tucson are in the background. Photo by Art
Hanson, courtesy of University of Arizona Press.
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ually wrote up the 1882 adventures of the Lemmons
in Arizona as an article in the Ladies Home Journal.
If the season had indeed been adventurous, it certain-
ly became no less so in the re- telling.

The New Species
In their Arizona adventures, the Lemmons discov-

ered many plants entirely new to science, about three
percent (3%) of the vascular plant species of the state.
These have been brought together and are listed for
the first time in Table 1. To encourage exploration
and collecting by satisfying personal vanity, Pro-
fessor Gray named many species and even a genus
to commemorate J. G. Lemmon. This was not over-
looked by George Engelmann who wrote to Gray
from St. Louis, "Now there is no end to Wrightii, Par -
ryi, Lemmoni, etc, etc. Let us resolve to use always a
descriptive name where it can be done, give a geo-
graphical where another is not applicable, and per-
sonal names as a last resort ..." ( Engelmann, quoted
by Rodgers, 1944. p. 151). Despite Gray's obvious
concessions, at one stage of Lemmon s career, the
latter is said to have even withheld sending plants
to Professor Gray in favor of submitting them to E. L.
Greene, a botanist who, having a much more liberal
species concept, was inclined to see a few more new
_species in the collections than would Gray.

The Lemmon Herbarium at Oakland
About 1880 J. G. Lemmon moved his permanent

residence to Oakland, California from Sierraville.
From 1882 to 1892 he served as botanist to the Calif-
ornia State Board of Forestry. He had previously fi-
nanced his expeditions by selling sets of specimens
to scientific institutions. Since the specimens were
valued partly on the basis of the rarities they con-
tained, he had enjoyed an added incentive to discover
new species above and beyond the natural degree of
enthusiasm ordinarily engendered in him by the
nature of his work. The hair -raising trips to Arizona
came to an end. Sets of his specimens together with
others obtained in exchange from collector friends
and colleagues were sorted and put into order in his
private "Lemmon Herbarium." This is now housed at
the University of California at Berkeley and contains
many of the type specimens which have to periodi-
cally be consulted to determine the correct appli-
cation of names of Arizona plants.

Mr. Lemmon died on November 24, 1908 in Oak-
land. His place in plant science in the United States
is difficult to assess. Joseph Ewan in A Short History
of Botany in the United States dismissed him with a
single sentence -"Lemmon and his wife botanized
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Figure 3. Sara Allen (Plummer) Lemmon, 1836 -1923.
Courtesy Hunt Institute for Botanical Documentation,
Carnegie -Mellon University. By permission.

in Arizona -Mount Lemmon commemorates them -
and erroneously reported the discovery of a form of
the original South American Solanum tuberosum."
(Ewan, 1969. p. 12).

Sara A. Lemmon, 1836 -1923
Although little has been written concerning Sara

A. (Plummer) Lemmon, there is evidence that she
may have been responsible for much of the work that
made her husband famous, at least in later years.
Rodgers (1944) reported that J. G. Lemmon was often
exhausted physically and mentally and forbidden to
work apparently due to recurrences of his debilit-
ating wartime condition. There are reports that
Mount Lemmon was actually named by Stratton for
Mrs. Lemmon rather than her husband because she
impressed the local people with her plant collecting
activities and because she was the first white woman
to climb the mountain (U. S. Forest Service records,
Tucson, Arizona). A photographic portrait of Mrs.
Lemmon appears as Figure 3.

In 1888, a letter from C. C. Parry to Sereno Watson
at Harvard University stated that "Lemmon & Wife
have a salaried position on the State Board of Forestry
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and are now in the field." (Parry, quoted by Rodgers,
1944. p. 294). As there was only one salaried position
and since J. G. Lemmon was certainly the official
occupant of that position, it would seem that Sara
was actually doing some of her husband's work for
him. In any event, at our present point in history, the
"J. G. Lemmon & Wife" appearing in all herbarium
labels and records seems to give precious little credit
to Sara Lemmon as an individual. Alice L. Kibbe
(1953) recorded that Sara was a brilliant and charm-
ing lady and that her "firm and aggressive attitudes
had a powerful lifelong influence upon her gentle,
ungainly husband." We will perhaps never know how
much of the Lemmons' joint work was her doing, but
we might suspect that it was considerable.
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Table 1. Plants described as new to science based on collections of the Lemmons in Arizona.

Name Author
ASCLEPIADACEAE- MILKWEED FAMILY
Asclepias lemmoni Gray
Lachnostoma arizonicum Gray

Location Number or date Recent determination

BORAGINACEAE -BORAGE FAMILY
Oreocarya lemmoni Eastwood

CAPPARIDACEAE -CAPER FAMILY
Wislizenia scabrida Eastwood

CARYOPHYLLACEAE -PINK FAMILY
Arenaria saxosa Gray

var. cinerascens

Cerastium sericeum Watson

COMPOSITAE- SUNFLOWER FAMILY
Berlandiera lyrata

var. macrophylla
Bidens lemmoni
Brickellia lemmoni
Chaptalia confinis
Conyza coulteri

var. tenuisecta
Coreocarpus arizonicus
Erigeron arizonicus
Erigeron lemmoni
Eupatorium lemmoni
Gnaphalium arizonicum
Greenella discoidea

Gray

Gray
Gray
Greene
Gray

Blake
Gray
Gray
Robinson
Gray
Gray

Santa Catalina Mts.

Mohave County

Near Tucson

Huachuca Mts.

Huachuca Mts. s.n., 1882

s.n., 1881
no. 3036

s.n., 1884

s.11., 1881

S. Arizona

Apache Pass
Chiricahua Mts.
Huachuca Mts.
Near Ft. Huachuca

Camp Lowell
Tanner Canyon
Tanner Canyon
Chiricahua Mts.
Near Ft. Huachuca
Tanner Canyon

s.n., 1881
no. 306
no. 2789
No. 2753

s.n., 1880
no. 2751

no. 316

same
Matelea arizonica

(Gray) Shinners

Cryptantha jamesii
(Torr.) Payson

W. refracta Engelm.

A. lanuginosa (Michx.) Rohrb.
ssp. saxosa Gray) Maguire

C. nutans Raf.
var. obtectum K. & P.

same

same
same
C. alsophila Greene
C. sophiaefolia H.B.K.

same
same
same
same
same
same
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Table 1. (continued)
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Name

Gymnolomia triloba

Hieracium fendleri
var. discolor

Hieracium lemmoni
Hymenoxys cooperi

ssp. grayi
Laphamia lemmoni

Laphamia lemmoni
var. pedata

Lessingia lemmoni
Machaeranthera oxylepis
Plummera floribunda
Senecio styguis
Senecio prolixus
Senecio lemmoni
Solidago sparsiflora

var. subcinerea
Stevia amabilis
Stevia lemmoni
Stevia plummerae
Tagetes lemmoni

Author Location
Gray Chiricahua Mts.

Gray Santa Rita Mts.

Gray Huachuca Mts.
Cockerell Huachuca Mts.

Gray Near Camp Lowell

Gray Near Camp Lowell

Gray Ash Fork
Greene Apache Pass
Gray Apache Pass
Greene Grand Canyon
Greenman Grand Canyon
Gray Santa Catalina Mts.
Gray Rucker Canyon

Lemmon Near Huachuca Mts.
Gray Santa Catalina Mts.
Gray Rucker Valley
Gray Huachuca Mts.

CONVOLVULACEAE- MORNING -GLORY FAMILY
Ipomaea egregia
Ipomaea lemmoni
Ipomaea lindheimeri

var. subintegra
Ipomaea plummerae

House
Gray
House

Gray

CRASSULACEAE- STONECROP FAMILY
Sedum stelliforme Watson

CRUCIFERAE- MUSTARD FAMILY
Arabis arcuata

var. longipes
Athysanus pusillus

var. glabrior
streptanthus lemmoni

Watson

Watson

Watson

CUPRESSACEAE- CYPRESS FAMILY
funiperus cosnino Lemmon

CYPERACEAE -SEDGE FAMILY
Carex leucodonta Holm
Carex ultra Bailey

EUPHORBIACEAE- SPURGE FAMILY
Euphorbia plummerae Watson
Manihot davisiae Croizat

GENTIANACEAE -GENTIAN FAMILY

Gentiana microcalyx Lemmon

GRAMINEAE -GRASS FAMILY

Elyonurus barbiculmis Hack

Huachuca Mts.
Huachuca Mts.
Near Ft. Huachuca

Huachuca Mts.

Fort Mohave

Fort Mohave

Santa Catalina Mts.

Near Flagstaff

Huachuca Mts.
S. Arizona

Tanner Canyon
Santa Catalina Mts.

Chiricahua Mts.

Number or date Recent determination
Zaluzania grayana

Robins. & Greenm.
same

no. 2774

s.n., 1880

s.n., 1880

s.n., 1884
s.n., 1881
s.n., 1881
s.n., 1884
no. 3130
no. 389

no. 2729

s.n., 1882

no. 2837
no. 2840
no. 2835

no. 2839

no. 2702

s.n., 1884

s.n., 1884

no. 27

no. 2904
no. 2901

no. 2874
s.n., 1883

no. 2926

same
H. quinquesquamata Rydb.

Perityle lemmoni
(Gray) Macbride

Perityle lemmoni
(Gray) Macbride

same
M. canescens Pursh
same
S. multilobatus T. & G.
S.multilobatus T. & G.
same
S. sparsiflora Gray

S. viscidula H.B.K.
same
same
same

same
same
I. heterophylla Ortega

same

same

A. gracilipes Greene

same

same

1. osteosperma (Torr.) Little

same
same

same
same

Gentianella microcalyx
( Lemmon) J. M. Gillett

same
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Table 1. (continued)

Desert Plants' (1) August 1979

Name
Eriochloa lemmoni

Muhlenbergia huachucana
Panicum huachucae
Tripsacum lemmoni

HYDROPHYLLACEAE - WATER
Nama pusillum
Phacelia lemmoni
Phacelia saxicola

LABIATAE -MINT FAMILY
Salvia confirais
Salvia lemmoni

LILIACEAE-LILY FAMILY
Allium plummerae
Brodiaea lemmonae

Author Location
Vasey & Huachuca Mts.

Scribner
Vasey Huachuca Mts.
Ashe Huachuca Mts.
Vasey Huachuca Mts.

-LEAF FAMILY
Lemmon
Gray
Gray

Fernald
Gray

Watson
Watson

LEGUMINOSAE -PEA FAMILY
Acacia lemmoni Rose

Astragalus castaneaeformis
Astragalus hypoxylus
Astragalus troglodytus
Cologania lemmoni
Dalea lemmoni
Dalea ordiae
Desmodium arizonicum
Hosackia mollis
Lupinus capitatus
Lupinus lemmoni
Mimosa lemmoni

Watson
Watson
Watson
Gray
Parry
Gray
Watson
Greene
Greene
C.P. Smith
Gray

Pediomelum retrorsum Rydberg

Trifolium rusbyi Greene

MALVACEAE- MALLOW FAMILY
Anoda arizonica
Anoda arizonica
var. digitata

Gray
Gray

Fort Mohave
Mineral Park
Near Kingman

Near Ft. Huachuca
Huachuca Mts.

