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Editorial 
Dr. Herman Augustus Spoehr and the Concept of Intel- 

lectual Scurvy in Plant Science. Recently your editor and 
his wife (F.S.C., C.D.C) purchased the historic Spoehr 
house on the west side of the University of Arizona, with 
the intention of making it the permanent Crosswhite resi- 
dence for themselves and children. Hopefully this will 
allow us to have better contact with the UA campus, 
libraries, herbarium and colleagues while we continue to 
work at the Arboretum. It will also facilitate the education 
of our three children while they attend the University of 
Arizona over the next eight years. Having been assigned by 
the University to a slightly remote spot (the Arboretum) for 
the past 15 years has had its element of isolation, perhaps 
not unlike that of an early -day scientist on a long ocean 
voyage. In such a situation the idea of "scurvy" comes to 
mind and we became quite interested in the fact that an 
essay dealing in part with "Intellectual Scurvy" in Plant 
Science had actually been published and was written by no 
other than Dr. Spoehr himself! After taking possession of 
the home and sleeping in one of the many bedrooms, it 
seemed almost as if the spirit of Dr. Spoehr was com- 
municating over the years. Corning to Tucson from 
Chicago, Spoehr had used Sullivanesque design elements 
when building the home in 1913. We could see him as a 
product of the great experiment in education which re- 
sulted from infusion of private money (from the Rockefel- 
lers) which became known as the University of Chicago. 
His alma mater was a place of new thinking and new 
directions. We thought of other infusions of private capital 
into science and came up with the names of Andrew 
Carnegie and our own W. B. Thompson. We had the sudden 
realization that our family had occupied the Crider House 
for 15 years -that home built by W. B. Thompson for the 
plant scientist Franklin Jacob Crider at the Arboretum, and 
now we were in the home of H. A. Spoehr, so long as- 
sociated with the Carnegie Institution of Washington, in- 
cluding the old Desert Laboratory on Tumamoc Hill. Crider 
and Spoehr shared many similarities. Although Crider had 
been a department head at the University of Arizona before 
going into privately financed plant research for Thompson, 
Spoehr had no connection with the University. 

In reading Dr. Spoehr's book of essays in science pub- 
lished by Stanford University Press, we became intrigued 
with his definition of intellectual scurvy. He spent a 

lifetime studying highly specialized and technical phe- 
nomena in plant science. He pioneered in joining chemistry 
with plant science and served as President of the young 
American Society of Plant Physiologists. He wrote the 
major book on photosynthesis which was current for many 
years. Students of desert plants remember him for his book 
on the carbohydrate economy of cacti. He served as Di- 
rector of the Natural Sciences Division of the Rockefeller 
Foundation and as head of the Division of Plant Biology for 
the Carnegie Institution. But highly technical scientist that 
he was, he saw clearly that he and his fellow scientists 
became so highly specialized as to have tunnel vision, 
caring only for their own disciplines and failing to relate 
their findings to other branches of learning or even to the 
mainstream of humanity. This is what he meant by "Intel- 
lectual Scurvy." He saw real progress, even "break- 
throughs" in our modern terminology, as occuring when 
scientists could take off their "blinders." This relates to the 
concept of "fitness" versus "flexibility." Something must 
be fit for the present but flexible for the future. The more fit 
something is, the less flexible; the more flexible, the less 
fit. What a paradox! Neither is good by itself and neither 
bad, but without the one the other may never be needed! 
Dr. Spoehr's own specialty of plant physiology began as a 
quite flexible hybrid of chemistry with plant science and 
quickly climbed its own inevitable adaptive peak repre- 
senting fitness. Dr. Spoehr was a contributor to the quite 
flexible young and hybrid journal Plant World published in 
Tucson. This quickly climbed its own adaptive peak and 
became the highly technical journal Ecology, a model of 
fitness. We believe that Dr. Spoehr would find Desert 
Plants to be decidedly on the flexible side of the ratio. 
Perhaps private capital is the "vitamin" needed to promote 
flexibility in plant science. We believe that Dr. Spoehr 
would heartily approve of the relationship of the Ar- 
boretum (largely privately financed) with the Department 
of Plant Sciences of the University of Arizona, and also 
with Arizona State Parks, a highly flexible and hybrid 
situation. Hopefully, in regard to plant science, the fitness 
of the University married to the flexibility of the Ar- 
boretum will bear a rich harvest of good for desert dwellers. 
A number of ideas have emerged and many plans are on the 
drawing board. 
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Abstract 
A compilation of information on New World Salvias 

which are adaptable for cultivation in southern Arizona is 
presented. Southern Arizona is restricted to mid- and low - 
elevation desert regions. Description, taxonomy, and hor- 
ticulture of the genus are discussed. A key to species is 
provided for identification. Detailed descriptions, locale of 
native occurrence, and cultivation of twenty -seven taxa are 
included. 

Literature Review 
Salvia, with nearly 800 species, is the largest genus in the 

Labiatae, a family characterized by square stems; opposite 
leaves; a zygomorphic, sympetalous corolla; two or four 
stamens; and a superior, four -lobed ovary (Peterson, 1978). 

Species of Salvia vary in habit from annual, biennial, or 
perennial herbs to subshrubs and small to large shrubs. 
Leaves are simple or pinnate with toothed or pinnatisect 
margins. (Bailey, 1902; Bailey, 1928; Synge, 1969; Taylor, 
1961) 

In subgenus Calosphace, the inflorescence is a series of 
reduced cymes, called cymules. Each node bears two 
cymules which together appear to form a whorl of flowers, 
variously called a verticillaster, a glomerule, or a false 
whorl (Peterson, 1978). The verticillasters may be arranged 
in terminal racemes (S. greggii, Figure 3), or axillary 
racemes (S. regla, Figure 6). The verticillasters may be 
congested along the axis (S. lavanduloides, Figure 7) or 
more or less evenly spaced (S. greggii, Figure 3). Each 
verticillaster is subtended by a pair of bracts which may be 
persistent, deciduous, or caducous. The bracts range from 
minute, green, and deciduous (S. azurea) to large, colored, 
and persistent (S. splendens). In subgenus Audibertia the 
flowers are congested into compact glomerules which are 
subtended by many, persistent bracts. These glomerules 
may be solitary and terminal (S. mohavensis, Figure 4), 
spikelike and terminal (S. munzii, Figure 5), or paniculate 
(S. apiana, Figure 2). 

Salvia has a distinctive, bilabiate calyx. The upper calyx 
lip is either three -toothed or entire; the lower lip has two 
small teeth. The shape of the calyx varies from ovoid to 
tubular to campanulate. Calyx size and color is also varia- 
ble; it may be small and green (S. melli f era) or large and 
brightly colored (S. splendens). (Bailey, 1902; Bailey, 1928; 
Synge, 1969; Peterson, 1978) 

The corolla is sympetalous and bilabiate. The tube may 
be included in the calyx or exserted from it. The upper 
corolla lip consists of two fused petals, the lower lip of 
three. In some species, the flowers gape wide open (S. regla, 
Figure la), but in others are nearly tubular (S. leucantha, 
Figure lb). The lower lip may be shorter than the overhang- 
ing upper lip (S. leucantha Figure lb), or it may be larger and 
showier (S. greggii, Figure lc). Corolla color varies from 
scarlet through purple and violet to azure -blue. Rarely it is 
white or yellow. (Bailey, 1902; Bailey, 1928; Synge, 1969; 
Taylor, 1961) 

There are two fertile stamens which may be either ex- 
serted from the corolla or included in it. An elongated 
connective separates the two anther cells. Usually only the 
uppermost theca is fully fertile; the lowermost theca may 
be fully fertile, rudimentary, or absent. The style is two - 
cleft, slender, and exserted. (Peterson, 1978) 

Taxonomy Of The Genus 
In 1753, Linnaeus described 28 species and officially 

designated the genus Salvia. In his Labiatarum, Bentham 
(1832 -1836) attempted a natural arrangement of the species 
and placed them in 14 sections. By 1876, Bentham had 
revised his concept of sections and in Genera Plantarum 
elevated some to subgenera. New World species, which I 

treat here, were assigned to the subgenera Calosphace and 
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Leonia and to the genus Audibertia by Bentham (1876). 
Sixty -seven species of subgenus Calosphace have been 
cultivated of which 16 are treated here. Two hybrids of 
species within Calosphace are also considered. Subgenus 
Leonia, as interpreted by Bentham (1876), included four 
New World species which have since been cultivated. 
These four species were placed in three sections by 
Bentham (1876), Echinosphace, Pycnosphace, and Hetero- 
sphace. One species of Heterosphace is cultivated and 
treated here. 

Although Bentham (1876) placed six shrubby species 
from the California chaparral in the genus Audibertia, 
Epling (1938) treated them in the genus Salvia. As defined 
by Epling (1938), section Audibertia includes these six 
species as well as Bentham's Echinosphace and Pycno- 
sphace. The many taxonomic ambiguities within Audiber- 
tia as interpreted by Epling (1938) are currently under 
investigation by Dr. Kathleen Peterson at the University of 
Montana. Fifteen of the eighteen species and two of the ten 
hybrids in Audibertia, as treated by Epling (1938), have 
been in cultivation, while seven species and one hybrid are 
treated here. 

Distribution 
The genus Salvia occurs worldwide in temperate, tropi- 

cal, and subtropical regions. Its three centers of diversity 
are southwest Asia, Sino- Himalaya, and the New World 
(Synge, 1969). According to Epling (1939a), New World 
species range continuously from the Great Lakes in North 
America to the Argentine Plains in South America. 

Species of section Audibertia are major components of 
chaparral and coastal sage scrub from Washington and 
Idaho south into northern Baja California (Epling, 1938; 
Epling and Lewis, 1942). Subgenus Calosphace is concen- 
trated in the Brazilian highlands, the Andes, and the Mexi- 
can highlands (Epling, 1939a). fifteen of the sixteen species 
of Calosphace treated here are from the southwestern 
United States and the Mexican Highlands; the other 
species is from the Brazilian highlands. 

Horticulture 
Horticulturally, salvias can be grouped as tender or 

hardy. Tender species are generally used as summer- and 
fall -flowering bedding plants. Many are herbaceous peren- 
nials or shrubs from tropical and subtropical areas in 
Mexico, Central America, and South America. Hardy 
species are used as border plants or spring- and summer - 
flowering shrubs. Most are shrubs from cold regions in 
North America. 

Salvias can grow in full sun, filtered light, or partial 
shade. Species from arid chaparral in southern California 
and Baja California and from arid scrub in the Mohavean 
and Chihuahuan Deserts can tolerate full sun. Those from 
the tropics and subtropics require some shade in summer in 
southern Arizona. Water use by salvias also depends on 
place of origin. Plants from California chaparral and the 
Mohavean and Chihuahuan Deserts generally require very 
little supplemental water once established. Tropical and 
subtropical species, which come from high rainfall areas, 
require regular supplemental watering in southern Ari- 
zona. While the plants are becoming established, their 
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Figure 1. Corolla variation in Salvia. A (above): flowers 
gaping wide open as in Salvia regla. B (center): flowers 
nearly tubular and lower lip shorter than upper lip as in 
Salvia leucantha. C (below): lower lip larger and showier as 
in Salvia greggii. 

water requirements vary with soil type, temperature, and 
age of plant as well as watering regime. 

All salvias grow best in a well- drained soil rich in organic 
matter. Salvias grow rapidly and can make a mature speci- 
men after one or two growing seasons in the ground. 

Propagation can be accomplished by seeds, cuttings, or 
divisions. Most species are easily propagated by seed sown 
during the growing season or in the greenhouse in spring. 
Seedlings may be planted out after all danger of frost is past, 
but require careful attention for the first year. Seedlings 
may also be grown in standard #1 containers for the first 
year, then planted out in the spring of the second year. 
Cuttings of perennial and shrubby species are easily rooted 
under mist in a greenhouse if taken from actively growing 
shoots. Cuttings should be grown in standard #1 contain- 
ers for one season, then planted out the second season. 
According to Taylor (1961) perennial species can be propa- 
gated by rootstock divisions just before dormancy or in 
spring prior to new growth. 
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Horticultural Literature Search 
A survey of nineteen horticultural manuals was made to 

determine which New World species have been cultivated 
for ornament since the introduction of Salvia coccinea in 
1774. Seventy -three New World taxa (71 species and 2 
hybrids) were found in the literature, and thirteen species 
and two more recent hybrids which have not been reported 
in the literature have been cultivated in the United States. 

In 1826, Hemsley was the first to give an account of 
cultivated salvias when he listed 65 species (Bailey, 1902). 
The earliest treatment I was able to find was that of Nichol- 
son (1887 -1889) when he gave descriptions of 45 New 
World species. Bailey (1902) gave descriptions and distribu- 
tions for seven salvias new to cultivation and a total of 36 
New World species. In his most comprehensive treatment, 
Bailey (1928) added six species not previously listed in 
horticultural manuals. Seven more new salvias with good 
descriptions were included by Chittendon (1956). 

No new American salvias were treated in horticultural 
manuals until 1979 when the staff of the L. H. Bailey 
Hortorium compiled brief descriptions and synonyms for 
36 species. Fifteen were previously unknown in horticul- 
tural manuals, including ten from the chaparral of Califor- 
nia and Baja California. 

In the interim years, four manuals treated New World 
salvias, each one making some contribution to our knowl- 
edge of the genus and its cultivation. Coats (1968) discussed 
dates of introduction for some common species, but did 
little else for Salvia cultivation. Pizzetti and Cocker (1968) 
gave good descriptions, distributions, and cultural informa- 
tion for eight New World species. Hay (1969) listed only 
three New World salvias, but included good descriptions of 
them and their varieties, as well as horticultural notes. In a 

book for gardeners, Thomas (1976) provided descriptions, 
distributions, date of original collection, and cultural notes 
for thirteen species. 

Two manuals have treated Salvia cultivated in the 
United States. Bush -Brown and Bush -Brown (1980) treated 
two perennial species in depth, giving good descriptions 
and horticultural notes for both. Graf (1982) was the most 
recent author to treat cultivated salvias in an encyclopedic 
fashion. He included black- and -white photographs and 
very brief descriptions of fifteen species, including eight 
from the New World. He also provided common names and 
generalized distributions for each species. 

Field Studies 
A survey of cultivated species was made by visiting six 

nurseries, five botanic gardens, and two arboreta in Arizona 
and California. At each locality visited, fresh flower color, 
size of plant, exposure, and amount of fresh growth were 
noted. Amount of fresh growth was used to determine 
growth rate relative to other shrubs in the vicinity. Ar- 
boreta and botanic garden records were consulted when 
possible for notes such as original collection date and site, 
soil type, and planting exposure. Fifty -one pressed speci- 
mens of thirty -five taxa were made and deposited at the 
University of Arizona herbarium. 

Correspondence 
Benny Simpson at Texas A &M Research Center in Dal- 

las, Dr. Richard Dufresne, and Betsy Clebsch, collectors of 

salvias, provided horticultural information for forty -two 
species of Salvia, including water requirements, planting 
location, growth rate, cold hardiness, size, and blooming 
times. 

As a result of the literature search, field studies, and 
correspondence with other Salvia collectors, a total of 88 
taxa (84 species and 4 hybrids) were found to have been or 
are currently in cultivation in the United States. Of these, 
24 species and 3 hybrids are treated here as being adaptable 
to the climate of low and mid elevation deserts as defined 
by Duffield and Jones (1981). 

Key To Species 
The following key is designed to be used for the identifi- 

cation of cultivated New World Salvia species presented in 
this paper without the aid of a microscope. 

There are a few terms used in the key which need some 
clarification. The terms glomerule, verticel, and verticil- 
laster have similar meanings. All the terms refer to the 
cluster of flowers at one node of the inflorescence, however, 
as used here, they are separated on the relative density of 
flowers. A glomerule is a whorl of numerous flowers, while 
a verticel or verticillaster is a whorl of few flowers. 

All colors and sizes are for fresh material, whether they 
be corolla, calyx, bract, inflorescence, or leaves. Leaf mea- 
surements are for the leaf blade, excluding the petiole. The 
cultivars are not in the key, but they are flower color 
variants of the more commonly cultivated species and 
should be readily recognized. 

1. Plants with hollow stems, flowers white or pale 
lavender, the stamens long exserted, leaves gener- 
ally clustered near the ends of the branches 

S apiana 
1. Plants with solid stems, flower and leaf combina- 

tion not as above 2 
2(1). Flowers congested into dense, compact, many - 

flowered glomerules, these subtended by many, 
persistent bracts 3 

2. Flowers contracted into 2 -many flowered ver- 
ticels, these subtended by two persistent or de- 
ciduous bracts 8 

3(2). Leaf blade entire, not rugose, usually broader 
above the middle S dorrii 

3. Leaf blades crenulate to crenate, rugose, usually 
broader below the middle 4 

4(3). Stamens included or barely exceeding the upper 
corolla lip; corolla 8 -12 mm long 5 

4. Stamens far exserted from the upper corolla lip; 
corolla 15 -25 mm long 6 

5(4). Leaves green above, canescent tomentose be- 
neath, 3 -6 cm long S mellifera 

5. Leaves cinereous pubescent on both surfaces, 2 -3 

cm long S munzii 
6(4). Calyx teeth wholly united S leucophylla 
6. Calyx teeth free 7 

7(6). Lower leaf surfaces ashy tomentose S. clevelandii 
7. Lower leaf surfaces green; glabrous or hispidulous, 

but not ashy tomentose with appressed hairs 
S. mohavensis 

8(2). Corolla red, scarlet, purplish -red, or pinkish . . 9 

8. Corolla not red, scarlet, purplish -red, or pinkish, 
commonly blue, violet, or purple 15 



9(8). Corolla longer than 4 cm 10 
9. Corolla shorter than 4 cm 12 
10(9). Calyx not inflated S splendens 
10. Calyx inflated 11 
11(10). Leaves broadly deltoid- ovate, less than 5 cm 

long S regla 
Leaves ovate, 5 -12 cm long S sessei 
Corolla tube swollen 13 
Corolla tube not swollen 14 
Leaves narrowly oblong, lineal- oblanceolate, or 
broadly elliptic, margins entire, commonly cul- 
tivated S greggii 

13. Leaves ovate, margins serrate or crenulate- serrate, 
uncommon in cultivation S microphylla 

14(12). Leaves coarsely repand- toothed or crenately in- 
cised, lower leaves with 2 -3 leaflets 

S roemeriana 
14. Leaves entire, crenate, or serrate .... S. coccinea 
15(8). Corolla longer than 40 mm . . S. 'Purple Majesty' 
15. Corolla less than 40 mm long 16 
16(15). Calyx 15 mm long or longer S mexicana 
16. Calyx shorter than 15 mm 17 
17(16). Calyx broadly funnelform in fruit, leaves broadly 

deltoid- ovate, shrubs with woody branches . . 18 
17. Calyx nearly tubular to campanulate in fruit, 

leaves not broadly deltoid- ovate, herbs or 
shrubs 19 

18(17). Leaves green and rugose above, densely stellate - 
tomentose beneath S ballotaeflora 

18. Leaves not rugose above, green and glabrate on 
both surfaces S pinguifolia 

19(17). Calyx densely blue or purple lanate 20 
19. Calyx glabrous or pubescent, but not densely blue 

or purple lanate 21 
20(19). Leaves linear -lanceolate, glabrate and rugose 

above, white -tomentose beneath, corolla densely 
pubescent and about 25 mm long . . S. leucantha 

20. Leaves linear to ovate, green and glabrate on both 
surfaces, corolla 15 -25 mm long .... S. farinacea 

21(19). Leaves linear to narrowly -oblanceolate 22 
21. Leaves elliptic to ovate or lanceolate 23 
22(21). All leaves linear, entire, and fascicled S. reptans 
22. Lower leaves lanceolate, or oblong -lanceolate, 

with denticulate or serrate margins, upper leaves 
sometimes rather linear S azurea 

23(21). Leaves elliptic, 10 -16 mm long, canescent- 
tomentose, plants with a grayish cast 

S chamaedryoides 
23. Plants glabrous or sparsely pubescent, but not 

canescent -tomentose, plants with a green cast . 24 
24(23). Flowers opposite, in racemes 3 lycioides 
24. Verticels with 3 or more flowers. . S. 'Indigo Spires' 

Species Descriptions 
1. Salvia apiana Jepson. WHITE SAGE, GREASEWOOD. 

White sage is a subshrub or shrub to 1 -3 m tall that is 
woody at the base, and has herbaceous upper branches. The 
leaves are 3 -10 cm long, lanceolate- oblong in outline; acute 
or obtuse at the apex and rounded at the base. The leaves are 
petiolate, and mostly crowded near the base of the branch. 
The inflorescence is composed of lax glomerules arranged 
in thyrsoid panicles 2 -15 dm long. Bracts are 5 -20 mm long, 

Figure 2. Glomerules arranged in a panicle as in Salvia 
apiana. 

ovate -lanceolate to narrowly oblanceolate and reflexed in 
age. Calyx 5 -7 mm long; the upper lip truncate to shallowly 
three -toothed; the lower lip with two triangular teeth. The 
white or pale lavender flowers are 12 -21 mm long. The 
stamens and style are both well exserted. White Sage grows 
in sandy washes and on rocky hillsides from southern 
California to northern Baja California. (Bailey et al., 1978; 
Dufresne, pers. comm.; Munz, 1974; Shreve & Wiggins, 
1964) 

Salvia apiana is cultivated infrequently in southern 
Arizona, but has performed well. Plants are moderately fast 
growing, reaching a height of 1 meter after 1 -2 years in the 
ground, and require little supplemental watering since they 
are winter growers. They remain evergreen over the winter, 
and bloom in late winter or spring. The flowers are not 
showy, but the plant itself is quite attractive if pruned and 
kept dense. According to Munz (1974) and Epling (1938) S. 

apiana hybridizes freely with any other species it comes in 
contact with resulting in a variety of forms. 

