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Editorial
Palms, Presidios and Pride: An Update on

Arizona- California Sibling Rivalry. In a recent pub-
licity campaign Californians are claiming that if their state
were a separate country it would rank as the seventh largest
nation in the world with respect to wealth, business and
foreign trade. In a world where "Arizona Rosewood" has already
been given the scientific name Vauquelinia californica and
where many Californians think of Arizona as little more than a
Haworthia liliputana growing at the foot of a giant Sequoia,
someone needs to fire a defensive round in support of Arizona.

To this end, the present issue of Desert Plants presents
evidence that the original type -locality of the "California Fan
Palm" ( Washingtonia filifera), the site where the species was
originally "discovered" and made known to science, actually
lies in Arizona, not in California as residents of that state have
long claimed. Although this may seem a trivial point to the
average person, it really isn't. This noble palm was discovered
and named by European plant scientists in the middle of the
19th Century at a time when the great resources and natural
wealth of the United States were literally stunning the world.
This palm from Arizona was considered so exquisite, so far
above the rank -and -file of plant discoveries, that European
science bestowed the name of the first president of the United
States upon it, creating the genus Washingtonia as a monu-
ment to honor America's great patriot. A lesser plant to honor
Washington would not have done! And what location in the
United States contributed the stalwart tree which the world of
science chose to honor America and her great President? Dr.
Victor Miller argues convincingly in the following article that
Washingtonia came from a remote stagecoach route 30 some
miles from Prescott, Arizona! It is truly fitting that Washing -
tonia came from a giant young land full of opportunity and of
vast potential good.

Arizona is still a young land ripe with opportunity and
bristling with potential. Its forests of giant Saguaro cacti, its
immense Grand Canyon, its checkerboard of biotic communi-
ties, mountains, canyons, and deserts contrast so strongly with
humdrum landscapes elsewhere that scope and scale tend to
stay with a person to inspire great heights of achievement and
the vision to begin enormous projects. Building of the mighty
Boulder Dam, on the Colorado River in Arizona, was the single
most important event which made possible the development

of Los Angeles, California, providing both water and electricity.
But after decades of litigation between California and Arizona
over water rights, Arizona soon will be diverting Colorado
River water inland to the enormous Central Arizona Project
designed to complement the existing water delivery system
made possible by Roosevelt Dam and the Salt River Project.
"Arizona grows where water flows."

Northern Arizona's Lake Powell, which didn't exist a few
years ago, is close to being the largest man -made lake any-
where. It is already one of America's greatest vacation spots,
ranking among such tourist attractions as the Grand Canyon
and Disneyland. And far downstream at Lake Havasu City a
man decided that Arizona's natural wonders were not enough;
when the Britishers decided to sell London Bridge, he had it
meticulously taken apart at great expense, shipped to Arizona
and put back together! The region about London Bridge has
recently undergone almost unbelievable development and is
close to being the fastest growing area anywhere in the world.

Arizona has had a long relationship with California. Take for
example the "Long Legislature." It convened at Prescott (then
capital of Arizona), voted to move the capital to Phoenix, but
fearful of being waylaid by the populace took the train to San
Francisco, eventually arriving in Phoenix much later after
deliberating along the way and fortifying each other with
liquid libations at all the stops, or so historians say. Cali-
fornians point with pride to San Francisco, long the west coast
equivalent to New York and the Pacific gateway to America in
the 19th Century, a city still important today with its historic
Presidio, Federal Reserve Bank, numerous corporate head-
quarters and amenities of civilization. Yes, Arizona and
California go back a long way in history. But Arizonans are
quick to point out that it was an expeditionary party from the
Presidio of Tubac in present -day Arizona) that travelled over-
land through the Sonoran Desert to establish a little settle-
ment on the Pacific Coast -the little town that became San
Francisco, California! We suspect that Arizonans have a few
other projects in mind yet as well - perhaps channelization of
the lower Colorado River could allow development of a seaport
at Yuma for trade with Australia and South America! Arizona
is yet a giant young land, a sleeping giant with vast potential.
And high among its list of assets we rank the myriad of desert
plants whose uses we are only now beginning to discover.
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Arizona's Own Palm:
Washingtonia filifera

Victor J. Miller
Arizona State University

The "California" fan palm is our most spectacular native
landscape plant. The Saguaro cactus is more unique, but palms
give an atmosphere to a street unmatched by any other plant.
This palm is also known as the Desert palm, California
Washington palm, California palm and Petticoat palm.

Fallacies are more abundant than facts in regard to this palm,
Washingtonia filif era Wendl. There are four principal fallacies
held. The first is that there are no native palms in Arizona. The
second is that there is only one native locality, that in the Kofa
Mountains. A third is that these differ from their brethren in

California in being self -pruning. Lastly, that their scientific
name was given to plants grown from seed collected in Cali-
fornia, not Arizona.

The first fallacy was disproven in 1923, but many citizens
are not yet aware of this. On December 5, 1923, the Morning
Sun paper of Yuma headlined: "Find New Species Palm Yuma
County" and "Botanist from Washington Establishes Existence
of Genuine Palms at Quartzsite" (Anon., 1923). These were
discovered on October 24 of that year after reports of their
existence had been current for some time. Mr. O. E Cook, the
botanist along, proposed naming them Washingtonia Arizo-
nica because he felt they differed from the trees west of the
Colorado River. This has not been accepted by the systematic
botanists who decide such things.

These palms are still thriving in what is now called Palm
Canyon. This is 18 miles south of Quartzsite on U.S. Route 95,
then some eight miles east over a graded but rocky road to the
entrance of the canyon into the Kofa Mountains. After a walk
upward and inward through the deep canyon, palms may be

-seen growing on the floor of very steep sided canyons, with
very occasional ones perched hundreds of feet up on the sides
where precarious footholds exist. Yuccas may easily be mis-
taken for palms at a distance.

The second fallacy was not disproven until 1976. In that
year, Brown, Carmony, Lowe and Turner (1976) published their
discovery of native palms in a different locality. This is along
Castle Creek in Yavapai County, over one -hundred miles from
Palm Canyon. Here, three separate grouping are found. Each of
these is supplied water by springs or seeps. These are reseeding
and maintaining themselves.

The third fallacy has to do with the reported self -pruning
habit of the trees in Palm Canyon. This is described in "Arizona
Flora" (Kearney 1973), our most reputable reference, as: "The
self pruning habit of these palms as they grow in Arizona may
warrant recognition as a variety, but apparently there are no
other differences from the California phase of the species."

Even the United States Government, which generally errs
only in its economic predictions, agrees that these are self -
pruning palms. It states this in a leaflet distributed at the Kofa
National Wildlife Refuge, in which Palm Canyon lies. Specifi-
cally this states: "The west end of the Kofa Mountains is well
known as the location of Palm Canyon, where native palms
grow in a spectacular canyon setting. These palms differ from
the California desert species in that the dead fronds are
dropped to leave the trunks naked, whereas those in California
retain the dead fronds which entirely conceal the trunk"
(Anon., 1982).
It is rather disconcerting to read this, then to hike into the

canyon and find trees with their skirts completely to the
ground. It is true that many have short skirts. They have
been burned in past years. Where they haven't burned, how-
ever, the dead fronds hang on as petticoats just as they do on
all of our cultivated California fan palms which aren't
trimmed or burned.

This burning, incidentally, was practiced on native palms in
California. S. B. Parish (1907 describes this as: "The dead leaves
are usually kept cut away from cultivated trees, while it is
almost impossible to find mature indigenous palms from
which the leaves have not been repeatedly burned. So to burn
them was the immemorial custom of the desert Indians, and it
has been erroneously alleged that in this they were influenced



Palms at Castle Creek showing skirt of old leaves.

Washingtonia filifera is well established in Palm Canyon in
the Kofa Mountains of Arizona.

Palms at the top of a cliff at Palm Canyon.



Palms at Castle Creek grow in rugged Sonoran Desert terrain 38 miles from Prescott, Arizona. The original
description of this palm in 1876 stated that the discovery and seed collection had been made in Arizona.
Geographic coordinates published by Fenzi placed the discovery near Prescott, Arizona. California
botanists, believing that such a palm could not grow near Prescott for climatic reasons claimed that the
discovery was made in California, a gross inaccuracy perpetuated in scientific literature up to the
publication of this issue of Desert Plants.

by a superstitious motive -the making of an offering by fire to
the spirits of the dead. In fact, their purpose was purely utilitar-
ian, namely, to facilitate the gathering of the fruit, and, as they
believed, to increase the fruitfulness of the trees."

The groves on Castle Creek also hold their dead leaves
without dropping them. Brown et al. (1976) described how, on
these: "The 'shag' of dead leaves was recently burned on most of
the trees by the land owner to dispel yellow jackets." A visit to
these in December of 1982 revealed another long skirt of dead
fronds hanging on the trees.

The fourth and last fallacy has to do with the origin of the
plants which were officially named Washingtonia f ili f era. It is
normally assumed that these came from California. A thesis
advanced here is that the plants were named by a German
botanist (Wendland, 1879) from plants growing in a nursery in
Belgium. The seeds from which these were grown were col-
lected in Arizona (Drude, 1876), and the approximate latitude
and longitude of the collection site were published by an
Italian (Fenzi, 1876). This must have been the grove of palms
on Castle Creek.

Proof of this is a bit fragmentary and speculative. S. B. Parish
(1907), previously referred to, wrote the first definitive work on
the genus Washingtonia in America. He summarized a great
deal of literature. Drude (1876) describes how the palm seed
was collected by B. Roezl "in Nord -Mexico, bei Arizona, am Rio
Colorado." We thus have the seeds coming from Arizona.

The Italian E. O. Fenzi (1876) described the location of the
seed source as: "Arizona (Stati Uniti), dove cresca spontanea
sulle rive del Colorado, a circa 115° de longitude ouest del
meridian de Parigi, e circa de 35° latitudine nord."

One checking that longitude will promptly find a location
in California. Since this was before the Washington Meridian
Conference of 1884 which established the Greenwich Meri-
dian as the standard, we have measured from the Capital of
France, Paris. Subtracting that distance east of Greenwich, we
have 112 °40' west of Greenwich.