Tanner Canyon
Oak Creek

Huachuca Mts.

Williams
Huachuca Mts.
San Francisco Peaks
Huachuca Mts.
Near Fort Bowie
Cochise County
S. Arizona
Huachuca Mts.
Near Flagstaff
Sulphur Springs
Huachuca Mts.

Peach Springs

San Francisco Peaks

S. Arizona
S. Arizona

Number or date Recent determination
no. 2910 same

no. 2915
s.n., 1882
no. 2932

s.n., 1884
no. 3350
s.n., 1884

no. 2861
s.n., 1881

no. 2893
s.n., 1884

s.n., 1882

s.n., 1884
no. 2656
s.n., 1884
no. 2681
s.n., 1881
s.n., 1881
no. 540
no. 2669
s.n., 1884
s.n., 1881
no. 2692

s.n., 1884

no. 599
no. 517

NYCTAGINACEAE-FOUR O'CLOCK FAMILY
Allionia pumila Standley Kingman s.n., 1884

Boerhaavia pterocarpa Watson Apache Pass s.n., 1881

ORCHIDACEAE- ORCHID FAMILY
Microstylis corymbosa Watson Tanner Canyon no. 2882

Microstylis purpurea Watson Huachuca Mts. no. 2881

PINACEAE -PINE FAMILY
Pinus apacheca Lemmon Chiricahua Mts. s.n., 1881

M. glauca (Ness) Mez.
same
T. lanceolatum Rupr.

same
same
same

S. parryi Gray
same

same
Triteleia lemmonae

(Wats.) Greene

A. angustissima
ssp. lemmoni Wiggins

same
same
same
same
same
same
same
Lotus greenei (W. & S.) Ottley
L. kingii Wats
same
M. grahamii

var. lemmoni (Gray) K. & P.
Psoralea mephitica

var. retrorsa (Rydb.) K. & P.
same

A. cristata (L.) Schlecht
A. cristata

var. digitata (Gray) Hochr.

Oxybaphus pumilus
( Standl.) Standl.

same

Malaxis corymbosa
(Wats.) Kuntze

Malaxis ehrenbergii
(Reichb. f.) Kuntze

Pinus engelmannii Carr
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Table 1. (continued)

Name Author Location
POLEMONIACEAE -PHLOX FAMILY
Phlox nelsoni Brand Rucker Valley
Polemonium lemmoni Brand Mt. Agassiz

POLYGONACEAE- BUCKWHEAT FAMILY
Eriogonum ordii Watson Fort Mohave
Eriogonum panduratum Watson

POLYPODIACEAE -FERN FAMILY
Notholaena lemmoni D.C. Eaton

Number or date Recent determination

no. 415
s.n., 1884

no. 4189

Santa Catalina Mts. s.n., 1880

PRIMULACEAE- PRIMROSE FAMILY
Steironema validulum Greene Near Flagstaff

RANUNCULACEAE- BUTTERCUP FAMILY
Cimicifuga arizonica Watson Bill Williams Mt.
Ranunculus arizonicus Lemmon Rucker Valley
Ranunculus cardiophyllus L. Benson De La Vergne Park

var. subsagittatus
Ranunculus inamoenus

var. subaffinis

ROSACEAE -ROSE FAMILY
Ivesia lemmoni

Ivesia pinnatifida
Potentilla arizonica
Potentilla concinnaeformis
Potentilla ramulosa

L. Benson Mt. Agassiz

Watson

Watson
Greene
Rydberg
Rydberg

SAXIFRAGACEAE -SAXIFRAGE FAMILY
Saxifraga caespitosa Engl. &

var. lemmoni Irmsch.

s.n., 1884

no. 3275
no. 585

no. 4252

Oak Creek Canyon s.n., 1884

Flagstaff
Flagstaff
Mt. Agassiz

Mt. Agassiz

SCROPHULARIACEAE -FOXGLOVE FAMILY
Buchnera arizonica Pennell Huachuca Mts.
Penstemon nudicaulis Gray Near Flagstaff
Penstemon plummerae Abrams Mineral Park

Penstemon rubescens Gray Near Ft. Huachuca

SOLANCEAE- NIGHTSHADE FAMILY
Margaranthus lemmoni Gray Huachuca Mts.

UMBELLIFERAE- PARSLEY FAMILY
Eryngium discolor Watson Huachuca Mts.
Eryngium lemmoni Coult. Chiricahua Mts.

& Rose
Peucedanum lemmoni Coult. Huachuca Mts.

& Rose
Phellopterus multinervatus Coult. Peach Springs

& Rose

VERBENACEAE- VERVAIN FAMILY
Vebena arizonica Gray Near Ft. Huachuca

no. 3200
no. 3200
no. 3294
no. 399

s.n., 1884

no. 2830
s.n., 1884
s.n., 1884

no. 2847

s.n., 1882
no. 17

no. 392

s.n., 1884

P. nana Nutt.
P. pauciflorum Wats.

ssp. lemmoni (Brand) Wherry

same
E. thurberi Torr.

same

Lysimachia ciliata L.
var. validula (Greene) K. & P.

same
same
same

same

Potentilla crinita
var. lemmoni (Wats.) K. & P.

Potentilla plattensis Nutt.
P. plattensis Nutt.
P. concinna Richards
P. subviscosa

var. ramulosa (Rydb.) K. &P.

same

same
same
P. antirrhinoides Benth.

ssp. microphyllus (Gray) Keck
P. stenophyllus Gray

same

E. phyteumae Delar
same

Pseudocymopterus montanus
(Gray) Coult. & Rose

Cymopterus multinervatus
(Coult. & Rose) Tidestrom

V. gracilis Desf.
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"Extinct" Wire-
Lettuce, Stephano-
meria schottii (Corn-
positae), Rediscovered
in Arizona after More
Than One Hundred
Years
Elinor Lehto
Curator of the Herbarium
Arizona State University
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Stephanomeria schottii (Gray in Torrey) Gray, com-
monly called Wire- lettuce, was previously known
only from the original collection (type: A. Schott 58,
Camp Miller, "Valley of the Gila," May, 1855. Mexi-
can Boundary Survey). Arthur Schott was a survey-
or assistant to Lieutenant N. Michler, working from
San Diego eastward to join westward bound Major
W. H. Emory. The U. S. Government had commis-
sioned Emory to survey the boundary between the
United States and Mexico. The field work was comp-
leted in the fall of 1855. Asa Gray originally describ-
ed the plant as Hemiptilium schottii in the official
report on the botany of the boundary (Torrey, 1858.
p. 105) and subsequently transferred it to the genus
Stephanomeria in his two volume work on the bot-
any of California (Gray, 1876. p. 427.) The suggest-
ion was made that the plant might someday be found
in California but this never occurred.

Listed as an Arizona endangered species in the Fed-
eral Register (Threatened or Endangered Fauna or
Flora -Part V, 40(127): 27827. 1975), Stephanomeria
schottii was assumed extinct until the present redis-
covery on the Cabeza Prieta Game Range, Yuma
County, Arizona, apparently some distance from the
original collection. On 10 April 1978, I, along with
Tim Reeves, found it growing in sand with sand -ver-
benas and evening primroses. The plants were leafy
and in bud. A month later, when it was again collect-
ed from the same area, the annual associates were
gone and the only obvious companion plant was
Yellow Trumpet, Eriogonum trichopes Torr. By this
time the Wire -lettuce plants had lost all their leaves.
Only white, naked stems topped with greenish bracts
surrounding the flowers remained. This species of
Stephanomeria has cream -colored, nocturnal flowers
whereas all others in Arizona have pink or pinkish -

tan, diurnal flowers.

Literature Cited
Gray, Asa. 1876. Botany of California. John Wilson

and Son, University Press. Cambridge. Vol.I. 628 pp.
Torrey, John. 1858. Botany of the Boundary. In W. H.

Emory, Report on the United States and Mexican
Boundary Survey 2(1): 27 -270. 61 pl.
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Cultivated sunflowers are distinctly American -
they are one of the few agricultural plants to origin-
ate north of Mexico. American Indians have grown
sizeable single- headed sunflower plants since prehis-
toric times. These varieties have never been widely
accepted by the European- American populace. It was
not until "bigger and better" strains came back to
America after genetic change in Russia that the Unit-
ed States and Canada underwent a sunflower boom.

Meanwhile, back in the pueblos of the Southwest-
ern United States, a few Indian farmers with a "small
is beautiful" tradition have persisted in raising these
older varieties. I call these folk varieties the "unsung
sunflowers of the American West."

Not long ago, the world expert on sunflower hist-
ory, Dr. Charles Heiser, thought that only a handful
of North American tribes still grew their original
strains of this crop: "These original Indian varieties
are on the verge of extinction. Not only do they have
considerable historic value but, equally important,
they are quite different from our modern varieties
of sunflower and hence might contain valuable germ
plasm for incorporation into our varieties to develop
superior plants." Four viable Indian sunflower samp-
les -from the Hopi, Havasupai, Arikara and Seneca
had been given to government seed conservationists
by Dr. Heiser. Otherwise, little has been published
concerning the current status of sunflower cultivat-
ion among American Indians. With the help of the
USDA Plant Exploration Program, I went to twenty
Southwestern Indian reservations to stalk these un-
sung sunflowers during the summer of 1978.

Over the last century, more than a dozen Indian
tribes had cultivated sunflowers in the Southwest.
These native peoples did not simply use sunflower
seeds as a snack food, nor did they consider the
plants to be mere ornamentals. The crop was a major
food among several tribes, and also had value as a
dyestuff, a medicine, and a ceremonial plant. In 1882,
Frank Cushing, an anthropologist allowed to live
among the Zuni Indians, commented on the impor-
tance of sunflowers among another tribe, the Hava-
supai:

"Sunflower seeds, toasted by being shaken together
with live coals in an earth -covered basket tray, then
ground, formed into pattycakes, and slightly baked in
the ashes, are eaten as a relish with other dishes, in
the absence of meat. Indeed, this curious sunflower
food takes the place, to a large extent, of meat during
the summer months."

A visit to the Havasupai village in the Grand Can-
yon means an eight mile backpack down a cliffside,
into narrow side canyons, dropping a couple thou-
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Figure 1. Havasupai Indian children showing how tall
their mother's sunflower grows. Grand Canyon walls in
background. Photo by Gary Nabhan.

sand feet in elevation. When my wife and I made the
descent in the August heat, we noticed several small
garden plots of sunflowers as we came into the Supai
village. Growing on the edge of patches of blue maize,
chilis and melons, two varieties of sunflowers were
nearly ripe. One, with long, narrow striped achenes
on large seedheads, appeared to be more frequently
grown. The other, the Hopi dye sunflower, was grown
by a few women.

The common sunflower foodstuff today among the
Havasupai is not the baked pattycakes used histor-
ically, but rather a seedbutter made by parching and
grinding the shelled seeds, then adding water until
a paste is formed. Alfred Whiting, a botanist who
worked with the Havasupai for years, suggested that
these people did not select plants for their yield as
much as for their sweetness in taste.

