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Editorial 

Wild Medicinal Plants. This issue of Desert Plants carries an ar- 
ticle on a Mexican "curandera" in Arizona. We would expect folk - 
medicine to be rooted in use of local plants. Although a small part 
of this curandera's pharmacopaeia comes from wild plants of the 
local desert, she makes great use of herbs and medicines from old - 
world plants that are part of her Spanish heritage. Such plants were 
early grown by Spaniards at old missions and haciendas. As cul- 
tural blending occurred in colonial times, Aztec medicinal cul- 
tivars were added to such gardens and we detect their influence in 
the drug- larder of our "curandera" as well. Also detectable, but of 
lesser importance in her store of cures are medicinals contributed 
by the culture of the local Indians. 

One of us (F.S.C.) grew up in the small Arizona town where this 
"curandera" settled and in later years discussed with her the cures 
used by the local Indians. From this and other observations we 
conclude that the indigenous pharmacopaeia of wild plants of 
southern Arizona was heavily swamped by Spanish medicine and 
more recently displaced by Anglo drugs. The excellent book by 
Richard Felger and Mary Beck Moser (UA Press) on Seri ethno- 
botany presents a window to the past. Herb dealers in New Mexico 
and northern Arizona have created a real rennaissance of under- 
standing with wild medicinals there. 

We do not advocate use of primitive medicines nor do we 
suggest that persons experiment with "curanderas" or similar 
practitioners. What we do suggest is that local wild medicinals be 
preserved and studied for eventual improvement of modern 
medicine. For example, today millions of people use ephedrine 
hydrochloride in various brand -name decongestants. We happen 
to have local wild desert species of Ephedra and we should study 
them with a view to genetic improvement and cultivation in our 
climate as a source of this drug. Species of Agave have cortico- 
steroid precursors that can be used for making cortisone, birth 
control pills, and other steroid -related drugs. Can our local wild 
species of Plantago be improved and cultivated as a source of psyl- 
lium, the active ingredient in numerous brand -name laxatives? 

We are still using old medicines from plants known to our an- 
cient ancestors who lived overseas. We need to devote attention to 
plants already adapted to our desert conditions which could be im- 
proved and cultivated for our beneficial use and export. Plants may 
produce purer, better quality, and more highly concentrated pro- 
ducts under desert conditions when cultivated. Medicinal plants 
can make very lucrative crops. 

- F. S. Crosswhite and C. D. Crosswhite 
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Introduction 
The boojum tree or cirio (Idria columnaris Kellogg) is by 

far the tallest plant in the Sonoran Desert. The tallest indi- 
viduals occur in Central Baja California, Mexico. Those in 
the Sierra Cirio in Sonora, Mexico, where growth conditions 
are less favorable, are considerably shorter (Humphrey, 
1974). This raises the question of the time it may have taken 
these unusual members of the plant kingdom to reach their 
maximum heights. 

Determination of age is difficult since the boojum pro- 
duces no discernable annual rings nor does it produce much 
woody material that might be dated by carbon -14 or other 
chemical methods. Because neither of these techniques for 
determing age is feasible, an indirect method is proposed 
here that entails extrapolation from a series of rate -of- growth 
measurements. 

This paper describes the plant selection process, methods 
of measurement, and the subsequent estimation of the age 
of the boojum tree. 

Methods 
Sites Selected for Study. Inasmuch as plant growth is a 

function of several variables, one of the more important of 
which is site, three dissimilar sites were selected for study: 
two in Baja California, Mexico, and one in Sonora, Mexico. 
The two Baja sites were designated Vibora and Turquoise, 
the one in Sonora, Idria Island. 

The Vibora site (elev. 1500 ft or 457 m) with little question 
provided the best habitat of the three. Mean -annual pre- 
cipitation there probably averages about 5.5 in (140 mm), 
the physiographic gradient is generally less than one percent, 
and the soil is a deep, sandy loam derived from granite. As a 
consequence, runoff is minimal and moisture penetration 
optimal. 