Parish, a California botanist, states that this: "would locate
the parent trees in the neighborhood of Prescott, Arizona, a
region rather of pines than of palms. Definite as are these
statements, it is impossible that Roezi could have seen a
Washingtonia growing spontaneously or collected its seed.
The seeds which he carried to Europe he could have received
from another, probably in San Francisco." He adds that Roezl
was in Denver, and: "made a trip, of a fortnight's duration , into
northern New Mexico."

We find now that, unknown to Parish, there was a grove of
palms only 38 miles from Prescott. A Wickenburg stage line
went up Castle Creek just where these palms are located.
Wickenburg was the transportation hub of central Arizona.

Col. Hodges (1877) described his travels to Arizona during
the early 1870's. His veracity was attested to by A. P. K. Safford,
Governor of the Territory, and 40 other officials. He wrote:



Rugged terrain at Palm Canyon. Can you see the palms?

The palms at Palm Canyon lie well hidden in the canyon. A row of palms up an arroyo at Palm Canyon with dead
fronds shining in the sun.



Palms along arroyo at Castle Creek with dead fronds.

Base of an old palm trunk at Castle Creek. View of Castle Creek palms almost hidden down
in an arroyo.
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Many of the wild palms in Palm Canyon have fewer fronds
than the more luxuriant palms seen in cultivation.

Castle Creek palms showing persistent skirts.

Some trees at Palm Canyon have a skirt of dead leaves all
the way to the ground.

"The California and Arizona Stage Line is the other great stage
line of Arizona. The line now connects with the Southern
Pacific Railroad at Indian Wells, runs thence to Ehrenburg on
the Colorado River, thence to Wickenburg, from whence the
main line runs to Prescott and the intermediate stations, and a
branch line to Phoenix and Florence." "A weekly stage line runs
from Prescott via the Chiquita Colorado and Camp Wingate to
Santa Fe in New Mexico."

We find, then, that stages were passing our Castle Creek
palms. At least at one time this was the Wickenburg, Vulture
and Phoenix Line. Trees would have had ripe fruits in Sep-
tember, the time when Roezl was in New Mexico, very possi-
bly in Santa Fe. A traveller going to Santa Fe might well have
taken some attractive purple fruits along.

Transportation, then, existed at that time to move the fruits
from an area which now seems extremely isolated. Even if
Roezl didn't enter Arizona, he could have obtained the fruits
and seeds.

The approximate latitude and longitude are interesting.
They were an approximation as indicated by the "circa" des-
cription. Yet, the Castle Creek groves are at 112 °22'10" longi-
tude, just 17 miles from the estimated 112 °40' we calculated
from Paris. The latitude is a bit high, being nearer Perkinsville
than Prescott.

When a palm grove exists where one was described geogra-
phically, and when a stage line passed it by in 1872, and when
the seeds reportedly came from Arizona, should not we claim
the Washingtonia filifera for Arizona? Had Parish known of
the native grove then, which we only learned of in 1976, he
would have gracefully conceded the honor.

We owe a debt to him for his thoroughness. We also owe one
as Americans to Herman' Von Wendland (1879). He decided
the genera Brahea and Pritchardia in which various workers
put this palm were incorrect. As he wrote himself: "Ich schlage
fur diese bisher als Brahea oder Pritchardia filifera bezeichnete
Pflanze den Gattungsnamen Washingtonia, als Erinnerungan
den grossen Amerikaner. Vor. Herrenhausen, 15. Dec. 1878."
Loosely translated, he struck the previous names and desig-
nated the name Washingtonia in memory of the great
American.
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Leucaena Rhizobium
Compatibility and
Nitrogen Fixation

Paul E. Thoma
Botany Department
University of Wisconsin - Milwaukee
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Abstract
The compatibility and effectiveness of potentially nitrogen

fixing associations between two Rhizobium strains and thir-
teen collections of Leucaena leucocephala, five other species
of Leucaena, and Albizia occidentalis were determined. The
appearance, dry weight, and nitrogen content of plants grown
with and without Rhizobium were determined. A comparison
was made of nitrogen fixed per plant and per unit weight of
plant, and the ratio of plant weight (grown with Rhizobium) to
plant weight (grown without Rhizobium). The various collec-
tions of L. leucocephala made compatible and equally effective
nitrogen fixing associations with the two strains of Rhizo-
bium. Compatible and effective nitrogen fixing associations
also occurred with L. pulverulenta, L. esculenta, L. diversifolia,
and L. collinsii. Less effective nitrogen fixing associations
occurred with L. retusa. Although root nodules formed on A.
occidentalis, effective nitrogen fixation did not occur.

Introduction
In recent years the genus Leucaena has received consider-

able attention as an economically important plant group
throughout the tropics and sub -tropics (Anon., 1977; Anon.,
1979; Brewbaker, 1975; Brewbaker, 1978; Brewbaker et al.,
1972; Yabes, 1977). Greatest attention has been given to L.
leucocephala.

The wood of L. leucocephala is used for lumber and paper
pulp. The foliage is used as a livestock feed and green manure.
The seeds provide a source of gum and are used to make
decorative necklaces. The tree is planted as an ornamental, in
windbreaks, and as a shade or nurse tree for other crops such as
coffee, cacao, tea, cinchona, and citrus. The attention given
to L. leucocephala is well deserved because it has many desir-
able qualities which include high growth rate, good drought
resistance, high resistance to insect pests, tolerance to a wide
range of soil and climatic conditions, ability to improve soil,
and high nutritional value.

Brewbaker (1978) and Brewbaker et al. (1972) suggest that
other species of Leucaena may be equal or superior to L.
leucocephala in some qualities. L. pulverulenta has approxi-
mately half the mimosine (toxic amino acid) content of L.
leucocephala. Greater quantities of L. pulverulenta foliage and
leaf meal can be eaten by animals without problems such as
loss of hair in swine and horses. L. esculenta is a vigorous tree
of the Mexican and Guatemalan highlands and may be better
suited to higher elevations than L. leucocephala.

A major aspect of the ability of Leucaena to improve soil and
to provide nutritional forage is the presence of certain nitro-
gen fixing bacteria, Rhizobium, in their roots. The Leucaena -
Rhizobium association is capable of fixing more than 500 kg of
nitrogen per hectare per year (Anon., 1977).

Galli (1958) and Trinick (1965) have shown that the L.
leucocephala - Rhizobium association is very specific. Few
Rhizobium isolates from other legumes produce nitrogen fix-
ing nodules on L. leucocephala. However, Rhizobium isolates
from effective nodules of L. leucocephala infect other plants of
L. leucocephala and result in the formation of nitrogen fixing
root nodules.

Brewbaker et al. (1972) recognize ten taxonomically valid
species of Leucaena with considerable variation in form of
some species. Fourteen previously reported species of Leo -
caena are synonymous with L. diversifolia. L. leucocephala has
a number of forms (Brewbaker et al., 1972; Anon., 1977) ranging
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Table 1. Plant Material Evaluated.
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Species
Seed Identification, Source,

and Collection Data

Leucaena leucocephala

L. retusa

L. pulverulenta

L. esculenta

L. diversifolia

L. collinsii

Albizia occidentalis

1. Hawaii No. K8 (Brewbaker)
2. Hawaii No. K67 (Brewbaker)
3. Hawaii No. K132 (Brewbaker)
4. Hawaii No. K341 (Brewbaker)
5. cv. Hawaii - CPI 18624 (Bray)
6. cv. Cunningham - Bred from

crosses between CPI 18624 and
CPI 18228 (Bray)

7. cv. Peru - CPI 18614 (Bray)
8. El Salvador type - CPI 33029

(Bray)
9. El Salvador type - CPI 64189

(Bray)
10. CPI 70545 )Bray)
11. 4 km. NE of La Paz, Southern

Baja California, Mexico by
Thoma.

12. Within Miraflores in cape
region of Southern Baja Cali-

,

fornia by Thoma.
13. 3 km. E of Edinburg, Texas,

USA by Thoma

14. 6 km. W of Comstock, Texas,
USA by Thoma

15. Within Brownsville, Texas,
USA by Thoma

16. 0.5 km. E of Hidalgo, Texas,
USA by Thoma

17. Hawaii No. K459 )Brewbaker)

18. Hawaii No. K454 (Brewbaker)

19. CPI46567 (Bray)

20. SW of Miraflores in cape region
of Southern Baja California by
Thoma

from tall, treelike plants with thick branchless trunks (Salva-
dor types), to short shrubby plants (Hawaiian types).

The aims of this investigation were to determine the degree
of plant -Rhizobium compatibility between Rhizobium strains
and various forms of L. leucocephala, other species of Leu-
caena, and Albizia occidentalis; and to determine the effec-
tiveness of these potentially nitrogen fixing associations.

Materials and Methods
The seed material consisted of 20 collections (Table 1) and

was obtained from a number of sources: Dr. James L. Brewbaker
of the University of Hawaii; Dr. R. A. Bray of CSIRO, Australia;
and field collections by Paul E. Thoma. Two Rhizobium strains
were evaluated (Table 2). These were isolated from root nodules
obtained from seedlings of L. leucocephala and L. pulverulenta
according to procedures established by the Nitragin Company
(Anon., 1968). Rhizobium cultures were grown and maintained
on sterilized nutrient agar and inoculum was prepared by grow-
ing the cultures in a nutrient solution.

Seeds were mechanically scarified and their surface chemi-
cally sterilized. They were germinated on sterile moist filter
paper in petri dishes placed in a growth chamber (Table 3).

Plants were grown in a sterilized, self -irrigating, coarse sand
system (Leonard, 1943) having a nutrient solution lacking
nitrogen (Thoma, 1980). Germinated seeds were placed in the
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Table 2. Rhizobium Strains Evaluated

Strain Number
R1C

R7A

Source of Rhizobium Strain
Isolated from a root nodule on a L.
leucocephala seedling growing 3 km
E of Edinburg, Texas, USA by Thoma
Isolated from a root nodule on a L.
pulverulenta seedling that was pot
grown from a seed and in soil col-
lected at the same location within
Brownsville, Texas, USA by Thoma

Table 3. Growth Chamber Conditions
Total Light Period 141/2 hours
High Intensity Light Period - 14 hours

2000 to 2400 footcandles

Low Intensity Light Period 15 minutes before and
100 to 110 footcandles 15 minutes after the

high intensity period

Light Period Air Temperature 28 °C

Dark Period Air Temperature 20 °C

sand media and four plants were grown for seven weeks in a
growth chamber. Rhizobium inoculum was added to the sand
around the germinated seeds at the time the seeds were placed
in the sand media. Each seed type was grown in a separate
container in duplicate with each Rhizobium strain and with-
out Rhizobium.