Mammoth Russian sunflowers have been intro-
duced to the Havasupai but apparently they do not
grow them today. One elderly woman told me, "Some-
one once gave me those big seeds, but I let them sit.
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Figure 2. Hopi dye sunflower in sandy field below
Black Mesa, near Tuba City, Arizona. Photo by Gary
Nabhan.

I still plant our own kind." The Havasupai maintain
an agricultural sanctuary where these folk varieties
of sunflowers appear to be safe -at least for the time
being. Havasupai gardeners generously gave me their
surplus seeds -which I in turn passed on to the U. S.
Department of Agriculture crop conservation system
for preservation and increase. One young Havasupai
man nodded with approval when I told him of my
work, then kidded me of being like "a Johnny Apple -
seed." He finally said, "I'm a farmer too. I'm trying to
keep the ways of the old people going on a little
more ... I'm working to keep these things around for
a few more years ..."

One hundred miles away, on the edge of Black
Mesa, the Hopi dye sunflowers were not doing so
well. Although I obtained several viable seed samples
from the Hopi pueblos, no one had more than a quart
of purple -black achenes. The Hopi dye sunflower is
perhaps the most distinct variety in the world. The
disks of the seedheads have a reddish -brown (rather
than golden) tinge, this from the red lobes on each
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Figure 4. A multiple-headed Hopi dye sunflower in
Hotevilla Pueblo. Photo by Gary Nabhan.

Figure 5. Immature sunflower plants in a "waffle gar-
den" at Nutria village on the Zuni Indian Reservation.
Photo by Gary Nabhan.

25
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Figure 3. Sunflower in sand dunes field near Hoteville,
on the Hopi Indian Reservation. Not a native variety.
Photo by Gary Nabhan.

little flower of the disk. The leaves are a deep, shiny
green, and grow fairly large, even in the sand -dune
fields of the Hopi which are limited in water avail-
ability.

A purple -black substance overlays the striping on
the Hopi achenes. When boiled, the achenes give off
a purple substance which can be mixed with alum as
a mordant for dying. Yucca fibers used in basketry, as
well as cotton and wool, are soaked in this dye, then

put over smouldering coals and corn cobs. The fibers
suddenly turn black in color. In this way, the Hopi
have used sunflowers as a dye for ceremonial and
household textiles over centuries.

Two problems, however, threaten the Hopi dye
sunflower. Fewer and fewer people are growing and
using it. When the plant is cultivated, it is more of-
ten in dooryard gardens rather than in the typical
agricultural fields away from the villages. In these
little gardens it has begun to hybridize with the ex-
otic Mammoth Russian strain introduced in the
1940's. It seems to be losing several of its distinctive
characteristics. Fortunately, there is a resurgence of
interest in the dye sunflower among Hopi craftsmen
who obtain better prices for the crafts they sell if
these contain only natural dyes. Perhaps this re-
surgence will lead to a revival of traditional sun-
flower cultivation.

I have come across cultivation of folk varieties
among the Zuni, Laguna and Navajo people too, but
most Indians are now cultivating modern hybrids. If
this trend continues, the U. S. Department of Agri-
culture rather than the Indians themselves may be-
come the most reliable source of these folk varieties
in the future. There are not now viable seeds enough
of these strains to be distributed to gardeners and
farmers. Let us hope that the USDA can help increase
these folk varieties to the point where they can be
released, particularly to Indians who have "lost"
them. These unsung sunflowers, hardy in harsh
desert climates, still have a place in the arid South-
west.
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Converting a Bermudagrass lawn to a landscape of
rock or gravel mulch is not an easy task that can
effectively and safely be accomplished in one oper-
ation. Common Bermudagrass, Cynodon dactylon, is
a tough, competitive plant with an amazing ability to
survive harsh control measures. Cultivars of Ber-
mudagrass such as Tiff- green, Tiff -way or Santa Ana
are less aggressive but still difficult to completely
eliminate.

Some landscape professionals follow a procedure in
which the sod is stripped out along with an inch or
two of underlying soil. An effective soil herbicide
such as simazine is then applied before the rock or
gravel mulch is spread. Grass that reappears is con-
trolled with spot applications of a contact herbicide.
One potential problem with this technique is that
desirable landscape plants may be injured if the
simazine application rate is too high or if the herbi-
cide is moved by water into the root zone of nearby
sensitive plantings. On the other hand, too light a
treatment with the material will provide little or no
control of Bermudagrass.

A safer approach is now available to persons want-
ing to eliminate Bermudagrass turf. The method is
based on use of the herbicide glyphosate. When ap-
plied to actively growing plants, this non -selective
herbicide is absorbed and translocated throughout
foliage and stem and into the roots. Phytotoxicity is
believed to be the result of an inhibition of the aro-
matic amino -acid biosynthetic pathway and possible
repression of the enzymes chorismate mutase and
prephonate dehydratase. One of the most important
advantages of glyphosate is that it becomes quickly
deactivated upon contact with the soil. No harmful
residue remains that might injure landscape plants
if taken up by the roots.

Glyphosate is marketed for large -scale agricultural
use under the trade name Roundup. It is packaged in
less concentrated form and in smaller containers for
home garden use under the trade name Doomsday.
Either product is diluted with water and applied with
suitable spraying equipment.

Glyphosate is most effective when applied to rap-
idly growing foliage. Since Bermudagrass requires
night -time temperatures averaging 60 degrees (F.) or
higher for vigorous growth, May and June are good
months to begin a removal program. Irrigate if nec-
essary to ensure active vegetative growth when the
herbicide is applied. Satisfactory response cannot
be expected if the lawn is stressed by cold temper-
atures or drought.

Glyphosate is a broad spectrum herbicide that will
injure or kill the foliage or green bark of any land-
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scape plant that is inadvertently sprayed. To prevent
damage to desirable plants, spraying should be done
on a calm, windless day. A coarse spray pattern and
low pressure in the tank should be maintained to
minimize drift of fine herbicide droplets onto land-
scape plants. Glyphosate is corrosive to metal so it
is best applied in a plastic sprayer. If a metal sprayer
must be used, the entire system should be flushed
thoroughly with water as soon as the spray appli-
cation has been completed.

The first treatment with glyphosate should elim-
inate 85 to 90 percent of an existing stand of Ber-
mudagrass. When the grass foliage appears to be thor-
oughly brown and dried, it should be scalped with a
lawn mower set at the lowest setting. As much of the
dead material as practical may then be removed by
raking.

Before covering the area with rock or gravel, a pre -
emergence herbicide such a DCPA or oryzalin should
be applied and watered -in lightly to allow activation.
Either of these should prevent sprouting of Bermuda -
grass seed (as well as many weed seeds for several
weeks. These herbicides are harmless to established
landscape trees and shrubs and can be reapplied if
necessary when the previous treatment has lost its
effectiveness.

About two months after the first application of
glyphosate a second treatment will be needed to
eliminate patches of grass growing through the
mulch. When properly timed, these two spray appli-
cations should remove most of the original Bermuda -
grass lawn. It should be kept in mind, however, that
survival of isolated plants (and re- infestation through
seed from nearby lawns will probably make it nec-
essary to use glyphosate at two -month intervals
during the growing season as a routine practice in
areas with rock and gravel mulch.
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Either DCPA or oryzalin may be applied each year
in the fall to prevent weed problems brought on by
winter rains. Although these herbicides effectively
inhibit the germination of weed seeds that might
have sprouted in autumn and early winter, they also
prevent germination of African daisies, California
poppies and most wildflowers.

Black plastic sheeting is sometimes recommended
as a weed -deterent cover under a gravel mulch but
there are serious drawbacks to the practice. In time,
weather effects and foot traffic may cause the plastic
to break up. Tattered pieces of plastic may work up
through the mulch causing an unsightly litter prob-
lem for years. Also, control of perennial weeds is
marginal under plastic and irrigation of trees and
shrubs in the area is made more difficult.

One reason why people replace lawns with a rock
or gravel mulch is to reduce landscape irrigation.
However, established trees and shrubs growing in
the converted area may have become dependent on
lawn irrigation for most or all of the moisture they
require. These plants may suffer severe drought in-
jury or death unless watering practices are adjusted
to meet their needs.

Data on Herbicides Discussed
Common name: DCPA
Chemical name: dimethyl tetrachloroterephthalate
Trade name: Dacthal

Common name: Oryzalin
Chemical name: 3, 5- dinitro -N4, N4- dipropylsul-

fanilamide
Trade name: Surflan

Common name: Simazine
Chemical name: 2- chloro -4, 6- bis(ethylamino/

-s- triazine
Trade name: Princep
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The Pinal County (Arizona) Community College
District includes Central Arizona College at Signal
Peak, the Arizona College of Technology at Aravaipa
and the Gila River Career Center at Sacaton. Pinal
County lies midway between Phoenix and Tucson,
the two major population centers of the state. Due to
the rich and productive soil, extensive acreages in
the county are planted to cotton and other crops.
Large amounts of water are being pumped from the
ground for agriculture, resulting in a general lower-
ing of the water table from year to year. Many regions
have been classified as critical groundwater areas. Al-
though water is available, it is becoming more expen-
sive as it is pumped from greater depths and as en-
ergy costs rise.

Trees and shrubs used in landscaping in the county
compete indirectly with agriculture for the water
that is available because home -owners naturally use
domestic water for irrigating plants in their yards.
Many of these plants simply use too much water and
are poorly adapted for use in critical groundwater
areas. To help alleviate the situation, research trials
of various desert and other drought- resistant plants
have been conducted in landscaping Central Arizona
College. In assessing the overall suitability of a given
species, not only drought tolerance but cold- hardi-
ness and other factors are being considered. The
present report documents the condition of various
landscaping plants following the rather cold winter
of 1978 -79.

The Signal Peak Campus is located on a 400 -acre
site on the eastern slopes of Signal Peak, a dominant
land feature of the Sacaton Mountains located in
south -central Arizona. The college complex is cross-
ed by numerous desert washes that carry seasonal
runoff to the lower elevations east of the campus.
Original campus vegetation was predominantly of
the Creosotebush (Larrea), Mesquite (Prosopis), Palo
Verde (Cercidum) and Saguaro (Carnegiea) associa-
tions. It has been the intent of the district horticul-
turist and landscape designer to not only preserve
the natural desert landscape of the Signal Peak
Campus, but to supplement the indigenous species
of plants with additional Arizona native plants and
other drought resistant species from arid regions
throughout the world.

This has been achieved through extensive plant-
ings along drives, walks, washes and some buildings
throughout the campus. An arboretum "Landscape
evaluation site" has been established where visitors
and students may casually follow nature trails and
view over 100 species of native and introduced arid
land plants. All of these plants, throughout the camp-
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Table 1. Temperatures during the critical period of the
winter of 1978 -79 at Central Arizona College, Signal Peak
Campus.

Date High 1°F)

Temperature
Low ( °F) Notes
Temperature

December 6 54
December 7 43
December 8 41
December 9 42
December 10 52

38
24
24
25
34

0.50 inch rain

us, are grown and maintained under minimum care
and watering, the latter being limited to bubbler and
drip irrigation. With the increased public awareness
and concern for water conservation, the College is
demonstrating low maintenace landscaping and also
exposing species of plants not now available in the
nursery trade for public evaluation.