The Turquoise site (elev. 1300 ft or 396 m), although ap- 
parently providing conditions more favorable for cirio ger- 
mination and establishment than Vibora, is not as well 
suited to later growth and perhaps, ultimate longevity. The 
terrain at Turquoise, as at Vibora, is essentially level, but 
the soil is comparatively impervious, consisting mostly of a 
rhyolitic clay. Moisture penetration in this fine -texture soil 
is poor and runoff is relatively high. Cirio establishment, 
however, is aided by an abundance of small rocks that pro- 
vides protection from evaporation, rodents, and birds during 
the highly critical first few weeks of growth. 

Precipitation at the Turquoise site is probably about 2/3 

that at Vibora, based on the Chapala record, a station about 
12.5 miles (20 km) distant, and 600 ft (138 m) higher (Hast- 
ings and Humphrey, 1969). The Turquoise site lies in the 
rain shadow of a high mountain to the west which may be 
assumed to reduce precipitation further, making it ques- 
tionable whether an average of more than three inches or 
about 76 mm falls here. 

Growing conditions at the Idria Island site (elev. 50 ft or 
14 m) appear to be less favorable than at Vibora, but more 
so than at Turquoise. A rain gauge at the site recorded a 
mean -annual precipitation of 4.39 in or 111.6 mm for the 
13.5 year period of June 11, 1972 through December 1985. 
Site gradient ranges from 3 to 5 percent and the soil, derived 
from granite and rhyolite, is shallow and moderately fine 
textured. The gradient, soil texture, and soil depth seem to 
combine to result in loss of much of the precipitation dur- 
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Table 1. Height (meters) of selected plants by date of measure- 
ment at three different locations. 

Location = Vibora 

PLANT 

DATE 5 6 7 8 9 10 11 12 13 14 

10- June -69 7.39 9.65 5.82 7.47 8.41 5.51 12.34 7.37 8.20 3.91 
20- Apr -70 7.39 9.70 5.82 7.52 8.64 5.56 12.19 7.42 8.36 4.01 

31- Mar -72 7.49 9.70 5.94 7.54 NR' 5.56 12.19 7.37 8.33 4.01 

25- Dec -77 7.82 9.75 6.05 7.65 8.76 5.72 NR' 7.49 8.41 4.22 
12- Dec -80 8.15 9.85 6.12 7.72 9.06 6.04 12.53 7.70 8.62 4.31 
27- Oct -82 8.19 9.98 6.20 7.75 9.04 6.09 12.70 7.74 8.62 4.38 
26- Mar -85 8.40 10.07 6.32 7.97 9.50 6.35 12.97 7.96 8.94 4.45 
15- May -86 8.44 10.10 6.35 7.90 9.34 6.39 NR 7.95 8.99 4.46 

Location = Turquoise 

PLANT 

DATE 2 3 4 5 6 7 8 9 10 

13- Jun -69 3.48 2.26 6.88 4.34 4.72 2.18 4.14 3.45 2.31 
05- Nov -70 3.53 2.36 6.96 4.37 4.80 2.39 4.34 3.57 2.36 
29- Mar -72 3.53 2.34 6.83 4.37 4.78 2.39 4.34 3.61 2.36 
26- Dec -77 3.53 2.44 NR' 4.39 4.88 2.56 4.60 3.84 2.49 
12- Dec -80 3.95 2.64 7.18 4.50 4.97 2.71 4.73 4.07 2.52 
30- Oct -82 3.97 2.63 7.16 4.46 4.98 2.71 4.76 4.06 2.52 
27- Mar -85 4.30 2.75 7.25 4.59 5.08 2.89 4.92 4.20 2.56 
15- May -86 4.37 2.78 7.33 4.65 5.10 2.92 4.93 4.17 2.60 