The dry weight and nitrogen content were determined for
the entire plant after 7 weeks of growth. To determine the dry
weight, the total plant material (4 plants) was dried at 75±5 °C
for 48 hours.

The nitrogen content was determined using a maximum of
0.5 gram of the pulverized plant material. The plant material
was digested in low nitrogen concentrated sulfuric acid (10 ml)
to which was added a catalyst salt mixture (4 grams) of anhy-
drous sodium sulfate (200 parts) and anhydrous copper sulfate
(3 parts). The digest solution was diluted to 100 ml with
distilled water and the nitrogen determination made using an
ammonia probe.

Results
Plants grown without Rhizobium have no root nodules. In

contrast, all plants grown with Rhizobium strains have root
nodules (Fig. 1, 3). The nodules occur on the main root and the
principal branches of the main root near the surface of the
growth media. The interior of the nodules of all Leucaena
species grown with either Rhizobium strain is deep pink to
red (cross- section appears dark in Fig. 2). The interior of the
nodules from plants of A. occidentalis is whitish (cross- section
appears light gray in Fig. 4).

All plants grown without Rhizobium have yellowish green
foliage after seven weeks of growth. The plants of L. leucoce-
phala, L. pulverulenta, L. esculenta, L. diversifolia, and L. collin-
sii grown with either Rhizobium strain have medium to dark
green foliage, have more and larger leaves, and are larger than
plants grown with no Rhizobium. Plants of L. retusa grown



Figure 1. Nodules on roots of Leucaena leucocephala
(Edinburg, Texas) inoculated with Rhizobium strain R1C.
Scale divisions are in mm.

with Rhizobium strain R1C have similar characteristics, while
plants of L. retusa grown with Rhizobium strain R7A have
light green foliage, have fewer and smaller leaves, and are
smaller than plants grown with Rhizobium strain R1C. The
plants of A. occidentalis grown with either Rhizobium strain
appear similar to plants grown without Rhizobium.

The average weight and nitrogen content of the plants after
seven weeks of growth are listed in Table 4. The compatibility
of a plant type and a Rhizobium strain is determined by
comparing the ratios of plant weights (grown with and without
Rhizobium), and the nitrogen fixed per plant and per unit
weight of plant (Table 5).

Plants grown with Rhizobium strain R1C have a weight
ratio from 0.90 (A. occidentalis) to 1.80 (L. retusa) to 5.20 (L.
diversifolia). When grown with Rhizobium strain R7A, the
plants have a weight ratio from 0.93 (A. occidentalis) to 1.15 (L.
retusa) to 4.89 (L. diversifolia).

The nitrogen fixed per plant is the difference between the
nitrogen content (mg) per plant grown with Rhizobium and
the nitrogen content (mg) per plant grown without Rhizobium
(Table 5). With Rhizobium strain RI C, the nitrogen fixed per
plant ranges from 0.44 mg (A. occidentalis) to 5.08 mg (L.
retusa) to 27.07 mg (L. esculenta), and with Rhizobium strain
R7A from 0.81 mg (A. occidentalis) to 2.07 mg (L. retusa) to
21.60 mg (L. leucocephala - CPI 70545).

The amount of nitrogen fixed per unit weight of plant indi-
cates the efficiency of the nitrogen fixation process in a plant
-Rhizobium system (Table 5). With Rhizobium strain R1C, the
nitrogen fixed per gram of plant ranges from 1.29 mg (A. occi-
dentalis) to 15.88 mg (L. retusa) to 26.98 mg (L. leucocephala - La

Figure 2. Longitudinal section of root nodule from
Leucaena leucocephala (Edinburg, Texas) inoculated with
Rhizobium strain R 1 C. Scale divisions are in mm.
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Table 4kverage weight and nitrogen content of plants grown with and wi(horit Rhizobium.

Plant ¡Material

Average Dry Weight Per Plant, mg Average Weight of Nitrogen Per Plant, mg Average Percent Nitrogen w Plants

Plaint without. , ,.t with
R u -i IC

Plant with Plant without
Rhizobium

Plant wytli. l'iant with Plants without
RA

with Plants vu
. RIC R.hiecibium RCA

Lc: "i:7.:C :7:: 1:%/COCePhtfill

Hawaii No. K8 230 765 735 146 13.51 17.52 1.07 142 238

L
Hawaii No. K67 207 888 687 2.15 1954 S 94 1334 2.20 2.32

L lencocephala
Haw.i:. No. K132 342 815 939 3.35 18.42 22.16 0,98 126 2.36

a K341 143 634 618 L6.9 15.22 15.57 1.18 2.40 2.52

L kucocepiwki
ev. Hawaii - CPI 18624 2i0 718 686 2,14 19.10 1729 1.02 2.66 2_52

L leucocephala
cv. Cunningham 231 855 746 2.63 20.01 17,38 1.14 2,34 2.33

L k.ucocephala
cv. Peru - CPI 18614 244 848 837 2.39 19,13 19.42 0.98 216 2.32

L. leunoceptiala
EI Salvador type - CPI 33)29 284 TU 736 2.95 17.60 17.52 1,04 2.28 238

L. lemocephala
El Salvador type - CPI 64189 332 915 878 2.99 21.41 2072. 0.90 2.34 2.36

L. ieucocephaia
CPI 70545 340 988 1011 3.88 2213 25.48 1.14 2.24 152

L. lewocephaia
La Paz SRC., Mexico 172 622 562 2.00 18.78 - 16.75 1.16 3.02 2,98

L. leucr.,cephala
iviirifflores, SRC, Mexico 244 884 808 2.64 2128 20.04 1.08 2.52 ').48

L leucocephala
Edinburg,..Texas, USA. 209 694 613 2.57 2092, 19.00 123 300 3.10

L. retizsa
Com6:. Texas, U.S.A. 178 320 205 2.79 7,47 4.86 1.57 2A6 2.37

Kre,msh11.. Tex r, U.S.A. 58 166 123 0.78 4.52 3.37 1.34 2.72 274

L. pulvi:r..:1:nm
67 185 112 0.85 4.81 2.89 127 160 2.58

L. escuie.nn:
Hawaii N. 1459 339 1217 995 4.34 31.41 23,88 118 2.46 2,40

L
65 338 318 1.01 9.33 9.41 1.56 2_76 2,96

CPI 218 737 732 259 19.18 20.50 1.19 2.62 2.80

ti
Miraflores, SRC., Mexico 379 340 352 5.95 6,39 6.76 1.57 1.88 1.92

Paz, SBUI With Rhizobium train from 130
mg (A. occidentalisl to 10.10 fli L icce to 26.80 mg (L.
iencocephaia - Edinburg, Texas'.

Discussion
Wilson (1939! found thin

nodule, isu plants of
................i c:inadensc.

l? ticeringianum,
con ilia, and Vigna
caena glauca, now known as L.
showed that, of twenty legumes ii.o,cs:igateii, r?,

isolate from L. giauCel produced nodules only an L. SUUtei

lates prepared from

Se6?k e 2 Li rnacrii.irp:.
.5 Gia 3wain3ori:1

nodules on it L3-

!sold tes from the other legumes investigated; including Vigna
failed to form nodules on L. glauca. Trinick (1968!

found isolatcs from Acacia fianesiana, Mimosa invisa.
and L. leucocep! )la of forty-six lcguri1 plant types from which
isolates were prepared, formed an effective association with L.
leucocephala. Isolates from tviimf:,,, pailica produced a par-
tially effective associati< in and produced
completely ineffective no.11.11s on L. kilo L1i1CLfo kolates
from Glycine rna, deeringianu.ui, and
SilleliSiS produced no duÌes on L. lencocier,lidif; Of for:.
legumes that Trtoick (1968 evaluated, o i
lellcocephala produced effective nodules o L.

Acacia farnesi,ina, and Vigna A
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Figure 3. Nodules on roots of Albizia occidentalis
inoculated with Rhizobium strain R1C. Scale divisions are
in mm.

third isolate from L. leucocephala, in addition to the above
plants produced effective nodules on Mimosa invisa. Trinick
(1965) and Trinick (1968) reported that Rhizobium isolates
from L. leucocephala produced completely ineffective nodules
or none on Medicago sativa.

In this investigation, the medium to dark green color of the
foliage, and the larger and healthy appearance of all L. leucoce-
phala plants grown with Rhizobium indicate a compatible
association with the Rhizobium strains used. Quantitatively,
the larger size of the Rhizobium associated plants is indicated
by the ratios of plant weight, when grown with Rhizobium, to
plant weight when grown without Rhizobium. L. leucocephala
weight ratios range from 2.38 to 4.43 for plants grown with
Rhizobium strain R1C and 2.59 to 4.32 with Rhizobium strain
R7A. The root nodules of L. leucocephala have a deep pink to
red interior from the presence of leghemoglobin. Leghem-
globin provides an anaerobic condition in that portion of the
nodule where nitrogenase is present and is essential for the
nitrogen fixation process. Nitrogen fixation occurs in the root
nodules and results in an increase in plant nitrogen. The
amount of nitrogen fixed per plant and per gram of plant is
relatively large for all of the L. leucocephala plant types (Table
5), and indicates a compatible association between all of the L.
leucocephala plant types and the Rhizobium strains.

L. retusa does not follow the pattern established by L. leu-
cocephala. Plants of L. retusa grown with Rhizobium strain

Figure 4. Longitudinal section of root nodule from Albizia
occidentalis inoculated with Rhizobium strain R 1 C. Scale
divisions are in mm.
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Table 5. Weight and nitrogen

Plant Material

content relationships :een plants grown with and without RIlizoblurn.

rn...a Nati:',..

Per ti1i.abr
Ratio of P1 ,nt 1`...: .' At

C1-rown ,,,i;i1 b, o l':: r,; rk T 1-,-)

to i'fa.''.,. 19,:::,:i-r:

i,Grown without !.:::.: -i..-::b:b :: ,

ing.ing

Ratio of Plant 'Weight
¡Grown with 1; L1a,'bblni R73

to ,! :,nt ','..:.ight.
:C.,1-01V11. With01 i :1...hizobiurril

in.i..;:ing

mc Nitrogen Fixed
Per Plant

cn Fi -,, ed

.....t1.1,-,ip.