(Continued on page 184) 
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Abstract 
Rubber Rabbitbrush (Chrysothamnus nauseosus), a 

common desert shrub native to the western United States, 
grows over a wide range of environmental conditions from 
Mexico to Canada. Rabbitbrush grows well in disturbed 
sites and can grow in saline soils. It has a high rate of net 
photosynthesis for a woody C3 plant and does not become 
light saturated at full sun. The many current and potential 
uses for the shrub include forage value for wildlife and 
livestock, landscape use, production of natural rubber, po- 
tential hydrocarbon crop, and potential source of natural 
insecticides and fungicides. Its potential has not been fully 
recognized. 
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Introduction 
Shrubs achieve landscape dominance for the most part 

only in habitats that place plants under considerable stress. 
Conditions that promote shrubby habitats are drought or 
aridity, nutrient poor soils, fire, shade, poor soil aeration, 
winter cold, short growing seasons, and wind (Stebbins, 
1972; McArthur, 1984). Several of these conditions are met 
in the western United States where shrub genera from 15 
plant families are landscape dominants (McArthur, 1984). 
One common western plant is rabbitbrush -the genus 
Chrysothamnus. This western North American endemic 
consists of 16 species (Anderson, 1986a). Three 
Chrysothamnus species are large and form species com- 
plexes consisting of several subspecies each (C. nauseosus, 
Rubber Rabbitbrush; C. parryi, Parry's Rabbitbrush; C. 
viscidiflorus, Low Rabbitbrush). The most diversified 
species is Rubber Rabbitbrush, which occurs in various 
subspecific forms from the Sonoran to subalpine life zones, 
from Canada to Mexico, and from the Great Plains to the 
Pacific Ocean (Figure 1). 

Chrysothamnus, especially C. nauseosus, is a vigorous 
pioneer plant in disturbed sites. It is common along road- 
sides and runoff areas where increased water supply in- 
creases its biomass. It is a source of browse for deer and can 
be used by livestock (Hanks et al., 1975; McArthur et al., 
1979a). Even more interesting is the fact that it contains 
natural rubber that, pending the results of current research, 
may have the potential for commercial production. The 
earliest record of rubber potential in Chrysothamnus 
nauseosus was in 1878 when Indians camped near St. 
George, Utah, taught some young boys how to make gum 
by chewing the inner bark of rabbitbrush. However, it was 
not noticed scientifically until about 1904 when A. J. 

Davidson brought a specimen of Chrysothamnus nau- 
seosus to the University of California for identification and 
noted that the Indians use it as a gum. 

About 14 years later, the plant attracted national atten- 
tion when Hall and Goodspeed (1919) published a paper on 
the presence of rubber in Chrysothamnus. At this time, the 
United States had recently been involved in a world war, 
and rubber was beginning to be an important component of 
the mechanized world. Hall and Goodspeed (1919) pub- 
lished an extensive study of over 60 western plant species 
and indicated that certain subspecies of Chrysothamnus 
nauseosus could be used to obtain natural rubber. They 
estimated that over 300 million pounds of rubber were 
present in the native populations of C. nauseosus growing 
in the western United States. 

Some effort was made at that time, along with similar 
efforts with guayule, to develop the potential of producing 
our own rubber (Campos -Lopez and McGinnies, 1978; 
McGinnies, 1979). Ostler et al. (1986) reported the rubber 
from Chrysothamnus was of good quality. After World War 
I, interest in rabbitbrush rubber declined and was not 
pursued. However, when World War II occurred and the 
plantations of natural rubber of the Asia Region were no 
longer accessible to the United States, the need for natural 
rubber once again increased interest in desert plants con- 
taining rubber. Both guayule and C. nauseosus were pro- 
moted as possible sources for natural rubber. The project 
involved planting large acreages and considerable effort 



went into selecting those subspecies that contained a high 
content of rubber. However, as soon as World War II ended, 
the rubber project was suspended. After nearly 4 years of 
work, the acres of cultivated Chrysothamnus plants were 
destroyed, and the project was essentially forgotten. Even 
the high yield acquisitions were not maintained and were 
eventually lost. 

More recently, additional interest has developed in this 
area and researchers have again begun to look for different 
populations of C. nauseosus to examine the potential for 
this desert shrub as a producer of natural rubber (Ostler et 
al., 1986). 

Taxonomy 
Rubber Rabbitbrush is a shrub that ordinarily ranges in 

size from 12 to 70 inches in height. However, plants have 
been found in a natural setting that are 10 to 12 feet in 
height with large tree -like trunks (Figure 2). Several erect 
stems arise from the base, each with moderately flexible 
leaflet branches (McArthur et al., 1979a; McMinn, 1980). 

There is abundant variation in C. nauseosus as Hall 
(1919) recognized: 

... Nothing can be more certain than that these attempts to 
recognize species and varieties do not by any means exhaust the 
resources of the group. Every autumnal excursion into a new 
district brings to light one or more forms not previously described. 
The only limits set to the number of new species or varieties 
which might be set up lie in one's ability to visit all parts of the 
field during the flowering period and the failure or disinclination 
to recognize minute variations. -(Hall, 1919). 

Hall and Clements (1923) recognized 20 subspecies. 
Some 50 years later, Anderson (1986 a and b) recognized 22 
subspecies, several of them different than those recognized 
by Hall and Clements. However, five subspecies are more 
common and widespread than the others. These are ssp. 
albicaulis, hololeucus, nauseosus, consimilis, and gra- 
veolens. The first three subspecies are white or gray stem- 
med and also have white or gray mature leaves (young 
leaves are green); the last two have green stems and leaves. 
Other subspecies of note include the montane ssp. 
salicifolius, which has white stems and broad green leaves, 
the sand -dwelling ssp. turbinatus, and the ephemeral 
leaved ssp. junceus (McArthur et al., 1979a; Anderson, 
1986a). The subspecies of C. nauseosus differ from one 
another by such characteristics as color of stem tomentum, 
pubescence of achenes and involucral bracts, shape of in- 
volucral bracts, leaf width and pubescence, and stigma and 
corolla dimensions (McArthur et al., 1979b; Anderson, 
1986a). 

Rabbitbrush (Chrysothamnus nauseosus) flowers are 
born in heads that in turn are raised into cymes, racemes, or 
panicles (Figure 3). The heads contain five yellow disc 
flowers and are subtended by involucral bracts (Figure 4) 
arranged into five more -or -less distinct vertical ranks. Each 
flower contains a pappus of abundant white slender capil- 
lary bristles. The flower consists of a five -toothed or cleft 
tubular to funnel- formed corolla with five stamens united 
by the anthers around the style and a pistil with two exerted 
stigmas (an ovary that develops into a one -seeded glabrous 
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Figure 1. Distribution of Chrysothamnus nauseosus in 
North America. From Anderson I986ó 

to densely pubescent achene). During the flowering period, 
which occurs in the late summer, it is a spectacular plant to 
observe (Figure 5). It adds a brightly colored yellow flower 
in the fall to the otherwise relatively dull landscape. 

The plant is self -fertile and thus the amount of hybridiza- 
tion that occurs is somewhat limited. Examination of buds 
in various stages of development reveals that the anthers 
open to release pollen just as the buds are opening (McAr- 
thur et al., 1979a). As the buds continue to open, the anther 
tube is pushed above the corolla by elongating filaments. At 
the same time, the style is elongated and pushes the stig- 
mas up through the anther tube until the stigmas are 
completely exerted at full bloom. The stigmas then sepa- 
rate to expose their receptive inner anther tube of the same 
flower. By this stage of development, most if not all of the 
pollen from another tube of the same flower is shed. The 
later maturing stigmas, particularly from the first flowers 
on an individual shrub, indicate that Chrysothamnus is 
predominantly self -fertilized (Anderson, 1966; McArthur 
et al., 1978). Pollen from the later development of flowers in 
the same head or from other heads in the bush can be 
transferred to receptive flowers on that bush. The genus is 
not apomictic (Anderson, 1966). Fruits mature in October 
and November and the seed can germinate almost im- 
mediately. There are 43,714 seeds per ounce (Plummer et 
al., 1968). 

Rubber Rabbitbrush is entirely diploid (x =n =9) although 
polyploidy does occur to a limited extent in Low Rabbit- 
brush, C. viscidiflorus (Anderson 1966, 1971). So, although 



Figure 2. Large plants of Chrysothamnus nauseosus near 
Palmettu, Nevada. 
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Figure 3. Drawings of Chrysothamnus nauseosus sub- 
species. A: C. nauseosus ssp. albicaulis, McArthur and 
Blauer N -18, Wells, Elko Co., NV (0.8X). B: C. nauseosus 
ssp. consimilis, McArthur and Blauer N -42, Deeth, Elko 
Co., NV (0.6X). C: C. nauseosus ssp. graveolens, Blauer 
291A, Henryville, Garfield Co., UT (0.5X). D: C. nauseosus 
ssp. salicifolius, Tiernan s.n., Strawberry Valley, Wasatch 
Co., UT (1.1X) from McArthur et al. 1979a. 
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Figure 4. Flowers of Chrysothamnus: A: pappus; B: 
corolla; C: stigma; and D: flower head. A -C are C. parryi 
ssp. attenuates (the arrow is on an involucral bract, the 
scale is in mm); D is C. nauseosus ssp. salicifolius (7X). 
From McArthur et al. 1979a. 

hybridization does not ordinarily occur between the sub- 
species, such hybridization might be possible through the 
medium of biotechnology. 

Ecology and Physiology 
Ecology. With its inherent variation and wide distribu- 

tion (Figure 1), Rubber Rabbitbrush, as might be expected, 
occurs over a wide range of habitats. For example, ssp. 
consimilis is sometimes referred to as "Salt -rubber rabbit - 
brush" because it occurs in association with Black Grease - 
wood on alkaline flats; ssp. salicifolius is a montane taxon 
occurring usually with mountain Big Sagebrush, (Ar- 
temisia tridentata ssp. vaseyana), and Quaking Aspen, 
(Populus tremuloides); and ssp. turbinatus only grows in a 

1985 

Table 1. Net photosynthetic rates (Pn) of Chrysothamnus 
nauseosus ssp. albicaulis and six other woody species under simi- 
lar environmental conditions. All plants were growing outdoors 
under irrigation except for A. tridentata, which was measured on a 
native site after a heavy rainfall. Plus /minus values indicate stan- 
dard or error of the mean (n = 4).* 

Species mgCO2 dm-2 hr' mgCO2 g-' D. W. hr' 

Chrysothamnus nauseosus 
Acer saccharinum 

45.9±1.2 
16.8±1.9 

31.3± 1.8 
21.0 ±2.4 

Artemisia cana 26.8 ±2.9 17.4 ±2.3 
Artemisia tridentata 30.0 ±3.8 13.9± 1.0 
Atriplex canescens 55.8 ±2.7 30.2 ±2.0 
Ephedra viridis -_ ** 5.2 ±0.5 
Malus domestica 23.1 ±2.1 18.9±1.7 

*Adapted from Davis et al (1985). 
**This species has photosynthetic stems and bears no leaves. 

Hence Pn on a leaf area basis cannot be calculated. 

sandy matrix. Even though the species is widespread and 
often locally abundant, it does not form pure stands except 
in disturbed areas. Rather, in natural climax communities 
it is a component of a mixed plant community. It is success- 
ful in many distributed communities perhaps because of its 
highly mobile, aerially distrubed achenes and rapid seed- 
ling establishment (Hall and Clements, 1923; Hanks et al., 
1975; McArthur et al., 1979a). In mixed communities the 
production of Rubber Rabbitbrush is often a bonus to grass 
productivity; that is, grass production is the same with or 
without rabbitbrush, and therefore the rabbitbrush produc- 
tion is a bonus (Frischknecht, 1963; Farnsworth et al., 
1976). 

Physiology. Rubber Rabbitbrush fixes carbon dioxide by 
the C3 photosynthetic pathway as evidenced by its Ci3 /C12 
isotope ratios (B. N. Smith, personal communication). We 
have, however, observed that this plant exhibits high rates 
of net photosynthesis (Pn) compared to most other woody 
C3 species (Table 1). On both a leaf area and dry weight 
basis, rabbitbrush Pn is similar to that of the Ca desert 
shrub, Atriplex canescens. The RuBP carboxylase and in- 
tercellular CO2 contents of rabbitbrush are similar to those 
found in most C3 crop species (Davis et al., 1985). 

Another interesting physiological characteristic of rab- 
bitbrush is that Pn is not light saturated at light levels 
equivalent to full sun (Figure 6). This may be due to the 
presence of a tomentose vestiture on the leaf surface, which 
probably shades the chloroplasts (Figure 7). Many desert 
plants possess pubescence, which presumably is of adap- 
tive significance in reducing light absorbance. This results 
in reduced heat load and lower leaf temperatures (Ehle- 
ringer and Bjorkman, 1978; Ehleringer and Mooney, 1978). 

High rates of Pn in rabbitbrush are accompanied by high 
stomatal conductance values (Figure 6). However, these 
values were obtained on well- watered plants, and it is not 
known how rabbitbrush stomata respond to water stress. In 
any case, Rubber Rabbitbrush is capable of maintaining 
high Pn and stomatal conductance under non -stress peri- 
ods, hence the potential exists for high rates of dry matter 
accumulation per unit of biomass. 

Some preliminary evidence from Farnsworth et al. (1976) 



Figure 5. Chrysothamnus nauseosus in bloom. 
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Figure 6. Net photosynthesis (Pa) stomatal conductance 
(gH2O), and intercellular CO2 (ci) of Chrysothamnus 
nauseosus ssp. albicaulis [taken from Davis et al. (1985)1. 

suggested that Chrysothamnus viscidiflorus might be ca- 
pable of nitrogen fixation. This work needs confirmation, 
however, in light of the fact that the Farnsworth et al. (1976) 
report that Artemisia ludoviciana fixed nitrogen could not 
be confirmed (Wullstein and Harker, 1982). Frischknecht 
(1963) reported that the yield of Crested Wheatgrass forage 
was higher in areas where White Rubber Rabbitbrush was 
growing or had been growing prior to seeding. Yield was 
reduced in comparable areas where plants had been re- 
moved several years prior to seeding of the wheatgrass, 
which suggested that rabbitbrush may have had a beneficial 
effect on the soil. 

Rabbitbrush contains high amounts of rubber and resins 
indicating that the isoprenoid biosynthetic pathway is 
quite active in this species (Ostler et al., 1986; Weber and 
McArthur, unpublished). However, the factors that control 
the formation of these secondary products are not known 
and would make a worthwhile future investigation. 

Galls. Several distinctive galls occur on Rubber Rabbit- 
brush stems and flower heads (Wangberg 1976, 1981; 
McArthur et al., 1979b; McArthur, 1985). Two of the most 
distinctive are "callus" and "cotton" galls, which are in- 
duced by fruit fly larvae on stems of several subspecies of 
Rubber Rabbitbrush (Figure 8). The two galls are induced by 
two different but closely related fly species of the genus 
Aciurina (Diptera: Tephritidae). The fly taxonomy is still 
being worked out. Nevertheless, it appears that in areas of 
concurrent fly species and rabbitbrush sympatry, the fly 
species A. bigeloviae induces cotton galls on Green - 
stemmed Rubber Rabbitbrush (C. nauseosus ssp. graveo- 
lens, turbinatus, and consimilis), whereas the fly species A. 
trixa induces galls on White- stemmed Rubber Rabbitbrush 
(C. nauseosus ssp. albicaulis and hololeucus). In these 
sympatric areas then, the fly- induced galls aid in plant 
identification. In uniform rabbitbrush populations the host 
specifity of gall forms is not as clear -that is, flies are not 
bound as closely to "their" rabbitbrush subspecies. 

Reproduction and Propagation 
Seeds of Chrysothamnus. Chrysothamnus seeds, techni- 

cally achenes, are harvested late in the year after the fruit 
set. The seeds are small in size but relatively easily col- 
lected in the field (Plummer et al., 1968). 

Investigation of the seed germination properties of 
Chrysothamnus suggests the following points: 

Under cool nights (40.5 °F) and warm days (59 °F), 

Chrysothamnus germinates in as little as 2 days. Under a 
standarized single cool- temperature seed germination con- 
dition, the seeds collected in the southern region germinate 
more rapidly (about 2 weeks) compared to seeds collected in 
the northern region, which take about a month (McArthur 
et al., unpublished). Seeds do not appear to have a high 
temperature requirement for germination (Khan et al., un- 
publ.). While Chrysothamnus plants are tolerant to saline 
soil, it is of interest to note that seed germination was 
inhibited by increased concentrations of salts. This 
suggests that rains are important in leaching the salts so 
that germination can occur. Stevens et al. (1986) have 
shown that placement of the achene with the tip down in 
the soil (pappus up) is important. 

Propagation by Division. The rabbitbrush crown can be 
cut and divided into several new plants (Hall and Clements, 
1923). Only a limited number of new plants can be obtained 
by this method, however. Propagation by division is most 
successfully achieved when the plants are dormant. 

Propagation by Cuttings. Thus far, it has been difficult to 
propagate Rubber Rabbitbrush from cuttings (Everett et al., 
1978; McArthur, unpublished). Softwood cuttings placed 
under mist tend to rot before adventitious roots form. Some 
rooting has been obtained with semihardwood cuttings 
(shoot diameter approximately .08 inches) taken from 
plants that were not growing rapidly. About 25% of these 
cuttings rooted without mist within 6 weeks after place- 
ment into a perlite rooting medium. To date, we have had 
little success in propagating dormant hardwood cuttings 
taken from stock plants in mid -winter. Even without mist, 
these cuttings tend to rot after several weeks. 

Root -inducing chemicals have thus far not been very 
useful in propagating rabbitbrush. Our trials have been 
limited, however, and more work is needed to develop 
techniques for improving rooting. 

Propagation by Tissue Culture Regeneration. In contrast 
to propagation by cuttings, considerable success has been 
achieved in regenerating White Rubber Rabbitbrush using 
tissue culture techniques (Upadhyaya et al., 1985). When 
apical meristems of stock plants are removed by pruning or 
pinching, a large number of axillary buds are released from 
apical dominance. When about 0.5 inch long, these axillary 
shoots can be excised, surface -sterilized, and placed on a 
Murashige and Skoog (1962) basal medium. When the cul- 
ture medium is supplemented with auxin (1 mg/1), roots 
begin to form within about 1 week after initiation of the 
cultures (Fig. 9). When placed on a medium supplemented 
with cytokinins, axillary stem explants produce many 
offshoots that can be transferred to an auxin -containing 
medium. Callus formation generally becomes evident after 
about 8 weeks. Initially this callus is morphologically 
heterogeneous, but upon subculturing becomes very uni- 
form and grows rapidly. The callus formed in the cultures 
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Figure 7. Tomentose vestiture of Chrysothamnus nau- 
seosus ssp. albicaulis leaves shown using scanning elec- 
tron microscopy (300X). 

may be useful in future studies using genetic engineering 
and protoplast fusion techniques to manipulate the rubber 
or resin content in rabbitbrush. 

Successful in vitro regeneration of rabbitbrush can also 
be achieved using 0.4 to 0.5 -inch long excised stem seg- 
ments, provided proper -sized sections are used. Stem seg- 
ments that are about .01 inch in diameter are more success- 
fully regenerated than small or larger explants (Upadhyaya 
et al., 1985). 

Current and Potential Uses of Rubber Rabbitbrush 
Forage Value. Rabbitbrush is a browse plant that can be 

used by game and livestock. The browse value of the 
individual species vary according to subspecies and 
ecotypes. The white or gray subspecies such as albicaulis 
and salicifolius are more palatable to livestock and big 
game than are the green subspecies graveolens and con - 
similis (McArthur et al., 1974; Hanks et al. 1975). During 
most of the summer, wildlife and livestock will browse the 
plant only lightly and in many cases not at all. However, in 
the late summer and fall when rabbitbrush is in bloom, 
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Figure 8. Callus (left) and cotton (right) galls on C. nau- 
seosus ssp. hololeucus and ssp. graveolens, respectively, 
from McArthur et al. 1979b. 

most livestock and game will graze the flowers and occas- 
sionally a few leaves and tender stems. During the winter, 
rabbitbrush is browsed heavily. Rubber Rabbitbrush was 
found in 48% of the deer stomachs examined on a winter 
range in Owen's Valley in California, even though it repre- 
sented only about 6% of the total food ingested (Sampson 
and Jesperson, 1963). Crude protein content ranges from 
9% during the dormant months to 11.8% in the spring after 
the new leaves are formed (Sampson and Jesperson, 1963). 

Most of the subspecies of Chrysothamnus nauseosus are 
among the latest bloomers of the genus. This is of practical 
value to foraging insects at that time of the year when most 
nectar sources are no longer producing. Late -season nectar 
collected by bees produces a strong -flavored honey (McAr- 
thur et al., 1979a). 

Landscape Uses. Rubber Rabbitbrush, especially the 
white -stemmed subspecies (ssp. albicaulis, hololeucus, 
salicifolius, and nauseosus), has potential value as an or- 
namental landscape plant (Figure 10). Over the past few 
years considerable concern has arisen about the availability 
of water for use in irrigating landscape plantings in the arid 



Figure 9. Root formation in Chrysothamnus nauseosus 
treated with auxins, tubes 1 -3 -IBA 1 mg/ml, tubes 
4 -5 -NAA i mglml (left to right). 

western United States. For this reason, there has been a 

trend toward the use of native plant materials that require 
little water for survival. Rabbitbrush characteristically re- 
quires little water and exhibits several desirable ornamen- 
tal qualities. The plant's rugged appearance blends nicely 
into the general surroundings of most arid Western land- 
scapes. The gray -green foliage of White Rubber Rabbit - 
brush contrasts well with both the dark greens of other 
shrubs and with the brilliant colors of annual and perennial 
flowers. The fall- blooming characteristic of rabbitbrush is 
desirable because few landscape shrubs bloom at this time 
and the brilliant yellow flowers blend nicely with the 
autumn colors of other woody species. The plant could be 
useful in a number of adverse landscape situations such as 
parking strips, hot /dry slopes, or wherever alkaline soils are 
a problem. White Rubber Rabbitbrush generally does best 
in sunny locations, although we have observed plants grow- 
ing nicely on native canyon sites that receive only about 2 
hours of direct sun per day. 