Location = Idria Island 

PLANT 

DATE 1 5 6 7 8 9 12 13 14 15 16 18 

26- Jul -69 6.43 1.14 1.04 0.66 6.25 4.75 2.52 2.69 4.98 1.58 4.04 0.86 
09- Mar -71 6.58 1.19 1.22 0.74 6.35 4.88 2.64 2.74 4.98 1.65 4.14 0.99 
09- Jun -72 6.55 1.22 1.25 0.74 6.33 4.88 2.67 2.72 4.98 1.65 4.14 0.91 
06- Jun -73 6.60 1.22 1.25 0.76 6.35 4.93 2.67 2.72 4.98 1.68 4.14 NR' 
20- Jun -74 6.63 1.22 1.27 0.74 6.40 4.93 2.69 2.72 5.00 1.68 4.17 NR' 
11- Jun -75 6.58 1.25 1.27 0.76 6.40 4.90 2.67 2.69 5.00 1.68 4.17 NR' 
25- Oct -77 6.63 1.35 1.27 0.79 6.40 4.90 NR' 2.72 5.00 1.68 4.17 NR' 
20- Oct -78 6.68 1.27 1.37 0.81 6.40 4.90 2.72 2.74 5.06 1.70 4.22 N12' 
29- May -80 6.71 1.37 1.32 0.91 6.50 4.98 2.72 2.82 5.28 1.96 4.37 1.17 
17- Oct -83 6.90 1.53 2.14 1.10 6.68 4.99 2.88 2.94 5.40 2.38 4.54 1.40 
14- Oct -85 7.01 1.70 2.36 1.14 6.73 5.08 3.02 3.00 5.49 2.53 4.63 1.45 
18- Jun -86 6.94 1.75 2.42 1.15 6.78 5.07 3.02 3.04 5.50 2.57 4.62 1.44 

NR = No Reading 

ing periods of intense rainfall. 
Site Selection Criteria. The Vibora site was selected be- 

cause it appeared to represent nearly optimum conditions 
for growth well within the geographic range of Idria in Baja 
California. The Turquoise site was chosen as representative 
of habitats near the northeastern limits of the Boojum's 
Baja distribution. Idria Island was selected because of its 
geographic location (Sonora), its accessibility (a gently slop- 
ing, dissected bajada with a three- to five- percent slope) 
and because approximately 25 cirios of various sizes, grow- 
ing within an area of about a quarter hectare, suggested an 
average to favorable habitat. 

Plant Selection. With the exception of two plants at Idria 
Island, all those selected for measurement had single stems. 
At the outset all had straight stems with little or no curva- 
ture. Measurements on any that developed curvature later 
were discontinued since it was impossible to conform the 
measuring pole to the bends of the trunk and there was no 
way, in the taller ones, to triangulate and account for cur- 
vature. 

Methods of Measurement. A nail was driven into the 
base of each plant about one decimeter above ground level 
to provide a constant point from which each pole measure- 

ment originated, and on which the base of the pole was 
placed. 

Pole measurements were made with a telescoping fiber- 
glass pole. In use, this was extended until the tip reached 
the top of the central stem of each cirio. In the few plants 
less than about two meters tall the readings were made un- 
assisted; on all others they were made with an assistant, 
usually with the aid of 50x binoculars. At both Turquoise 
and Idria Island none of the plants exceeded the extended 
height of the pole; at Vibora, one of them did, and was mea- 
sured by triangulation with a clinometer. 

Each tree chosen for study was numbered for identifica- 
tion. Some were tagged initially with small aluminum 
labels wired to the slender side branches. Others had the 
numbers carved into the trunk. Eventually, all were iden- 
tified by carved numbers because the aluminum labels 
tended to be removed by rodents. 

Time Span Involved. The first measurements at Vibora 
were made on June 10, 1969, at Turquoise - June 13, 1969, 
and at Idria Island - July 26, 1969. The final measurements 
at all three sites were made in May and June, 1986. Terminal 
growth occurs only during the winter and early spring in re- 
sponse to the winter rains, thus the terminal May and June 
measurements included the preceding 1985 - 86 winter's 
growth. 

Because of the remoteness of the three sites, particularly 
in Baja California, readings were not made at systematic 
time intervals. Thus, in some instances measurements were 
recorded annually, in others at longer intervals (Table 1). 