R hizobium
RIC

Rhizobium
R7A

Rhizobium
RIC

i1;.: a :::obitirn

R731

No K8 133 3.20 36.05 i 5.06 20.98 20.46

feacocephaia
Hawaii No K67 4.29 3.32 1739 13.79 19.58 20.07

L Lo Tti:ephak2
K132 238 175 15.07 18.81 18.49 20,03

!!:aia

No. K34I 443 4.32 13 5.3 13.88 21.34 22.46

cv.1-! aoau - CPI 18624 3.42 127 16.96 15.15 2362 22.08

L leacocephaki
.iningham 3.70 3 23 1738 14.75 2033 19.77

',akt
cv -1.111 18614 3.48 16.77 17.03 ' 19.78- 20,35

L. 1. ceph,51a
El Salvador t7/pe - CPI 33029 2.72 2.59 14.65 14.57 18.98 19.80

L ieoaocepbaLa
El Salvador type - CPI 64189 2.76 164 18.42 17,73 2013. 20.19

Iciwocephala
CPI 70545 2.91 2.97 18.25 21.60 18.47 23.36

L. le ucocephala
La Paz, S.B.C, Mexico 3.42 3.27 16.78 14.75 26.98 26.25

L. leueocephaia
Miraflores, S.B.C., Mexico 162 3,31 1944. 17,40 2122 2.1.53,

L leucocephalo.
Edinburg, Texas; U.S.A. 3.32 2.93 18.25 16.43 26.3(2 26.80

tatuata
Cornstoek, Texas, USA 1.80 1.15 51.05 2.07 1.5.88 10.10

L. pulberufenbc,
Brownsville, Texas. U.S.A. 186 2.12 3.74 2.59 2153 21.06

L. pulveniienta
Hidalgo; Texas, U.S.A. 2.76 1.67 3.96 2.04 21 41 131,21

L. esculents
Hawaii No, K459 2.94 27.07 19.54 21.20 19.64

L. dirersifolla
Hawaii Pjo. K454 5.20 4.89 8.32 8.40 24.62 2642

L. collinsii
CPI 46567 3.36 3.36 16.59 17.91 22.66 24.47

Miraflores S.B.C, Mexico 0.90 0.93 0.44 0.81 1.29 2.30

RIC have medium green foliage and are somewhat larger than
plants grown without Rhizobium. The plants of L. rciusa

-grown with n1112 strain R7A are small, have light green
foliage, anti appear intermediate to plants grown aaat.t ;.:hizo-
biuni strains RIC and without Rinzo!3.ium, er he di7 weight
ratios also indicate a substantial plant size thffarence between
plants grown with .Rhizobitim strains C and RYA (1,80 and
1.15 respectively. A comparison of the nitrogen fixation rela-
tionships reveals less nitrogen fixed per plant and per gram
weight of plant with L. relusa than with L. leucocephala. Con-
siderably less nitrogen is fixed in L. reiuRi grown with Rhizo-
bium strznn R7A (2.07 mg Niplant and 1.0.10 mg N'gram of
plan tl than in L. reti:.::',-4rown with Rkrizciat rn strain R.105.08
mg NipL.Int a3-,d I 5.s5 mg N/gram of plant). Ihe L. retusa -

........... strain R7A association is relatively incompatible
on the basis of plant appearance, weight ratio, and nitrogen
fixation. The L. retusa - Rhizobium strain RIC association ita
more compatible nitrogen fixing system than the L. retuso -
Rhizobium strain R7A svs tom, but less compatible than the L.
leueocephola - s.). stems

Plants of L. grov: 't tlh tht- strains
are smaller th.oti the plants of. L. . -1 hey have,
however, Inz.:,:hUtrl green foliage and app,:ar ,\ Ina dark
pink interior rif root nodules from a plant of L. I. ;2nto

indicates Che presence of leghermiglobin, The
plants of L. pulveridento h !!? 1-( l C

similar to those of several L. !'3it:ocep.lialu niant . he
weight ratio for the L. pulvenife7ita plant types with
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Rhizobium strain R7A is less than when grown with Rhizo-
bium strain R1C. Slightly more nitrogen is fixed per plant and
per gram of plant when plants of L. pulverulenta are grown
with Rhizobium strain R1C than with strain R7A. L. pulveru-
lenta grown with either Rhizobium strain have considerably
less fixed nitrogen per plant than the L. leucocephala types.
The amount of nitrogen fixed per gram of plant in L. pulveru-
lenta is similar to the nitrogen fixed per gram of plant in L.
leucocephala, but on the low side of their range. The L. pulveru-
lenta plant types have a compatible association with the two
Rhizobium strains. The association between L. pulverulenta
and Rhizobium strain R1C appears to be slightly more effec-
tive than with strain R7A.

The appearance of the plants of the remaining species of
Leucaena indicates a compatible Rhizobium association. The
plants of L. esculenta, L. diversifolia, and L. collinsii have
medium green foliage, appear healthy, and are larger than
plants grown without Rhizobium. The weight ratios for these
plants are similar to or greater than the weight ratios for L.
leucocephala. Nitrogen fixed per plant in L. esculenta and L,
collinsii is similar to or greater than that in the L. leucocephala
types. Plants of L. diversifolia have less nitrogen fixed per
plant. The nitrogen fixed per gram of plant is similar in L.
esculenta, L. diversifolia, L. collinsii, and the various forms of L.
leucocephala. The results indicate that L. esculenta, L. diversi-
folia, and L. collinsii form a compatible association with both
Rhizobium strains.

The yellowish green foliage, similar size, and appearance of
the plants of Albizía occidentalis grown with the Rhizobium
strains and without them indicate an incompatible nitrogen
fixing association. Although nodulation occurs on the roots of
A. occidentalis, the whitish nodule interior indicates an
absence of leghemoglobin and an inability to fix nitrogen. The
plant weight ratio is less than 1.00 indicating less plant growth
when the plants are grown with Rhizobium than when grown
without Rhizobium. The nitrogen fixed is very low on a per
plant and per gram of plant basis with both Rhizobium strains.

Summary and Conclusions
The 13 forms of L. leucocephala and the two strains of

Rhizobium used in this investigation produce compatible and
equally effective nitrogen fixing associations. Compatible and
effective nitrogen fixing plant -Rhizobium associations also
occur in plants of L. pulverulenta, L. esculenta, L. diversifolia,
and L. collinsii, although the growth of these plants varies
considerably between the different species. Plants of L. retusa
and the Rhizobium strains do not form as effective nitrogen
fixing associations, and the effectiveness of the association is
dependent on the Rhizobium strain used. Root nodules form on
plants of Albizia occidentalis, when grown with Leucaena com-
patible Rhizobium strains, but effective nitrogen fixation does
not occur.
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Introduction
One -third of the world's total land surface is arid and about

half of this area is so dry that it cannot support human life.
Approximately 14 percent of the world's population, or 630
million people, live on the world's arid and semiarid lands. The
factor common to all the arid areas of the world is climatic
variation especially in amount of rainfall received.

Arid -adapted plants have evolved some unique properties to
survive in arid environments. Some store water, others mine
groundwater and numerous plants drop their leaves and
become dormant during droughts. Ephemerals avoid the dry
seasons altogether. After adequate rains they germinate,
mature, flower and produce seeds during the brief time that
soil moisture is available.

Recently some of these plants have been shown to have
economic potential as new crops in the southwestern United
States. Such plants can be divided into five general categories:
1) food for man and fodder for livestock; 2) wood products for
construction and manufacturing; 3) fiber, for various uses; 4)
extracts that may provide a variety of materials such as gums,
waxes, rubber and pharmaceuticals; and 5) solid and liquid
fuels.

This paper discusses four such plants, their products, and
their potential for commercialization. These include guayule, a
rubber- producing plant; jojoba, an oil -producing plant; buffalo
gourd, an oil -, protein- and starch -producing plant; and Russian
thistle, a solid -fuel producing plant. Table 1 summarizes poten-
tial products, life cycles, cultural operations and levels of com-
mercial development of these four plants (Taylor, 1980).

Description of Plants
Gua yule

Although approximately 2,000 species of plants are known
to contain some kind of latex, few are potential sources of
significant supplies. Only two, the rubber tree (Hevea brasilien-
sis) and guayule (Parthenium argentatum), have been commer-
cial sources of natural rubber. The modern rubber products
industry has been based on Hevea production, but guayule and
Hevea yield rubbers that have similar characteristics.

Approximately 70 percent of the total rubber consumed in
the United States is used by the tire industry. Increased use of
radial tires, which require more natural rubber than conven-
tional tires, is expected to increase the demand for natural
rubber (Foster et al., 19801

Guayule grows naturally on upland plateaus in northeast
Mexico and west Texas (Figure 1). Figure 2 shows a natural
stand of guayule growing in Mexico. Precipitation on these
plateaus is limited and erratic. In 1910, guayule rubber pro-
vided 10 percent of the world's natural rubber supply and it
continued to be a minor, commercial source of natural rubber
for nearly 40 years.

During World War II, a guayule- growing program, the Emer-
gency Rubber Project (ERP), was conducted by the U.S. Forest
Service in the Salinas Valley of California. Thirty -two thou-
sand acres of guayule were planted to offset wartime loss of
Hevea rubber imports (McGinnies, 1978). The ERP's survey of
the southwestern United States indicated that 37 million
acres in California, Arizona, New Mexico and Texas were
suitable for guayule productiön.

Guayule rubber production ceased between World War II
and the 1970s because of the development of cheaper syn-
thetic elastomers and the reinstitution of open international
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Table 1. Potential Economic Arid -Adapted Plants
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Plant Scientific Name Life Cycle Parts Used Products Cultural
Operations

Level of
Commercial

Development

Guayule Parthenium
argentatum

Perennial Whole
Plant

Rubber,
Resins

Mechanized Relatively Advanced

Jojoba Simmondsia
chinensis

Perennial Seed Liquid and
Hard Wax

Hand Labor/
Mechanized

Experimental/
Demonstration

Buffalo Gourd Cucurbita
foetidissima

Perennial Seed and
Roots

Protein, Edible
Oil, and Starch

Mechanized Experimental

Russian Thistle Salsola kali Annual Above -ground
Portion

"Tumblelogs" or
Pellets for Energy

Mechanized Experimental/
Demonstration

trade of Hevea rubber. The escalation of crude oil prices since
1973 is increasing the costs of synthetic rubber since oil is the
primary feedstock for synthetic rubber. Concurrently, Hevea
rubber prices have also increased. The increasing costs of
available rubber supplies caused guayule rubber production to
be potentially competitive with Hevea rubber during 1979
1980. It was estimated that guayule rubber could compete
when costs of Hevea rubber reach $.90 per pound (Taylor,
Wright and Foster, 1981). Natural rubber prices in 1980 briefly
exceeded $.80 per pound, but are now fluctuating between $.40
and $.45 per pound on the New York market. Annual yields
with current technology are projected to be about 500 pound
of rubber per acre with a three -to -four year harvest cycle.