During the 1978 -79 winter, temperatures were par-
ticularly critical from about December 6 to Decem-
ber 9, with a low reading of 24 °F. Temperatures are
recorded daily from a maximum -minimum thermom-
eter in an official weather box located in an exposed
open area and read at 8:00 A.M. each morning. Temp-
eratures recorded are for the previous 24 -hour period.
Temperatures for the critical period are given in
Table 1.

In the records below species are listed alphabet-
ically under each family and the families themselves
are arranged alphabetically. The year of planting is
provided after each species name. Planting was in the
summer unless otherwise indicated.

Acanthaceae- Acanthus Family
lusticia ghiesbreghtiana Lem. (Jacobinia ghiesbreghtiana

(Lem.) Hemsl.). FIRECRACKER PLANT. 1977. Open, ex-
posed location. No damage.

Ruellia peninsularis (Rose) I. M. Johnst. PURPLE- FLOWER-
ED RUELLIA. 1977. Exposed location in wash. Slight
twig damage.

Agavaceae Century Plant Family
Nolina bigelovii (Torr.) S. Wats. ARIZONA BEAR -GRASS.

1977; 1978. Open, exposed areas. No damage.
Nolina erumpens (Torr.) S. Wats. TEXAS BEAR -GRASS

1977; 1978. Open, exposed areas. No damage.
Nolina matapensis Wiggin. MATAPE BEAR -GRASS. 1977;

1978. Open, exposed areas. No damage.

Anacardiaceae- Cashew Family
Rhus virens Lindl. ex A. Gray. EVERGREEN SUMAC. 1977.

In open wash. Some leaf drop, otherwise no damage.

Apocynaceae -Oleander Family
Plumeria rubra L. forma acutifolia (Poir.) Woodson.

FRANGIPANI. 1978. Open, exposed location. Leaf drop,
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otherwise no damage.

Bignoniaceae- Desert Willow Family
Tabebuia palmeri Rose. TRUMPET TREE. 1976. Southern

exposure with wall behind. All leaves damaged, twig
growth killed back to two feet of ground.

Tecoma stans (L.) H.B.K. (Stenolobium stans (L.) Seem.).
1974; 1977; 1978. Branch damage to the ground in open
exposed areas. Leaf damage only in protected areas.

Bombacaceae -Kapok Family
Ceiba acuminata (S. Wats.) Rose. SPINY SILK -FLOSS TREE.

1976. Southern exposure with wall behind. Defoliated
and with four to six inches of trunk damage.

Boraginaceae - Borage Family
Cordia boissieri A. DC. TEXAS OLIVE; ANACAHUITA.

1977; 1978. Open exposures. Leaf and light twig damage.
Ehretia anacua (Teran & Berland.) I. M. Johnst. SAND-

PAPER -LEAF TREE. 1977; 1978. Open, exposed areas.
No damage.

Bromeliaceae- Pineapple Family
Hechtia scariosa L. B. Sm. GUAPILLA. 1977. Open, exposed

location. No damage.

Burseraceae -Torchwood Family
Bursera microphylla A. Gray. ELEPHANT TREE. 1977. Ex-

posed location in bottom of wash. Killed to ground.
Roots still alive.

Buxaceae- Boxwood Family
Simmondsia chinensis (Link.) C. K. Schneid. JOJOBA. 1972;

1974; 1976; 1977; 1978. Open areas. No damage.

Casuarinaceae- Casuarina Family
Casuarina stricta Ait. AUSTRALIAN BEEFWOOD. 1976.

Open, exposed location. No damage.

Celastraceae- Bittersweet Family
Maytenus phyllanthoides Benth MANGLE DULCE. 1977.

Open, exposed location. No damage.

Chenpodiaceae - Goosefoot Family
Atriplex barclayana ( Benth.) Dietr. Open, exposed location.

No damage.
Atriplex canescens (Pursh) Nutt. FOUR -WING SALT -

BUSH. Open, exposed location. No damage.
Atriplex lentiformis (Torr.) Wats. QUAIL- BRUSH. Open,

exposed location. No damage.
Atriplex lentiformis ssp. breweri (S. Wats.) H. M. Hall &

Clements. BREWER'S QUAIL- BRUSH. Open, exposed
location. No damage.

Atriplex nummularia Lindl. OLD -MAN SALTBUSH. Open,
exposed location. No damage.

Atriplex semibaccata R. Br. AUSTRALIAN SALTBUSH.
Open, exposed location. No damage.

Convolvulaceae- Morning -Glory Family
Ipomaea arborescens (Humb. & Bonpl.) G. Don. TREE

MORNING -GLORY. 1977. In open, exposed location.
Eight to ten inches of twig growth damaged.
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Ebenaceae- Persimmon Family
Diospyros texana Scheele. BLACK PERSIMMON. 1977.

Open, exposed location. No damage.

Euphorbiaceae- Spurge Family
Jatropha cuneata Wigg. & Roll. SANGRE DE DRAGO.

1976. Eastern exposure with a wall behind. Three -quar-
ters inch diameter branches killed back two to three feet.

Leguminosae -Pea Family
Acacia abyssinica Hochst. ex Benth. ETHIOPIAN ACA-

CIA. 1976; 1977. Exposed areas. No damage.
Acacia aneura F. Muell. MULGA. Open exposure. No dam-

age.
Acacia berlandieri Benth. BERLANDIER'S ACACIA. 1977;

1978. Open areas. No damage.
Acacia cavenia (Mol.) Mol. ESPINO- CAVAN. 1974; 1977;

1978. Open areas. No damage.
Acacia craspedocarpa F. Muell. LEATHER -LEAF ACACIA.

1977. Open exposure. No damage.
Acacia cultriformis A. Cunn. KNIFE ACACIA. 1978. Open

exposure. No damage.
Acacia cymbispina Sprague & Riley in Riley. (A. cochlia-

cantha S. Wats.) MEXICAN ACACIA. 1978. Two to three
feet of branch growth killed.

Acacia eburnea Willd. ARABIAN ACACIA. 1976; 1977;
1978. Exposed areas. No damage.

Acacia farnesiana (L.) Willd. `River Road'. SWEET ACACIA.
1977; 1978; Open location. No damage.

Acacia millefolia Wats. FERN -LEAF ACACIA. 1978. Open
exposure. No damage.

Acacia pentandra. ACACIA. 1977. Exposed location
in bottom of wash. Three -eighths inch diameter
branches killed back two feet.

Acacia rigens A. Cunn. NEEDLE -BUSH WATTLE.
1977. Open exposure. No damage.

Acacia salicina Lindl. WILLOW -LEAF ACACIA.
1977. Open exposure. No damage.

Acacia schaffneri (Wats.) Hermann. SCHAFFNER'S
ACACIA. 1976; 1977; 1978. Exposed areas. No
damage.

Acacia sieberiana DC. 1976. Open exposure. Three -
inch diameter branches killed. Main trunk alive
two feet above ground level.

Acacia smallii Isely. 1978. Open exposure. Corn-
pletely defoliated; small twig damage.

Acacia stenophylla A. Cunn. ex Benth. SHOE-
STRING ACACIA. 1976. Exposed location. No
damage.

Acacia victoriae Benth. BRAMBLE WATTLE. 1977.
Open exposure. No damage.

Acacia willardiana Rose. SONORAN ACACIA. 1976.
Northern exposure with walls behind. Slight leaf
dessication, no permanent damage.

Acacia wrightii Benth. in A. Gray. WRIGHT'S ACA-
CIA. 1977; 1978. Exposed areas. No damage.

Albizzia amara (Roxb.) L. H. Boivin. Frozen to ground
but roots still alive.
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Caesalpinia mexicana A. Gray. MEXICAN CAESAL-
PINIA. 1977. Exposed in wash. No damage.

Calliandra rosei Wiggins. POWDER -PUFF FEATHER -
DUSTER. 1977. Open exposure in wash. Leaf and
small twig damage.

Cassia helmsii. CASSIA. 1976. Northern exposure
with wall. No damage.

Cassia sturtii R. Br. STURT'S CASSIA. 1977. Open
exposure. Slight leaf and twig damage on outside.

Cercidium praecox (Ruiz & Pay.) Herms. SONORAN
PALO VERDE. 1977; 1978. Exposed location. No
damage.

Dalea greggii A. Gray. GREGG'S PEA -BUSH. 1978.
Open, exposed location. No damage.

Dalea wislizenii A. Gray. WISLIZENIUS' PEA -BUSH.
1978. Open, exposed location. No damage.

Leucaena glauca (L.) Benth. WHITE POPINAC. 1977;
1978. Open, exposed areas. One -half to three -quar-
ters inch diameter twig and branch growth killed.

Lysiloma candida Brandegee. WHITE -BARK LYSIL-
OMA. 1977. Open, exposed location. No damage.

Lysiloma watsoni Rose. DESERT LACE TREE. 1976.
Southern exposure with two -story wall behind.
Leaf damage on branches farthest away from wall.

Mimosa biuncifera Benth. CATCLAW MIMOSA.
1977. Open, exposed location. No damage.

Mimosa dysocarpa Benth. in A. Gray. PURPLISH -
PINK FLOWERING MIMOSA. 1977. Open, ex-
posed location. No damage.

Olneya tesota A. Gray. DESERT IRONWOOD. 1976;
1977. Exposed location. No damage.

Pithecellobium dulce (Roxb.) Benth. HUAMUCHIL.
1978. Open, exposed location. Killed to ground,
roots still alive.

Pithecellobium flexicaule (Benth.) J. Coult. TEXAS
EBONY. 1974; 1977; 1978. Open, exposed areas.
No damage.

Pithecellobium mexicanum Rose. MEXICAN PITHE-
CELLOBIUM. 1978. Open, exposed location. No
damage.

Prosopis alba Griseb. in Goett. ARGENTINE MES-
QUITE. 1972; 1976; 1977; 1978. Open exposures.
No damage. Not deciduous.

Prosopis chilensis (Mol.) Stuntz. CHILEAN MES-
QUITE. 1972; 1976; 1977; 1978. Open exposures.
No damage. Not deciduous.

Moraceae- Mulberry Family
Ficus radulina S. Wats. MEXICAN WILD FIG. 1976. South-

eastern exposure with walls on two sides. Killed to
ground, roots alive.

Myrtaceae -Myrtle Family
Eucalyptus camaldulensis Dehnh. MURRAY RED GUM.

Exposed location. No damage.
Eucalyptus cladocalyx F. J. Muell. SUGAR GUM. Exposed

location. No damage.
Eucalyptus erythrocorys F. J. Muell. ILLYARIE. Exposed
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location. No damage.
Eucalyptus erythronema Turcz. RED -FLOWERED MALLEE.

Exposed location. No damage.
Eucalyptus maculata Hook. SPOTTED -BARK GUM. Ex-

posed location. No damage.
Eucalyptus microtheca F. J. Muell. SMALL -FRUITED

EUCALYPTUS. Exposed location. No damage.
Eucalyptus robusta Sm. MAHOGANY GUM. Exposed

location. No damage.
Eucalyptus rudis Endl. DESERT GUM. Exposed location.

No damage.
Eucalyptus spathulata Hook. NARROW- LEAFED GIMLET.

Exposed location. No damage.
Eucalyptus stricklandii Maiden. Exposed location. No

damage.