Number of Plants Measured. Measurements at Vibora 
were on ten individuals, all of which remained alive for the 
duration of the study. At Turquoise 10 plants were selected, 
one of which died not long after the study was begun. 
Twenty individuals were selected initially at Idria Island. 
However, because of mortality, gradually developing cur- 
vature, or bifurcation, seven of these were discarded and 
have not been included in the analysis (Table 1). 

Analysis 
Estimating the age of individual cirios by plant- height 

measurements assumes (1), that height is a valid indicator 
of age and (2), that growth rates have been constant since 
germination. 

Although precipitation, temperature, and soil character- 
istics must affect the rate of growth, comparative detailed 
data of these sorts were not available for inclusion in this 
analysis. The second assumption, maintenance of a con- 
stant growth rate since germination, is probably true in 
large part. The classical woody plant growth curve is "S" 
shaped, with a slower growth rate during the early and late 
time periods. If the boojum has a similar growth pattern, 
and when growth rates are based on measurements of 
height at specific time intervals, the growth rate may be 
either underestimated or overestimated depending on 
where in the growth curve the measurements are recorded. 
Analysis of the current data, however, gave no indication 
of a slower growth rate on the older cirios. 

Individual Plant Growth Rate and Age. The growth rate 
analysis made here is based on the relationship of height 
increments over time, where the time span involved is the 
number of years between the first and last measurement 
dates. This height -time relationship is estimated using re- 
gression analysis (Morrison, 1983) where the regression 
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coefficient is the estimated growth rate (meters per year) 
and the intercept (meters) is the estimated height on the 
first measurement date. 

The individual plant age estimate is the negative of the 
ratio of the intercept to the regression coefficient. Since the 
growth rate represents the rate of change in height per year 
and the intercept is the estimated height on the first mea- 
surement date, the ratio of the intercept to the growth rate 
is the number of years that have elapsed since the height 
was zero. When the sign is changed on this value, the result 
is the estimated age of the plant on the first measurement 
date. 

The growth rate estimates of all plants were found to be 
significantly different from zero (Table 2) with a range from 
1.44 cm per year (plant 9, Idria Island) to 7.90 cm per year 
(plant 6, Idria Island). Vibora had the most consistent 
growth rates while Idria Island had the most variable. This 
pattern is also true for the intercept estimates and is re- 
flected in the individual plant age estimates. 

Because Idria grows extremely slowly during the initial 
years of establishment the estimates of age for the smaller 
plants are probably too low. Plants 5, 6, 7, 15, and 18 at Idria 
Island are unquestionably older than the estimated age in- 
dicates, but as they represent the early growth period, this 
is to be expected. Also note that the larger the age estimate 
the larger the standard error. This is expected since the 
standard error of a ratio estimate includes the estimate 
itself (Kish, 1965). 

Location Differences. If the growth rate and the heights 
of the plants are the same among locations, then the data 
from the three locations could be aggregated to provide a 
single function for estimating the age of the boojum. Also, 
if growth rate is independent of height, then separate func- 
tions for different sized plants need not be considered. 

Differences among locations for growth rate and plant 
height were tested using a one -way Analysis of Variance 
model. Although the growth rates were not significantly 
different among the three locations, there were differences 
in plant height. Vibora had significantly taller trees while 
Idria Island and Turquoise were shorter and about equal in 
height. These results suggest that Idria Island and Turquoise 
could be combined in the average age analysis. Thus, in the 
average age analysis, there will be two location or site 
types: optimal ( Vibora) vs. sub -optimal (Turquoise and Idria 
Island). Also, since the growth rates are statistically the 
same at all three locations while the trees are significantly 
taller at Vibora, then the boojums at Vibora represent a 
stand that is about 60 to 90 years older. 

The correlation between plant height and growth rate 
were -.17, -.03, and -.43 for Turquoise, Vibora, and Idria 
Island respectively. None of these correlations is signifi- 
cantly different from zero. However, since all these corre- 
lations are negative, the implication is that the taller 
plants grow at a slower rate. 