Guayule by- products include resins that may prove to have
substantial economic value. The bagasse, or plant residue from
processing, has sufficient estimated energy value to power an
energy- independent processing facility (Nivert, Glymph and
Snyder, 1978).

Guayule rubber occurs as a liquid suspended within the cell
sap throughout the stems and roots of the guayule plant.
Rubber can be extracted in a dispersion of the latex by solvent
extraction or it can be agglomerated as a resinous or deresi-
nated rubber.

Jojoba
Jojoba (Simmondsia chinensis) is an evergreen shrub, with

thick, leathery leaves. It grows naturally in the semiarid regions
of southern Arizona, southern California and along the Gulf of
California in Mexico (Figure 3). Economic interest in jojoba is
based on the oil extracted from its seed. The oil is a unique,
unsaturated liquid wax of non -glyceride esters composed
almost entirely of straight -chain acids and alcohols. Such
waxes are difficult to synthesize in commercial quantities.

A limited supply of jojoba oil now comes from hand -
harvested wild stands in Arizona, California and Mexico. An
estimated 25,000 acres in California, Arizona and Texas
have been planted with jojoba (Figure 4). Some of these
plantations have begun to produce a limited amount of seed;
however, they are not expected to produce significant quan-
tities of seed until 1984.

The oil is similar in physical properties to the oil of the
endangered sperm whale. Although jojoba oil is currently
being used primarily by the cosmetics industry it has poten-
tial for use as a chemical feedstock; as a replacement for
vegetable oil in foods and hair oils since it does not become
rancid; a high -pressure lubricant; and as an antifoam agent
for the penicillin industry.
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Figure 1. Distribution of Native Guayule in Mexico and
Texas. Source: National Academy of Sciences, 1977a.

The hydrogenated oil is a hard, white crystalline wax with
potential uses as a floor and car wax, and in other applications.

The National Academy of Sciences (1977b) estimated a
market of 275 million pounds per year of jojoba oil if the price
stabilizes between $.40 and $.75 per pound. Midwest Research
Institute (1980) estimates a U.S. market for approximately 15
million pounds of liquid jojoba oil by 1990, with a cost range of
$1 to $1.50 per pound.

Yields of plantation -grown jojoba are unknown. In the wild,
annual yields range from .25 pounds to 10 pounds of seed per
female shrub. If an annual average yield of 3 pounds per mature
shrub can be maintained, then 1,400 pounds of seed per acre
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Figure 2. A natural stand of Guayule in Mexico.
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Figure 3. Distribution of Jojoba. Reproduced and adapted
with permission from Hastings, Turner and Warren (1972).

could be expected from 470 producing plants, which would
yield approximately 600 pounds of oil.

Presently, hand -harvesting is the only proven method to
gather seed. Some nut -crop and fruit or berry harvesting
equipment, blueberry harvesters for example, appear to be
adaptable to jojoba, and one firm is offering a mechanical
harvester for purchase.

A hydraulic expeller press or solvent extraction can be used
to remove the oil from the seed. Several processing facilities
using mechanical presses with capacities of 800 to 1,000

30° pounds of whole seed (approximately 400 pounds of oil) per
hour are in operation.

Buffalo Gourd
Buffalo gourd, (Cucurbita foetidissima) occurs as a weed in

the western United States in areas receiving less than 20
inches of rainfall per year. It is a perennial with an ability to
spread rapidly without seed (Figure 5). Buffalo gourd generally

25° has a 120 -day growth period during summer months. The
plant occurs as a spreading prostrate vine with extensive root
systems. Large quantities of water and nutrients that can sus-
tain the plant through periods of drought are stored in the
fleshy roots, which can grow to 100 pounds.

The primary harvested crop would be the seeds that are
produced in the yellow and green striped gourds. There is
potential economic value from use of the vines as forage, and
from starch in the roots, although commercial use of the latter
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Figure 4. Six year old Jojoba growing on the University of
Arizona experimental farm near Yuma, Arizona.

would require destruction of the plants.
Estimates of seed production range from 1,000 to 2,700

pounds per acre per year (Bemis, Berry and Weber. 1979);
Theisen, Knox and Mann, 1978). The seeds contain 30 percent
to 35 percent protein, with nutritionally essential linoleic acid
predominant. In addition, the seeds contain up to 35 percent
oil. The seed meal, subsequent to processing, is comparable in
quality to soybean and cottonseed meal.

Assuming 800 pounds per acre of vegetable oil and 400
pounds per acre of protein valued at $.25 and $.08 per pound,
respectively, a product value of nearly $260 per acre might
be realized from buffalo gourd production (Johnson and
Foster, 1980).

The University of Arizona has put forth a major effort to
domesticate the buffalo gourd and to industrialize its produc-
tion. However, buffalo gourd production is largely experimental
and substantial research is required before it is commercialized.

Russian thistle
The adaptive characteristics that can make a plant a poten-

tially valuable crop occasionally are the same as those that can
make a plant a particularly troublesome weed. Such is the case
with Russian thistle or tumbleweed (Salsola kali), a plant that
has a very high rate of biomass production per unit of water
used. Russian thistle was introduced to this country by acci-
dent as a contaminant in Eurasian flax seed (Foster, Rawles and
Karpiscak, 1980). An efficient seed dispersal mechanism, rapid

germination and establishment on minimally disturbed soils,
relative freedom from diseases or parasites and a high water -use
efficiency led to its rapid spread throughout the western
United States (Figure 6).

Russian thistle has a high enery content. Tests conducted by
Meinel, et al. (1979), indicate that energy content in field -dried
tumbleweed range from 6,500 to 6,800 Btu /lb. These values are
comparable with the calorific value of lignite, which varies
from 5,580 to 7,920 Btu /lb (Foster, Rawles and Karpiscak, 1980).

Wild stand tumbleweed productivity ranges from 1.5 to 4
tons per acre; irrigated plots have produced 6 tons per acre
(Meinel et al., 1979; Karpiscak, Rawles and Foster, 1981).

Russian thistle has been successfully formed into synthetic
fireplace logs and pellets that can be used as boiler fuel. The
value of synthetic fireplace logs currently ranges from $14 to
$20 per million Btu compared with a cost of $4.33 to $6.40 per
million Btu to produce the product.

A hay or alfalfa swather can be used for harvesting tumble-
weed. It is then picked up with a forage chopper and blown into
a trailer that dumps into a module builder. It it then compressed
into 10 -ton modules for transport to a process facility. There it
is ground in a hammer mill and augered into the densification
machine, which compresses the material into logs.

Although the level of development of tumbleweed as a crop
is still in the experimental /demonstration stage, it will not
require development of sophisticated agricultural or processing
equipment, as does guayule. Thus, it could become commer-
cialized rapidly.
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Figure 5. An experimental planting of Buffalo Gourd.
Courtesy of William P. Bemis.

Prospects of Commercialization
Commercial production of these plants depends on the tech-

nical and agronomic aspects of production as well as inter-
actions between economic, environmental, social and political
factors. Driving forces and constraints, which encompass
regional concerns and which could promote or constrain
commercialization, are identified and summarized below.

Driving Forces
A number of factors at local and regional levels are operating

to stimulate alternative crops for farmers in the southwestern
United States. These factors include potential for crop diversi-
fication, water conservation, arid land use, and increasing
energy costs.

Crop diversification: A farmer's willingness to grow new
crops relates directly to the annual net returns per acre that
might be realized from such crop production when compared
to net returns of other crops. Cotton continues to be the
favorite annual crop in the region. Marginal profitabiity, never-
theless, for wheat, barley, pasturage and sorghum could make
new crops an attractive alternative.

Arid land usage: Future commercialization and production
of new crops could occur on two types of land: agriculturally
productive land, and retired agricultural land. Irrigation will be
required in both categories in southern California, Arizona,

New Mexico and West Texas. A dependable supply of water,
not land availability, will be the limiting factor to production.
Under natural rainfall conditions, portions of California and
the Texas High Plains could sustain production without irri-
gation. For example, buffalo gourd and Russian thistle could be
grown in these areas.

Irrigated agriculture production in the southwestern United
States traditionally has been accomplished on the best land to
maximize yields. Farmers have increased acreage only in
periods of high crop return. Those areas not considered prime
agricultural lands generally lie fallow if commodity prices do
not merit their use.

With a dependable water supply to sustain only prime -land
agriculture, acreage expansion to accommodate new crop
production on new or marginal lands is not expected to occur
(marginal lands are defined as deficient in adequate water for
traditional crops or as having poor soil characteristics for plant
growth). Water -conserving and energy efficient new crops
could be readily integrated into the southwestern agricultural
economy. Farmers are beginning to search for cash crops that
maximize return rather than yields, and that require less irri-
gation water and energy to produce. Those lands previously
farmed, but that have marginal water supplies for existing
crops, may be prime growth areas. Thus, new land would not
have to be brought into production and non -productive prime
land already developed for irrigation could be utilized.
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Figure 6. Russian Thistle growing on retired farmland in
the Avra Valley, Arizona.

Agricultural water use and conservation: New crops must be
grown with less water than many of the agricultural crops now
being farmed in the southwestern United States, where
dwindling irrigation water supplies are negatively impacting
the agricultural and economic potential of the region. A
diminishing irrigation water supply and retirement of once
productive land typifies agricultural development in much of
Arizona, New Mexico, West Texas and the Texas High Plains.
Irrigated acreage in Arizona, for example is expected to decline
from 1.2 million acres in 1970 to 700,000 in 2020 (Arizona
Water Commission, 1977).