Oleaceae -Olive Family
Fraxinus uhdei (Wenz.) Lingelsh. SHAMEL ASH. Spring,

1974. Open, lawn area. Complete defoliation but no
twig damage.

Palmae -Palm Family
Brahea armata Wats. MEXICAN BLUE PALM. 1977. Open,

exposed location. No damage.
Brahea 'clara'. 1977. Open, exposed location. No damage.
Brahea roezlii. MAGDALENA PALM. 1978. Open expos-

ure. Edges of fronds singed but no permanent damage.
Sabal uresana Trel. SONORAN PALMETTO. 1977. Open

exposure in wash. No damage.

Pittosporaceae -Pittosporum Family
Pittosporum phillyraeoides DC. WILLOW PITTOSPOR-

UM. 1972; 1974; 1977; 1978. Open, exposed areas. No
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damage.

Polygonaceae- Buckwheat Family
Coccoloba goldmanii Standl. 1976. Northern exposure

under porch. Slight leaf damage only.

Salicaceae- Willow Family
Populus dimorpha Brandegee. SONORAN COTTON-

WOOD TREE. 1977. Lawn area. Leaf defoliation only.

Sapindaceae -Soapberry Family
Dodonaea viscosa (L.) Jacq. 'Kuwait'. ARABIAN DESERT

HOPBUSH. 1977. Open exposure. Outside leaf damage.
Sapindus salignus. SOAPBERRY. 1976. Exposed location.

One -inch diameter branches killed.
Serjania sonorae. Spring, 1974. Western exposure on fence,

between two one -story buildings. Individual branches
killed back to two or three feet of ground level.

Scrophulariaceae - Foxglove Family
Leucophyllum laevigatum Standl. 1977. Open exposure in

wash. No damage.

Taxodiaceae -Bald- Cypress Family
Taxodium mucronatum Tenore. MEXICAN BALD -CY-

PRESS. 1977. Open, exposed lawn area. Leaf discolor-
ation, otherwise no damage.

Verbenaceae- Vervain Family
Lantana horrida H.B.K. SHRUB VERBENA. 1977. Exposed

location. Branches killed back two feet. Lots of live
wood above ground.

Lantana sp. WHITE -FLOWERED LANTANA. 1977. Open
exposure in wash. Leaf damage only.
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An observation trip to western Sonora was made Feb-
ruary 22 to 25 to record evidence of the depth of the
December 6 to 10 freeze of 1978 and the effects of
this freeze on native desert plants. Observations
were recorded at sites where previous collections
had been made in research on desert plants of possi-
ble landscape use. Numerous visits had been made
in the past to these areas in connection with the
Hatch Project "Introduction, Breeding and Selection
of Arid Land Plant Material for use in Desert Re-
gions."

Cold tolerance in a desert species becomes a major
criterion for rating potential value of the plant for
general landscape use. Making observations in the
natural environment of the plant, concerning dam-
age (or the lack of it) after a major freeze, thus be-
comes very important.

Indicator Plants
No temperature records are available for sites

where collections have been made, since the sites
are remote from established communities. Even in
the occasional situation where a community does
adjoin a collection site, data would not be particu-
larly conclusive because of the diversified topogra-
phy. To compensate for this lack of temperature data,
a system of observing the condition of certain indi-
cator plants (whose cold sensitivity in known) is
used as a guage for purposes of comparison. This pro-
cedure has been used successfully in previous freeze
years to assess cold damage and to establish the
extent of southward penetration into Mexico of
these various major cold waves.

Typical native indicator plants are Brittlebush
(Encelia farinosa) and Desert Lace -tree (Lysiloma
thornberi) which sustain damage at about 25 degrees
(F.) and Organ -pipe Cactus (Lemaireocereus thurberi)
or Ironwood (OIneya tesota) which show foliage or
new -growth damage at about 20 degrees (F.). Culti-
vated plants in town or village gardens are also
useful indicators. Banana or Papaya foliage will frost
back at 30 -32 degrees (F.) while Bougainvillea and
Hibiscus 'rosa- sinensis' will turn black at about 28
degrees (F.). Other useful indicators for temperatures
in the 20 degree area are the Murray Red Gum (Eucal-
yptus camaldulensis), Tuna Cactus (Opuntia ficus-
indica) and Mexican Fan Palm (Washington robusta).
Although these plants mentioned are generally faith-
ful indicators of the temperatures mentioned, other
variables such as duration of freeze and time -of-
year have an obvious bearing on degree of damage
in some instances.
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Damage at Upper Elevations
Perhaps the most startling observation on this trip

was the severity of frost damage in the upper elevat-
ions (three to four thousand feet) on either side of
the international border. Such common native ever-
green plants as Desert Broom (Baccharis sarothroides),
Emory Oak (Quercus emoryi) and Mexican Blue Oak
( Quercus oblongifolia) were often completely brown
as a result of the freeze. This damage extended 18
miles south of the international boundary. These
species were previously thought to be completely
hardy and it will be almost summer before it will be
possible to determine whether the damage is super-
ficial to the foliage or whether it involves woody
growth as well. (Tom Van Devender reports that as
of mid May, there was only partial releafing, most
not at all.)

A species which our research had shown to be a
particularly valuable landscape prospect, Leather -

leaf Sumac (Rhus choriophylla), was also brown in
this same region, while the attractive Willow
Groundsel (Senecio salignus) had lush green fol-
iage, was budding out and was about to burst into
showy yellow bloom. Common cultivated plants
such as Casuarina (Casuarina stricta), Murray Red
Gum (Eucalyptus camaldulensis), Olive (Oleo eur-
opea), Ornamental Date Palm (Phoenix canariensis),
Date Palm (Phoenix dactylifera) and Aleppo Pine
(Pinus halepensis) were heavily damaged while the
Tuna Cactus (Optuntia fiscus -indica) was killed to
the ground in many places.

Damage at Lower Elevations
Actually the area of major interest was in much

lower elevations but the condition of the Oaks and
Desert Broom dramatized the severity of the freeze.
Along the highway 25 miles below the border is a
locale known to many Sonoran plantsmen as "Do-
donaea Hill." This is an important point at which
to begin observations of cold- damage because of
the borderline hardiness of Desert Hopbush (Dodon-
ea viscosa.) This is one of the thickest and largest
stands of Dodonea anywhere. It occupies a north-
east- facing slope with excellent air drainage. The
site could definitely be classed as a warm micro -
climate as there is no possibility of cold air pooling,
yet the temperatures must have dropped into the
low 20 degree (F.) region. Nearby cultivated Athel
(Tamarix aphylla) trees were also severely damaged,
indicating that possibly even lower than 20 degrees
(F.) had been reached.

The first stand of Organ -pipe Cactus to occur
along the highway was 44 miles below the border.
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This colony showed damage to the ends of all
branches. This damage appeared very similar to that
on specimens growing in Tucson gardens. This
again indicated that temperatures had dropped to
20 degrees (F.) at this site.

Frost -damaged cultivated plants were observed in
the village 49 miles south of Nogales at the San
Ignacio turnoff. Here, foliage and damage to new
growth of Eucalyptus camaldulensis and Optunia
fiscus -indica was much less severe and in some
cases only superficial.

The most serious general frost injury to cultiv-
ated plants was observed in the city of Magdalena,
55 miles south of the border. At this point many
subtropical ornamental plants are first commonly
seen and there are many species which are rarely
seen in cultivation even in the warmer localities
of southern Arizona. In Magdalena, light damage
was observed to Eucalyptus camaldulensis and to
young Washington robusta palms. More tender
ornamentals like Bougainvillea and Hibiscus 'rosa-
sinensis' were in some cases actually killed to the
ground. Semi -tropical tree species such as Brazilian
Pepper (Schinus terebinthifolius) and (acaranda
were also severly damaged. This was certainly sur-
prising for this unusually warm citrus -producing
area.

Magdalena Palm Canyon
The evidence that low 20 degree (F.) temperatures

had penetrated all the way to Magdalena was espe-
cially significant because of Magdalena's proximity
to a most interesting plant -collecting site, Magdal-
ena Palm Canyon. This unique plant community is
situated 21 miles east of the city on the road to Cu-
curpe. Travelling east toward this site, more frost -
damaged Eucalyptus camaldulensis and other tender
cultivated plants were observed in dooryard gardens.

The canyon itself is a unique micro -environment
created by its steep southwestern orientation and
the giant boulder- strewn formations that abound
there. It is not a typical water -eroded canyon and in-
deed does not have much of a watershed. The form-
ation consists of a jumble of house -sized rocks sur-
rounded by cliff -faces that concentrate runoff into
many crevices and pockets. This concentration of
extra moisture, together with thermal radiation from
the rocks, produces a microclimate that supports an
extremely diversified plant community. The most
intriguing is the grove of Brahea prominans palms, a
species generally found much further south in Mex-
ico. This is a beautiful diminutive fan palm with
slender trunk and delicate slightly blue -green fol-
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iage. The diverse plant palette not only supports
species associated with lower and warmer regions,
but harbors plants from cooler and wetter climates
as well, such as the evergreen cherry species (Prunus
serotina) and a blackberry-like vine, a species of Ru-
bus. Numerous other plants that look promising for
landscape use are found growing here and for this
reason the canyon was an especially important site
at which to observe the 1978 frost damage. The area
was first visited three years ago for initial collect-
ions, so no observations exist for previous freezes.

Indicator plants, Encelia farinosa and Lysiloma
thornberi, are abundant here and were observed to
have sustained severe foliage and twig damage in the
1978 freeze. This indicated that the much -heralded
thermal -belt microclimate of Magdalena Palm Can-
yon had been no more dependable in a major freeze
than similar thermal belts in the foothills around
Tucson. Temperatures must have dropped close to
20 degrees (F.) in this area also.

Species noted in Magdalena Palm Canyon showing
foliage and wood damage included the Copal ( Bursera
fragilis), Coral -bean (Erythrina flabelliformis), Limber
bush (jatropha cardiophylla), Organ -pipe Cactus
(Lemaireocereus thurberi), as well as the previously
noted Lysiloma thornberi. Most interesting was the
observation that the Palms, Brahea prominans, had
sustained very slight frost injury (this limited to
new fronds) and that half the stand showed no
damage whatsoever. In contrast, established clumps
of Leatherleaf Sumac growing among the palms had
their new growth blasted in many cases.

The fact that ample autumn rains, interspersed
with warm temperatures, kept certain hardy plants
in an off -season flush of growth, might partially ex-
plain the Rhus choriophylla foliage damage. This
possibility was further reinforced by the fact that a
large number of Ocotillo (Fouquieria splendens)
plants retained dry, apparently frost -killed leaves.
Since the latter plant bears leaves only during and
immediately following moist periods, the retention
of dead leaves suggested that this species too had
been caught by the freeze in a flush of growth.

The road to Cucurpe has some other interesting
species in addition to those found in the Palm Can-
yon. Some are unique to the region, such as the
white -flowered Hesperaloe nocturna. Other species,
Sonoran Palo Verde (Cercidum sonorae) and Ball
Moss (Tillandsia recurvata) reach one of the most
northern points of their range in this region. None
of these species showed any frost damage.