Final Age Analysis. While individual estimates of age 
were found for each plant, the purpose of this analysis is to 
combine the results across plants and obtain an aggregate 
function for estimating age. The relationship between the 
height of each plant and its estimated age provides a direct 
method of estimating age based on plant height. The value 
selected for height could be an actual measurement or a 
predicted value of height from the previous analysis. To 
maintain consistency and provide a general format for esti- 
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Table 2. Individual plant estimates for intercept (height in meters 
at first measurement date), growth rate (meters per year), and age 
(years by location). 

Location = VIBORA 

PLANT 
INTERCEPT 

ESTIMATE S.E. 

GROWTH RATE 
ESTIMATE S.E. 

AGE 
ESTIMATE S.E. 

5 7.34 0.0297 0.0654 0.0028 112 5 

6 9.63 0.0353 0.0252 0.0033 38.3 50 
7 5.81 0.0192 0.0304 0.0018 191 11 

8 7.47 0.0323 0.0257 0.0030 291 34 
9 8.45 0.0980 0.0533 0.0086 159 25 

10 5.45 0.0563 0.0519 0.0052 105 11 

11 12.18 0.0848 0.0410 0.0087 298 63 

12 7.32 0.0481 0.0349 0.0045 210 27 

13 8.21 0.0660 0.0399 0.0061 206 32 
14 3.94 0.0151 0.0319 0.0014 124 5 

Average 7.56 0.0401 208 

Location = TURQUOISE 

PLANT 
INTERCEPT 

ESTIMATE S.E. 

GROWTH RATE 
ESTIMATE S.E. 

AGE 
ESTIMATE S.E. 

2 3.39 0.092 0.0508 0.0085 67 11 

3 2.27 0.027 0.0293 0.0025 77 7 

4 6.86 0.038 0.0257 0.0035 267 36 
5 4.32 0.030 0.0155 0.0028 278 50 

6 4.73 0.016 0.0208 0.0015 227 16 

7 2.26 0.033 0.0384 0.0031 59 5 

8 4.21 0.028 0.0435 0.0026 97 6 

9 3.49 0.028 0.0438 0.0026 80 5 

10 2.34 0.011 0.0158 0.0011 147 10 

Average 3.76 0.0315 144 

Location = IDRIA ISLAND 

PLANT 
INTERCEPT 

ESTIMATE S.E. 
GROWTH RATE 

ESTIMATE S.E. 
AGE 

ESTIMATE S.E. 

1 6.45 0.027 0.0293 0.0028 220 21 

5 1.08 0.035 0.0337 0.0036 32 4 

6 0.90 0.113 0.0772 0.0118 12 2 

7 0.63 0.028 0.0292 0.0029 22 2 

8 6.23 0.027 0.0289 0.0028 216 21 

9 4.82 0.021 0.0141 0.0022 342 54 

12 2.55 0.029 0.0250 0.0030 102 12 

13 2.64 0.029 0.0199 0.0031 133 21 

14 4.86 0.043 0.0349 0.0045 139 18 

15 1.42 0.080 0.0601 0.0083 24 4 

16 4.01 0.033 0.0346 0.0035 116 12 

18 0.84 0.034 0.0359 0.0032 23 2 

Average 3.04 0.0352 115 

Table 3. Estimated ages (years) and standard errors (years) for 
Boojum trees in the optimum and sub -optimum growth sites, 
based on plant height. 

HEIGHT 
OPTIMUM 
(VIBORA) 

SUB -OPTIMUM 
(TURQUOISE, IDRIA ISLAND( 

FEET METERS AGE S.E. AGE S.E. 