Some irrigation for successful production of new crops
would be required in most areas of California. Certain localities
in California, however, such as the Sacramento and San Joaquin
valleys are areas of potential adequate water supply.

Constraints
A number of factors at the local and regional level will

inhibit new crop development. These factors include uncertain
economic returns, crop displacement conflicts, and institu-
tional decisions to limit agricultural water pumping.

Economic uncertainties: The inexact and preliminary nature
of estimated cost and income projections for new crop produc-
tion constrain commercialization. The synthetic approach to
estimating costs uses the "best" information available and does

not reference any specific operation. Both variable and fixed
costs must be calculated, such as costs for land, machinery
operation, labor, chemicals, fuel and repairs.

Before farmers will venture into production or before lenders
will provide capital, field plantings and processing on a suffi-
cient scale are required. High interest rates also restrain new
crop development. These problems are further compounded
by a lack of clear, consistent leadership and economic commit-
ment from either the government or the private sector.

Land, water and commodity trade -offs: Commercialization
would imply resource and product development tradeoffs. In
general, committing agricultural land, water, and labor would
be at the expense of producing other crops.

Conservation of scarce water resources, reduction in energy
costs, or reactivation of idle farmland are positive incentives
for introducing new crops. Future institutional decisions to
conserve water for industry and municipalities, however, may
constrain introduction and production of both traditional and
new crops.

Extensive new crop production could result in reductions in
regional cotton production. Declines also could occur in sugar
beet, barley and sorghum production if new crop cultivation

continued
on page 126
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Introduction
All carbon molecules present in living cells of plants are

ultimately derived from CO, assimilated n photos) um:eds.
Photosynthesis is a process occurring in the chloropists of
green tissues of plants W5L 1).ght energy is converted to
chemical energy and usca to "trap CO., from the atmosphere
and reduce it to carlioh rate. s.

Not all CO ,fixed photosynthesis remains in plant tissues
indefinitely A considerable portion of carbon compounds are
broken down and oxidized by respiratory processes, which
releases CO, into the atmosphere. Two rnii)), t-L.spiratory
processes are recognized, dark respirii0un f,Dk) and light
res!,:ration ;1_,R). t):Tk respiration occors day and night in the.
mitochondria of all living cells, producing ATP (energy carrier
used to drive biochemical reactions. carbon metabolites and
CO,. From 29 to 71% of total CO, fixed in photosynthesis can
be respired away in dark respiaaeki.:n. Light respiration occurs
only in green tissue of plants \Yith the C3-photosyrithetic
pathway. This process does not necessarily produce ATP and
has been generally considered as )1 wasteful process.

Plant growth and eventually Y:e!ils are dependent on carbon
gain. A plant shows a pos )!) ve carh))))) gain es !Ong as the total
CO, fixed by toss phows-ynthesis respiratory
losses I:DR & LR). This net carbon gain is referred to ns apparent
photosynthesis (AP). So, we have AP-GP-(DR+I.R. Fbee
components of AP are controlled by environmental comihrions
and the genetic makeup of tile plant.

jojoba nk) Schneider) is a (licit:Lions
desert shrill-, ¡pit! ve of the Sonora Desert of the south w
U.S. Its seeds produce a liquid wax which can be a sub: itute io
whale sperm oil in many industrial processes /-11-Ani e
1972; Yermanos, 19741. jojoba responds well to cult,..nal
practices and it has appeared in recent years to he a promising
crop for semi-arid regions of the world Gentry, 1958;
Yermanos, 19741.

jojoba plants growing in the wild present. great genetic vari-
ahiiit)t Al-Ani, Strain & Mooney ;19721 suggested that jojoba is
differentiated into populations, or ecological races, adapted to
the specific environmental conditions of their habitats. Cross
pollination among plants within a population further ensures a
wide genetic diversity Zelich ;1975j suggested that the 1:ihoto-
synthetii:. and respiratory capabilities of a plant are at ler:st in
part genetically controlled. He reported that varieties of corn
Zeo mays U had rates of apparent photosynthesis which

ranged from 28 to 85 mg CO.Ain")-hrl, and a mutant strain of
tobacco i'vircoticina tabacum b.) had been found with much
lower rates of fight respiration and higher dry matter produc-
tion iZelich, 1975j. It is possible that some jojoba populations or
individual plants growing in the wild might have developed
more efficient photosynthetic and respiratory systems. Plants
with higher rates of CO, fixation, or lower rates of CO, evolu-
tion in the light, or greater resistance to water stress could be
capable of higher yields Zelich, 1971, 1975). jojoba plants
grown in controlled environments had rates of apparent photo-
synthesis around 6.0 mgCOdar2hr) (Bunce and Miller, 1976;
Collatz 1977). This is lower than most, C plants t It usually
have rates of CO.: f)x,:a ion from 10 to 30 mgCO2drn ht -Zell1971J.

Rates : respirationand dark respiration were foi:!id
to be 3.2 and 1,6 tp,gCO3dirilarl respeci ivelY. for
in the greenhouse (Bunco and Miller

Jojoba is a true xerophyte which can fix CO, at .,,cry low levels
of leaf water potential )'LW.P.1 ;Adams et al., 107; Ali-Ani et
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Table 1. Rates of CO2 exchange processes of 3 -month old seedlings originated from 3 different ecotypes.

Apparent
Photosynthesis

Dark
Respiration

Light
Respiration

Gross
Photosynthesis

mgCoZdm 2hr'
Seedlings from 8.9 I.5 9.3 19.8

seeds collected at 8.8 1.9 7.4 18.1

Palomas Plains 7.1 1.7 5.0 13.8

1500 feet elevation 6.7 1.6 7.1 15.4

3.8 1.7 4.7 10.2

Mean 7.1 1.7 6.7 15.5

Seedlings from 9.4 1.5 5.8 16.7

seeds collected at 7.8 2.5 7.8 18.1

Pinta Canyon 7.1 1.3 3.4 11.8

2500 feet elevation 6.5 1.8 6.7 14.9

5.9 1.6 4.7 12.1

Mean 7.3 1.7 5.7 14,7

Seedlings from 5.9 1.6 3.7 11.2

seeds collected at 5.5 1.5 3.7 10.7

Hot Springs Canyon 5.3 1.6 3.4 10.2

3000 feet elevation 5.2 1.9 4.2 11.3

5.0 1.4 2.3 8.8

Mean 5.4 1.6 - 3.5 10.4

1972; Bunce, 19771. Adams et al. (1977) found coastal plants with
high rates of CO2 uptake at LWP of -42 bars. Bunce and Miller
(1976) reported that jojoba plants still maintained maximum
CO2uptake at LWP of bars. Results of Al -Ani et al. (1972) and
Bunce et al. (1976) suggest that dark respiration decreases with
increasing water stress. Bunce et al. (19761 also reported a de-
crease in apparent photosynthesis and increase in light respira-
tion with decreasing LWP. Collatz (19771 on the other hand
found a linear decrease in apparent photosynthesis and light
respiration when jojoba plants were subjected to water stress.

This study was initiated to (a) determine the rate of apparent
photosynthesis, light respiration and dark respiration of jojoba
plants from three ecotypes, (b) determine the variation in these
physiological processes among plants within each ecotype and
(c) determine the effect of water stress on physiological pro-
cesses associated with carbon dioxide exchange.

Materials and Methods
Jojoba seedlings established from seeds collected at Palomas

Plains (1500 ft. elevation), Pima Canyon (2000 ft.) and Hot
Spring Canyon (3000 ft.) were used in these experiments. Seeds
were germinated in 30x8 cm plastic pots in the greenhouse.
Soil mix was 50% sandy loam, 25% organic matter (ground
bark), and 25% of a 50 -50 perlite and vermiculite mixture.
Temperature in the greenhouse was 30 C during the day and 20
C at night. Seeds were watered ever} day until germination and
every other day after establishment. Seven -months old seed-
lings originated from four other localities were used for the
water stress measurements. Those seedlings were grown in the
same type of pot, soil and water regime, outside the greenhouse.

Apparent photosynthesis, post -illumination burst and dark
respiration were measured. From those three parameters light
respiration and gross photosynthesis were estimated. Carbon
dioxide flux was measured with a Beckman Infrared gas ana-
lyzer model 865 in a closed system. Procedures were similar to
those described by Foutz, Wilhelm and Dobrenz (1974). Plants
were measured at a temperature of 27 C. Illumination at the
top of the plant at the time of measurement was 2000 >.iE
cmsec-1. Leaf area was obtained with a Hayaski Denko Auto-

matie Area Meter Model No. AAM -5. A Scholander Pressure
bomb was used to evaluate leaf water potential.

Five seedlings from each ecotype were measured 3 months
after germination to establish the variation in rates among and
within the populations. Two seedlings from each population
were measured every two hours from 9:00 a.m. to 5:00 p.m. to
find the daily fluctuations of CO2 exchange. For the water
stress measurements, all seedlings were brought to field capa-
city the night before the first measurement and no water was
added after that time. Ten seedlings picked at random were
tested for CO2 exchange for seven consecutive days. At each
day of measurement five other seedlings, randomly chosen,
were used to estimate an average leaf water potential.

Results and Discussion
Jojoba plants displayed tremendous variation in rates of

apparent photosynthesis (AP), and light respiration (LR)
throughout this experiment. Rates of CO2 exchange processes
of 15 seedlings from 3 different populations grown in a common
environment are presented in Table 1. For two of the popula-
tions, the variation in rates among plants of the same ecotype
was much greater than the differences between their average
values. Plants from Palomas Plains had rates of AP that ranged
from 7.9 to 3.8 mgCO,dmohr-1. Plants from Pima Canyon had
rates of LR from 7.8 to 3.4 mg CO2dm °hr-1. Plants from Hot
Spring Canyon, on the other hand, had much less variability in
rates of CO2 exchange. Those plants which originated from the
highest elevation had the lowest average value of AP (5.4
mgCO2dm '2hr-'1, and consequently the lowest average rate of
light respiration (3.5 mgCO2dmQhr1). Plants from Pima Canyon
and Palomas Plains which had considerably higher rates of
CO2 uptake (7.3 and 7.1 mgCO2dmThrl, respectively) also dis-
played higher light respiration rates. Dark respiration was very
similar for the three ecotypes, averaging 1.7 mgCO2dmohr'.
This value is essentially the same as the 1.8 mgCO2dmohr-i
reported by Bunce and Miller (1974). .