Potential Use of Chemical Components in the Plant 
Chrysothamnus nauseosus is an impressive chemical 

factory. Preliminary chemical analysis indicates that about 
500 secondary metabolite compounds (terpenes, phenols, 
etc.) are present. Only about half of these compounds have 
been identified at this time. They indicate a rich source of 
chemical diversity. The rubber content has attracted the 
most interest because of the increased demand for natural 
rubber. For example, McGinnies (1979) estimated that the 

demand for natural rubber will outstrip the supply during 
the 1980's. In addition, the production areas that are capa- 
ble of growing the Rubber Tree (Hevea brasiliensis) are 
somewhat limited because of the tree's requirement for 
tropical conditions. Another plant, Guayule (Partheni um 
argentatum ), is a potential rubber- producing desert shrub 
that has attracted a lot of attention (Polhamus, 1962; 
Hayman et al., 1983; Johnson and Hinman, 1980; Benedict 
et al., 1983). In many ways, Chrysothamnus and Guayule 
have similar characteristics in that they are both nonlatex 
rubber producing plants of the aster or sunflower family. 
The harvesting and extraction process will probably be 
similar, and the same rubber processing plant could likely 
be used for both plant tissues. 

Natural rubber consists of cis 1, 4 polyisoprene units. 
While natural rubber occurs in over 200 species of plants, 
including even dandelions and goldenrod, the major com- 
mercial source is from the Hevea brasiliensis tree. The 
majority of natural rubber is used in rubber tires because of 
its durability. The increased cost of raw materials for mak- 
ing synthetic rubber is an important factor in the value of 
these desert shrubs as potential rubber sources. In 1910, 
guayule provided as much as 10% of the rubber resource in 
the United States. Chrysothamnus has similar concentra- 
tion of rubber as guayule and potentially could be used just 
as easily. There appear to be no structural differences 
between the rubber from guayule, Hevea, and Chryso- 
thamnus. Hall (1919) evaluated the quality of 

(Continued on page 208) 
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Professor John James Thomber, who came to Arizona in 
1901 and was among the first resident botanists in the 
Territory, quickly recognized the need for a flora of 
Arizona. In a memo to the President of the University of 
Arizona, he wrote, "Little is known concerning the number 
and distribution of our flora and fauna and practically 
nothing with respect to their ecological significance and 
biological relations. Up to this time no systematic study of 
the plants or animals has been attempted, and though many 
scientists, some of note, have made extensive collections 
from time to time during the past forty or fifty years within 
the present territorial limits, the work has always, of neces- 
sity, been of a fragmentary nature. ...Considering the above 
and also the fact that no advanced scientific progress can be 
made until something proximate is known as to the 
number, character and distribution of species within our 
borders... I have felt justified in beginning the Botanical 
Survey of Arizona. "2 While begin it he did, end it he did not, 
and Arizona did not have its first flora for forty years. 

After he received a master's degree at the University of 
Nebraska in 1901, Thornber worked at the University of 
Arizona until his retirement in 1943, as botany teacher, 
botanist of the Agricultural Experiment Station, and Dean 
of the College of Agriculture. In spite of his busy schedule, 
he devoted himself to building up the University of Arizona 
herbarium, and added 100,000 specimens in the 42 years of 
his tenure at the University.3 He was well regarded in the 

'Letters quoted in this paper are in the archives at the Arizona 
Historical Society, Tucson (AHS), the University of Arizona 
Library Special Collections (SC), or the Herbarium of the Univer- 
sity of Arizona (H). 
2J. J. Thomber to F. Y. Adams. 31 December 1901 (H). 
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community. D. T. MacDougal, director of the Carnegie 
Institution's Desert Laboratory on Tumamoc Hill just west 
of Tucson, characterized Thomber as "a man of very good 
common sense" whose opinions on irrigation and plant 
cultivation were well worth listening to.4 

In pursuit of his work on the flora of Arizona, Thomber 
took a leave of absence from the University in 1911 and 
1912 to visit major herbaria in the eastern United States, 
particularly the Gray Herbarium at Harvard and the U.S. 
National Herbarium at the Smithsonian Institution, both 
of which had extensive holdings of Arizona plants. But after 
his return to Arizona, Thornber became bogged down, as 
has many a botanist before and since, in the taxonomy of 
cacti. At one point, MacDougal wrote to J. N. Rose, who, 
with Nathaniel L. Britton, wrote a magnificent, multi - 
volume treatment of the Cactaceae, "Professor Thomber is 
busy trying to make a key of the cacti and especially of the 
opuntias for his 'Flora of Arizona' and seems to be paying a 
good deal of attention to the seeds and seems also to be very 
much disturbed about a lot of material that will not go into 
any of the present species. "5 Two years later, Thornber was 
still hung up on the cacti, and Rose complained to Mac - 
Dougal that Thornber claimed he had fifty new species of 
Opuntia from Arizona.6 MacDougal replied that Thomber 
"is disposed to complicate matters a little bit with respect 
to cacti, and I am losing enthusiasm about his work and his 
scheme for a flora of Arizona. "7 

Little was heard about the flora of Arizona until 1927, 
when Ivar Tidestrom, a Swedish -born botanist who had 
already written Flora of Utah and Nevada (1925), appeared 
on the scene, evidently eager to take up the task of prepar- 
ing a flora for Arizona. Forrest Shreve, plant ecologist at the 
Desert Laboratory, was to write a chapter on the vegetation 
of Arizona for Tidestrom's book, and Thornber was to 
prepare keys and descriptions of the grasses.$ 

Tidestrom's career is closely tied to that of Edward L. 

Greene, one of the great mavericks of American botany. 
Greene was independent of mind and tireless in pursuit of 
new species, but in the long run, his contributions were 
overshadowed by his eccentricities, which included his 
belief in the fixity of species; his insistence on strict prior- 
ity of plant names going back before the time of Linnaeus, 
even though such a policy is virtually unworkable; and his 
publication of hundreds of new species without any at- 
tempt to work them into the fabric of existing knowledge 
(Ewan 1950). 

Tidestrom appears to have been a satellite in Greene's 
rather eccentric orbit. In 1891 Tidestrom enrolled at the 
University of California in Berkeley, where Greene taught 
botany. Although Tidestrom started out as an engineering 
student, he took botany courses from Greene and soon 
switched from engineering to botany. Greene left the Uni- 
versity in 1895 for a teaching position at the Catholic 
University of America, and Tidestrom followed in 1897, 

3University of Arizona News Bureau, 23 November 1962 (H). 
4D. T. MacDougal to F. W. Oliver, 24 March 1910 (AHS). 
5D. T. MacDougal to J. N. Rose, 24 June 1914 (AHS). 
6J. N. Rose to D. T. MacDougal, 20 May 1916, (AHS). 
7D. T. MacDougal to J. N. Rose, 24 May 1916 (AHS). 
8F. Shreve to D. T. MacDougal, 23 May 1927 (SC). 
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receiving his Ph.D. a year later. Their paths diverged for a 
few years, when Greene left the Catholic University to go 
to the Smithsonian Institution in 1903, and Tidestrom 
went to the U.S. Department of Agriculture's Bureau of 
Plant Industry in 1904. While at the Smithsonian, Greene 
identified plant collections made on Forest Service land. It 
was a large project, and Tidestrom took over the work in 
1915, shortly before Greene died (Ewan 1950, Tidestrom 
and Kittell 1941, Dayton and Blake 1957). 

In the meantime, Tidestrom had collected in the West, in 
Utah in 1907 and 1908, in Arizona in 1908 and 1909, and in 
Colorado in 1910. In his job at the Bureau of Plant Industry, 
he found the lack of floristic manuals for the western states 
frustrating and often had to "search volumes of Railroad 
Surveys and other books for descriptions of species" (Tides - 
trom and Kittell 1941). This frustration led him to work on 
keys for a series of floras of western states (Dayton and 
Blake 1957), which resulted in publication of Flora of Utah 
and Nevada in 1925 and to further work on a flora for 
Arizona and New Mexico. 

By the time he started field work on the Arizona flora, he 
was just seven years away from retirement and had been 
behind a desk for many years. Evidently he was no longer 
much of a field botanist, and he nearly became lost in the 
Santa Catalina Mountains on a visit to Tucson in May 
1927. Shreve wrote to MacDougal that Tidestrom "left the 
trail about 100 yards below Mud Springs and went down to 
the stream to get water. He then kept along the stream and 
bore off to the east, apparently making no effort whatever to 
get back to the trail. His descent soon brought him into 
Sycamore Flats in the Bear Canyon drainage, where he 
spent Friday night. On Saturday morning he climbed a hill 
and decided to go down Bear Canyon to the desert. As you 
well know, this is a difficult operation, and it took him 
about a day and a half to accomplish it. I believe that he 
must have been somewhat affected by the heat or by 
unaccustomed exercise... I am afraid that he is not quite as 
tough as we had believed, nor as capable of looking out for 
himself under the blue sky as we had supposed. "9 

Tidestrom continued to work on a flora for Arizona for 

9F. Shreve to D. T. MacDougal, 23 May 1927 (SC). 

Thomas H. Kearney 

the next 14 years. By 1931, he had made enough progress 
that Shreve could inform a colleague, "Tidestrom is appar- 
ently just about ready with his parts of his flora of Arizona 
but is having difficulty in getting Blake to finish up the 
composites. Hitchcock has finished the grasses and Maxon 
refuses to move on to ferns until Blake makes further 
progress. I fear that I shall not live long enough to see the 
book. "10 The following year Shreve wrote W. R. Maxon at 
the U.S. National Herbarium, "I am still hoping that Tide - 
strom will come along with his Flora of Arizona before I am 
too old to sit up and use it. "" Three years later in 1935, 
Shreve wrote to A. S. Hitchcock at the Smithsonian Institu- 
tion, "We are still hoping very much that Tidestrom's work 
on the Flora of Arizona is making progress and that we will 
soon have it. After working so many years in this region 
without a manual or a flora it will indeed be a welcome 
book. "12 Long -time Arizona botanists must have been dis- 
heartened indeed at the news from Hitchcock that Tide - 
strom had retired in 1934 and that Thomas H. Kearney was 
starting work anew on the flora of Arizona.13 

Kearney had arrived at this point in a round -about way. A 
childhood interest in wildflowers - "and not always the 
handsome or showy ones, either," as he said -led him to 
study botany at the University of Tennessee and at Colum- 
bia University. He worked under several of the leading 
botanists of the day -N. L. Britton, F. Lamson -Scribner, F. 
V. Coville -from 1893 to 1900. However, his conscience 
bothered him because his work had so little useful applica- 
tion, and he turned from taxonomy to agriculture. For the 
next 44 years he worked in the Bureau of Plant Industry as a 
cotton breeder. (In recognition of his work in breeding 
long -staple Pima cotton, which proved to be of great benefit 
to Arizona agriculture, the University of Arizona awarded 
him an honarary doctorate in 1920). Kearney, who was 
stationed at Sacaton, Arizona, became interested in the 
Arizona flora around 1925, and with Robert H. Peebles and 
other colleagues, made many plant collecting trips around 

1OF. Shreve to P. C. Standley, 22 September 1931 (SC). 
"F. Shreve to W. R. Maxon, 15 January 1932 (SC). 
12F. Shreve to A. S. Hitchcock, 1 May 1935 (SC). 
13A. S. Hitchcock to F. Shreve, 9 May 1935 (SC). 
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the state on weekends while working at breeding cotton the 
rest of the week (Kearney 1958a, 1958b). 

In 1935, Kearney wrote to Shreve that he hoped to com- 
plete the manuscript of the flora within two or three years. 
He added, "I have heard rumors that Professor Thomber is 
working actively on the same project and I would like to 
have your opinion, confidentially, as to whether there is 
any likelihood of his completing the undertaking. In a way, 
he has priority in the matter, having begun working on the 
flora of the state long before Peebles and I started collect - 
ing. "14 Shreve, ordinarily a patient man, responded, "Pro- 
fessor Thomber is not actively working on the same project 
and there is no likelihood of his attempting it. He has 
recently been given a heavier teaching schedule and there is 
no chance for him to go to the eastern centers for work. He 
has been planning and promising to prepare a flora of 
Arizona for the last 27 years, and I think his intentions are 
no better now than they were in 1908. "15 

Although Kearney and Peebles had officially taken over 
the work on the flora of Arizona, the situation was far from 
simple, as Shreve informed MacDougal in 1937. "Tide - 
strom has a manuscript which is nearly complete and took 
it with him when he retired from the Agricultural Depart- 
ment. Thornber says he is working on a Manual of the 
Arizona Flora. Kearney and Peebles are working very 
energetically with the National Herbarium as their princi- 
pal foundation and they are so reticent that neither of them 
has been near the herbarium at the University of Ari- 
zona. "16 Thus, 36 years after Thornber first proposed his 
Botanical Survey of Arizona, there were not one, but three, 
separate floras of the state in the making. 

In 1940, Arizona was one of seven states that had never 
had a statewide floristic manual (Blake and Atwood 1942), 
and Arizona botanists were desperate. In teaching his 
botany classes at the University of Arizona, Lyman Benson 
was forced to use the manuals prepared by Philip A. Munz 
and by Willis L. Jepson for California. Although 60 percent 
of the spring- flowering plants were covered by these books, 

14T. H. Kearney to F. Shreve, 9 May 1935 (SC). 
15F. Shreve to T. H. Kearney, 28 May 1935 (SC). 
16F. Shreve to D. T. MacDougal, 1 May 1937 (SC). 

John Thomas Howell Elizabeth McClintock 

no more than 20 percent of the summer -flowering plants 
were, and for woodland and forest plants, he was forced to 
depend on Wooton and Standley's Flora of New Mexico, by 
then 25 years old, or on Gray's Synoptical Flora of North 
America, which was then 45 years old (Benson 1944). 

Finally, in 1941, Tidestrom's flora appeared. Co- authored 
with Sister Teresita Kittell, who collected in southern 
Arizona for Tidestrom after his retirement, the book was a 
flora of both Arizona and New Mexico. It treated 3,975 
species and included a brief summary of important plant 
collectors in Arizona and New Mexico and a discussion of 
vegetation belts, written not by Shreve, but by Tidestrom 
himself. 

The book was not well received. Herbert L. Mason, then 
professor of botany and director of the herbarium at the 
University of California, Berkeley, wrote, "the work is 
ambitious and as such worthy but one cannot read it 
without a feeling of regret. Much of the advance in botany 
of the past fifteen years is ignored" (Mason 1942). Cornelius 
H. Muller, taxonomist of the genus Quercus, cited exam- 
ples of such work: Philip A. Munz on Onagraceae, Carl 
Epling on Labiatae, and C. Leo Hitchcock on Lycium, 
among others. Muller pointed out that the species descrip- 
tions were too brief to be useful and that many of the keys 
did not work and some even contradicted the species de- 
scriptions. Nomenclatural flaws also spoiled the useful- 
ness of the book. Muller concluded that the price - 
$6.00 -was excessively high considering the book's con- 
tent and appearance (Muller 1942). 

Luckily, Arizona botanists did not have to wait long for 
Kearney and Peebles' flora of the state. In 1942, Flowering 
Plants and Ferns of Arizona was published by the U.S. 
Department of Agriculture and sold for $2.00. In addition to 
keys, the book contained a chapter on the vegetation of 
Arizona by Forrest Shreve and a history of plant collection 
in Arizona. Twenty -two experts prepared taxonomic 
treatments of various groups: for example, S. F. Blake did 
the Compositae, Carl Epling the Labiatae, Ivan M. Johnston 
the Boraginaceae, Jason R. Swallen the Gramineae. 

Flowering Plants and Ferns of Arizona was marked by 
Kearney's humane and scholarly touch throughout. His 

(Continued on page 211) 
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Salvias 
Continued from page 171 

2. Salvia azurea Michaux ex Lam. BLUE SAGE, BLUE SALVIA. 

Blue Sage is an herbaceous perennial with erect stems 
that grow to 0.3 -2 m tall. Leaves are up to 10 cm long and 4 
cm wide, linear, lanceolate, or oblong -lanceolate in out- 
line; obtuse or acute at the apex and cuneate at the base; the 
margins are denticulate or serrate. The inflorescence is 
either simple or paniculate, individual spikes 5 -30 cm long; 
whorls are composed of 1 -18 flowers and spaced 0.3 -4 cm 
apart. The deciduous bracts are linear -lanceolate, 2 -4 mm 
long and 0.5 -2 mm wide. The calyx is 4.5 -10 mm long, 
oblong- campanulate, and appressed -hispidulous. It is 
obscurely bilabiate. Flowers are a deep cerulean blue or 
rarely white,15 -25 mm long; tube exserted beyond calyx, 
6.5 -12.5 mm long; upper lip 4 -8 mm long; lower lip 8 -20 
mm long, three -lobed and emarginate. Blue Sage is wide- 
spread in the eastern and southern United States. (Bailey, 
1902; Bailey, 1928; Bailey, 1949; Bailey et al., 1978; Bush - 
Brown and Bush -Brown, 1980; Chittendon, 1956; Clark, 
1979; Correll and Johnston, 1970; Dufresne, pers. comm.; 
Everett, 1960; Nehrling, 1964; Nicholson, 1887 -1889; 
Peterson, 1978; Pizzetti and Cocker, 1968; Synge, 1969; 
Taylor, 1961; Thomas 1976). 

Salvia azurea is a highly variable species and is currently 
divided by Peterson (1978) into two subspecies: 

ssp. azurea 
S. angustifolia Michx. non Cay. 
S. azurea Michx. var. angustifolia 

This has glabrous or minutely and sparsely hirtellous 
stems with a lax inflorescence, and verticillasters consist- 
ing of 6 or fewer flowers. Some plants cultivated as Salvia 
angustifolia Cay. may actually be S. reptans Jacq. which 
can be distinguished by its shorter, narrower leaves and 
axillary fascicles of numerous leaves. 

ssp. pitcheri (Ton. ex Bentham.) Epling 
S. azurea Michx. var. grandiflora 
S. pitcheri Torr. 
S. pitcheri Torr. var. angustifolia 

This is characterized by weakly cinereous stems, a 
densely appressed -hirtellous calyx, and a more congested 
inflorescence, with 16 -18 flowers in each verticillaster. 
Some material offered as S. azurea var. grandiflora may 
actually be S. farinacea, which can be distinguished by the 
stem leaves with petioles longer than 1 cm. (Bailey, 1902; 
Bailey, 1928; Chittendon, 1956; Peterson, 1978) 

Salvia azurea was introduced to the horticulture trade in 
1806 (Chittendon,1956) and has been cultivated widely 
ever since. The species is hardy to 10 degrees F, and fast 
growing. When topped by the long, dense spikes of blue 
flowers, the plants are quite showy. They can be planted in 
full or filtered sun, but require some supplemental water in 
the summer months. 

3. Salvia ballotaeflora Bentham. MEJORANA, CRESPA, 

BLUE SAGE. 

Mejorana is a shrub to 2.5 m tall with tomentose- 
canescent stems. Leaves are 1 -4 cm long, broadly ovate- 

deltoid to oblong -elliptic. They are obtuse at the apex; 
truncate -cuneate to subcordate at the base, and have cre- 
nate to coarsely dentate margins. The leaf blades are rugose, 
green and glabrate above; white stellate -tomentose be- 
neath; petioles 3 -12 mm long. The inflorescence is a dense 
or lax spicate raceme 1 -5 cm long with 1 -3 flowers in each 
verticillaster. The caducous bracts are 1 -2 mm long. The 
broadly funnelform calyx is 5 -10 mm long; tomentulose 
and glandular -punctate; with three broadly ovate, obtuse, 
and subequal lobes; calyx pendulous in fruit. Flowers are 
bluish or purplish, about 12 mm long. The tube is 4 -6 mm 
long and somewhat inflated, the upper lip 4 -5 mm high; 
lower lip 4.5 -6.5 mm long. Blooms from January to October. 
Mejorana grows in rocky, sandy, or gravelly soil from 
western Texas south throughout the Chihuahuan Desert to 
San Luis Potosi and Hidalgo, Mexico. (Correll and 
Johnston, 1970; Epling, 1939b; Simpson, pers.. comm.) 

Salvia ballotaeflora has been grown at the Texas Experi- 
mental Station since 1974. Plants are grown in full sun and 
are hardy to 30 degrees F. They are slow compared to other 
Salvias, taking two years to reach mature size. The plants 
are quite drought tolerant and require little supplemental 
water once they are established. (Simpson, pers. comm.) I 

have not grown the species in Tucson yet, but expect that it 
would be adaptable to our climate, and should be tested. 

4. Salvia chamaedryoides Cay. GERMANDER SAGE. 

Germander Sage is an herbaceous perennial or subshrub 
which grows to 20 -50 cm tall with many stems ascending 
from a woody base. Leaves are 10 -16 mm long and 4 -7 mm 
wide. They are elliptic or oblong in outline, obtuse at the 
apex and cuneate at the base with entire or crenulate 
margins. Leaf blades are canescent -tomentose, and subses- 
sile or on petioles to 2 mm long. A 10 -30 cm long spicate 
raceme, with 4 -6 flowered verticillasters top the plants in 
the summer and fall. Bracts are small, being 5 -6 mm long, 
and deciduous. The 7 -12 mm long calyx is cylindrical - 
campanulate; gray -green and tinged with blue or violet 
towards the teeth. The upper lip is about 4 mm long and 
entire, while the lower lip is about 3 mm long with two 
teeth. Flowers are deep violet -blue and 15 -17 mm long. The 
tube is 7 -8 mm long, upper lip 4 -9 mm high, and lower lip 
8 -9 mm long, 10 mm across. Germander Sage occurs from 
2300 -3000 meters in central and southern parts of the 
Chihuahuan Desert Region. (Epling, 1939b; Nicholson, 
1887 -1889; Standley, 1920; Synge, 1969). 

Introduced into European horticulture in 1795 and re- 
cently reintroduced into horticulture in the southwestern 
United States. Plants have been tested for their landscape 
potential for the last five years and have thus far proven to 
be readily adaptable to the climate of southern Arizona. 
Plants are evergreen, and fast growing, reaching mature size 
in one or two seasons in the ground. They are drought 
tolerant and hardy to at least 25 degrees F. The small blue 
flowers top the numerous ascending branches throughout 
the warm season. 