5 1.52 42 4 59 5 

10 3.05 84 8 119 10 
15 4.57 125 12 178 15 

20 6.10 167 16 237 19 
25 7.62 209 20 296 24 
30 9.14 251 24 356 29 
35 10.67 293 28 415 34 
40 12.19 334 33 474 39 
45 13.72 376 37 534 44 
50 15.24 418 41 593 48 
55 16.76 460 45 652 53 
60 18.29 501 49 712 58 
65 19.81 543 53 771 63 
70 21.34 585 57 830 68 
75 22.86 627 61 889 73 
80 24.38 669 65 949 78 
85 25.91 710 69 1008 82 
90 27.43 752 73 1067 87 
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mating age, the predicted height at the first measurement 
date (growth rate intercept) was selected. Again a regression 
analysis is used where the regression coefficient is now the 
inverse of the average growth rate (number of years for a 
plant to grow one meter) and the intercept is the estimated 
age at germination (theoretically zero). If the intercept for 
this model is not significantly different from zero, it can be 
dropped and the growth rate inverse parameter re- estimated. 

The regression of estimated age versus initial plant 
height, conducted across plants within each site type, was 
first conducted with the intercept included in the model. 
The estimate of this intercept, for both groups, was not sig- 
nificantly different from zero. The analysis was re -run 
with the intercept excluded from the model. The inverse 
growth rate for the optimum site -type was found to be 
27.42 years per meter with a standard error of 2.67 years per 
meter. The corresponding figures for the sub -optimum site 
type were 38.91 and 3.18. The inverse growth rate is sub- 
stantially smaller for the less favorable sites than for the 
more favorable. It takes about 27 years for the plants at 
Vibora to grow one meter and almost 40 years at the other 
two locations. This translates into a growth rate of about 
3.7 cm per year at Vibora and 2.6 cm per year at the other 
two locations. 

The inverse growth rates presented in the final age 
analysis can be directly applied to estimate the age of a 
plant based on its height. The age estimate for a Boojum 
tree can be obtained by multiplying the inverse growth rate 
by the height of the plant. The standard error of this esti- 
mate can be similarly the stan- 
dard error of the inverse growth rate by the plant's height. 
This procedure was used in developing Table 3. 

If the height of a plant is known, the estimated age and 
standard error can be read directly from the table. In inter- 
preting these estimates one can be about 68% confident 
that the true age is within one standard error of the esti- 
mated age and about 95% confident that the true age is 
within two standard errors of the estimated age. 

Discussion 
As previously indicated under Analysis, any attempt to 

determine the age of a long lived plant species by rate -of- 
growth measurements during a recent, relatively short 
period, must be based on certain assumptions. These are 
that (1) environmental conditions affecting rate of growth 
have not changed appreciably during the life span of the 
plants, and (2) plant height (as expressed in rate of growth 
over a limited time period) is a valid indicator of age. 

In the present instance there are no long -term, on -site 
meteorological records that might indicate climatic 
change at Vibora, Turquoise, or Idria Island. The records for 
San Borja and San Ignacio, the central Baja California sta- 
tions closest to Vibora that might be expected to have an 
essentially similar climate, extend back only to 1965 and 
1963, respectively; the record at Chapala, cited earlier with 
reference to the Turquoise site, was begun in 1963 (Hastings 
& Humphrey, 1969). The earliest precipitation records near 
Idria Island go back to 1925 (Humphrey, 1981), a record 
longer than those in Baja but still short, relative to the 
probable age of the cirio. 

According to Van Devender and Spaulding (1979) there 

has been a gradual, long -term trend toward greater aridity 
in southwestern North America. This is believed to have 
begun no later than late Wisconsinan time - 22,000 to 
11,000 years BP (before the present by radio -carbon dating). 

This gradual, though slight tendency toward increased 
aridity, seems to be continuing into the present (Humphrey, 
1987). It does not, however, show up in a comparison of the 
earliest Punta Cirio (Idria Island) records for the period 
1925 -1935 with the more recent ones for the period 1961- 
1976 (Humphrey 1981). 

There is a possibility, admittedly conjectural, that a 
gradual, slight tendency toward increased aridity during 
the lifetime of even the oldest cirios has had some deter- 
rent effect on their growth rates. In this event, the calcu- 
lated ages would be too large. In the absence, however, of 
any studies on which to base conclusions relating growth 
rate of the cirio to climate, we are assuming a uniform rate 
of growth similar to that since 1969 over the entire life 
spans of the plants measured. 