Variation in CO2 exchange rates was also observed when five
plants were measured at different times of the day (Fig. 11.
Apparent photosynthesis reached a peak of 10.6 mgCO2d n /hr'
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Figure 3. Variability in apparant photosynthesis and light
respiration of three Jojoba clones measured on seven
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at 11:00 a.m., and then decreased gradually by the end of the
afternoon. Light respiration and gross photosynthesis were
highest in the morning, dropped to their lowest values at 1:00
p.m., and then increased in the afternoon. These marked
reductions in rates of light respiration and gross photo-
synthesis at 1:00 p.m. were undoubtedly caused by midday
stomatal closure. Dark respiration remained quite constant
throughout the day, increasing slightly in the afternoon.

The highest average leaf water potential observed ( -23 bars)
is lower than what many plants can survive (Fig. 2). Jojoba
plants still had active CO, uptake at a leaf water potential
(LWP) of -40 bars. This ability of jojoba plants to photosyn-
thesize at very low levels of LWP has already been reported by
other authors (Adams et al., 1977; Al -Ani et al., 1972; Bunce
and Miller, 1976; Collatz, 1977). Apparent photosynthesis
showed a steady linear decrease with decreasing leaf water
potential from -23 bars. These results agree with those of
Bunce (1977) and Collatz (1977) who found mesophyll and
stomatal resistances to increase rapidly only at leaf water
potential lower than -20 and -22 bars, respectively. Dark res-
piration remained unchanged during the seven days of water
stress. Average rates of light respiration decreased during the
first days, increased abruptly in the sixth day, and dropped to
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its lowest .. Cie 7th day.
The change in I jojoba pt: Lire stressed n.ir wauir ir

a contdicto! y "V.i 73te literatioe. nd
iound diamatic Mere,: of. it i-i-Hratni:i ith :0,.atei stress
vv-hile Collat2i t 9771roporia: J ler,-.e 1.101r. respii:ation, It

is possible that genetic clifisLrences1)erwzmi plat: used by the
1w0 authors might th.e: cipi:smi te rescdt,. icrinici that
individual jojoba responded quite -:iiitetently when
plants we t F.tressed .f(ff :hg. 3). P1att k and C Cfig, 31
showed a gebLa-al decrease: l:;;.ht respiration with water stress
which is in agireement the report of Calla i1977). The
increase in light respiration of plant B supports the results of
Burnie and Miller I 976). There were also decoc es in the
apparent photosynthesis of these 3 plants grown with water
stress. Phuir A had. a Lonsiarit, ìt slow decrease in -apparent
p)tsuhes. tr C displayed a sharp decrease to a value
of 0.1 mgCO do io he. seventh day and plant B had an
actual increase in apparent photosynthesis with water stress
after the third day

Summary
The ruin its ii-aamed throughout this os.¡-.-rinint lead us to

the folkwitag conclusions: It is von- :my,on ant that jojoba
plants be measured at the same tone f day if t.17,11' rates are to
be compared. The CO, excha.nge processes in jojoba are not in
steady-state and seem to be very sensitive to small changes in
environmental colialitions. Light respiration was the most
variable CO, exchange process while dark respiration was
coil'.:istently the most stable. Even though the average rate of
ti ppinent photosynthesis was lower than for most C, plants,
jojoba plants were able, to take up CO, at levels of leaf water

Carbon Dioxide EXch.onge 12

pocnt i that would desiciiA oust mesophyd: ' 1O S.

it nas demonstrated r pilot isyn-
thetic and respiratory occurs ; obi and
plants responded dio-re otly a water stress.
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New Life from Ashes:
The Tale of the Burnt
Bush (Rhos trilobata)

Vorsila L. Bohrer
Eastern New Mexico University

Split -twig animal figurine made by a hunting and gathering
culture about 3500 years ago from a shoot of Rhus trilobata
more than six feet long. It is suspected that these ancient
people (as recently observed with modern Indians) burned
Rhus bushes to stimulate production of abnormally long
and straight "sucker" shoots which could be used for
making handcrafted items. Arizona State Museum,
University of Arizona, Helga Teiwes, photographer.
Specimen A- 12742.

Autumn 1983

Anyone interested in Southwestern vegetation inevitably
makes an acquaintance with squawbush (Rhus trilobata).
Although the shrub typically grows in pinyon and juniper
woodlands it is by no means restricted to such habitats, for it
can be found among chaparral and along moist canyons in the
lower desert as well as higher in the mountains. When wedged
in the edge of a sandstone escarpment squawbush grows barely
a foot high, but in more favorable habitats it becomes a vigor-
ous shrub over six feet tall. Deciduous leaves formed by three
leaflets typically are borne on irregularly branched brown
stems. Sour red fruits decorate it late in the growing season.

To one familiar with the typical complex branching habit of
squawbush, the widespread use of the stems in historic South-
western Indian basketry (Stevenson, 1915, p. 81; Hough, 1897,
p. 40; Franciscan Fathers, 1910, p. 292; Ellis and Walpole, 1959)
seems incomprehensible. It was not until I lived in the capitol
of the Navajo Reservation (Window Rock, Arizona) that I
began to understand how the shrub could yield the long
straight switches necessary for basketmaking. One autumn
day I came across some squawbushes that had been burned to
the ground along a bare streak in a sandy arroyo. When I
observed the vigorous straight new shoots the following spring,
the association between fire and the type of growth suitable for
basketry became apparent.

Hunting and gathering populations of the late Archaic (c.
3500 B.P.) from the Grand Canyon of Arizona and southern
Utah probably knew that fire stimulates shoot formation in
squawbush. A single shoot of squawbush more than six feet
(1.8 m) long was incorporated into a split -twig animal figurine
from the Grand Canyon (Bohrer, 1969). The specimen was
unquestionably made from squawbush as persistent leaf peti-
oles bore evidence of scars of three leaflets and some leaflets
were still visible on the twigs wrapping the neck. Animal
effigies such as this were speared and placed in caches in
remote caves (Schwartz et al., 1958). Some of the late Archaic
split -twig figurines in southern Utah were also made of squaw -
bush (Janetski, 1980, p. 87). If those ancient hunters were in the
habit of burning vegetation secure the raw material for their
offerings, they may have served themselves in another way.
The burned patches of vegetation would foster an increased
abundance of game and annual plants like sunflower (Helian-
thus) and bugseed (Corispermum) whose seeds were consumed
directly (Hogan, 1980, p. 208).

An attitude reflecting the beneficial (rejuvenating) aspects
of fire may be embodied in the personification of fire as a
woman among a number of the Indian Pueblos. At Cochiti,
Nambe, Zuñi, and Isleta the being that takes the form of fire is
addressed as "fire, old woman" (Parsons, 1939, p. 178). Even
more revealing of the favorable regard of fire is the Tewa
hunter's prayer directed to "Fire Flower Woman" (Parsons, 1929,
p. 267). The epithet leaps beyond the destructive aspects of fire
to the fostering of new life and growth from her ashes. A similar
understanding is expressed by a Cochiti deer hunter, who
prays "Here, fire the oldest, today let us have deer, all animals"
(Parsons 1939, p. 312). The conceptual linkage between fire
and fertility is further expressed in the Zuñi supernatural
known as Shulawitsi and the Hopi Masauwü. Shulawitsi is the
youthful god of fire, hunting, and maize (Parsons, 1939, p. 175).
While Masauwü symbolizes fire and death (Parsons, 1939, p.
349), his participation in hunting, planting, and harvesting
rituals reminds us of the rejuvenating effects of fire. Though
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fire may not always be personified as a woman, the linkage to
fertility remains clear.

Two Pueblos have assured that the beneficial effects of
burning are perpetuated by incorporating wildfires into com-
munity sanctioned ritual. At Zuñi Pueblo during the katsina (a
type of supernatural) directed rabbit hunt, the vegetation is
fired by katsinas traveling a line to a focal point (Parsons, 1939,
p. 759) where hunters help form a circle of fire to kill the rabbits
(Curtis, 1926, Vol. 17, p. 149). At Acoma Pueblo, approximately
every fifth year near the first of August, a ceremony given by
the corn clans involves the impersonators of the fire katsinas.
As part of the ritual, katsina impersonators are sent in four
directions eight to twelve miles distant to light fires at sunrise
and build fires along the return route to a rendezvous (White,
1932, pp. 94 -95). The main katsina, Shuracha, coordinates acti-
vities a short distance from a spring by kindling a signal fire. At
a gathering point within sight of the Pueblo all the costumed
impersonators dance. As they approach the village they carry
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Closeup view of the figurine at left. When examined by the
author in 1969, identification of this archaeologic specimen
as Rhus trilobata was made on the basis of leaflet scar
evidence on persistent leaf petioles. Arizona State Museum,
University of Arizona, D. Lindsay, photographer.



Apache baskets using Rhus trilobata for the foundation rods.
To finish the basket on the left, pitch from Pinyon Pine
(Pinus edulis) would be worked into the cracks to make
it waterproof.

gifts of melons, beans, and ripe peaches. Shuracha carries a few
rabbits and has charred wood projecting from his water jug
(Curtis, 1926, Vol. 16, p. 190). The distribution of gifts symbol-
izes the connection between fire, fruits, and fertility. So that
none of the people will misunderstand the actions of the
katsina, Shuracha explains that he does not burn to destroy
the world, but to heat Mother Earth and make her more fertile
(White, 1943, p. 314).

The use of the straight shoots of squawbush for split -twig
figurines in the late Archaic provides suggestive evidence of
the long use of fire to manipulate vegetation in the Southwest.
Although our knowledge of formalized burning practices
among Pueblo agriculturalists has been preserved erratically,
an attitude toward fire as a fertile force still persists in ritual
contexts. Many ecologists and wildlife managers now endorse
a land management strategy resembling that of Southwestern
hunters and gatherers (Downs, 1966; Dobyns, 1981; Hill, 1938)
and more sedentary agriculturalists. The practice known as
prescribed burning opens up the forest, promotes the growth of
early successional herbs and shrubs, and increases forage for
wildlife (Wright, 1974). The sight of new growth of squawbush
shooting upward from a bed of ashes may be more common in
our Southwestern landscape in the future.
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A fifth grade class using the Arboretum as an outdoor
classroom. Photo by fames Weidlein.