5. Salvia clevelandii (Gray) Greene 
A rounded shrub growing to 1 m tall and wide, with 

pubescent stems. The 1 -3 cm long leaves are elliptic -oblong 
or obovate in outline; obtuse at the apex and narrowed at 



Starr New World Salvias 185 

the base. The margins are crenulate. The blades are rugose 
above, grayish tomentulose beneath, on petioles 3 -6 mm 
long. A single terminal glomerule or sometimes 2 -3 
glomerules are arranged in an interrupted spike. Bracts are 
ovate and shorter than the calyx. The 8 -10 mm long calyx is 
glandular -hispidulous. Dark violet -blue flowers are 21 -22 
mm long. The tube 12 -18 mm long, upper lip 6 -8 mm high, 
and lower lip 3 -4 mm long. Native to chaparral and coastal 
sage scrub communities in southern California and north - 
em Baja California. (Bailey et al., 1978; Clark, 1979; Epling, 
1938; Munz, 1974) 

Salvia clevelandii has been cultivated in the southwest 
since 1949. According to the files at the Rancho Santa Ana 
Botanic Garden, the plants have been short -lived, needing 
replacement every 5 -10 years. In southern Arizona, Salvia 
clevelandii is an evergreen, fast growing shrub. Growth 
occurs in winter and spring, and flowers appear in spring 
and early summer. Plants should be planted in the fall to get 
them established before summer dormancy. The species 
has proven to be hardy and requires little supplemental 
water once established. Plants should be given a well aer- 
ated soil to reduce the chances of root rot in the hot, wet 
summer months. 

6. Salvia coccinea Juss. ex Murr. TROPICAL SAGE, SCARLET 
SALVIA, TEXAS SAGE. 

S. pseudococcinea Jacq. 
Tropical Sage is an annual, or perennial and subshrubby to 

0.6 -1 m tall with stems glabrate to canescent -pubescent 
near the top, and hirsute with long, spreading hairs at the 
base of the plant. Leaves are ovate or deltoid- ovate, 2.5 -7 cm 
long, 5 cm wide. Blades are acute or obtuse at the apex, and 
truncate or cordate at the base, with crenate margins. They 
are soft tomentose beneath, with petioles 1 -3.5 cm long. 
The inflorescence is a spicate raceme, with 6 -10 flowered 
verticillasters spaced 3 -5 cm apart. Bracts are small and 
ovate -acuminate. The tubular -campanulate calyx is about 
7 mm long; upper lip is entire and purplish; lower lip with 2 
acute teeth. Deep scarlet flowers are about 25 mm long. 
The tube 13 -20 mm long, upper lip 3.5 -5 mm long, and 
lower lip 7 -10 mm across. Stamens and style are exserted. 
The species occurs in a wide variety of habitats in the 
south -eastern United States, south through Mexico, Cen- 
tral America, and into Peru. (Bailey, 1928; Bailey, 1949; 
Bailey et al., 1978; Chittendon, 1956; Correll and Johnston, 
1970; Epling, 1939b; Everett, 1960; Graf, 1982; Nicholson, 
1887 -1889; Simpson, pers. comm.; Standley and Williams, 
1973; Synge, 1969; Taylor, 1961) 

S. coccinea includes many horticultural cultivars some 
of which may not still be in cultivation: 
'Bicolor' -has a white upper corolla lip and brilliant 

carmine -red lower corolla lip. 
'Lactea' -has white flowers. 
var. major Regel was considered by Bailey (1928) to be a 

subshrub to 1.5 m tall, less canescent- pubescent and 
have larger scarlet red flowers than the type, but Epling 
(1939b) considered this variety to simply fall within the 
range of variation for the species. 

'Nana' -is dwarf and bushy. 
'Nana Carminea' -was available in 1928. 
'Nana Compacta'- compact and bushy. 

var. pseudococcinea Gray is considered a synonym by Epl- 
ing (1939b). 

'Punicea' -is a larger, more slender plant with bright red 
flowers, a denser inflorescence, and later flowering than 
the typical form. 

'Punicea Nana' -is dwarf and dense. 
'Rosea Nana' -had been available. 
'Splendens' -a synonym of var. punicea 
(Nicholson, 1887 -1889; Bailey, 1902; Bailey, 1928; Chit - 
tendon, 1956) 

The form of Salvia coccinea that I have seen being grown 
in southern Arizona is a perennial which will stay ever- 
green in mild winters. Plants are fast growing and may 
reach a height of up to 1 meter. They will reseed and 
become somewhat weedy in areas with enough moisture 
for seedling establishment. The plants bloom continuously 
with enough warmth and moisture. 

7. Salvia dorrii (Kellogg) Abrams. GRAY BALL SALVIA. 

S. carnosa Douglas ex Greene 
Gray Ball Salvia is a low, rounded, much -branched shrub, 

reaching 1 -7 dm tall and 2 -15 dm wide. Leaves are variable 
in size and shape. They may be obovate, spathulate, or 
linear to narrowly obovate, 6 -30 mm long, 5 -13 mm wide. 
Blades are truncate to emarginate at the apex; and obtuse, 
rounded, or acute at the base; margins are entire or occa- 
sionally crenulate. The inflorescence is composed of 1 -5 

verticillasters in terminal or axillary interrupted spikes; 
glomerules 8 -15 mm long, 15 -30 mm wide, and spaced 6 -25 
mm apart. Bracts are variable in shape, ranging from orbicu- 
lar to ovate, obovate, or elliptic, 5 -16 mm long and 3 -15 mm 
wide. They are papery, and purple, blue, or rose. The calyx is 
purple, blue, rose, or even greenish- yellow, 5 -12 mm long, 
and 2 -6 mm wide. Flowers are bluish to deep purple or rose, 
seldom white; 9 -118 mm long. The cream or white tube is 5- 

13 mm long. Stamens are exserted 1 -5 mm. Gray Ball Salvia 
occurs in arid, sandy, or rocky places from eastern and 
central Washington south to southern California, east to 
western Idaho, western Utah, and northern Arizona; at 
elevations ranging from 300 -3050 meters. (Bailey et al., 
1978; Epling, 1938; Strachan, 1982) 

Gray Ball Salvia has been in cultivation at the Rancho 
Santa Ana Botanical Gardens since May 1957 and has 
recently been cultivated at Mountain States Nursery in 
Glendale, Arizona. The species is an evergreen, hardy, 
shrub. Plants are moderately fast growing and require some 
supplemental watering. According to Strachan (1982) there 
are two subspecies and four varieties of S. dorrii, which 
should provide a diversity of material for cultivation. 

8. Salvia farinacea Bentham. MEALY SAGE, MEALY CUP SAGE. 

Mealy Sage is an herbaceous perennial to 12 cm tall and 6 
dm across; stems minutely and canescently puberulent. 
Leaves are linear to ovate -lanceolate, or ovate. Blades are up 
to 10 cm long and 3 cm wide, acute or obtuse at the apex, 
and obtuse, cuneate, or rarely subcordate at the base. Mar- 
gins are coarsely and irregularly serrate. Slender petioles to 
4 cm long. The inflorescence is a dense terminal spicate- 
raceme to 15 cm long, each verticillaster with 6 flowers. 
Bracts are small and deciduous. The tubular calyx is 5 -8 
mm long; densely white or purplish tomentose when fresh, 
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turning brown or tan in age. Dark violet -blue flowers are 
15 -25 mm long; tube 6 -9 mm long; upper -lip 3 -6 mm long; 
lower lip 8 mm long and 10 mm wide. Plants bloom from 
April until they are killed back by frost. Mealy Sage occurs 
in a wide variety of habitats in central and east Texas and 
into New Mexico. (Bailey, 1902; Bailey, 1928; Bailey, 1934; 
Bailey et al., 1978; Bush -Brown and Bush -Brown, 1980; 
Chittendon, 1956; Correll and Johnston, 1970; Dufresne, 
pers. comm.; Epling, 1939b; Nicholson, 1887 -1889; Peter- 
son 1978; Pizzetti and Cocker, 1968; Synge, 1969; Taylor, 
1961; Thomas, 1976). 

There are three cultivars which have been offered in the 
nursery trade: 
`Alba' -has white flowers. 
`Blue Bedder' -to 60 -75 cm tall, with darker blue flowers 

than the typical species. 
`Victoria' -to 40 -60 cm tall and 45 cm wide. 

Cultivars 'Blue Bedder' and 'Victoria' are quite similar; 
both are smaller and more compact than the type, with 
'Victoria' being the smaller of the two. 'Victoria' seems to 
be the most common cultivar being grown although plants 
are rarely labelled to cultivar. 'Victoria' is a fast growing 
compact perennial, reaching a height of 60 -75 cm tall. 
Flowers appear on new growth throughout summer and 
fall. They should be cut back to remove old flowering 
spikes, and prevent them from becoming top heavy. They 
will continue to bloom until frost, when stems should be 
cut to ground level. Cultivar 'Alba' is being grown in 
southern Arizona and is available in the nursery trade. 
Plants I have seen were slightly larger than 'Victoria', but 
maintained a dense bushy appearance. Mealy Sage is best 
grown in filtered light to reduce water consumption. Plants 
grown in full sun require ample water, but are more com- 
pact. Salvia farinacea is sometimes confused with Salvia 
azurea (Blue Sage) from which it differs by having the 
densely pubescent calyx and petioles 1 cm long or longer. 

9. Salvia greggii A. Gray. AUTUMN SAGE, TEXAS SAGE, RED 

SALVIA. 

Autumn Sage is an evergreen shrub which grows to 
0.3 -1.5 m tall. Leaves are linear- oblong or elliptic in out- 
line, 1 -3.5 cm long. Leaf blades are obtuse at the apex, 
narrowed at the base, and have entire margins. They occur 
on short axillary shoots and appear fascicled. Flowers are 
arranged in loose, 5 -15 cm long terminal racemes. The 
ovate bracts are small and deciduous. The narrowly 
campanulate calyx is 10- 12(15) mm long, and slightly 
pubescent or glandular. Flower color varies from red to 
purplish red or white in one cultivar. Individual flowers are 
somewhat large and showy, each measuring 25 -35 mm 
long. The tube is swollen near the middle and 18 -22 mm 
long. The upper corolla lip is 7 -10 mm long, while the lower 
lip is larger and showier, measuring 10 -15 mm long and 
10 -13 mm across. Autumn Sage occurs in rocky soil from 
1500 -2600 meters from southwest Texas south throughout 
the Chihuahuan Desert into San Luis Potosi, Mexico. 
(Bailey, 1902; Bailey, 1928; Bailey, 1949; Bailey et al., 1978; 
Epling, 1939b, Everett, 1960, Chittendon, 1956; Clark, 1979; 
Correll and Johnston, 1970; Dufresne, pers. comm.; Graf, 
1982; Nicholson, 1887 -1889; Pizzetti and Cocker, 1968; 
Synge, 1969; Taylor, 1961; Thomas, 1976) 

Four cultivars are currently in cultivation: 

`Alba' -has white flowers. 
`Cherry Red' -has red flowers. 
`Furmans Red' -has dark red flowers when first open. 
`Rosea' -has pale red flowers. 

Salvia greggii has been in cultivation since 1885 accord- 
ing to Nicholson (1887 -1889), and has proven to be a reli- 
able shrub for the southwestern United States. Autumn 
Sage is a small, evergreen shrub which looks best when 
pruned periodically to keep plants dense and about 60 cm 
tall. As with most other Salvias, S. greggii blooms on new 
growth, so the denser the plant, the more flowering spikes 
there are. Plants will bloom from spring through summer 
and into fall. Typical Salvia greggii is perfectly hardy in mid 
and low elevation areas of southern Arizona, and is quite 
drought tolerant once established. Cultivar 'Cherry Red' is 
slower growing and less floriferous than typical S. greggii. 
Plants bloom sporadically throughout the warm part of the 
year, with the best floral display in the fall. It seems to be 
best suited for shadier spots (east and northeast exposures) 
and is an excellent addition to horticulture. Cultivar 
'Rosea' is rare in cultivation, but may be available peri- 
odically through nurseries in Texas and southern Arizona. 
Cultivar 'Alba' is now readily available through some nur- 
series in southern Arizona. I have one plant of cultivar 
'Furmans Red' which has darker red flowers than typical 
Salvia greggii. The flowers are slightly larger, and the color 
has more blue than the typical plants commonly found in 
cultivation. I am working with a peach colored form of S. 

greggii and hope to have plants available in the near future. 
available in the near future. 

10. Salvia leucantha Cay. MEXICAN BUSH SAGE. 

Mexican Bush Sage is a small shrub or herbaceous peren- 
nial to 6 -12 dm tall and 6 dm wide. Leaves are linear - 
lanceolate, 6 -15 cm long, 8 -16 mm wide. Leaf blades are 
acute at the apex, rounded at the base, and have serrulate 
margins. They are rugose above and white -tomentose be- 
neath giving a striking appearance to the leaves. Flowers are 
arranged into a dense spicate raceme to 15 -50 cm long, each 
verticillaster with 3 -6 flowers. Bracts are ovate -elliptic, 7 -8 
mm long, and densely lanate with violet or lavender hairs. 
Flower color is typically white or purple in one form. 
Flowers are densely covered with white wool, and have an 
overall length of 25 mm. The tube is 13 -14 mm long and 
swollen at the throat. Mexican Bush Sage is reported to 
occur in tropical and subtropical conifer forests in eastern 
and central Mexico. (Bailey, 1902; Bailey, 1928; Bailey, 
1949; Bailey et al., 1978; Chittendon, 1956; Clark, 1979; 
Epling, 1939b; Everett, 1960; Graf, 1982; Nicholson, 1887- 
1889; Pizzetti and Cocker, 1968; Synge, 1969; Taylor, 1961; 
Thomas, 1976). 

A plant collected by C. G. Pringle in Morelos, Mexico 
was described as forma iobaphes by Fernald (1901), and 
differs from typical Salvia leucantha in having a deep violet 
calyx and corolla. This form seems to be the most com- 
monly cultivated although I have seen both colors in 
southern California. Stems of Salvia leucantha will freeze 
in Tucson and should be cut in the winter, but plants will 
sprout from the base and reach full size the next season. 
Plants generally start blooming in late summer or fall and 
continue on until frost. The species is a prolific bloomer 
and well worth cultivating, especially if planted with 
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evergreen shrubs. Mexican Bush Sage can be planted in 
either full or part sun, and is somewhat drought tolerant 
once established. According to Epling (1939b), Salvia bi- 
color Sesse & Moc. is a synonym of Salvia leucantha; this is 
not to be confused with Salvia bicolor Lam. which is native 
to Spain and northern Africa. 

11. Salvia leucophylla Greene. GRAY SAGE, PURPLE SAGE 

Gray Sage is a shrub to 1 -2 m tall and wide, with white 
stems and a whitish overall appearance. Leaf blades are 
rugose above, deltoid -oblong or oblong -lanceolate in out- 
line, and 2 -6 cm long. They are obtuse at the apex, truncate 
at the base, and have crenulate margins. The inflorescence 
is composed of 3 -5, many -flowered whorls spaced 3 -6 cm 
apart. The numerous bracts are oval to oblong, and often 
purplish. The 8 -11 mm long calyx is whitened with minute, 
branched hairs. Flower color is rose -lavender, each one 
measuring about 2 cm long. Stamens are long exserted. 
Gray Sage occurs in chaparral scrub below 1000 meters 
elevation in southern California. (Bailey et al., 1978; Bailey 
1949; Clark, 1979; Epling, 1938; Munz, 1974; Wolf, 1943) 

Salvia leucophylla has been grown periodically in the 
southwest and has proven to be a reliable shrub. Plants tend 
to die out after 5 -15 years and need replacing; however, this 
does not present any real problem since mature specimens 
can be obtained after one season in the ground. A well 
drained soil is essential to reduce the risk of root rot during 
hot and wet periods for the winter growing Salvia 

viding long lasting color. They should be planted in the fall 
to help establish them before they go dormant in the 
summer heat. Plants are quite drought tolerant once estab- 
lished and seem to survive on rainfall alone in Tucson. 

12. Salvia lycioides A. Gray. CANYON SAGE. 

Canyon Sage is a slender perennial 3 -6 dm tall, with 
herbaceous stems. The oblong -elliptic leaves are 1 -3 cm 
long, and 1 -2 cm wide. The glabrous or minutely puberu- 
lent blades are obtuse or rarely acute at the apex, and 
cuneate at the base, and have entire or coarsely crenulate- 
serrulate margins. The slender, elongate interrupted 
racemes grow to 15 cm long, with flowers opposite at the 
nodes. The 6 -8 mm long calyx is glandular -punctate, and 
often tinged with blue. Flowers are blue to indigo -blue, 
about 17 mm long. The tube is 10 mm long, upper lip 4 -4.5 
mm high, and lower lip 7 mm long. Occurs in canyons, on 
rocky slopes, and ledges in mountains of the Trans -Pecos in 
Texas, also in New Mexico and northern Mexico. (Correll 
& Johnston, 1970; Epling, 1939b) 

Salvia lycioides has been cultivated at the Texas Agricul- 
ture Experiment Station since 1976 and according to 
Simpson (pers. comm.) has survived -15 degrees C without 
damage. Plants require little water, and bloom from April 
to October. Canyon Sage is related to Salvia chamae- 
dryoides and Salvia greggii, and shows promise as a land- 
scape plant. 

13. Salvia melissodora Lag. 
S. scorodoniaefolia Poir. 

Large shrub to about 2 m tall, the stems usually floccose- 
tomentose or rarely glabrous. Leaves are 4 -6 cm long, 
oblong -ovate or rarely deltoid- ovate. Blades are obtuse at 
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Figure 3. Verticillasters arranged in a terminal raceme and 
evenly spaced along the inflorescence axis in Salvia greggii. 

the apex, rounded at the base, and bullate -rugose above and 
tomentose below. The spicate- raceme is 5 -12 cm long, each 
whorl with 3 -6 flowers. The small, 6 -7 mm long, calyx is 
usually glandular. Small blue flowers, measuring 10 -13 
mm long, appear in late summer or fall. The species ranges 
from Chihuahua south to Oaxaca, Mexico. (Epling, 1939b) 

I am growing one plant grown from seed collected in 
Guanajuato, Mexico. The plant grew to 1.75 m tall in one 
growing season in the ground. Stems froze back about 
halfway when winter lows reached about 32 degrees F. 

Recovery was quick in the spring, and the plant reached full 
size by July. The plant bloomed in the fall its first year in 
the ground, and began blooming in October its second year 
in the ground. A dense spike of blue flowers top this 
medium sized shrub, and make quite a display. My plant is 
in a northeast exposure and grows quite well. It receives 
weekly drip irrigation and does not show signs of stress. I 

am propagating the species and intend to test it in a variety 
of exposures, but expect it will be adaptable to southern 
Arizona. I also have one clone from Tarahumar country in 
Chihuahua which may prove to be more desirable. 
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Figure 4. Solitary and terminal glomerules as in Salvia 
mohavensis. 

14. Salvia mellifera Greene. BLACK SAGE. 

Black Sage is a rounded shrub to 1 -2.5 m tall with 
cinereous -tomentose to glabrate twigs. The leaves are 3 -6 
cm long with oblong -elliptic to oblong -lanceolate blades 
which are obtuse at the apex, and narrowed below the 
middle. Blades are rugose and dark green above, cinereous- 
tomentulose beneath, and have crenate margins. The in- 
florescence is an interrupted spike, with glomerules 2 -4 cm 
across and spaced 2 -6 cm apart. The greenish to purplish 
bracts are reflexed at maturity. The calyx is small, 5.5 -8 
mm long, and somewhat hidden by the bracts. Flowers are 
pale blue sometimes tinged with rose and measure 10 -12 
mm long. The tube is 5.5 -9 mm long, upper lip 2 -3 mm long, 
and lower lip 4 -5 mm long. Stamens are slightly exserted 
beyond the corolla. Black Sage is a component of the coastal 
sage scrub and chaparral in southern California and north- 
ern Baja California. (Bailey et al., 1978; Epling, 1938; Munz, 
1974; Shreve and Wiggins, 1964). 

Black Sage has been cultivated at the Rancho Santa Ana 
Botanical Gardens since 1949 and according to their files, is 
a fast grower, and has survived 15 degrees F without dam- 
age. Plants have required little supplemental water, and 

tolerated soils ranging from a clay loam to sandy and rocky. 
In Tucson, Black Sage grows rapidly and makes a 1 m tall 
shrub after only 1 season in the ground. Plants should be 
grown in a well drained soil to reduce the chances of root rot 
during the hot, wet summer months. Planting should be 
done in the fall to establish plants before they go dormant in 
the summer. Salvia mellifera is closely related to Salvia 
munzii and cultural requirements are similar for both 
species. Cultivar 'Terra Seca' is a low growing, almost 
prostrate selection being tested at the Boyce Thompson 
Arboretum near Superior, Arizona. 

15. Salvia mexicana L. 

Salvia mexicana is a shrubby perennial which grows to 
1 -4 m tall with stems that are finely and densely grayish 
pubescent. Leaves are ovate -oblong in outline, 6 -15 cm long 
and 5 -8 cm wide, upper leaves smaller. Leaf blades are acute 
or shortly acuminate at the apex, and rounded at the base. 
They are dark green and minutely hairy on the upper 
surface, and obscurely to densely tomentellous on the 
lower surface. The inflorescence is a terminal raceme 20 -40 
cm long with 8 or more whorls, and 6 -12 flowers per whorl. 
Subtending bracts are small and caducous. The calyx is 
16 -20 mm long, and often deep purple- violet. The rich 
violet -blue or deep blue flowers range from 16 -40 mm long, 
the tube exserted beyond the calyx. The species occurs in 
arid subtropical regions of north -central Mexico south to 
tropical areas in central Mexico. (Epling, 1939b; Chitten- 

1956; Bailey et al., 1978; Curtis 
1956) 

Two varieties of S. mexicana are recognized by Epling 
(1939b). 

var. minor Bentham -is distinguished by its smaller 
(16 -20 mm long) flowers. It comes from north -central 
Mexico, and seems to have the most potential as a land- 
scape plant in southern Arizona. It is hardier and blooms 
more freely than var. major. I have been growing this 
variety which I received from The Huntington Botanical 
Gardens in June of 1983. Plants survived the winters of 
1983 and 1984 in 1 gallon containers and have recently been 
planted for more testing. It seems to grow best in filtered 
sun and can tolerate low water once established. Growth 
rate varies with amount of water given and plants watered 
heavily may grow as much as 2 meters in one season 
according to Dufresne. 

var. major Bentham -has larger flowers, 32 -40 mm long, 
and comes from more tropical Mexico. It does not have as 
much landscape potential as var. minor and is not being 
tested in the Tucson area. 