This brings us to the crux of the problem: based on these 
rate -of- growth measurements, how old are the plants mea- 
sured at these three locations? Recognizing that the plants 
measured at these sites are not the tallest to be found in the 
general areas they represent, what are the probable ages of 
the other taller individuals growing under essentially the 
same conditions? 

Referring to the measurement data in Table 1, and the 
age estimates in Table 3 it will be noted that the tallest 
cirio at Vibora has an age of about 360 years. Similarly, the 
tallest at Turquoise is about 280 years old and at Idria Island 
about 270 years. 

At none of these three sites were these tallest individuals 
as tall as others growing nearby. At Vibora many had at- 
tained heights of 18 meters and at Turquoise and Idria Island 
of 10 and 13 meters respectively. The estimated ages of 
plants of these and other heights may be determined by ref- 
erence to Table 3. 
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Abstract 
Agave mapisaga and A. salmiana, which are widely cul- 

tivated in central Mexico for the fermented beverage pul- 
que, have 7 to 11 leaves unfolding annually per plant. Such 
leaves can be 2 m in length with dry weights exceeding 1 kg, 
leading to estimated aboveground productivities of 25 to 
26 metric tons ha -1 yr -1. To prevent theft of the cuticle 
from folded leaves of A. salmiana, which is used to wrap 
meat for steam cooking (termed "mixiote "), the distal one - 
third of the central spike of folded leaves is often intention- 
ally cut off, which unfortunately depresses leaf unfolding 
for the next two years. However, making small holes in the 
central spike, which also renders the cuticle unusable for 
mixiote, does not significantly reduce the rate of leaf 
unfolding. 
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Introduction 
Approximately 100 species of Agave occur natively or 

are cultivated in Mexico (Gentry, 1982). Fiber is obtained 
from the leaves of Agave lechuguilla in northern Mexico and 
from A. fourcroydes in the Yucatán peninsula and southern 
Tamaulipas. Following fermentation of the stem, distilled 
beverages are produced, such as tequila from A. tequilana 
in Jalisco and mezcal from about ten species in various states. 
The fermented beverage pulque is produced from the exudate 
that collects in hollowed -out stems of mature plants of A. 
mapisaga and A. salmiana in the Valley of Mexico. The 
unfermented exudate (known as aguamiel, or "honey water ") 
is also consumed on a limited scale (Gentry, 1982; Nobel, 
1988). Aguamiel and pulque production probably dates back 
at least 2500 years. Certainly pulque production was well 
established by the twelfth century (Martin del Campo, 1938; 
Goncalves de Lima, 1956). In the past, the cuticle (plus some 
underlying epidermis) has been removed from the leaves of 
pulque agaves for use as paper. Currently such cuticles are 
used to wrap and hence flavor meat in a liquid -tight sack 
containing other ingredients for steam cooking (termed 
"mixiote," a food especially common at Christmas; Po- 
loniato, 1986). Maximum land use of about 70,000 hectares 
for pulque agaves occurred in the 1930s (Sánchez M., 1979). 

The present study considers A. mapisaga and A. salmiana, 
both of which belong to subgenus Agave Section Salmianae 
(Gentry, 1982). As do other agaves, A. salmiana exhibits 
Crassulacean acid metabolism (Nobel and Meyer, 1985) 
and hence is well- suited to regions of low rainfall that are 
not appropriate for most agronomic crops. A nondestructive 
technique easily adapted to field conditions has been de- 
veloped to monitor the growth of agaves. This consists of 
counting the number of new leaves that unfold from the 
central spike of folded leaves over a given period of time 
(Nobel, 1984). The rate of leaf unfolding, which is highly 
correlated with productivity measured by conventional dry 
weight determinations on harvested agaves, was measured 
for the two pulque species in various localities and the an- 
nual aboveground dry matter productivity was estimated. 
The effect of removing the cuticle from the middle of folded 
leaves of A. salmiana on leaf unfolding rate was determined. 
Certain pulque producers intentionally damage the cuticle 
to prevent its theft for mixiote, but such damage injures 
the plants and presumably slows growth. Therefore, another 
objective was to evaluate the influence of such preventative 
measures on the rate of leaf unfolding for A. salmiana. 