Geographic Extent of Freeze -damage
The evidence of the impact of the 1978 freeze

seemed to evaporate rather suddenly in the next 20
miles south of Magdalena. This was most interesting
since in the severe freeze of the early 1970's a similar
check was made and frosted native plants were ob-
served all the way to Guaymas. The most severe
damage to low- elevation desert plants then was in
the valleys north and south of Hermosillo. Obser-
vations made after that freeze showed the following
plants suffering foliage and twig damage: Bursera
species, Forchammeria watsoni, Ipomaea arbore-
scens, jacaranda pungens and Lysiloma watsoni.
Even close to the gulf in the San Carlos Bay -Guay-
mas region, Ficus palmen was injured. During the
present trip, the same route was covered through the
Hermosillo to Guaymas area, but no evidence of frost
damage was observed this time. Tom Van Devender
did see damaged Encelia farinosa just 35 miles north
of Hermosillo in December 1978, but ample moisture
and mild temperatures had erased this evidence by
February.

A side trip was made 64 miles east of Hermosillo
up the Rio Sonora to a site that had not been visited
after any of the other major freezes. This area had
been chosen as a collection site in more recent
times because it represented perhaps the norther -
most stand of a tropical deciduous -forest plant
community containing Acacia cymbaspina, Ceiba
acuminata, Erythrina flabelliformis and Ipomaea
arborescens. Also found there were such evergreen
trees as Ficus palmen and Piscidia mollis, These
plant communities showed no evidence of frost
damage from the December freeze of 1978, though
the Ficus palmen plants had fairly large dead branch
stubs that could have been killed in a freeze some
years before.

Garden plants such as Bougainvillea and Hibiscus
sustained some frost injury in the town of Ures,
45 miles east of Hermosillo and short of this col-
lection site. Ures, however, is situated in a low
valley location where cold air would settle, while
the semitropical forest was on a steep mountain
slope with good air drainage.

Dr. Lemoyne Hogan recently contributed the in-
teresting note that part of a new jojoba (Simmondsia
chinensis) plantation between Hermosillo and Kino
Bay was lost to the freeze and will have to be replant-
ed. This is a further evidence of spot damage in the
latitude of Hermosillo, and is surprising as Jojoba
is considered to be hardy into the low 20 °F zone.
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Conclusions
One conclusion was that this freeze, while very

severe in southern Arizona and south to Magdalena,
Sonora, did not penetrate nearly as far south as the
other major freeze in the early 1970's. Rain and the
warm weather preceding the 1978 freeze may have
been partially responsible for the unusually severe
damage in certain regions, as it apparently kept many
normally hardy plants in a state of growth. This
tender new growth rendered the plants unusually
sensitive to the cold.

Brahea roezlii showed unexpected cold -tolerance
even though it may have been exposed to low 20
degree (F.) temperatures. A reverse surprise was dam-
age to evergreens in the higher elevations where
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Desert Broom, Evergreen Oaks and Leatherleaf Su-
mac were damaged. Coming through with flying
colors was the Senecio salignus whose blooming -
period was not even delayed by the severe cold. The
hardiness of this plant together with the excellent
appearance of its foliage and bright early bloom make
it rate comparatively high for landscape purposes.

Circumstances of every freeze year are different.
Recording cold- tolerance and performance of the
plants under study, after each major weather event,
adds to the known data for use in evaluating these
as potential landscape plants. Freeze years, unpleas-
ant as they are, represent one of the most important
tests of the plants being studied.
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On the morning of December 6, 1978 the position of
the jet stream was such that frigid air over Mt. Mc-
Kinley in central Alaska was flowing south past Jun-
eau and Vancouver to Fresno, turning at San Diego
toward Phoenix and Albuquerque, thence northeast
to Omaha, Buffalo and Halifax (Figure 1).
This high -altitude air pattern was to usher in three
days of severe cold for the normally mild -climate
deserts of the Southwestern United States. As the
cold heavy air subsided toward the earth, weather
stations at higher elevations began setting new low
records. For example, the maximum temperature at
Flagstaff, Arizona on December 7 was 10 °F, the cold-
est December maximum in 79 years. The -23 °F low
for the next morning also set a new record.

Occasional cloud cover, such as over Tucson,
blocked descent of the cold air for a night and allow-
ed growers additional time to protect tender nursery
stock. The coldest temperatures recorded in the low -
elevation citrus -belt of southern California and
southern Arizona ranged generally from 20 °F to 30 °F.
A few extremely cold desert areas experienced lows
of 16 °F to 19 °F. Considerable freeze damage occurred
to young plants in commercial nurseries and in land-
scape situations. The freeze was particularly bad be-
cause it came relatively early in the winter before
plants had a chance to "harden off." Reports from
several institutions in the Southwest are summar-
ized below.

Saratoga Horticultural Foundation (In-
formation courtesy of Barrie D. Coate.) Temperatures
dropped to 28 °F for several nights and to 26 °F for
one night. Paulownia fortunei, Sambucus caerulea
and Rhus ovata were damaged. Plants which were
not injured but which might have been expected to
have been damaged were Eucalyptus spathulata, E.
caesia, Correa X 'Carmine Bells' and Tristania laurina.
Plant material from Chiapas, Mexico being studied
as part of a project in conjunction with the Stanley
Smith Trust, showed various degrees of sensitivity
or resistance to the cold. Observations concerning
this material have been specially recorded for future
analysis.

Santa Barbara Botanic Garden (Inform-
ation courtesy of Dara E. Emery.) This institution is
limited to the growing of native California plants
and is situated in the relatively frost -free avocado -
growing zone. The minimum temperature recorded
during December was 30 °F. The only damage was to
several Galvezia speciosa plants set out from gallon
cans about three days before the frost. These plants
were badly burned. Established plants of the same
species in the same immediate area were completely
unaffected.
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Figure 1. Position of the jet stream on December 6,
1978. From Weekly Weather and Crop Bulletin Vol. 65,
No. 52, December 27, 1978. Courtesy of the Laboratory of
Climatology, Arizona State University. By permission.

Botanical Garden, University of Calif-
ornia, Los Angeles Information courtesy of
Wayne L. Hansis.) For 28 years low temperatures
were above 30 °F. until this past winter. Plants dam-
aged included Hibiscus rosasinensis and its hybrids,
Bougainvillea spectabilis and its hybrids and forms,
Caladium esculentum, various Ficus except Ficus
carica, and the blossoms of Fragaria. Plants of border-
line hardiness that withstood the cold included
Thunbergia coccinea, Thunbergia grandiflora, Ti-
bouchina urvilleana, other Tibouchina species, and
other members of the family Melastomataceae from
the higher elevations of Panama. A specimen of Cof-

500- millibar height contours at 7:00 a.m.
E.S.T., December 6, 1978.

fea arabica survived under the protection of a larger
tree. Plumeria acutifolia withstood the cold where it
was planted next to the wall of a building.

Los Angeles State and County Arbore-
tum (Information courtesy of John W. Provine.)
Low temperatures were 25 °F on December 7, 22.5 °F
on December 8 and 25 °F on December 9. Consider-
able damage has been noted. The following plants
showed heavy damage: Albizzia julibrissin, Erythrina
coralloides, Chorisia speciosa, Koelreuteria pani-
culata and Rhoicissus tridentata. Although Mel -

astoma sanguineum might have been expected to
show damage, it did not. Apparently it is protected
by a large oak.



Botanic Gardens, University of Calif-
ornia, Riverside (Information courtesy of Louis
C. Erickson.) In December the low temperature re-
ported for the campus weather station was 27 °F, but
local spots appeared to be somewhat colder. Slight
damage occurred to many species. Killed were Cassia
didymobotrya, Lantana Camara, Bursera hindsiana
and two species of Plectranthus -the Vicks Plant and
Creeping Charlie. Plants of Eugenia myrtifolia 'corn -
pacta' that were five feet tall were nearly killed in
one location and not damaged in another. The lowest
temperature in recent decades was 17 °F which occur-
red 29 years ago. At that time there was no botanic
garden here.

Rancho Santa Ana Botanic Garden (Infor-
mation courtesy of Dick Tilforth.) The temperature
reached 27 °F the night of December 6 -7, 26 °F the
night of December 7 -8 and 29 °F the night of Decem-
ber 8 -9. On these dates duration of freezing was 9
hours, 13 hours and 9 hours respectively. Plants bad-
ly damaged were Acalypha californica, Encelia cal -
ifonica, Beloperone californica, Ambrosia chamisson-
is and Rhus laurina. Species of Dudleya froze solid
wherever they were in the open and exposed but
apparently recovered without ill effects.

San Diego County, California (Information
courtesy of Barrie D. Coate.) Observations on plant
damage were made during a trip to Southern Calif-
ornia the week of March 12. The damage was ob-
served along Highway 5, 5 -10 miles north of San
Diego. Plants observed were all five years of age or
older. Badly damaged or killed were Eucalyptus fic-
ifolia, Nerium oleander, Melaleuca nesophylla and
Melaleuca ericifolia. Moderately damaged (50% of
plant or greater) were Dodonaea viscosa purpurea,
Eucalyptus rudis, Eucalyptus camaldulensis and
Fraxinus uhdei.

Desert Botanical Garden of Arizona (In-
formation courtesy of Russell Haughey.) Temper-
atures were low for several nights during the criti-
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cal period with a minimum of 22 °F. A number of
cacti were injured. Other plants showing damage
included )acobinia ovata, Ruellia californica, Tecoma
stans and Hyptis emoryi. Although temperatures re-
mained higher in the lath houses devoted to cacti
and succulents, some damage nevertheless occurred.
Alluaudia procera in the succulent house was not-
ably injured.

Arizona -Sonora Desert Museum (Infor-
mation courtesy of Bob Perrill.) Temperatures low-
ered to 21 °F on December 9. Extensive records
amounting to several typewritten pages have been
compiled relating to the plants damaged. The follow-
ing were frozen to ground level: Hyptis emoryi, Te-
coma stans, Caesalpinia pulcherrima, Beloperone
californica, Cissus trifoliata, Ambrosia ambrosioides,
Bursera microphylla, Serjania mexicana, Bombax
palmeri, Bursera con f usa, Ipomaea arborescens, Ceiba
acuminata and several others. A large number of
Mamillaria species and other cacti in the lath house
were killed.

Boyce Thompson Southwestern Arbore-
tum. The low temperature dropped abruptly from
35 °F on December 6 to 20 °F on December 7, 20 °F on
December 8, 21 °F on December 9 and finally to 29 °F
on December 10. The abrupt onset of the extreme
cold resulted in minor damage even to many relat-
ively hardy species. Heavily damaged were Eucalyp-
tus cladocalyx, Schinus terebinthifolius, Tabebuia
chrysotricha, Cassia sturtii and Acacia latifolia.
Many cacti were damaged, including Lemaireocereus
stellatus, Mammillaria compressa, Myrtillocactus
geometrizans and Lophocereus schottii. Succulents
injured included Aloe ferox, Aloe vera, Aloe brevifol-
ia, Aloe rietzii, and in some locations Agave mur-
pheyi. Many plants which ordinarily are very little
deciduous became completely deciduous. Numerous
pages of observations have been recorded to docu-
ment response to the cold by several hundred spe-
cies. These data await future analysis.
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The National
Climate Program
Act of 1978

Growers of semi -hardy desert plants in the South-
western United States eventually become aware of
the inevitable climatic rhythms that result in uni-
form yearly increments of good plant growth and
development followed all too often by a brief but
disastrous near killing freeze. This sequence is a
consequence of the position of the North American
deserts in a zone of transition between the tropics
and the mid -latitude temperate belt of westerlies.
With adequate comprehension of these cycles, grow-
ers can take steps to prevent loss from severe weath-
er. Recently the federal government initiated a pro-
gram which may eventually produce long -range
weather forecasts from climatological data to supple-
ment the short -range predicitions made by routine
meterorological procedures.