The Outdoor Classroom Program at the Boyce
Thompson Southwestern Arboretum. Visitors smile
at the sight of fifty youngsters in the Arboretum, headed by a
tour -guide, exclaiming in wonder at the largest Boojum Trees
in the United States. They learn where the plants grow natur-
ally, that they are not cacti, and various facts about their
adaptations, before moving on. As the walk proceeds, occa-
sional voices rise in discovery "Look at that lizard!" "I see a red
bird in that tree!" "That cactus has HAIR!" The group makes an
unscheduled stop to view a rock squirrel in a tree of Cercidium
microphyllum, harvesting seeds. The tour -guide explains, then
asks questions, as the squirrel, mindless of the excited on-
lookers, continues to stuff its cheek -pouches with hulled palo
verde seeds.

Over 3,000 elementary and secondary students each year
enjoy such experiences as they participate in the Outdoor
Classroom Program at the Arboretum. Teachers must call in
advance to schedule each visit with the Arboretum Educa-
tional Coordinator. For the busy spring season, several months'
notice is needed. This advance planning is necessary to equal-
ize visitor impact on the Arboretum and to provide students
with a quality educational experience during their visit.
Teachers arrange at this time for the sort of tour they would
like - length, any particular subject matter they wish treated,
units the students are working on, and any other special needs.
They can arrange to receive free plants for classroom use
and to borrow slide sets about the Arboretum to show to
the students before coming. They are sent packets of informa-
tion to help prepare both students and accompanying adults
for the trip.

When they arrive at the Arboretum, students are organized
into orderly groups and given an introductory talk. Then, on a
typical tour, they are taken through the two public green-

houses and around the main trail. Tour guides are either staff
members or trained volunteers. Different teaching techniques
are used. Aside from merely telling what is seen, guides use
questions to make the students find the answers themselves.
Insofar as possible, "hands -on" experiences are devised.
Students are invited to pick and smell a eucalyptus leaf; to
touch a leaf of Ehretia anacua and guess its common name
( "Sandpaper Tree "); to feel and smell a piece of Aloe vera leaf; to
stroke a horned lizard's back; to sniff a Sophora secundiflora
blossom and liken it to the smell of a favorite treat. Tours
usually last about an hour and a half, and generally end in the
picnic area, where appetites heightened by clean air and exer-
cise are rewarded. It is very satisfying to meet students who
have gone on one tour who are back to visit the Arboretum
with their families, acting in turn as the tour -guide themselves.

The Arboretum itself provides unexcelled opportunities to
teach and interpret, and in truth serves as a giant outdoor
classroom. Although desert plants are the unifying feature,
many aspects of natural history are present at the Arboretum
to be touched upon: rocks, soil, plant -animal interrelations,
animal behavior, climate, cloud types, aquatic life, and on and
on. Even other disciplines such as geography, chemistry and
history enter in as well. But there is something else, too, that
pervades each experience here and gives it a special quality -
the physical setting and natural beauty of the Arboretum itself.
The students are not only actively taught, but they are
encouraged to be aware of other things: the passing beauty of a
bird song, the music of water over, rounded boulders, the
majestic presence of a craggy mountain, the peculiar stillness
of a protected natural area in comparison with an urban setting,
Hopefully, the seeds planted in the young will bear a fruitful
and generous harvest at maturation. -Carol D. Crosswhite.
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utilizes large acreages. Barley, cotton, and sugar beets all require
more annual precipitation and /or irrigation water than the
potential new crops discussed.

In the final analysis, the extent to which new crops can
compete with conventional crops is dependent upon economic
dynamics. For example, sugar beets, which represent one
regional agricultural feedstock for alcohol production, may
compete aggressively in the future for land and water resources
if the use of alcohol in vehicle fuels becomes more widespread.
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Reviews

Although the purpose of reviewing books in Desert Plants is
not to sell them, in response to requests by readers who have
found it difficult to obtain titles elsewhere, the Arboretum
will, as a courtesy, make them available by mail at the prices
set by the publishers, with the request that $1.00 per book be
added for postage and handling. Orders may be sent to Boyce
Thompson Southwestern Arboretum, P.O. Box AB, Superior,
Arizona 85273.

The Cacti of the United States and Canada.
Lyman Benson. Stanford University Press. Stanford, California.
1982. 1044 pp. $85.00.

The author has outdone himself with this book. It simply is
a classic which will stand unexcelled for decades. It is com-
plete, thorough, well -written and appealing to read. Anyone
with any interest at all in the subject should enjoy reading and
studying it. Although the book is a reference work for study,
the author has taken every pain to make it thoroughly self -
explanatory. It can be understood by the rankest amateur.
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Although a professional plant scientist would not need some
chapters which are presented as background for the average
reader, these chapters suddenly make the remaining technical
chapters understandable to a much larger audience.

This book will probably be purchased by a large number
of cactus and succulent enthusiasts who, aside from learning
much about cacti, will painlessly receive the equivalent of a
college course in plant science and ecology! It answers almost
all questions a cactus lover might have on the subject. On
the technical side, it is the last word on the subject for pro-
fessional plant scientists involved with cacti of the United
States and Canada.

Benson points out that "having a few plants brings about a
creeping addiction to cultivating cacti" as a hobby and that the
Cactus and Succulent Society of America now has 6,000
members! It publishes a cactus and succulent journal, but
there are 19 other cactus and succulent journals currently
published in the world as a whole!

The photographs (many by David Griffiths) and the drawings
by Lucretia Breazeale Hamilton are valuable additions to the text.
Many sections offer fascinating reading. Everyone from a stock-
broker to a rancher ought to enjoy reading about the "Thornless
Cactus Farming Company" fiasco that promised people they
could grow 200 tons per acre of thomless cacti to be used as
cattle feed. The book truly offers "something for everyone."

Reference Handbook on the Deserts of North
America.
Gordon L. Bender (ed.). Greenwood Press. Westport, Connecti-
cut. 1982. 594 pp. $75.00.

This book is a "must" for persons studying North American
deserts and will be useful to those planning research projects
or study in any of the regions treated. Although it has a certain
unevenness of coverage coming from so many different
experts writing the chapters, none of the pages are wasted and
a lot of good information is presented.

It should prove extremely useful for college classes em-
barked on desert field trips. There seems to be a growing trend
for colleges and universities throughout the United States to
send classes to Arizona or other desert regions for such field
trips. Often such trips are between semesters, during "interim"
study periods, in the summer or during vacation periods, but
generally carry college credit. Unfortunately, although the
book would be an ideal textbook for such classes, the $75.00
price tag will probably discourage many students. Colleges
with desert field -trip programs will probably only order
instructor copies, reducing the potential use of the book.

Deserts of the World.
William G. McGinnies, Bram J. Goldman and Patricia Paylore.
University of Arizona Press. Tucson, Arizona. 1968. 788 pp.
$18.00.

This classic book, although still in print at the 1968 price
(even then a bargain), is being liquidated by the publisher and
should be going out of print very soon. This prompted a
re- review of the book by Desert Plants to determine if it is still
of value. The verdict is that the book is a virtual gold -mine of
information, being as useful today as it was in 1968. It truly -
represents an unbelievable bargain that should be taken
advantage of by anyone with any interest at all in deserts and
their plants.



Penstemon thompsoniae growing on gypsum near Bylas,
Arizona on San Carlos Apache land. Photo by Carol D.
Crosswhite.

Desert Plants as Indicators of Geology and Soil
Types. The last issue of Desert Plants had a note dealing with
Castilleja growing on soils rich in selenium. There are numer-
ous other- specific relationships of desert plants with soil
chemistry and geology. For example, the Penstemon pictured
above grows only on gypsum (calcium sulfateksoil. Numerous
other gypsophilous (gypsum loving) plants exist. In fact, most
plants which grow on gypsum are either distinct gypsum -
loving species or special gypsophilous races of more widely
distributed plants. Serpentine soils also have a distinctive flora
of specific serpentine plants.

Members of the Ericaceae family (such as Manzanita) in-
variably grow on highly acid soils. The association is so strong
that no one has yet found a Manzanita growing on alkaline soil!
Many plant families are flexible in their acid -alkaline require-
ments. Within large genera it is not uncommon for there to be
marked differences among the species. For example, in
Penstemon the presence of P. cobaea indicates limestone soil
whereas P. grandiflorus does not.

The rather uncommon Crossosoma bigelovii grows so
regularly on rhyolite rock that it is commonly referred to as
"rhyolite bush." Although this shrub has been found a few
times on granite, this is understandable since the latter rock is
very similar to rhyolite, being its intrusive equivalent; the
major difference is that granite forms from magma cooling
slowly underground while rhyolite forms from the same
magma cooling more rapidly above ground. A hitherto un-
known genus of Crossosomataceae was discovered in recent
years in southern Arizona and named Apacheria by Dr. Charles
T Mason. Not surprisingly, it proved to have the same
proclivity for rhyolite as Crossosoma.

Creosotebush (Larrea tridentata) grows on soils having a
prominent carbonate layer. This specificity can be seen very
clearly at the Boyce Thompson Southwestern Arboretum
where hills with different geologic histories come together.
The species is common on two hills of alkaline alluvium
having limestones abundant enough that a calcium carbonate
"caliche" layer has formed by leaching and precipitation of the
lime. Where the limestones end and the parent rock is either
schist or rhyolite, the carbonate layer disappears and the
Creosotebush stops abruptly at exactly the line of change,
with not one bush transgressing the line.

Often vegetation proves quite useful for mapping geologic
formations or soil types by airplane with only an occasional
check of "ground truth" on the surface. Although generally not
publicized and kept as a "trade secret," prospecting for copper,
gold and other minerals has been successfully accomplished
by looking in herbarium collections of universities and plant
research institutions for specimens of certain indicator
species and then going to the locations from which the plants
were collected! This technique is said to have been useful in
both Australia and South Africa. Once the species are well -
known to the prospector, they can be searched for on the
ground as well.

In general, the soil and rock preferences of desert plants
have been very poorly studied. Although plant distributions
have long been known to correlate with climatic factors, it is
becoming increasingly clear that edaphic (soil) factors may
often be just as important. In some cases where plants grow on
a wide variety of soils having different parent rock types, their
distributions may nevertheless be governed by other soil
characteristics such as texture and particle size. Such is
apparantly the case with the Saguaro Cactus.
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