Both varieties are well adapted to the climate of coastal 
California and make large shrubs there. According to Du- 
fresne (pers. comm.) the species is hardy to 30 degrees F 
without damage, and will recover quickly if damaged at 
temperatures below that. S. mexicana is fast growing, and 
may make a large shrub in one or two seasons in the ground. 
Plants can tolerate full sun or partial shade in North 
Carolina. 

16. Salvia microphylla H.B.K. CHERRY SAGE, BABY SAGE. 

Cherry Sage is a perennial herb with a woody base, or 
shrub to 1 -1.3 m tall and 1 m across. Leaf shape varies from 
ovate to elliptic or oblong. Blades measure 1 -2.5 cm long, 
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and are obtuse at the apex and acute or obtuse at the base. 
Terminal racemes with 2- flowered whorls may reach 20 cm 
long, but are generally 10 -15 cm long. Subtending bracts are 
small and caducous. The calyx is green, densely glandular - 
puberulent, and 10 -15 mm long. Flower color has been 
variously described as rose -red, scarlet- crimson, or bright 
magenta- crimson. Flowers are about 25 -35 mm long, the 
tube measuring 16 -18 mm long, the upper lip 6 -12 mm 
long, and the lower lip larger and showier. Cherry Sage 
occurs in the mountains of eastern, western, and southern 
Mexico, and in south -eastern Arizona. (Bailey, 1949; Bailey 
et al., 1978; Chittendon, 1956; Graf, 1982; Standley and 
Williams, 1973; Synge, 1969; Taylor, 1976) 

Epling (1939b) considered S. microphylla to consist of 
three geographical forms. 

var. microphylla occurs in central Mexico, and seems to 
be the form most commonly found in cultivation. It is well 
adapted to the climate of coastal California, but not south- 
ern Arizona. 

var. wislizeni Gray occurs at high elevations in south- 
eastern Arizona and northwesten Mexico, and is cultivated 
periodically. This form is more cold tolerant, but is heat 
sensitive and dies out in the summer in mid and low 
elevation deserts of southern Arizona. I have not been able 
to grow any plants through the summer in Tucson. This 
variety looks quite similar to Salvia greggii which is an 
exceptional landscape plant for southern Arizona. 

var. neurepia Epling occurs in the Chihuahuan Desert 
Region and appears to have the most potential as an out- 
door landscape plant in southern Arizona. I have not been 
able to obtain any material of this variety for testing, but 
think it would make an adequate addition to landscape 
shrubs for southern Arizona. 

Overall the species is fast growing and blooms in summer 
and fall, usually from June to October. Plants are hardy to 
about 30 degrees F. Propagation is by cuttings (Dufresne 
pers. comm.). Plants that I have seen look similar to Salvia 
greggii 'cherry red' and may be confused with it. S. greggii 
'cherry red' is a fine substitute for S. microphylla until it 
becomes available. 

17. Salvia mohavensis Greene 
A compact, much branched shrub to 1 m tall. The bright 

green, rugose leaves are lance -oblong to ovate -oblong, 1 -2 
cm long. They are obtuse at the apex, truncate at the base, 
and have crenulate margins. The inflorescence consists of a 
single, many- flowered, terminal glomerule. The ovate, 
membranaceous bracts are greenish or whitish. The calyx 
is 7 -12 mm long, hirtellous and ciliate. Flowers are pale 
blue or lavender, 15 -16 mm long with a slender tube which 
flares near the throat. Native to southern Nevada, south- 
eastern California, central Arizona, and northwestern Son- 
ora, Mexico. (Epling, 1938; Munz, 1974) 

Salvia mohavensis has been cultivated at the Rancho 
Santa Ana Botanic Gardens since 1956 and according to 
their records the plants are moderately fast growing. They 
are drought tolerant and cold hardy. Plants grow best in full 
sun, making a bright green, rounded shrub. 

18. Salvia munzii Epling 
A rounded, compact shrub to 0.5 -2.5 m tall with purplish 

or reddish twigs. The 2 -3 cm long leaves are oblong -obovate 

Figure 5. Glomerules arranged in terminal and spikelike 
inflorescence as in Salvia munzii. 

or oblanceolate in outline, rounded at the apex and nar- 
rowed at the base. Leaf blades are rugose and dark green 
above, reticulate beneath, and punctate -glandular and 
cinereous -pubescent on both surfaces. Interrupted spikes of 
1 -5 glomerules are 12 -17 cm long. The bracts are oblong - 
elliptic and foliaceous. The 4 -6 mm long calyx is hirtellous. 
Clear blue flowers are 9 -14.5 mm long, the tube 7 -9.5 mm 
long, the upper lip 2 -2.5 mm long and the lower lip 4 -5 mm 
long. Salvia munzii occurs in coastal sage scrub in northern 
Baja California and southern California. (Bailey et al. 1978, 
Epling 1935, Epling 1938, Munz 1974, Shreve & Wiggins 
1964). 

Salvia munzii was introduced at Rancho Santa Ana 
Botanic Gardens in 1941 and according to their records, the 
plants were fast growing, reaching about 1 m in height in 
two seasons, but they were short lived, lasting about 10 
years before they needed replacing. S. munzii is another 
winter grower that is best planted in the fall. Plants I am 
growing are from cuttings collected in northern Baja Cali- 
fornia. They are in full sun and a well drained soil. They 

(Continued on page 204) 
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Abstract 
Local newspaper accounts of wildfires in southeastern 

Arizona between 1859 and 1890 demonstrate that during 
that period, 1) wildfires were much larger in areal extent, 
especially in the grasslands, than they are at present; 2) the 
occurrence of large grassland fires declined after 1882, 
probably as a result of overgrazing; 3) the cessation of major 
grassland fires preceded the "brush invasion" of the 1890s; 
4) Amerinds, especially the Apaches, set wildfires; 5) 
wildfire suppression was favored by the early Anglo set- 
tlers; 6) wildfires occurred in all of the major vegetation 
communities, including desert scrub; and 7) wildfires were 
fairly frequent. 

Introduction 
Although some ecologists consider wildfire to play an 

important role in the evolution of the coniferous forests, 
evergreen woodlands, and grasslands of southeastern 
Arizona (Fig. 1), few primary historical sources are cited to 
document the occurrence and scale of 19th century 
wildfires in the region. This lack of primary documentation 
has led some to question the role of wildfire in the evolu- 
tion of the grasslands (Hastings and Turner, 1965). The 
purpose of this investigation is to present descriptions of 
wildfires in southeastern Arizona gleaned from local news- 
papers published between 1859 and 1890. 

It is widely recognized that more than a half century of 
wildfire suppression had an effect on the montane forests of 
the American Southwest (yogi, 1971a; 1971b; Dodge, 1972; 
Wright and Bailey, 1982; Pyne, 1982). However, the effect of 
fire suppression on the plains and desert grasslands of 
southeastern Arizona remains unclear. Near the turn of the 
century, those grasslands were invaded by scrubby trees 
(mostly Prosopis and Acacia) and brush. This invasion is 
thought to have resulted from wildfire suppression, 
brought about by overgrazing in conjunction with drought 
and fire suppression by the early Anglo settlers. According 
to the supporters of the fire hypothesis, recurrent wildfires 
swept the grasslands before Anglo settlement. These fires, 
ignited by Amerinds or lightning, resulted in little perma- 
nent damage to the grasses. Although most of the grasses 
emerged the following season as vigorously as ever, the 
fires periodically killed off the woody seedlings that had 
become established since the preceding fire. Hence, a 
grass -forb association was found. However, the introduc- 
tion of large numbers of cattle in the late 1870s and early 
1880s led to severe overgrazing and the removal of the fine 
fuel load, thus checking the possiblity of widespread 
wildfire. The removal of the grass relieved the brush and 
tree species of root competition and fire damage. Therefore, 
the climax grassland was replaced by a shrub community 
(Tourney, 1891; Thornber, 1907; 1910; Griffiths, 1910; 
Wooton, 1916; Leopold, 1924; Branscomb, 1956; Hum- 
phrey, 1958; 1962; Chew and Chew, 1965; Martin, 1975; 
Bock, et al., 1976; Wright and Bailey, 1982). 

Hastings and Turner (1965), opponents of the fire 
hypothesis, examined the journals of the early travelers 
through southeastern Arizona and did not find "the 
slightest historical justification for applying the fire 
hypothesis to the desert grasslands of the region." They 
found no evidence that wildfires occurred at either the 
requisite scale or frequency to explain the brush -free grass- 
lands of the region before the 1890s. Moreover, they ques- 
tioned whether the Amerinds commonly set fire to the 
grasslands historically (Hastings and Turner, 1965). These 
views were repeated by Cooke and Reeves (1976). To date, 
only Dobyns (1981) has presented new materials on the fire 
history of the region. Dobyns, using some information from 
early Spanish and Mexican records and early contact 
ethnographies, concluded that wildfires set by the 
Amerinds, especially the Apaches, were both common and 
large in areal extent before Anglo settlement. 

Methods and Materials 
All of the newspapers enumerated here are stored in the 
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Bancroft Library at the University of California, Berkeley. 
The Bancroft contains the most complete collection of 
newspapers published in southeastern Arizona between 
1859 and 1890. Newspaper coverage for the region, how- 
ever, is extremely spotty, largely because publication was 
irregular and many issues have been lost. The most com- 
plete daily and monthly coverage is for Tucson and 
Tombstone, and then only after 1879; before 1879 the 
coverage is extremely poor with no newspapers for the 
entire period of 1860 -1869 and only limited coverage be- 
tween 1870 and 1878. The poorness of the coverage before 
1879 is due in part to the fact that before 1878, Tucson was 
the only large settlement in southeastern Arizona. In 1860, 
only 57 people were counted in the region that now encom- 
passes all of Cochise County as well as Santa Cruz and 
Pima counties east of Tucson and the Santa Cruz River 
(U.S. Dept. of Interior, Census Office, 1864). In 1880, only 
1783 people were listed in the same region, of which 1473 
lived in Tombstone and its mill towns (U.S. Dept. of Inte- 
rior, Census Office, 1883). 

Newspapers for other towns in the region were also 
examined but their publication was too erratic and entire 
years were missing. For example, I encountered only one 
issue of the Arizona Bullion, published in Harshaw, and 
five issues of the Weekly Arizonian, from Tubac. 

Issues of the following newspapers were read for the 
period between 1859 (the year the first newspaper in south- 
eastern Arizona was published) and 1890: Arizona Silver 
Belt (Globe), Arizona Bullion ( Harshaw), Pinal Drill (Pinal 
City), Daily Tombstone (Tombstone), Daily Nugget 
(Tombstone), Tombstone Epitaph (Tombstone), Tomb- 
stone Prospector (Tombstone), Weekly Nugget (Tomb- 
stone), Weekly Arizonian (Tubac), Arizona Daily Star 
(Tucson), Arizona Daily Journal (Tucson), Arizona Star 
(Tucson), Weekly Citizen (Tucson), Arizona Weekly Star 
(Tucson), Tucson Daily Citizen (Tucson), Tucson Daily 
Record (Tucson), Weekly Arizonian (Tucson), Weekly 
Arizonan (Tucson), and the Southwestern Stockman 
(Willcox). 

The largest number of wildfires were recorded for the 
mountains surrounding Tucson -the Catalinas, Rincons, 
and Santa Ritas- because that city had the most complete 
coverage. Generally, only wildfires that could be seen from 
Tucson or Tombstone or that were extremely large or 
threatened personal property were recorded. In almost 
every case, wildfires were given minor coverage. 

Results and Discussion 
Table 1 lists the number of major wildfires per year in 

southeastern Arizona reported in local newspapers from 
1859 to 1890 and indicates the major vegetation -type(s) in 
which each fire occurred. The number of fires recorded in 
Table 1 had to be estimated for several years because in 
some cases the same fire was reported many times (e.g. 
Arizona Weekly Star, June 19, 1879; Arizona Daily Star, 
July 30, 1879) or an unspecified number of fires were noted 
in several different mountain ranges (e.g. Tucson Daily 
Record, June 4, 1880). Futhermore, the newspaper accounts 
do not always describe the vegetation -type(s) in which the 
fires occurred. For example, many fires are noted only to 
have occurred in certain mountain ranges, and it is not clear 
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Figure 1. Southeastern Arizona showing localities men- 
tioned in the text and distribution of woodland, forest, and 
scrub desert and grassland. 

whether the fires were in the coniferous forests, oak - 
juniper woodlands, or both. Because the former vege- 
tation -type makes up only 1% of the vegetation cover of the 
region and occupies only the highest elevations, it may be 
overrepresented in Table 1. 

For a more thorough perspective on the nature of the 19th 
century fires, the following complete newspaper descrip- 
tions are included in chronological order: 

Fires have been raging south and southeast of here [Tucson] during 
the past week. Millions of acres of excellent grass land have been 
burned over but thanks to the abundance of our grazing lands we 
have plenty left. As soon as the rainy season sets in, which will be 
about the first of next month, the whole country will again be 
covered with green grass. -Weekly Citizen, June 13, 1874. 

For the last month the country north, south and east of Tucson has 
been in a constant blaze. The grasses on the mesas, mountains 
and in the valleys, have been eaten up by the flames; during the 
last two days the fire has traveled over the Santa Catarina 
[Catalina] mountains and is burning now miles beyond. It has 
climbed almost to the summit of the Santa Rita, after devouring 
most of the pastures below, and bids fair to continue its course 
until the grass of the whole country has been licked up in flames. 
At first thought, these fires might appear to be of little or no harm 
to the country or people, but a moment's reflection convinces us of 
our error. We lay claim (and justly) to great and extensive grazing 
facilities in southern Arizona; and large herds of stock are con- 
stantly coming in to eat up these fine pastures; but let these 
grasses be burnt off two or three years in succession during the hot 
dry season and not only grass but all kinds of vegetation must 
disappear, the roots will be destroyed by the penetrating heat. The 
shrubbery and trees will be consumed in the same way, wherever 
the fire touches. The timber in the Santa Rita mountains now 
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being destroyed, ought to have brought us in the future millions of 
feet of lumber; the small fuel timber on the mesas, which ought to 
have supplied us for years to come is snatched away by the same 
element... Arizona Star, June 23, 1877. 

Fires have been raging in the mountains east and south of here 
[Tucson] for some time past, and much valuable timber and grass 
have been destroyed. We are not favored with such a superabun- 
dance of either of these articles that they should be maliciously or 
carelessly destroyed. There is a law with heavy penalties against 
setting fires of this kind; but it is practically a dead letter, owing to 
the difficulty of procuring a conviction under it. -Arizona 
Weekly Star, May 22, 1879. 

Forests fires are raging in the Whetstone and Huachuca moun- 
tains and also on the northside of the Santa Catarinas [Catalinasi 
Acres of fine grass and timber are being destroyed. Ranchmen and 
prospectors are much annoyed by the carelessness of campers in 
allowing these fires to get underway. Grass through these moun- 
tains is now in its best condition and it is a pity to have it 
destroyed. -Tucson Daily Record, May 15, 1880. 

For the past two weeks fires have been burning on the Santa 
Catalina, Santa Rita, Pajarito and Oro Blanco mountains; during 
that time over 100 square miles have been burned over, destroying 
not only all grass but also all the trees and timber in the burned 
districts. The grass alone destroyed is an important item, but the 
value of the timber it is impossible to compute. These fires are 
nearly all caused by careless prospectors; we say careless because 
we cannot believe that anyone could be mischievous enough to 
set these fires. If these prospectors would only think for a moment 
and realize the immense damage they do, not only to their fellow 
prospectors and miners but the whole country... Whatever the 
name Arizona will be derived from is immaterial, but this is true, 
that this is an "Arid zone" caused almost by these carelessly or 
designedly set fires. Fires have destroyed and are destroying our 
trees and timber, and where they are more existent rains and 
moisture will not be attracted, and where moisture does not exist 
herbage cannot. Is it then surprising that this is an "Arid zone ", 
and is it not plausible that from this fact the name Arizona was 
derived? The name will probably exist as long as time lasts, but 
the cause which gave birth can be removed, by care on one hand 
and the rigid application of the laws on the other. - Tucson Daily 
Record, June 4, 1880. 

... the grass over areas that were burned over this season is now 
knee high and everything looks as fresh as spring time in this 
locality [Patagonia] ... -Arizona Daily Star, Sept. 2, 1880. 

The sky in the west was brilliantly illuminated last night, which 
indicates a great fire raging far beyond this place [Tucson]. Both 
Maricopa and Casa Grande telegraphed here as to the cause. The 
light from the clouds was reflected with brilliancy on the city. - 
Arizona Daily Star, March 17, 1882. 

Prairie and wood fires have been raging in southern Arizona and 
western New Mexico recently. The territory burned over is re- 
ported to cover forty miles square [1,022,000 acres], and the 
damage done is immense. The origin of the fire is attributed to the 
Indians. -Arizona Daily Star, April 16, 1882. 

Immense forest fires are still prevailing in some parts of western 
New Mexico and southern Arizona. They are believed to have 
been set out by Indians. Next to the pleasures of killing, burning 
appears to be the favorite amusement of the savages. -Arizona 
Daily Star, May 21, 1882. 

The Patagonia mountains are on fire and the country between the 
Patagonia and the Huachucas, a distance of twenty miles, is 
covered with smoke. The tall grass and the pine timber is burning 
furiously, the noise being like a rushing storm. The heat is so great 
that one cannot approach within a distance of it. An area of 
country about five miles square is now burning. It was set on fire 
by the Indians, the day they murdered poor Grace. -Arizona 
Daily Star, June 14, 1887. 

A large fire is raging in the Santa Catalina Mountains. A party 
who has been at the scene states that is has gone over an area of 
about ten miles square and that it is making its way toward the 
valley on this side [Tucson], - Arizona Daily Star, June 22, 1889. 

The newspaper accounts clearly demonstrate that 
wildfires occurred in nearly all of the major vegetation 
communities of southeastern Arizona. They also indicate 
that wildfires were generally large in the 19th century. By 
comparison, in the past 60 years the largest fire in the 
grasslands covered only 2000 acres (Bahre, 1977), and the 
largest fire in the coniferous forest and oak -juniper wood- 
lands was the 9800 -acre Huachuca Burn in June, 1977 
(Gehlbach, 1981). 

Wildfires were roughly twice as frequent in coniferous 
forest and oak -juniper woodland as in grassland, and about 
three times as frequent in grassland as in desert scrub (Table 
1). Except for the grassland fire between the Patagonia and 
Huachuca mountains in 1887 (it is not clear whether that 
fire burned the grassland of the San Rafael Valley or the 
woodland -grassland mosaic of the Canelo Hills), major 
wildfires in the grasslands appear to have declined signifi- 
cantly after 1882, a year that corresponds with the begin- 
ning of heavy overgrazing of the grasslands (Wagoner, 1961; 
Bahre, 1978). By 1893, overgrazing and drought led to the 
worst cattle die -off ever in southeastern Arizona (Hum- 
phrey, 1958; Wagoner, 1961). In 1891, Toumey, when de- 
scribing the overgrazed grasslands of southeastern Arizona, 
wrote: "There are valleys over which one can ride for 
several miles without finding mature grasses sufficient for 
herbarium species without searching under bushes or in 
other similar places." Shortly thereafter, the "brush inva- 
sion" of the grasslands began. A map of southern Arizona 
by Robert in 1869 shows extensive grasslands all along the 
west side of the Dragoon Mountains and the east side of the 
Huachuca Mountains in areas now covered completely by 
brush. 

Wildfires also occurred in desert scrub communities 
during the 19th century. In fact, they may have been more 
common than now thought. Although lightning storms are 
frequent during the summer in the desert, it is generally 
believed that the production of annual and perennial herbs 
is usually too low to provide a fuel load capable of sustain- 
ing wildfire (Humphrey, 1963; 1974). However, after sev- 
eral years of greater- than- normal precipitation, the fuel 
load may be such that fires can occur. This is substantiated 
by the occurrence of the Granite Burn, which burned about 
28,000 acres of desert scrub south of Florence in June 1979 
(McLaughlin and Bowers, 1982). 

The newspaper accounts clearly indicate that the 
Apaches set wildfires. This Apache habit is also well 
documented in early Spanish accounts and in the ethno- 
graphic record (Dobyns, 1981; Pyne, 1982). The Amerinds 
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Table 1. Wildfire frequency in the major vegetation -types of southeastern Arizona from local newspapers, 1859 -1890.1 

Year 

Total No. 
of 

Wildfires 

Day and 
Month 

Reported 

Major Vegetation -Types 

Coniferous 
Forest 

Oak -Juniper 
Woodland Grassland 

Desert 
Scrub 

1859 1 6/2 X X X 
1870 1 5/28 X X 
1874 1 6/13 X 
1877 2 6/21 X X X X 

6/23 X X X 
1879 3 5/22 X X X 

6/19 X X 
6/26 X X 

1880 7 5/1 X X 
5/15 X X 
5/15 X X 
6/2 X X 
6/3 X X(?) 
6/4 X X 
6/4 X X X 

1882 7 2/24 X X 
3/17 X X 
4/3 X 
4/16 X X X 
6:27 X X 
7/19 X X 
9/27 X 

1883 3 6/9 X 
6/23 X X 
6/23 X X 

1886 3 4/7 X 
5/12 X 
7/7 X X 

1887 4 5/17 X X 
6/9 X X 
6/14 X X X(?) 
6/15 X X 

1889 1 6/22 X X 

'Complete references to the wildfires noted here can be found by matching the dates with the newspapers in Literature Cited. Information 
on the date, location, areal extent, and cause of each fire may be obtained by writing the author. 

were notoriously careless with fire and the historical 
ubiquity of wildfires set by Indians in the grasslands, 
savannas, and the forests of the New World is widely 
reported (Pyne, 1982). No doubt the Apaches were blamed 
for more wildfires than they set because of the animosity 
that existed in Arizona between them and the Anglos 
during the late 19th century. However, the newspaper 
descriptions show that the Apaches set wildfires: 

On the 11th of the present month three companies of Indian 
scouts on their way from Fort Cummings, New Mexico to the San 
Carlos Indian Reservation when passing through the stock ranges 
on the upper Gila. ..set fire to the grass. ..thereby doing great 
damage to the stock raisers. -Arizona Daily Star, March 24, 1882. 