During September, 1978, President Carter signed
Public Law 95 -367, establishing a National Climate
Program Office in the National Oceanic and Atmos-
pheric Administration (NOAA.) This office will pre-
sent a final five -year plan of operations by Septem-
ber 17, 1979. The law resulted from the need seen by
Congress for obtaining a better understanding of the
long -range fluctuations of climate which have result-
ed in record droughts and cold winters in the nation
in recent years.

Strangely, in 1973, NOAA had decided to abolish
its climatology program, resulting in the transfer of
programs from the federal government to the fifty
states. As an example of this transition, the Arizona
State Board of Regents established a Laboratory of
Climatology at Arizona State University to continue
the Arizona work which had been sponsored by the
federal government. Since the new 1978 legislation
provides for inter -governmental programs, the State
Climatologists for the fifty states have recommended
that cooperation among the states and with the fed-
eral government take place to provide for uniform
terminology and direct computer interconnection.
If this is incorporated into the national plan, it is
hoped that the network of interactive computers
could provide analyses of destructive storms and
droughts on a near -term enough basis to be of prac-
tical help to the nation. The new law tends to recog-
nize climatology as of clear national vital importance
aside from its local historical value.

Meteorologists who study current weather cond-
itions use meteorological principles to predict the
weather on a day to day basis. Climatologists, on the
other hand, summarize by statistical measures the
various rhythms and regularities of temperature,
rainfall and other phenomena over a longer period
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of time. The type of program which hopefully will ance for plant growers. Ample understanding could
emerge from the 1978 law, while clearly climatolo- favorably alter the risk -reward equation for desert
gical in character, should provide much needed guid- growers.
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Reviews Classified Bibliography on Native Plants
of Arizona.
Ervin M. Schmutz. University of Arizona Press.
Tucson. 1978. xi + 160 pp.

The author, a professor of range management, has
studied Arizona vegetation since 1937. About 12
years ago he began compiling accumulated references
as a beginning for the present bibliography. Citations
of 3,000 publications are divided into 30 categories.
The full citation for a given publication will be
found under only one category. If the publication
deals with more than one category, a cross -reference
to author and date (without title) appears under the
additional category. One must then consult the
primary reference to discover the title of the publica-
tion. One must be thoroughly familiar with the
system and the various categories to locate specific
articles. For example, J.S. Horton's bibliography of
papers relating to riparian and phreatophyte manage-
ment is cited in full under the bibliographies category
rather than under aquatic and riparian vegetation. An
inconvenience arises from not having a single
integrated alphebetic list. This is partially compen-
sated for by the author index at the end of the volume.
But the author index does not list titles.

Some of the categories such as general ecology or
floras and taxonomic reports, being widely defined,
contain numerous pages of references. Other lists such
as those for mistletoe, creosotebush or sagebrush as
can be expected have fewer titles. Many categories,
e.g. mesquite or pinyon -juniper deal not only with the
plants named but also with the plant -animal com-
munities associated with them. Other intriguing
groupings include ethnobotany, poisonous plants,
paleoecology and paleobotany.

The volume is made more useful by inclusion of
references to masters theses and doctoral disser-
tations. Omitted were some taxonomic, herbicidal
or physiological publications but only if data on
ecology, distribution or species composition were
lacking. Plant species covered in the bibliography are
only those which occur spontaneously in the state
without introduction or cultivation by man. The
author reveals himself to be a careful scholar and
there is every indication that nothing has escaped his
attention in preparing the book.

A Catalogue of the Flora of Arizona.
J. Harry Lehr. Desert Botanical Garden.
Phoenix. 1978. vi + 203 pp.

This is intended, according to the author, as a
checklist of the plants commonly accepted as grow-



ing in Arizona. Nonenclatural changes or new re-
cords are not included and the book might properly
be classified as a compilation. The work summarizes
and updates names listed in Arizona Flora, a book
written by Thomas H. Kearney and Robert H. Peebles
(University of California Press. 1960.) It integrates
the information supplied in the supplement to Ariz-
ona Flora by John Thomas Howell and Elizabeth
McClintock printed as an appendix in the 1960 edit-
ion. Recent research reports touching on the classi-
fication of Arizona plants, amounting to 240 titles,
were read and used in determining the correct scien-
tific name for each plant. Common English names are
given if any were found in standard reference works.
No new English names were coined.

After carefully inspecting the volume, it seems to
be a careful and faithful compilation of the taxonom-
ic and nomenclatural opinions of an entire generat-
ion of recent plant systematists. A few typographi-
cal errors together with an occasional lapsus calami
have inevitably crept into the book. For example
"P. leritus Pennell" in the treatment of Penstemon on
page 141 must be a sphalm for Penstemon lentus Pen-
nell. On page 174 the author of Tagetes lemmoni is
given as Cavanilles, an impossibility considering
that he died before the discoverer of the plant in
question was born. Such minor errors are ones to be
expected in the first edition of a book. The catalogue
will be quite useful and the author is to be commend-
ed for his dilligence.

Leucaena, Promising Forage and Tree Crop
for the Tropics.
Philippine Council for Agriculture and Resources
Research and the United States National Academy
of Sciences.
Publ. by National Academy of Sciences. Washington.
1977. vii + 115 pp.

[Although a promising crop plant for the tropics,
Leucaena leucocephala also is commonly cultivated
in deserts. Together with the Texas Lead Tree (Leu-
caena pulverulenta) it has been cultivated for many
years at the Boyce Thompson Southwestern Arbore-
tum.-editor.]

Leucaena seems to have originated as a crop in
southern Mexico and Central America from which
region it was spread along the Pacific and Caribbean
coasts by pre -Columbian Indians. The principle
plant surviving in these regions today is a shrubby
type which is also cultivated in Hawaii and happens
to go by the designation "Hawaiian Type." The plant
native to the southwestern portion of the region is
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generally a tall tree perhaps 60 feet high known as
the "Salvador Type." Unfortunately these are both
rather sensitive to frost. Recently, hybridization with
the Texas Lead Tree promises to introduce cold -
hardiness into the crop plant.

Leucaena pods are a traditional human food in
Mexico and Central America and now are utilized
in most of the warm countries of the world. Oaxaca,
the name of a state and city in southern Mexico,
is reputedly an Aztec word translated to mean "the
place where Leucaena grows." The plant is suitable
for use as a forage for cattle and goats but in many
animals when constituting over half the diet for six
months, mimosine toxicity may result in hair loss,
excessive salivation and poor growth. Hybridization
with the Texas Lead Tree has already resulted in a
low -mimosine strain which is quite promising as a
forage. In Australia, sheep fed regular high -mimosine
Leucaena exclusively for ten days can be "sheared"
by a simple stroke of the hand. The process is not
used commercially yet because separation of wool
from the animals is so complete that the bald sheep
are quickly sunburned.

The crop can be turned into the soil to increase
nitrogen content as is the case with most other le-
gume crops. Leucaena is said to be capable of fixing
500 pounds of nitrogen per acre, equivalent to 2500
pounds of ammonium sulphate per acre per year. The
wood can be made into paper and a sample of a good
wrapping paper has been bound into the book. The
seeds are commonly made into necklaces in South-
east Asia and throughout the Pacific and these can be
seen as imports in the United States. In central
Amercia, the seeds, pods and bark of Leucaena have
traditionally been extracted to give yellow, red,
brown and black dyes.

The book is a fascinating revelation on a plant
which promises to be of much greater value to man
as it becomes further domesticated and improved. It
seems quite appropriate for the National Academy
of Sciences to nurture this type of research and they
have done an excellent job in conjunction with the
Phillipine Council for Agriculture and Resources
Research. The report was prepared for publication by
Noel Vietmeyer and Beverly Cottam and edited by
F. R. Ruskin.

Ecology of the Saguaro: H.
Warren F. Steenbergh and Charles H. Lowe.
National Park Service Scientific Monograph Series
No. 8 Superintendent of Documents.
Washington. 1977. xxii + 242 pp.
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Part I of this series was not a separate book but
rather pages 69 -92 in a 1976 work entitled Research
in the Parks. National Park Service Symposium Ser-
ies No. 1. The present volume is a very complete
treatment of the life -cycle of the giant cactus of
Arizona. It is the result of two decades of research
and has been long awaited. It attempts to settle the
controversy concerning causes of decline in this
cactus at Saguaro National Monument. "Bacteria
necrosis disease" is thought to be a result of rather
than a cause of death in the plant. The "causative
organism," Erwinia carnegiana, is thought to live
on and decompose dead succulent tissues of cacti
which died from other causes. [This is contrary to
much newspaper, radio and television publicity over
the years to the effect that the Erwinia "disease"
threatened the existence of the Saguaro and that the
"epidemic" might cause the cactus to become ex-
tinct. -editor.]

Students of desert plants will find the book requir-
ed reading and a very useful reference at a modest
price ($4.00.) The volume is very well illustrated
with black- and -white photographs documenting a
wide variety of intriguing phenomena. Decline of the
Saguaro in certain locations is attributed largely to
freeze- damage that may not be evident for a year or
more. This delay between cause and effect is thought
to have confused many previous researchers. An
appendix provides management recommendations to
cope with the apparent decline of the species in
Saguaro National Monument. Although freeze -dam-
age itself can scarcely be prevented, the overall syn-
drome of Saguaro decline can hopefully be amelior-
ated by eliminating conscious as well as unintent-
ional damage by man.

The Illustrated Encyclopedia of
Succulents.
Gordon Rowley. American Consultant Charles
Glass. Crown Publishers Inc. New York. 1978. 256 pp.

Without reservation this is the best book on the
subject ever produced and will become a standard.
Without being pedantic it offers knowledge to the
professional and amateur alike in such spendid
fashion that it is a joy to read. Unique would be the
professional who would claim to already know all of
the quite educational material presented. Likewise
unique would be the plant -lover who could not un-
derstand it readily. Indeed, the book should change
many a cactus and succulent fancier into a student
of the subject. The author is quite generous in shar-
ing his knowledge with the reader and takes every
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opportunity to teach in the manner of a true scholar.
He perceives the material so clearly himself that it
is almost automatically projected to the reader and
instilled in his mind.

Aside from the quite knowledgeable text, the book
is basically a vivid rainbow of color flashes, page
after page, of the very best photographs of cacti and
other succulents that could be envisioned. Every
square inch, including the end -papers and dust -cover,
is filled very effectively with material that enchants
the reader. Many will be the person who wished that
he were the author. The book was typeset in England,
color reproduction was by three companies in Eng-
land and the book was printed in Belgium. The auth-
or, publishers and all concerned with its production
can be proud of a job well -done. The volume seems
extremely reasonably priced at $14.95.