Last night the crest of the Santa Catalinas Mountains was ob- 
served on fire in different places, probably fired by the 
Apache. - Arizona Daily Star, June 9, 1887. 

Every mountain over which the Indians have recently passed has 
been fired. There is method in this business. -Arizona Daily Star, 
June 15, 1887. 

Hastings and Turner (1965) placed too much emphasis on 
fire drives for hunting by the Amerinds as the only source 
for man -caused wildfire in the grasslands during the pre - 
Anglo period. Surely abandoned campfires, mescal roasting 
fires (Brady, n.d.; Weekly Arizonian, June 9, 1859), and 
smoke signals (Chalmers, n.d.; Weekly Citizen, July 5, 

1873), and the setting of fires during warfare could just as 
easily have led to wildfires. Pyne (1982) noted that 
"Apaches were said to burn off miles of mountain land- 
scape in the 'delusion that the conflagration would bring 
rain'." 

Furthermore, the 19th century newspapers indicate that 
fire suppression not only was advocated by early Anglo 
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settlers but was an early wildlands- management strategy in 
the region. The rangers for the National Forest Reserves 
(the first National Forest Reserves in southeastern Arizona 
were established in the Santa Rita and Chiricahua moun- 
tains in 1902) and the U.S. General Land Office actively 
tried to suppress wildfires. Leopold (1924) pointed out that 
overgrazing was practiced by forest administrators in 
Arizona at the turn of the century to reduce fire hazards and 
promote the growth of trees. Arthur Noon, one of the first 
rangers in the Huachuca National Forest Reserve, noted 
that "the Huachucas were so full of cattle and cattle trails 
that the trails served as good fire breaks" (Winn, n.d.). 

It is curious that some ecologists, while recognizing the 
effects of fire suppression on the montane coniferous 
forests of the region, do not acknowledge fire's effects on 
the grasslands. This is in spite of the fact that before heavy 
overgrazing in the 1880s, both lightning and man -caused 
wildfires were fairly common in the grasslands. 

Humphrey (1958), Cable (1967), and Bock, et al. (1976) 
have demonstrated that the native plants and animals of 
the plains and desert grasslands of southeastern Arizona 
evolved under conditions of frequent fires in the past and 
were left unharmed by their occurrence. At present, some 
range managers are advocating controlled burning in the 
grasslands to destroy brush (Martin, 1975; Wright and 
Bailey, 1982). However, because of overgrazing, the fuel 
load in many areas is too low to sustain controlled burns. 

More information on the 19th century fire history of 
southeastern Arizona awaits careful examination of 
Spanish and Mexican archival materials, and the records of 
the United States General Land Office. The wildfires re- 
ported here probably represent only a small number of 
those that occurred in the region between 1859 and 1890. 
There is no doubt, however, that 19th century wildfires in 
southeastern Arizona were larger in areal extent than re- 
cent fires and that grassland fires declined in number and 
size with the onset of heavy livestock overgrazing in the 
1880s. 
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Abstract 
Southern Arizona and southern California are econom- 

ically competing regions with regard to production of or- 
namental cacti and succulents for sale throughout 
the United States. Economics of field -production vs 
greenhouse- production are discussed for both regions. 
Comparatively few cacti and succulents are field -produced 
in Arizona because few ornamental selections have been 
located which can economically be produced in the open 
considering the rigors of the desert environment. The 
Golden Torch Cactus (Trichocereus spachianus (Lem.) 
Ricc.) represents a promising nursery crop for field produc- 
tion in southern Arizona but has four seemingly unrelated 
problems. These problems are all shown to result from 
damage to Trichocereus by a single species of Cerambycid 
beetle, with damage to the cactus occurring throughout the 
life cycle of the beetle. Despite such an intimate relation- 
ship between beetle and Trichocereus, and although the 
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beetle seems more destructive to Trichocereus than to 
native North American cacti, the beetle, far from proving 
to be an Argentinian introduction like Trichocereus, 
actually belongs to the genus of native Opuntia Borer 
(Moneilema), associated with Cholla and Prickly Pear in 
North America since the classic observations by Thomas 
Say on Major Long's 1819 -20 expedition to the Rocky 
Mountains. Although the present article is thought to be 
the first report of damage to Trichocereus by Moneilema, 
the degree to which we have found Trichocereus in Arizona 
to be infested suggests a rather long- standing condition. 
Specifically, we report Moneilema gigas LeConte to cause 
the following pathologic conditions in Trichocereus 
spachianus in Arizona: 1) bacterial and fungal rot of deep 
internal tissues, 2) external chewing disfiguration by adult 
beetles, 3) sporadic growth spurts making disfiguring con- 
strictions of the stem, and 4) hollowing out of stems by 
boring larvae. Possible reasons for the virulence of 
Moneilema gigas in attacking Trichocereus are discussed. 
With the knowledge that four major problems associated 
with Trichocereus cultivation in Arizona actually result 
from infestation by a single beetle species, and with the 
possibility of controlling this insect pest, commercial 
field -production of the cactus in southern Arizona may 
finally prove economically rewarding. 

Preliminary Considerations 
Cacti for ornamental use are field -grown and greenhouse 

grown in southern parts of California and Arizona in large 
numbers. Large wholesale operations in these warmer 
states constantly feed bare -root material to greenhouses 
throughout the United States and Canada where the plants 
are quickly potted and sold at either retail or wholesale. 
Arizona, thought of almost universally as a land of many 
beautiful cacti, nevertheless lags far behind California in 
commercial production of field -grown cacti. A large 
number of native cacti are quite legally dug up in nature in 
Arizona, however, and sold. These native -grown plants are 
in reality the few "survivors" out of millions of seedling 
cacti, most of which perished in the desert. If "mother 
nature" were to charge us a realistic price for digging up her 
"survivors" we could rarely afford them. In actuality, legis- 
lation has indeed made the "survivors" more expensive by 
requiring the purchase of a separate permit for each "sur- 
vivor" that must be moved. Although these "survivors" are 
used for landscaping purposes in Arizona, they are ill- suited 
to being handled and sold as ornamentals by the thousands 
of nurseries and greenhouses throughout the United States. 

In reality there are severe problems relating to commer- 
cial production of cacti in the open in Arizona. The Golden 
Torch Cactus (Trichocereus spachianus (Lem.) Ricc.) of 
Argentina, however, seems better suited to commercial 
production in the open in Arizona than in California, 
except for a series of problems which we now suggest are 
simply different manifestations of damage by a single in- 
sect species. With this knowledge, and with the possibility 
of controlling the insect, Trichocereus might finally fulfill 
its potential as a nursery field -crop in Arizona. A compari- 
son of the economics of growing cacti in southern Arizona 
and southern California relates to climate considerations 
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and to whether or not greenhouses are used. There are four 
basic categories of production: 1) use of greenhouses in 
Arizona, 2) use of greenhouses in milder southern Califor- 
nia climates, 3) field production in Arizona, and 4) field 
production in milder southern California climates. The 
value of Trichocereus relates in large part to the possibility 
of it being adapted to category number 3), which is at 
present poorly developed. A comparison of the economics 
of cactus production under various circumstances is pre- 
sented below. 

Economic Considerations Relating 
to Cactus and Succulent Production 

Growing cacti and succulents in greenhouses in Arizona 
requires considerably less energy for winter heating than 
either 1) growing similar crops in colder climates, or 2) 

growing non -CAM plants in Arizona greenhouses. This is 
largely due to the fact that winter heating of greenhouses 
containing cacti and succulents can be minimal and is 
more or less to avoid freezing. High night -time tempera- 
tures are not appropriate for CAM (crassulacean acid 
metabolism) plants. Also, the high proportion of sunny 
winter days in Arizona ensures that greenhouse CAM 
plants will have a good season of active, healthy growth 
from November through March. 

A major drawback to traditional (non -CAM) commercial 
greenhouse operation in Arizona is the expense of summer 
cooling. CAM plants, however, can function at much 
higher daytime temperatures than traditional greenhouse 
crops, although cool night -time temperatures and adequate 
air circulation are essential for good carbon dioxide uptake. 
As the fiberglass of greenhouses in Arizona ages to become 
more opaque, CAM crops grow a little better in summer 
but poorer in winter. Using a sheet -plastic skin for a 
greenhouse in winter to be replaced by a shade -cloth skin in 
summer is very effective because it allows better penetra- 
tion of sunlight in winter and better air movement in 
summer. The repeated putting up and taking down, how- 
ever, requires considerable time and storage facilities. Torn 
sheet -goods require frequent replacement. Perhaps more 
importantly, the grower takes a chance that the time cho- 
sen for the annual change -over will later prove to have been 
incorrect according to the weather that eventually oc- 
curred. A change to shade -cloth at the end of February could 
prove disastrous if a major freeze occurred in March. 
Nevertheless a March might be so hot and sunny as to be 
extremely stressful in a closed house for even CAM plants. 

In comparing CAM crop production in Arizona and Cali- 
fornia, energy use for greenhouse heating and cooling is less 
in some parts of California due to milder winters and less 
intense summers. Plant quality, however, of many CAM 
plants, as measured by color, sheen, spination, and over -all 
beauty, is often much higher in Arizona -grown material 
because of more adequate sunlight and lower humidity, and 
we suspect in some cases because of more adequate aera- 
tion at night. Nevertheless some CAM plants such as 
Haworthia and Euphorbia produce high- quality plants 
under California greenhouse conditons. Other CAM 
species can achieve excellent quality when field -grown in 
California because of the better quality of sunlight and 

aeration outside of the greenhouse. Drawbacks include 1) 

potential damage by excess moisture, rainfall, flooding, 2) 
growth of bacteria and fungi encouraged by dew, fog and 
humidity, 3) possible sunburn on days when fog, clouds and 
humidity are gone (e.g. when Santa Ana winds blow in off of 
the desert) unless plants have already been "broken in" to 
the sun, 4) freeze damage in some locations. 

Although the production of ornamental cacti and succu- 
lents on a commercial crop basis is still centered in Califor- 
nia's southland, particularly around Vista in northern San 
Diego County, there is significant production of Medicinal 
Aloe (Aloe vera) in Texas and Golden Barrel Cactus 
( Echinocactus grusonii) in Arizona. Most cactus and suc- 
culent production in Arizona, however, is in greenhouses 
to protect young seedlings from freezing temperatures in 
winter and to allow diffusion of light to minimize "sun- 
burn" in summer. 

The region around Vista in southern California is rather 
unique in the United States for its combination of 1) low 
background incidence of freezing weather, 2) presence of 
topography with many slopes which face the sun on winter 
days and which allow freeze -bearing air to drain away on 
winter nights, 3) maritime influence of humidity to par- 
tially diffuse the sun's rays to reduce "sunburning" of cacti, 
particularly in summer, 4) position far enough inland from 
the seacoast itself so there is relatively more sun and less 
fog, and 5) low rainfall. Under the above rather unique 
combination of conditions, many ornamental cacti and 
succulent species can be economically grown in fields. 
Further, the expense of maintaining greenhouses for propa- 
gation, and for production of fine unblemished specimens, 
is relatively low due to little or no heating costs in winter 
and little or no cooling costs in summer. 

With increasing energy costs in Arizona, and with other 
costs of building and maintaining fiberglass or sheet -plastic 
greenhouses, an old question reasserts itself: -why can't 
more types of cacti be economically grown in the open in 
Arizona? The first two of the drawbacks listed as negative 
factors for outdoor cactus growth in California would be of 
less importance in Arizona, but the second two would be of 
much greater importance. 

Although at first glance it might appear that cacti grow 
anywhere in the open in the Arizona desert, in actuality 
only a few seedlings of Saguaro (Carnegiea gigantea ), for 
example, out of many millions of seeds, grow and prosper 
under the protecting branches of "nurse plants" which 
shield the tender creatures from frost and intense sun until 
they grow older and become "broken in" to the harsh desert 
environment over a period of many years! Nevertheless, 
there are indeed cacti, notably some from Argentina, which 
seem to thrive on intense sun and heat of summer but are 
yet relatively resistant to freeze -damage in winter. 

The Golden Torch Cactus ( Trichocereus spachianus) of 
Argentina has been identified as a potential crop plant for 
nursery production in Arizona. When sun -grown in fields 
in Arizona T. spachianus makes beautiful golden organ - 
pipe- shaped plants three or four feet tall with 5 -10 erect 
columnar stems. These clumps can be sold as specimen 
plants for landscaping or can be used as "cutting stock" for 
the production of 4 -inch or 6 -inch (pot size) columnar cacti 



Adults of Moneilema gigas on Prickly Pear (Opuntia phaeacantha) near the Boyce Thompson Southwestern Ar- 
boretum. Prior and partially healed damage to both fruits and stem due to chewing by Moneilema is evident. Photo 
by Carol D. Crosswhite, August, 1973. 

Stems of Trichocereus spachianus in infested gardens be- 
come multiply- segmented due to repeated cycles of de- 
struction of apical meristems by Moneilema adults. As 
each new growing apex is destroyed, a lateral bud at the 
edge of the eaten area is released physiologically from 
dormancy to produce a new branch atop the old, making a 
prominent constriction. Photo by Carol D. Crosswhite, 
February, 1986. 

Details of Trichocereus disfiguration by Moneilema This 
stem shows destruction of the apical meristem by adult 
beetles and the incipient budding off of a new head at the 
edge of the chewed top. The lateral chew marks farther 
down were made by an adult which positioned itself 
head down and vertically. Photo by Carol D. Crosswhite, 
February, 1986. 
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for ornamental use. 
The market potential for these latter pot plants is great 

because they can be economically shipped to retail nurs- 
eries throughout the United States bare -root and stacked 
like cord -wood in boxes. By growing Trichocereus as large 
outdoor plants for cutting stock, the critical seedling stage 
which is highly susceptible to damage by frost and sunburn 
is eliminated. Formation of adventitious roots by 
Trichocereus cuttings is excellent; for Saguaro very poor. 

When Trichocereus spachianus is grown in fields in the 
Vista region, it lacks the healthy, shiny, golden and ele- 
gantly spined appearance it has when grown in the Arizona 
desert using suitable horticultural care. The higher humid- 
ity in the Vista region seems to allow microorganisms, 
particularly a chlorophyll -obliterating or -obscuring 
fungus, to invade the surface and outer subsurface of the 
plant. The same disfiguration often occurs if a 
T. spachianus plant is greenhouse grown in Arizona or 
elsewhere for a long period of time. When T. spachianus is 
grown under field conditions in the desert of southern 
Arizona the malady is greatly minimized and the loss of 
chlorophyll from old stems is greatly slowed, although 
perhaps never eliminated since it appears almost to be part 
of the natural aging process of the species. Since the "aging" 
or loss of chlorophyll proceeds very slowly from the base of 
the plant upwards with time, and since the plant is a rapid 
grower, the apical stem tips which are taken as cuttings are 
always extremely healthy, vigorous and free from micro - 
flora in Arizona. Thus, if there were no other factors, 
Trichocereus as a nursery field crop would be much more 
successful in Arizona than California. 

Nevertheless, cultivation of T. spachianus has had only 
spotty success as a crop in Arizona and stands of the plant 
tend to decline over time. Poor success has been attributed 
to four seemingly distinct problems: 1) bacterial and fungal 
rot of deep internal tissues, 2) external chewing disfigura- 
tion by insects, 3) sporadic growth spurts making disfigur- 
ing constrictions of the stems, and 4) hollowing out of 
stems by boring insects. The present article attempts to 
demonstrate that all four of these serious problems are 
actually a result of transference of a pest of native Arizona 
Cholla and Prickly Pear to the Argentinian Trichocereus. 
We see the Opuntia Borer (Cerambycidae: Moneilema gigas 
LeConte) as the ultimate cause of all four types of damage 
and characterize it as a serious threat to Trichocereus 
cultivation in Arizona unless adequate control measures 
are taken. 

The Opuntia Borer 
Science first became aware of a peculiar group of large, 

black, flightless, nocturnal, cactus -eating beetles when 
Thomas Say discovered the first species on Major Stephen 
H. Long's 1819 -20 expedition to the Rocky Mountains. 
Following the Louisiana Purchase and the War of 1812, 
John C. Calhoun, Secretary of War, had ordered the expedi- 
tion into the field to explore the western territory or "Mis- 
souri Country" as it was then known. This was popularly 
known as the "Yellowstone Expedition" at the time al- 
though it never did come close to what is now Yellowstone 
National Park. The expedition was charged with recording 
"every thing interesting in relation to soil . . 

and productions, whether animal, vegetable or min- 
eral ... " in the vast, largely unknown territory of the west. 
The agreement with Britain had just been concluded which 
would set the northern boundary of the United States on 
the 49th Parallel "... to the summit of the Stony Moun- 
tains." 

Say (1824) described the cactus beetles which he discov- 
ered on this historic expediton not only as representing a 
new species, but an entirely new genus, Moneilema. The 
genus is now known to comprise at least six good species, 
although many more have been named, for example by Dr. 
Psota (1930) before he was gunned down in mob warfare. 
All species of Moneilema are large, black, nocturnal, flight- 
less beetles which feed apparently exclusively on cacti. The 
genus is now considered so distinct within the family 
Cerambycidae that it is treated as comprising a monotypic 
and wholly North American tribe, the Moneilemini. The 
genus has occasionally been compared with Old World 
flightless Cerambycids such as Dorcadion and Parmena 
but its referral to either tribe Dorcadionini or tribe Parme- 
nini by authors was thought by the most recent monog- 
raphers to have been on superficial characters: "Loss of 
wings and associated anatomical modification which re- 
sult in convergence among Cerambycidae, appear to repre- 
sent response to special environmental conditions, such as 
root feeding, subterranean habits, arid regions, insular 
existence, and other situations where flightlessness favors 
survival." (Linsley and Chemsak, 1984: p. 18). 

The species of Opuntia Borer which Say described in 
1824 was Moneilema annulata, about 16 mm long. It feeds 
on Prickly Pear (Opuntia polyacantha, O. phaeacantha). 
The species which attacks Trichocereus in Arizona, 
Moneilema gigas, has the largest adults in the genus, about 
27 mm long. Linsley and Chemsak (1984), in the most 
up -to -date and thorough monograph on this group of 
Cerambycidae, give Opuntia fulgida and Opuntia "lep- 
tophylla" as the normal hosts of Moneilema gigas. Al- 
though we agree that Opuntia fulgida (Chain -Fruit Cholla) 
is indeed an important food plant, the identity of "O. lep- 
tophylla" is indecipherable. Perhaps O. leptocaulis was 
intended. If so, both species cited would be chollas. 

We find chollas and prickly pears to both be eaten regu- 
larly by M. gigas, particularly the cholla Opuntia fulgida 
and the prickly pear Opuntia phaeacantha ( = "O. engel- 
mannii"). From our examination of 165 pinned M. gigas 
specimens in the insect collections of the University of 
Arizona at Tucson and Arizona State University at Tempe, 
it is clear that both Cholla and Prickly Pear are regular food. 
There is also a record of the club- stemmed Opuntia stanlyi 
being eaten (W. L. Nutting, x -13 -1957, Aravaipa Canyon, 
Pinal County) and of a planted 7 -inch Saguaro being killed 
at Saguaro National Monument by the beetles (S. A. Al- 
corn, iv -20- 1967). 

Adults in collections were generally collected from 
mid -April to late November, although L. P. Webrie (cf. 
Univ. of Ariz. insect collection) collected the species in 
Tucson on February 4, 1939. In mid -February, 1986, we 
observed fresh Moneilema chew marks on a single 
Trichocereus stem, although such off -season chewing had 
not been observed in previous years. When Mann (1969) 
kept adults of Moneilema gigas from Arizona in cages in 
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Uvalde, Texas, some overwintered and the last individual 
died in late April, a proven longevity of 9.5 months. Since 
there is a significant gap between the February 4 beetles of 
Webrie (which can be assumed to be overwintering adults 
near death) and the sudden appearance of the species in 
strong numbers beginning the second week in April, this 
latter period must certainly mark the beginning of 
emergence of new adults from the pupal chamber. Mann 
(1969) treated emergence in Arizona as beginning in May 
and reaching its height in July. The greatest number of 
pinned specimens in collections were taken in July and 
August. We interpret specimens collected from September 
through November as being previously emerged individ- 
uals. Mann (1969) determined that eggs were normally laid 
from June to August. Caged individuals continued feeding 
into December but stopped egg- laying by mid -August. A 
secondary peak of pinned specimens in collections taken in 
October almost matches the numbers of pinned specimens 
for July or August. We interpret this peak as probably due to 
student collecting of post -prime adults for required speci- 
mens for course work. 

The following observations result from our study of 
Moneilema gigas in relation to Trichocereus spachianus in 
southern Arizona, principally Pinal County. 

Feeding Stance of the Adult. The adult ascends the stem 
of Trichocereus spachianus at night usually to the apical 
meristem at the very top. In this area of new growth the 
tissues are juvenile, i.e. rich in sugar, mineral nutrients, 
and moisture, but relatively unthickened, unhardened, and 
still relatively low in stored by- products of metabolism 
which might act as antifeedants. Although the beetle can 
feed in a variety of positions, it eventually assumes an 
attitude of head pointing downward and abdomen upward, 
very similar to the stance of the Pinacate Beetle (Teneb- 
rionidae: Eleodes spp.), also large, black and flightless. The 
adult ofMoneilemagigas is positioned in this attitude from 
midnight onward, slowly chewing on a single Trichocer- 
eus stem as if a complicated digestion was necessary, and 
can sometimes be seen at dawn still on the cactus, almost 
motionless in this characteristic abdomen -elevated at- 
titude. 