The Desert.
John Cloudsley- Thompson. G. P. Putnam's Sons.
New York. 1977. 128 pp.

The author has participated in many desert exped-
itions and was a professor at the University of Khar-
toum and Keeper of the Sudan Natural History Mus-
eum until 1971. He is presently Professor of Zoo -
ology at the University of London. The book is a
treatment of the deserts of the world, dealing with
physical conditions, geography, climate, plants and
animals. Arctic areas are classified -as "polar desert"
because moisture is often tied up in ice and not read-
ily available. The quite similar alpine zones of moun-
tains, which many scientists believe were quite prop-
erly classified by C. Hart Merriam with Arctic tundra
as the "Arctic- Alpine Life Zone" are not considered
to represent desert.

Whereas 22 pages are devoted to "polar desert,"
only a single page is given over to the 'Great North
American Desert" with a single sentence of this
specifically referring to the Sonoran Desert. The
chapter on desert life betrays the author's training
as a zoologist since 10 pages are devoted to plants
and 32 pages to animals.

This book is well- written for popular interest. It
does not purport to be a compendium for reference
purposes. Some persons will find it confusing to treat
the Arctic in a volume on deserts and might wish
that the space had been used to go into more detail
on the traditional deserts. The book is hardly in-
expensive at $14.95 and the price itself might dis-
courage those who have only a casual interest in des-
erts. On the other hand, it is quite readable and will
undoubtedly interest many into digging deeper into



some of the books listed in the bibliography. A little
strange, perhaps, is the fact that none of the many
books on cacti and other desert plants are listed in
the bibliography.

Ethnic Medicine in the Southwest.
Edward H. Spicer, editor. University of Arizona
Press. Tucson. 1977. viii + 291 pp.

Parts of this book will be extremely fascinating
to persons studying medicinal uses of desert plants.
The tables on pages 142 -4 in the chapter by Mar-
garita Artschwager Kay record a number of quite in-
teresting uses of plants by Mexican- American peo-
ple. Other chapters deal with popular medicine in a
Black neighborhood (by Loudell F. Snow), disease and
curing in a Yaqui community (by Mary Elizabeth
Shutler) and medical beliefs and practices among
lower- income Anglos (by Eleanor Bauwens). An ex-
cellent introductory chapter has been written by
Edward H. Spicer, who also edited the entire book.

journal of Arid Environments.
J. L. Cloudsley- Thompson, editor.
Quarterly. London (£ 18.15) and New York ($35.00.)
Volume 1, 1978.
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The initial editorial statement of this journal pro-
mises a high -quality multi- and interdisciplinary
organ for publication of original research and comp-
rehensive reviews dealing with the arid lands and
their development. It will address itself to scientists
and technologists but intends also to cater to the
needs of administrators and government officials
in arid developing countries. Sociological and anth-
ropological contributions will be included. The edit-
orial viewpoint is expressed that major problems
in the world's deserts are socio- economic rather
than scientific, but that science and the contributed
articles can provide guidance for administrative
action.

Articles in the first issue demonstrate the intend-
ed multidisciplinary scope. Topics covered are 1)

historic change in African climates, 2) chemistry
of flash -flood waters in Arizona, 3) temperatures
beneath stones in Morocco, 4) small arthropods in
plant litters in New Mexico, 5) distribution of Afri-
can cattle in relation to rainfall and tsetse flies, 6)
rodent species- diversity in normal and dry habitats
in Israel, 7) rotting of dead elephants in Kenya, 8)
Islamic principles dealing with the right use to water.
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Arboretum Progress "Arboretum Progress," written by the Managing Dir-
ector of the Boyce Thompson Southwestern Arbore-
tum, will appear periodically in this journal. It is in-
tended to be a vehicle for reporting various activities
and concerns at the Arboretum. Since the Arboretum
and its programs are steadily growing, it is antici-
pated that the word "progress" in the column's title
will be appropriate. The decision to publish Desert
Plants is ample testimony to the commitment to
progress being made at the Arboretum today.

The Boyce Thompson Southwestern Arboretum
was the dream of Colonel William Boyce Thomp-
son, historically a giant in the copper mining indus-
try but not widely remembered as such today. One of
his most successful mining properties was the Mag-
ma Mine at Superior, Arizona, only three miles east
of the Arboretum. It and the Newmont Mining Corp-
oration which he founded are both flourishing, living
monuments to his business acumen. It was the Mag-
ma property which brought him to this high Sonoran
Desert country. Here at the foot of Picket Post
Mountain he spent much of the decade of the nine-
teen- twenties building a winter home and creating
the Arboretum.

At formal dedication ceremonies held at the Ar-
boretum April 6, 1929, the first director, Professor
Franklin Crider, said of the Arboretum's purpose and
scope, "In the expression of its founder, the Arbo-
retum is an institution wherein to grow every tree,
shrub, vine, grass, and flower able to withstand in the
open ground the climate of the Southwest; a little
portion of the vast area, erroneously known as the
Great American Desert, preserved forever in the
richness of its native flora, where will be assemb-
led, nurtured, and studied all that is useful and beaut-
iful in plant life from all the sub -arid regions of the
world; a place where the yet hidden secrets of these
varied forms may be further revealed for the enrich-
ment of human knowledge and the benefit of man-
kind."

The gardens have been operated continuously
since their dedication with varying degrees of suc-
cess in fulfiling such lofty goals. Professor Crider
conducted extensive studies on plant roots and their
efficacy in the control of soil erosion. The Arbo-
retum cooperated with the U. S. Forest Service in the
operation of a nursery to propagate thousands of
plants that were set out by the Forest Service and
other government agencies throughout the South-
western United States to control erosion. In cooper-
ative work with the University of Arizona the uni-
que chemical and physical properties of the oil from
Jojoba (Simmondsia chinensis) were discovered.



Director Fred Gibson, until his death in 1954, work-
ed tirelessly to interest individuals and corporations
in the development of Jojoba as an economic crop.
However, a nearly identical oil could be harvested
from the sperm whale at a much lower cost. A great
many exotic plants from other arid lands were intro-
duced into the gardens in those early years. The pro-
cess of natural selection, having acted upon the
collection these many years, has left many mature
specimens that are well adapted to this climate.
Those together with species of plants native to the
area, dominate much of the current collection of
woody plants.

Colonel Thompson formed the nonprofit Boyce
Thompson Southwestern Arboretum Incorporated
in 1927 to manage the Arboretum. An interesting
aside here is that it was necessary for Thompson to
use his influence with Governor George W. P. Hunt
and the Arizona Legislature to secure enabling leg-
islation allowing incorporation of nonprofit scienti-
fic institutions in Arizona. In 1965 the Arboretum
Board of Directors contracted with the University of
Arizona for the University to become the principal
manager of the Arboretum with counsel and contin-
ued financial support from the Corporation. Al-
though this was a productive arrangement, the Uni-
versity soon found that the daily operation of the
Arboretum and its public educational -recreational
programs were absorbing much of the limited finan-
cial and technical support available leaving little
for research and teaching. In 1973 negotiations were
initiated to add the Arizona State Parks Board as a
third sponsor, recognizing its interest in the Arbo-
retum and its expertise as a public recreation man-
ager.

In March of 1976 an agreement was signed pro-
viding tripartite sponsorship of the Arboretum. State
Parks will employ a staff and be responsible for the
physical plant and display gardens. It will direct edu-
cational and recreational programs for the public and
for elementary and secondary school students. The
University of Arizona will direct the research pro-
gram and college level educational programs. It will
continue to employ the professional personnel re-
sponsible for those functions. The Arboretum Corp-
oration will be free to invest its funds in capital im-
provement or to support the academic program.

The agreement is being implemented on an incre-
mental basis as funds become available to the Ariz-
ona State Parks Board through the legislative pro-
cess. During the interim the Arboretum is cooper-
atively managed by the three sponsors. Two full -
time park rangers and one half -time one are now
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employed by State Parks. The research staff is em-
ployed by the University. The Managing Director
and four staff members who are also currently
University employees will be transferred to Arizona
State Parks as funding permits. The Director acts as
a Park Supervisor for State Parks and also occasion-
ally represents the Arboretum corporation in matters
of their concern at the Arboretum.

The interests and activities at the Arboretum of
the three sponsors are coordinated by an Advisory
Committee. This committee is comprised of two rep-
resentatives from each sponsor, plus alternates.
Much credit for the accomplishments of the past two
years must go to the current committee members.
They represent a considerable pool of expertise in
a variety of disciplines. Their cooperation and en-
thusiasm have been most productive.

The largest single undertaking during this two -
year period was the renovation of the Visitor Center
bulding. This building houses the Visitor Center,
consiting of two wood -framed glass greenhouses for
display, flanking a large central room used for in-
terpretive displays and a store where books, min-
erals, living plants and other merchandise with a
natural history orientation are sold. It also contains
offices of the administrative and professional staff,
a library, a laboratory and the public restrooms. Be-
fore renovation it also included two workshops for
physical plant maintenance. With the Corporation
funding and contracting the work directly, the Uni-
versity Planning Department furnished architects
and engineers who designed the project to meet the
needs of the growing Arboretum. The Managing
Director served as the on -site construction manager
with much counsel from the University Planning
Department.

The laboratory was modernized to include a new
fume hood and wall -mounted chemistry table, a
large center table and extensive additional storage
cabinets. All offices and the library were redecorated
and modernized with built -in shelves and cabinets;
floors were carpeted or tiled. The workshops were
converted into a lecture room with a capacity of
fifty adults. The fifty -year -old building was comp-
letely rewired and replumbed. Evaporative cooling
capability, in addition to existing refrigeration, was
restored to the building in view of the rapidly rising
cost of energy and the difficulty of adequately seal-
ing or insulating a building of this age and design. A
new staff restroom was constructed; the public rest -
rooms were doubled in capacity and fitted to serve
the handicapped. An attendant benefit was the rein-
forcement and refurbishing of two outbuildings
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that had been in poor repair) to accomodate the
shops displaced by the lecture room.

Another significant recent development has been
the sponsorship by State Parks of a Young Adult
Conservation Corps work crew. This federally fund-
ed program has provided a labor force of ten young
people and a work supervisor. Since the crew started
in mid -July of 1978, they have assisted in almost
every garden operation and have rebuilt the "High
Trail" abandoned several years ago because of our
inability to maintain it with existing personnel.
They are at present, in addition to routine daily
maintenance assignments, clearing an area to be
used for demonstration gardens and will soon begin
installing an irrigation distribution system.

The University has taken the lead in the revival
of an active research program at the Arboretum.
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Several research projects have been activated and
others are under serious consideration. These are
treated in some detail by the journal's editor on a
previous page.

In summary, then, the Arboretum was given an
excellent start by the planning and foresight of the
founder and the work of a number of skilled staff
botanists and horticulturists who served at various
periods through the years. Today it flourishes be-
cause of the dedication of it's staff and that of the
many interested scientists and administrators of
the three sponsors who have contributed their time
and talents to its development. The Arboretum dev-
elopment and programs still pursue the achieve-
ment of the lofty goals set for it by its founder. The
publication of Desert Plants is viewed here as a key
effort in the pursuit of these goals.

Bob McKittrick
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