We interpret the relatively large size of the adult of M. 
gigas together with head -down, abdomen -up attitude as 
making it a superficial mimic of Eleodes. This latter genus 
of Tenebrionid emits a very foul substance which makes it 
extremely unpalatable to predators. Moneilema gigas is 
particularly susceptible to predation at dawn when about 
through feeding but practically in arrested motion as if its 
meal were digesting. Although Eleodes would not be found 
at the top of a Trichocereus cactus at dawn, a predator 
which had tasted the awful chemistry of Eleodes would not 
know this and would probably treat a Moneilema as if it 
were an Eleodes. 

Disfiguring Segmentation of the Trichocereus Stem. The 
most striking feature of mature plants of Trichocereus 
spachianus in Arizona is the common failure of stems to 
continue growing at an acceptable rate. From the constric- 
tions of the stem it is obvious that growth has completely 
stopped, often many times through the life of the plant, 
with new growth coming only from new buds. What has 
killed the apical meristem? Often meristem death has been 
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A male Moneilema gigas has approached and positioned 
its body parallel to that of a feeding adult female, pre- 
paratory to mating. The female was feeding in the head - 
down vertical position shown, a common stance assumed 
by adults when feeding on ribbed portions of the cactus 
below the apical meristem. The characteristic gray seg- 
ments on the antennae are particularly noticeable on the 
female in this view. Photo by Carol D. Crosswhite, Au- 
gust, 1983. 

A mated pair of Moneilema gigas in copula atop 
Trichocereus spachianus. The cactus shows old and par- 
tially healed complete destruction of the apical meri- 
stematic region and recent chewing by Moneilema slightly 
lower. The stout thoracic spine which shows in profile on 
the male is a characteristic of M. gigas. Photo by Carol D. 
Crosswhite, August, 1983. 



Five infected stems of Trichocereus spachianus are shown to the right of the butcher knife, with two healthy stems to 
the left. Larvae of various instars are visible among the frass and necrotic tissues of three of the infested stems. Most 
infested stems also show external chewing by adults and pronounced constrictions between growth segments due to 
repeated destruction of apical meristems by the beetles. Stems infested with larvae lose their original healthy green 
coloration as destruction of the vascular system below prevents uptake of water and nutrients. Infested branches 
break off or bend down and become sunburned because of the unfavorable angle in relation to the rays of the sun. The 
branch at extreme right shows new adventitious roots at the base indicating a first stage of rejuvenation in the plant 
following pupation of the larva and emergence of the adult, but new chewing marks at the apical meristem indicate 
perhaps a loosing battle. The butcher knife is approximately 12 inches long. Photo by Carol D. Crosswhite, February, 
1986. 
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assumed to be due to freezing weather and has wrongly 
given the species a frost- tender reputation. Indeed, many 
columnar cacti cultivated in Arizona do display stem con- 
strictions due to winter freezing. Our studies indicate, 
however, that the apical meristem of T. spachianus is 
killed in summer rather than winter and that death is due to 
feeding by adults of Moneilema gigas. Unless the cacti are 
checked between midnight and dawn in the summer, the 
agent of destruction will not be found. 

Loss of Chlorophyll. The hallmark of a Trichocereus 
plant infested with larval Moneilema gigas is the loss of 
chlorophyll in the lower part of the stem. Infested plants are 
easily picked out of large blocks of nursery-grown 
Trichocereus by the tell -tale yellowed stems in winter. We 
have not yet found a yellowed Trichocereus stem in January 
through March which did not contain a larva of Moneilema 
gigas. We have found only one larva per yellowed stem and 
have never found a larva in a stem still green from January 
through March. The unfailing and conspicuous loss of 
chlorophyll in winter provides a screening process to en- 
sure that infested plants are not sold. Any yellowed stem 
should be opened with a knife and the larva killed, since 
merely discarding the yellowed plant will result in pupa- 
tion of the larva, followed by emergence and breeding. Loss 
of chlorophyll in the infested stem appears to result from 
the action of microorganisms introduced by the larvae. 

Deposition of Eggs and Early Larval Development. The 
adult female deposits eggs at ground level of the Tricho- 
cereus in litter where the very young larvae will be shaded. 
The tiny larva chews at the base of the cactus and intro- 
duces microorganisms which soften the tissues so that 
exudate is produced. Although such an exudate in Opuntia 
has been described as a defense by the plant, we see the 
exudate of Trichocereus as nourishing the small larva until 
it is strong enough to gain a foothold within the stem. 

Microorganism of Mandibles, Gut and Frass. Larval in- 
festation of Trichocereus results in a large hollowed -out 
cavity in the stem with several colors and textures of 
decaying tissue and frass. The fresh areas of pulpy tissue 
which have been recently chewed against by the mandibles 
of the larva have a yellowish orange patina, obviously 
surface -colonies of microorganisms. Sectioning beyond the 
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Late instar larva of Moneilema gigas within a stem of 
Trichocereus spachianus. Note the extensive necrotization 
of the cactus with larval frass, wound exudate, and rotting 
tissue. The legless larva moves by lengthening and short- 
ening its body, thus extending and retracting the body 
segments, each of which is then appendage -like in func- 
tion. The larva chews into fresh cactus tissue with power- 
ful mandibles (dark- colored) which are the most promi- 
nent features on the small head (left). Much of the larva's 
internal anatomy can be seen through the translucent 
integument. Photo by Carol D. Crosswhite, February, 
1986. 

Opposite page (left) 

Trichocereus spachianus infested with an early instar 
larva of Moneilema gigas. The adult beetle does not lay its 
eggs within the cactus. Rather, eggs are deposited at soil 
level and the young larvae chew their way into the plants. 
Note the entrance hole for this larva at lower left and the 
already extensive cavity with frass and rotting tissue at 
the base of the plant. The necrotic region (dark -colored) 
contrasts sharply with the light -colored healthy tissue 
above. Bacterial and fungal pathogens in the gut and on 
the exterior of the larvae invade the succulent parts of the 
cactus and seem to break down the tissues for easier 
digestion by the larvae. Note the yellowish streaks extend- 
ing upward to the healthy portions of the cactus, indicat- 
ing infection of the tissues in advance of the chewing. 

Opposite page (right) 

The canal -like chamber beneath this Moneilema larva 
leads from the feeding area within the plant down to the 
root region where a pupal chamber has been constructed. 
When the last instar larva is fully grown, it retreats to this 
chamber, pupates, and finally emerges and digs its way 
through the soil as an adult beetle. Exit holes in the soil can 
sometimes be noted in a colony of infested Trichocereus by 
their characteristic diameter which matches the diameter 
of the beetle, and by their rounded nature which also 
matches the rounded body of the adult beetle. The round- 
ing of the holes is thought to be due to re -use, the old pupal 
chambers serving as refugia from the midday heat for the 
beetles which emerged from them. Photo by Carol D. 
Crosswhite, February, 1986. 



Larva of Moneilema gigas. 
Crosswhite, April, 1986. 

chewed areas, we find yellowish streaks of infection radiat- 
ing into healthy soft tissue. The infectious streaks of low - 
grade necrotization invading otherwise healthy tissue are 
interpreted by us to indicate that the microorganism is 
weakly pathogenic for Trichocereus. Behind the advancing 
wave of infection is the larva itself and a conspicuous area 
of microorganism -rich dark -colored frass and purulent 
exudate. The areas recently chewed by the mandibles ap- 
pear to have been softened by the microorganism slightly in 
advance of the approach of the larva itself. We interpret the 
weak pathogen as being repeatedly inoculated into fresh 
tissues on all sides of the cavity through the chewing 
activity of the mandibles. As the larva methodically works 
its way around the perimeter of the cavity, chewing at 
the edges, it consumes the tissue which we interpret as 
"conditioned" by the microorganism. 

As the food passes through the larval digestive system, 
microorganisms of the gut come into play to produce the 
dark -colored frass. The microorganisms of mandibles, gut 
and frass seem to make a balanced stable flora within the 
plant and there is not a frank necrosis that might result 
from a highly pathogenic organism. As larvae mature, 
pupate and emerge in spring and early summer, however, 
the succession of microorganisms within the cavities of 
stems does finally often result in frank necroses which 
decimate plants and serve as foci for infection which can be 
spread to other parts by various vectors. Interestingly, this 
necrosis generally only extends within a Trichocereus stem 
up to a constriction or segmentation of the stem caused 
when an adult Moneilema gigas beetle destroyed the apical 
meristem. This is thought to be due to the pathogen spread- 
ing through soft tissues rather than vascular ones. No soft 
tissues connect the stem segments. Thus, characteristic 
damage by a Moneilema adult can result in arrest of the 
necrosis introduced by a Moneilema larva. 

Destruction of the Vascular System. In every case of 
larval infestation of Trichocereus, we have observed de- 
struction of the greater part of the vascular system, but only 
up to the end of the stem segment. The destruction seems 
to result from physical chewing by larval mandibles, appar- 
ently in conjunction with the "conditioning" by the 
weakly pathogenic microorganism. Continued inoculation 

Drawing by Carol D. 

of the microorganism into new sections of vascular tissue 
seems to be accomplished by the mandibles. The microor- 
ganism apparently does not pass along sections of vascular 
tissue undamaged by mandibles or it would pass from one 
stem segment to another, which it does not. After pupation, 
if the previously infested stem segment has not undergone 
frank total weeping necrosis (which quickly destroys the 
entire segment), and if some vascular and surrounding 
tissues remain intact, adventitious roots may form at the 
base of the segment. If these grow into the soil, the pre- 
viously infested segment, although having lost chlorophyll 
at least below, has been seen to rejuvenate. 

Unfavorable Angle of Stem Repose. Even if an infested 
stem segment completely dies, adventitious roots from the 
segment above will normally grow down into the old cav- 
ity. As the previously infested stem rots away, the adven- 
titious roots from above will contact the soil but the stem 
will generally fall over rather than remain erect. Even when 
an infested stem does not entirely die but rejuvenates and 
forms adventitious roots itself, it often does not remain 
completely erect. When not vertical, stems of Trichocereus 
become yellowed in Arizona's intense sun of summer, 
perhaps because they do not properly radiate heat because 
of the unfavorable angle of stem repose in relation to 
normal aerodynamics. As a result, old Trichocereus plants 
in Arizona often have unsightly yellowed and crooked 
bases. 

Antifeedants, Alkaloids and Genetic Selection. Among 
cactus collectors of the world, Trichocereus is reputed 
to have few if any insect or animal pests. We have heard it 
said that a creature will take one bite of Trichocereus and 
never do it again. We agree that mammals such as pack - 
rats, rabbits, or javelinas avoid Trichocereus. Both root 
mealy bugs and spine mealybugs, normally serious pests of 
cacti, are seldom seen on Trichocereus. Many species of 
Trichocereus are known to be rich in alkaloids. Perhaps 
these may function as antifeedants. 

Moneilema, having presumably lived for millenia with 
both Prickly Pear and Cholla, may well have become ge- 
netically adapted to counter certain antifeedants. The fact 
that Moneilema does not overwhelm either the native 
Prickly Pear or Cholla as it does Trichocereus indicates to 
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Adult Female of Moneilema gigas. Drawing by Carol D. 
Crosswhite, April, 1986. 

us that Opuntia species likely have become genetically 
adapted to an equilibrium with the beetle, perhaps by 
production of additional antifeedants which Trichocereus 
lacks. Also, we must consider the possibility that common 
races of Moneilema gigas of the Arizona desert might not 
be particularly virulent for Trichocereus but that a race 
adapted to Trichocereus chemistry may have arisen. An- 
other possibility is intriguing. Does the microorgan- 
ism inoculated by the mandibles partially digest the 
Trichocereus tissue so as to denature antifeedants which 
deter other pests? Is the same microorganism found when 
Moneilema infests Opuntia? Is the organism a Tri- 
chocereus microbe from Argentina which has been trans- 
ferred to a race of Moneilema in Arizona? Our research has 
not yet answered any of these questions. Interestingly, we 
find no other species of insects within the Moneilema 
larval cavities of Trichocereus. In insect infestations of 
other cacti, a virtual ecological succession of insects in- 
habits a single cactus in the same region as our 
Trichocereus study. 

Trichocereus as a Complete Host Throughout the Life 
Cycle of the Beetle. In colonies of Trichocereus spachianus 
which we have studied, Moneilema gigas seems to be 
capable of completing its entire life cycle using this plant 
and no other. The life cycle begins with mating which 
occurs on the tops of Trichocereus stems. Females deposit 
eggs at the base of Trichocereus and the larvae eventually 
gain entry to the food stores, mineral nutrients, and mois- 
ture of the stem. The larvae make a canal through the frass 
and exudate of the infested cavity down into the soil 
at the base of the plant. Here the pupal chamber is made 
which connects with the canal within the stem. 

During winter we find the larva in its pupal chamber at 
night when the soil is warmer than the stem. In the daytime 
the larva locomotes through the canal by the friction of its 
body segments against the frass and plant tissues. By the 

time of pupation it has systematically eaten a mass of 
tissue about 60 times its own dimensions and has turned 
the majority of this into the purulent frass. The pupa 
remains but a short time in its chamber before metamor- 
phosing into the adult. The adult Moneilema is the only 
insect we know of to chew more than once on a 
Trichocereus. The adult spends a long time eating into the 
apical meristem and sometimes also into lateral stem 
areas, obviously being able to digest the tissues. Could the 
adult have some of the same microorganisms in its gut that 
seem to "condition" the Trichocereus tissues for eating by 
the larva? If so, perhaps these cope with the antifeedants 
and are the reason that only Moneilema seems to attack 
Trichocereus. Could the lengthy but rather slow feeding at 
night relate to such a slow digestion process? 

Adults re -use the old pupal chamber as a refugium from 
heat during summer. As a result, we have found them 
visible only at night or near dawn. Control of the insect on 
Trichocereus is very easily accomplished in summer by 
picking the adults off of the plants at night with forceps and 
by removing larvae from yellowed stems in winter. When 
collected in Kahle's Solution, which keeps them flexible, 
adults and larvae make excellent teaching specimens be- 
cause of their large size and classic anatomy. 
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Salvias 
Continued from page 189 

survived a winter low of 26 degrees F. Plants were in full 
flower during the winter months. The flowers but not 
foliage were damaged at 26 degrees F. Recovery was rapid 
and plants were blooming again within 1 -2 months. 

19. Salvia pinguifolia (Fern.) Woot. & Standl. ROCK SAGE. 

Rock Sage is a shrub to 15 dm high, the stems and 
branches puberulent with whitish hairs. Leaves are broadly 
deltoid- ovate, 2 -5 cm long, and about as broad. Blades 
are obtuse at the apex and truncate to broadly cordate at 
base, with crenate -serrate margins, and conspicuously 
glandular -punctate beneath. Flower spikes are 3 -8 cm long, 
with crowded verticils. The broadly flaring calyx is 6.5 -10 
mm long, canescent with minute, simple, appressed hairs. 
Flowers are lavender -purple, about 9.5 -14.5 mm long. The 
tube is 5 -8 mm long, upper lip 4.5 -5 mm high, and lower lip 
4.5 -6.5 mm long. Blooming from August through Sep- 
tember. Rock Sage is an uncommon species in rocky soils 
from western Texas to southeastern Arizona and Northern 
Mexico. (Correll and Johnston, 1970; Shreve and Wiggins, 
1964) 

Rock Sage has been grown at the Texas A &M Research 
Center since 1976. Plants are in full sun and require 
monthly irrigation. They reached mature size in two grow- 
ing seasons and have survived -15 degrees C without sus- 
taining damage (Simpson pers. comm.). Salvia pinguifolia 
is related to Salvia ballotaeflora, and would also make a 

fine addition to the nursery trade in southern Arizona. 

20. Salvia regla Cay. MOUNTAIN SAGE. 

Mountain Sage is a shrub to 2 to 2.5 m tall. The broadly 
deltoid -ovate leaves are 2.5 -5 cm long and wide, with an 
obtuse apex, and truncate base. Blades are wrinkled and 
slightly hispid above, pubescent on the nerves beneath, and 
have coarsely crenate margins. The calyx is subinflated, 1 -2 
cm long, reddish above and green below. Scarlet flowers are 
axillary or in short terminal racemes, 3.5 -5 cm long. The 
tube 2.5 -4 cm long, upper lip 1.5 cm long, lower lip 1.3 cm 
long. Native to the mountains of Big Bend in Texas, south to 
north -central Mexico. (Correll and Johnston, 1970; Epling, 
1939b; Nicholson, 1887 -1889; Synge, 1969) 

Mountain Sage was introduced into cultivation in 1839 
(Nicholson, 1887 -1889) and is still being grown. Simpson 
(pers. comm.) started growing the species in 1974. His 
plants are being grown in filtered sun, and require monthly 
watering. They are somewhat slow growing for a Salvia, 
and are hardy to 15 degrees F without being damaged. 
Dufresne (pers. comm.) is growing two forms of Mountain 
Sage. The southern form, from Hidalgo, Mexico, grows to 
about 1.5 meters tall, is hardy to 30 degrees F, blooms late 
and is very showy. The Texas form grows to 1.25 meters 
tall, is hardy to 10 degrees F, and has smaller flowers. I grew 
a few plants in Tucson, but they did not survive in contain- 
ers long enough to be planted in the ground. Mountain Sage 
would seem to be a species suitable for planting on the east 

and north sides of buildings, and should be tested in mid- or 
high- elevations in southern Arizona. 

21. Salvia reptans Jacq. 
A perennial herb with decumbent or erect stems to 1 m 

long or tall. Linear to narrowly oblanceolate leaves are 1.5 -8 

cm long and 1.5 -6 mm wide. The inflorescence is an inter- 
rupted spike 15 -30 cm long, with 1 -4 flowered verticillas- 
ters spaced 1 -4 cm apart. The 4 -6 mm long calyx is glabrous 
or hispid, frequently blue tinged. Sky blue or cobalt blue 
flowers are 9.5 -26 mm long. The tube measures 6 -11 mm 
long, upper lip 3.5 -6 mm long, and the broadly expanded 
lower lip 8 -15 mm long. Native from west Texas south to 
southern Mexico. (Bailey, 1902; Bailey, 1928; Chittendon, 
1956; Correll and Johnston, 1970; Epling, 1939b; Nichol- 
son, 1887 -1889; Peterson, 1978; Synge, 1969) 

Salvia reptans has long been known as either Salvia 
angustifolia or S. leptophylla in cultivation, and according 
to Peterson (1979) consists of two varieties. 

var. reptans is native to central and southern Mexico, was 
introduced in 1816, and was called S. angustifolia by 
Nicholson (1887- 1889), Bailey (1902, 1928) and Chittendon 
(1956) or S. leptophylla by Synge (1969). This is the most 
commonly cultivated form and according to Dufresne 
(pers. comm.) is moderate to fast growing and hardy to 
about 25 degrees F. His plants are growing in full sun and 
require monthly watering. I am growing this form collected 
in Michoacan, Mexico. It blooms in summer and fall and 
is hardy to at least 26 degrees F. The plants are prostrate 
with ascending stem tips, and grow moderately fast. They 
are in partial shade and receive weekly drip irrigation. With 
its prostrate habit, S. reptans var. reptans is an ideal plant 
for desert rock gardens and gentle slopes. Propagation is 
easily achieved by either seeds or cuttings. This variety is 
available in southern Arizona. 

var. glabra (A. Gray) K.M. Peterson is the upright growing 
form from Texas and is uncommon in cultivation. It has 
broader leaves, smaller flowers, and makes a rounded 
shrub. This variety would make an attractive addition to 
the cultivated Salvias of southern Arizona. 

22. Salvia roemeriana Scheele. CEDAR SAGE. 

S. prophyrantha Decne. 
S. porphyrata Hook. 

Cedar Sage is an herbaceous perennial to 7 dm tall. 
Roundish or reniform- cordate leaves are 2.5 -5 cm wide, 
coarsely repand- toothed or crenately incised. Lower leaves 
with 2 or 3 lateral leaflets. The inflorescence is a loose, 
elongated raceme. The somewhat pubescent calyx is about 
15 mm long. Deep scarlet, narrowly tubular -funnel form 
flowers are 25 -35 mm long. Cedar Sage occurs in west Texas 
and adjacent Mexico. (Bailey, 1928; Chittendon, 1956; Cor- 
rell and Johnston, 1970; Nicholson, 1887 -1889; Synge, 
1969) 

Cedar Sage was introduced into cultivation in 1852 
(Nicholson, 1887 -1889) and is currently being grown by 
Dufresne. His plants are growing in full or filtered sun and 
require low to moderate watering. They are fast growing 
and hardy to 10 degrees F. The flowers are dimorphic. Fully 
developed flowers appear in the spring and fall, and produce 
the best floral display then. Cleistogamous flowers appear 



during the summer. The plants reseed freely and may 
become a pest in moist situations. 

23. Salvia sessei Benth. 
S. roezlii Scheidw. 

This shrub grows to 5 m tall, and has ovate leaves to 5 -12 
cm long and 2.5 -6 cm wide. Leaf blades are acuminate at 
apex, round at base, and have crenate -serrate margins. 
Opposite flowers are arranged in a short panicle. Bracts are 
ovate and caducous. The brick red calyx is 15 -20 mm long 
and 10 -11 mm broad at the middle when in flower, enlarg- 
ing to 20 -25 mm long and 14 -15 mm broad in fruit. The 
scarlet flowers are 4 -5.5 cm long, the tube 28 -35 mm long, 
upper lip 15 -18 mm, and lower lip 17 -19 mm long. (Bailey, 
1902; Bailey, 1928; Epling, 1939b) 

Salvia sessei is being grown by Dr. Dufresne (pers. 
comm.). His plants are in full sun and require monthly 
irrigation. They take two years to reach 1.3 meters tall and 
have survived 25 degrees F. Plants bloom in the fall and may 
attract hummingbirds. 

24. Salvia splendens Sellow ex. Roem. SCARLET SAGE. 

S. braziliensis Spreng. 
S. colorans of gardens 

In the wild, Scarlet Sage is an herbaceous perennial, or 
sub -shrub to 2 -8 feet tall, with glabrous branches. The 
ovate leaves are 5 -12.5 cm long, acuminate at the apex, and 
cuneate, rounded, subcordate, or attenuate at the base. The 
inflorescence is a terminal raceme to 15 cm long with 2 -6 
flowered whorls. The bracts are large, 1 -2 cm long, and 
scarlet. The inflated calyx is also large, 1.5 -2 cm long, and 
scarlet. The spikes of bright scarlet flowers are a familiar 
sight in many cities across the United States. Individual 
flowers measure 5 -6.25 cm long. The 3 -4 cm long tube is 
exserted from the calyx. The upper lip measures 7 -9 mm 
long, the lower lip is shorter than the upper. (Bailey, 1902; 
Bailey, 1928; Bailey, 1949; Bailey et al., 1978; Chittendon, 
1956; Clark, 1979; Crockett, 1981; Epling, 1939b; Everett, 
1960; Graf, 1982; Hay, 1969; Nicholson, 1887 -1889; Piz - 
zetti and Cocker, 1968; Shewell- Cooper, 1976; Standley 
and Williams, 1973; Synge, 1969; Taylor, 1961; Wilder, 
1937) 

Salvia splendens is probably the most widely cultivated 
species of Salvia. It is a tender perennial grown as an annual 
in most places. Plants are propagated by seed sown in 
February or March at a minimum of 60 degrees F. Trans- 
plant seedlings into individual pots 1 -2 weeks before plant- 
ing out in the summer. Cuttings may be taken in the 
summer or fall and rooted in the greenhouse under mist. 
They should be overwintered at a minimum of 50 degrees F. 

Pinch the tips when plants reach 3 -5 inches tall. Plants can 
then be planted out in the summer. (Everett, 1960) 

Plants can be grown in full sun and require a rich, 
well- drained soil and ample water. They are fast growing 
and bloom in the summer and fall. 

There are many horticultural cultivars, some of which 
may no longer be in cultivation, which are summarized 
below. 
`Alba' -has white flowers. 
'Atropurpurea' -dark violet -purple flowers. 

Figure 6. Verticillasters arranged in an axillary raceme in 
Salvia regla. 

Atrosanguinea' -has dark crimson flowers. 
'Bicolor' -large spikes of scarlet and white flowers. 
'Blaze Of Fire' -early flowering, with brilliant scarlet 

flowers, and growing to 0.3 meter tall. 
'Bruantii' -dwarf habit, bright scarlet flowers, introduced 

in 1881. 
'Calypso' -a pink flowered form. 
'Compacta' -to about 25 cm tall; with numerous, dense 

racemes, and brilliant scarlet flowers. 
'Compacta Alba' -white flowered dwarf. 
'Compacta Erecta' -dwarf form, dark scarlet flowers. 
'Fireball'-dwarf, with scarlet flowers. 
`Grandiflora' -tall growing form, to 1 m tall, with flowers 

to 5 cm long. 
'Gypsy Rose' -with dusky rose flowers. 
`Harbinger' -to 0.5 meter tall, with scarlet flowers. 
Issanchon' -dwarf habit, with a white calyx, and a red and 

rose -white striped corolla. 
'Lavender Love' -long, dense spikes of light lavender flow- 

ers; erect to 50 cm tall; blooms eight weeks after plant- 
ing. 

`Nana' -dwarf habit; early blooming. 
'Parma Violet' -purple flowers. 
'Purple Blaze'- reddish purple flowers. 
`Purpurea' -no information available. 
`Pyramidalis' -no information available. 
`Red Blazer' -no information available. 
` Rosea Carminea' -no information available. 
`Rosy Gem' -bright rose flowers. 
`Royal Purple'- purple flowered form. 
`Salmon Beauty' - salmon colored flowers. 
'Salmon Pygmy' -dwarf form to 23 cm tall, deep salmon 

colored flowers. 
'Scarlet Pygmy' -dwarf form to 23 cm tall, with scarlet 

flowers that bloom early. 
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`Semperflorens' -early blooming, flowers continuously 
throughout the season. 

`Souchetii' Planch. -white variant of 'Compacta'; prob- 
ably synonymous with 'Compacta Alba'. 

`Tom Thumb' -to 15 cm tall, with scarlet flowers. 
` Violacea'- purplish flowers. 
(Bailey, 1902; Bailey, 1928; Bailey et al., 1978; Chittendon, 
1956; Graf, 1982; Hay, 1969; Nicholson, 1887 -1889; Piz - 
zetti and Cocker, 1968) 

25. Salvia `Allen Chickering' 
A hybrid of S. clevelandii x S. leucophylla produced at 

the Rancho Santa Ana Botanic Garden. Third generation 
seed collected on June 19, 1949. Plants are rounded shrubs 
which are intermediate between the two parent species. 
The hybrid has since been cultivated by cuttings with best 
results from tip cuts of actively growing shoots. Plants are 
hardy and fast growing, and would appear to be adaptable to 
cultivation in southern Arizona. However, plants are not 
readily found in the nursery trade. (Epling, 1938; Rancho 
Santa Ana Botanic Garden records) 

26. Salvia `Indigo Spires' 
Salvia 'Indigo Spires' becomes a large shrub, growing to 

1.5 m tall, with stems woody below and herbaceous above. 
Leaf shape varies from ovate to ovate -lanceolate. Main 
stem leaves are 6 -9 cm long, the upper leaves being reduced 
to 3 cm long. Leaf blades are broadly acute at the apex and 
cuneate at the base, with crenate -serrate margins. The 
inflorescence is an interrupted spikelike raceme to 10 -30 
cm long, becoming somewhat congested at the apex, with 
10 -12 flowered verticillasters spaced 1 -3 cm apart. The 
narrowly campanulate, bluish calyx is 7 mm long; pubes- 
cent outside, glabrous inside. Dark violet -blue flowers are 
15 -17 mm long. The tube measures 10 mm long, upper lip 5 

mm long, and the three -lobed lower lip 6 -7 mm long and 
broad. Stamens and style are both included. 

A spontaneous hybrid of Salvia longispicata x Salvia 
farinacea at Huntington Botanical Garden in 1979, and 
accessioned as HBG 46029. The plant I saw growing in the 
garden of Betsy Clebsch from cuttings of HBG 46029 was 
1.5 meters tall with stems herbaceous above. I am currently 
growing Salvia 'Indigo Spires' in a greenhouse and am 
attempting backcrosses to S. farinacea. I have not grown 
Salvia 'Indigo Spires' outdoors in Tucson yet, but believe it 
has promise as a summer flowering perennial. 

27. Salvia `Purple Majesty' 
A shrub to 1 m or more tall. The ovate leaves are 5 -8 cm 

long, 3 -5 cm wide, acute to short acuminate at the apex, and 
rounded, truncate, or slightly cordate at the base. The 
spikelike raceme is 15 -30 cm long with 8 -10 flowered 
verticels spaced 2 -5 cm apart. Deciduous bracts subtend 
individual flowers. The 12 -17 mm long calyx is green 
towards the base and dark blue towards the tip. Rich violet 
flowers are about 47 -48 mm long, the tube 30 -31 mm long, 
upper lip 16 -17 mm long, and lower lip 13 -14 mm long. 

This hybrid was observed at Huntington Botanical Gar- 
dens in July 1983. According to their records, HBG 39897 is 
a plant grown from seed collected on the grounds in 1977 
and is recorded as a hybrid of S. guaranitica (HBG 37837) 
and S. gesneraeflora 'Tequila' (HBG 30868). This is an 

artificial cross made by Fred Boutin in 1977. HBG 46672 is a 
plant received from Logees Greenhouses in Connecticut as 
Salvia ambigens. The plant was grown as S. guaranitica (S. 

ambigens) until 1982 when it flowered and proved to be 
Salvia 'Purple Majesty'. 

I received cuttings of Salvia 'Purple Majesty' in July 1983 
and am growing it outdoors in Tucson. The plant I have 
grows well in the summer, but goes dormant and freezes in 
the winter. It recovers quickly in the spring and makes a 

small shrub about 1 meter tall. The plant begins to bloom in 
the summer and continues until first frost. It is in a location 
which receives full sun at midday, and early morning and 
late afternoon shade. The plant is watered sparingly, and 
may grow faster and larger with more water. It would 
appear to be best treated as a summer and fall perennial. 
The plant will be propagated and tested in a variety of 
exposures and watering patterns. 

Conclusions 
New World Salvias, with nearly 580 species, range con- 

tinuously from the Great Lakes in North America to the 
Argentine Plains in South America. Only 85 species 
(14.5 %) have been cultivated, but one can be found to fit 
almost any climate in the southwestern United States. The 
high population areas I am concerned with include mid and 
low elevation areas in southern Arizona. High elevation 
areas in southern Arizona are sadly neglected with regards 
to the introduction of new landscape plants, but there are 
few Salvia species which would be adaptable to higher 
elevations. However, if known, I did mention in the indi- 
vidual discussion which species would be expected to per- 
form well at higher elevations. 

The climate of mid and low elevation areas in southern 
Arizona generally eliminates tropical and subtropical 
species from consideration as plants which could be used in 
the basic framework in most landscapes. They can be used 
in the warmest microclimates, or treated as summer flow- 
ering perennials. Most of these species freeze to ground 
level in open, exposed locations, and recover when the 
temperature warms up in the spring. For that reason, tropi- 
cal species were not discussed in this paper. Species from 
the chaparral of California grow quite well in southern 
Arizona. They grow and flower in the winter and spring 
without much supplemental watering, generally surviving 
on the winter rainfall. New growth or flowers may be 
damaged if subject to temperatures below about 25 degrees 
F. Since they grow in an area which receives mostly winter 
rainfall, chaparral Salvias go dormant in the summer. How- 
ever, they will grow in the summer if they receive some 
water, and in southern Arizona we receive enough summer 
rainfall that the Salvias require very little supplemental 
water. Again these species grow better in a soil rich in 
organic matter yet one that is also well drained. These 
species are capable of growing in southern Arizona and 
should be used more often in landscapes. Salvia species 
from the Chihuahuan Desert are generally well adapted to 
the climate of southern Arizona. Since they occur in a 
colder desert, they can tolerate the low winter tempera- 
tures which we receive. They also can survive the summer 
heat without much supplemental water once they are 
established in the ground. However they will grow better 



and flower more profusely if watered regularly in the 
warmest months of summer. The Chihuahuan Desert Re- 
gion seems to be an area that is receiving more attention for 
potential landscape plants. 
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Figure 11. Rubber and resin concentrations in Chry- 
sothamnus nauseosus. 

Chrysothamnus 
Continue from page 180 

Chrysothamnus natural rubber and concluded that the 
Chrysothamnus rubber had mechanical properties that 
were similar to Hevea rubber and that it could vulcanize. 
Nuclear Magnetic Resonance and infrared analysis on 
extracts indicate that Chrysothamnus natural rubber is 
essentially a cis isoprene polymer and is almost identical to 
Hevea and guayule rubber. The molecular weight was 
determined to be 4.5 x 104. However, the molecular weight 
decreases in the extraction of guayule (Campos -Lopez and 
McGinnies, 1978) suggesting that neither plant has an 
antioxidant. The evidence suggests that Chrysothamnus 
rubber is of good quality and should be acceptable in corn - 
mercial use (Ostler et al., 1986). 

Within natural populations of Chrysothamnus, there is 
considerable variability in the rubber content on a dry 
weight basis. The average rubber yield reported by Hall and 
Goodspeed (1919) was 1.7% (dry wt) from 140 different 
samples. This, however, does not take into account the 
extreme values and at least two subspecies contained 6.5% 
rubber (dry wt). A survey in 1982 yielded similar results 
(Ostler et al., 1986), but the number of individual popula- 
tions that have been analyzed for rubber content is still 
relatively limited. We found considerable variability in 
rubber content in our own analysis (Figure 11). 

When the resin content was determined, considerable 
variation existed; the value of 21% was highest (Ostler et 
al., 1986). In our collection, the highest level was 14% resin 
(Figure 11). Our results (Figure 11) indicate that the resin 

level and rubber level did not always correlate. Some plants 
with low resin had high rubber content, others had high 
resin and low rubber. In still other cases, both high resin 
and high rubber were present. 

Some biomass studies have been done on Chrysotham- 
nus. Plants that have been clipped and allowed to grow for 2 

years yielded average values of 200 oz per year (McKell and 
Van Epps, 1980). Hall and Goodspeed (1919) reported an 
average growth rate for Chrysothamnus of 118 to 134 oz per 
year in natural populations. If one used a growth rate of 197 
oz per year and assuming only 2% rubber with plants 3 feet 
apart, a plantation would yield about 326 pounds of rubber 
per acre after 6 years growth. 

A tremendous biochemical diversity of compounds is 
present in this plant. Under study is the potential of natural 
insecticides and fungicides. Previous reports indicate the 
polyacetylenes have a potential as natural insecticides. 
Rose et al. (1980) found that the polyacetylenes were an- 
tifeedants for the Colorado potato beetle. Others have 
found that treatment of plants with polyacetylenes stimu- 
lated the plants to produce natural insect repellents 
(Maugh, 1982). Bohlmann et al. (1979a, 1979b) found six 
new types of Labdane type acids in Chrysothamnus. 

Buchannon et al. (1978) evaluated over 100 plant species 
including guayule and rabbitbrush as potential hydrocar- 
bon crops. Rabbitbrush had a slightly higher botanical use 
value than guayule. The values of polar and oil fractions 
obtained by solvent extraction were 11.1°/0 dry weight for 
guayule and 11.5% dry weight for rabbitbrush. Both plants 
were rated as having excellent potential as a hydrocarbon 
crop. 

Because of the chemical variation in Chrysothamnus, it 
is possible to select characteristics from natural popula- 
tions or to use biotechnological techniques -for example, 
somaclonal variates that will give high yields of resin and 
rubber. Once a selection has been made, there is the poten- 
tial of further improvements by traditional selection tech- 
niques or by biotechnical application. Once superior plants 
are located or synthesized they can be propagated by veg- 
etative means. 

Summary 
Chrysothamnus nauseosus is a widely distributed and 

highly adaptable desert shrub whose potential uses have 
not been fully recognized. Future research on the use of 
chemicals extracted from rabbitbrush may result in a new 
source of natural rubber, insecticides, fungicides, or all 
three. The use of both traditional plant breeding and new 
biotechnology may greatly improve the chemical value of 
this plant. 
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continued interest in the useful aspects of botany was 
shown by the hundreds of references to economic botany, 
including forage plants, poisonous plants, Indian uses of 
plants, tree products, wildlife food, erosion control, hay 
fever plants, honey plants and weeds. No detail was too 
small to escape his interest. He reported that Mrs. Collom 
found that the fruits of Berberis haemaetocarpa make a 
delicious red jelly, and noted that the violet flowers of 
Lupinus sparsiflorus color extensive areas in favorable sea- 
sons. 

Lyman Benson, who reviewed Flowering Plants and 
Ferns for Madrorio and for American Midland Naturalist, 
said that the book was "as welcome as one of the torrential 
rains which come now and then in the desert and break the 
long intervening periods of drought" (Benson 1944). He 
described the manual as up -to -date and comprehensive and 
praised Kearney and Peebles for their wide knowledge of 
plants in the herbarium and in the field (Benson 1942). 

Almost as soon as the book was published, Kearney 
began preparing a revision, and in 1946 he wrote to L. M. 
Pultz, head of the botany department at the University of 
Arizona, that he had completed the first draft of the revi- 
sion of Flowering Plants and Ferns of Arizona .17 (Kearney 
had retired from the U.S. Department of Agriculture in 
1944 and since then had lived in San Francisco and worked 
out of the California Academy of Sciences.) He hoped that 
the USDA would be able to publish the second edition, too, 
although the assistant chief of the Bureau of Plant Industry 
warned him that no funds for publication would be avail- 
able for 12 to 18 months. 18 By June 1948 it became apparent 
that the Bureau of Plant Industry could not publish the 
revision "owing to the increased cost of publishing and the 
large backlog of manuscripts accumulated during the 
war, "19 and Kearney began to search for another publisher. 
The Smithsonian Institution could not publish the manu- 
script for similar reasons.20 W. S. Phillips, the new head of 
the botany department at the University of Arizona, ap- 
proached the University of Arizona Press on Keamey's 
behalf. Phillips stressed that the first edition of Flowering 
Plants and Ferns (2,500 copies) had sold out in five years 
and that botany classes at the state -run university and 
colleges would use 100 copies of the new flora each year.21 
The Press, however, estimated that the cost of publishing 
the book would be $20,000, and they reluctantly turned the 
project down because of its expense.22 

Finally, in 1949, Kearney turned to the University of 
Calfornia Press. To reduce the cost of publication, he had 
made extensive changes in the format of the book, includ- 
ing use of numbered rather than indented keys, omission of 
citation of place of publication of species, and omission of 
Shreve's "Vegetation of Arizona." Such changes justified 
the selection of a new title for the book, and he called it 
17T. H. Kearney to L. M. Pultz, 26 March 1946 (H). 
18T. H. Keamey to L. M. Pultz, 3 June 1946 (H). 
19T. H. Kearney to J. R. Schramm, 23 June 1948 (H). 
20T. H. Kearney to J. R. Schramm, 23 June 1948 (H). 
21W. S. Phillips to R. L. Nugent, 17 June 1948 (H). 
22R. L. Nugent to M. P. Vosskuhler, 23 June 1948 (H). 
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Arizona Flora .23 Later that year the University of California 
Press accepted the manuscript for publication, 24 and up to 
the time it went to press, Kearney continued revising it, 
putting in new distributional information and adding more 
species. 

All did not go smoothly, however. In August 1950 Kear- 
ney reported to Phillips, "They told me at the University of 
California Press last week that they were ready to start 
printing the Flora of Arizona when their printers walked 
out because the University janitors are on strike and are 
picketing the buildings. What foolishness! "25 When galley 
proof began arriving for correction in April 1951, Kearney 
was still adding species, including a new species of Castil- 
leja collected by Phillips in the White Mountains the 
summer before.26 Finally Kearney was able to tell Phillips 
that copies of Arizona Flora would be on sale for $7.50 on 
August 30, 1951.27 The first edition sold out by 1959. 

After the edition was exhausted, Arizona Flora was is- 
sued with a supplement prepared by John Thomas Howell 
and Elizabeth McClintock of the California Academy of 
Sciences. The supplement was based largely on notes and 
papers written by Kearney before his death in 1956. Many of 
the same collaborators who had contributed to the first 
edition supplied additional information. Arizona Flora still 
sells steadily, according to the University of California 
Press, and neither its value nor its price ($38.50) have 
diminished.28 
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TWO BOOKS HOT OFF THE PRESS 
AND NOW REDUCED TO DESERT PLANTS READERS 
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This masterpiece is more than a full - 
color atlas of Arizona soils. By David 
M. Hendricks and a corps of 10 con- 
tributing authors, this large 81/2 " x 11" 
book is a virtual gold -mine of informa- 
tion on the relations of Arizona vege- 
tation and wildlife to soils, the influ- 
ences of climate and geology, indeed 
just what materials have gone into 
Arizona's soils and how they have 
formed. This indispensible 1985 book 
makes a valuable companion to David 
E. Brown's BIOTIC COMMUNITIES 
published by DESERT PLANTS in 
1982. All who have BIOTIC COM- 
MUNITIES will want the ARIZONA 
SOILS book as well. It resembles the 
BIOTIC COMMUNITIES volume in 
overall dimensions and 2- column 
format, but is physically quite a bit 
thicker. Although the Arboretum has 
been selling ARIZONA SOILS for 
about six months at $55.00 per copy 
(plus $3.00 shipping and handling), by 
special arrangement with the Uni- 
veristy of Arizona, the volume is now 
offered to DESERT PLANTS readers at 
the special price of 

$39 POSTPAID! 
This is our way of saying 
"Thanks" to DESERT 
PLANTS readers as volume 7 
comes to a close. With the 
postpaid feature, this is more 
than a 32% savings on the 
book! 

A second book, THE UNIVERSITY OF ARIZONA COLLEGE OF AGRICULTURE: A CENTURY OF 
DISCOVERY, is an excellent history. This 324 -page hardbound book has more than 250 photographs 
including one of Charles D. Poston, the "Father of Arizona" who was also a College of Agriculture 
employee! The photo of botanist J. W. Tourney's classroom in the Nineteenth Century shows a skull and 
various human bones strewn under the table! Botanist J. J. Thornber was so absent -minded that his wife 
feared for his safety. One day he put on a new suit and went to class. When his wife found a pair of trousers 
hanging on a chair at home, she rushed to the classroom, fearful he had gone to campus pantless. 
Fortunately it turned out to be a two -pants suit! We have negotiated a special price on this $16.00 book for 
readers of Desert Plants: 

$9.95 POSTPAID 

To qualify for special Desert Plants reader prices, orders must be sent prepaid to the following 
address, with a check payable to "University of Arizona." 

Desert Plants Book Offer 
Agricultural Communications 
College of Agriculture 
University of Arizona 
Tucson, AZ 85 721 


	dp_07_04_pg165
	dp_07_04_pg166
	dp_07_04_pg167
	dp_07_04_pg168
	dp_07_04_pg169
	dp_07_04_pg170
	dp_07_04_pg171
	dp_07_04_pg172
	dp_07_04_pg173
	dp_07_04_pg174
	dp_07_04_pg175
	dp_07_04_pg176
	dp_07_04_pg177
	dp_07_04_pg178
	dp_07_04_pg179
	dp_07_04_pg180
	dp_07_04_pg181
	dp_07_04_pg182
	dp_07_04_pg183
	dp_07_04_pg184
	dp_07_04_pg185
	dp_07_04_pg186
	dp_07_04_pg187
	dp_07_04_pg188
	dp_07_04_pg189
	dp_07_04_pg190
	dp_07_04_pg191
	dp_07_04_pg192
	dp_07_04_pg193
	dp_07_04_pg194
	dp_07_04_pg195
	dp_07_04_pg196
	dp_07_04_pg197
	dp_07_04_pg198
	dp_07_04_pg199
	dp_07_04_pg200
	dp_07_04_pg201
	dp_07_04_pg202
	dp_07_04_pg203
	dp_07_04_pg204
	dp_07_04_pg205
	dp_07_04_pg206
	dp_07_04_pg207
	dp_07_04_pg208
	dp_07_04_pg209
	dp_07_04_pg210
	dp_07_04_pg211
	dp_07_04_pg212