Materials and Methods 
Agave mapisaga Trel. var. mapisaga and A. salmiana 

Otto ex Salm. var. salmiana were studied over a 2 -year period 
at five plantations located in the pulque- producing area 
within the Valley of Mexico as well as in Calpulalpan (Fig. 
1). Twenty randomly chosen mature plants, which had been 
placed in the field 7 to 12 years earlier when they were ap- 
proximately 0.8 m tall, were used under each condition. 
The terminal spines of the three or four most recently un- 
folded leaves were initially clipped so that leaves newly 
unfolded from the central spike of folded leaves could be 
readily recognized upon subsequent examination. 

Three cuticle- damaging treatments were imposed. One 
treatment was removal of the cuticle (plus some underlying 
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Table 1. Periodic measurements of leaf unfolding. 

Mean leaf Annual leaf unfolding 
Speciest Locality length ± SD per plant t SD 

(m) First year Second year 

Agave mapisaga Tequexquinahuac 2.00±0.10 6.89±0.93' 8.76 ± 1.25b 
" Tizayuca 1.99s0.11 9.94±1.71b 9.38 ± 1.66b 

Agave salmiana Calpulalpan 1.80 ±0.09 10.37 ± 1.76' 9.50 w 0.57' 
" Singuilucan 2.28 ± 0.25 9.46 ± 1.66' 10.75 ± 2.18' 

Tequexquinahuac 1.66 ± 0.21 7.17 ± 1.74b 8.23 ±3.19ab 
Tizayuca 1.71 ± 0.21 8.47 ± 2.89ab 8.85 ± 2.31' 

tTwenty intact plants of each species were examined at various localities (Fig. 1) on 22 
April to 1 May 1986, 22 -25 April 1987, and 25 -27 April 1988; leaf lengths were measured 
on 22 September 1986. 

These plants were probably var. chalqueño. 
'Annual leaf productions with different letters for a particular species are significantly 

different at P < 0.05. 

,.. Table 2. Leaf unfolding for Agave salmiana treated in various 
ways at three localities. 

90°45'W 98 °30'W 

Figure 1. Localities used for studying Agave mapisaga 
and A. salmiana. Also shown is Mexico City. Elevations in 
meters are indicated beneath locality names, and states 
are indicated by capital letters. 

epidermis) from six leaves still folded about the central 
spike. After pulling such leaves away from the central spike, 
the cuticle was cut using a spine from the tip of an agave 
leaf. This permitted the removal of a piece of cuticle about 
0.15 m wide and 0.4 m long (along the leaf axis) from the 
chlorenchyma on the inner (adaxial) side of the leaves. An- 
other treatment was to cut off the distal one -third of the 
central spike of folded leaves (done every year). On some 
plants, the cuticle was rendered unsuitable as a liquid -tight 
wrap for mixiote by making nine 5 -mm- diameter holes, 
three spaced 10 cm apart horizontally each 120 °, through 
the middle of the central spike of folded leaves (these holes 
can be made with a pitchfork). 

Leaf dry weight was determined by drying recently un- 
folded leaves in an oven at 80 °C until no further weight 
change occurred (generally in 4 days). Dry weights are pre- 
sented as mean ± SD (n = number of measurements). Sig- 
nificance (P < 0.05) of the various growth conditions was 
analyzed using a modified Duncan multiple range test 
(Kramer, 1956) following the analysis of variance. 

Results 
Mean leaf lengths for plants in the different localities 

were 1.99 and 2.00 m for Agave mapisaga and ranged from 
1.66 to 2.28 m for A. salmiana (Table 1). At Tequexquinahuac, 
where both species were initially 7 years old and had a density 
of 1800 plants ha-1, recently unfolded leaves of A. mapisaga 
that were 2.00 ± 0.02 m in length had a dry weight of 1.40 
± 0.13 (n = 6) kg and those of A. salmiana that were 1.66 
± 0.01 m in length had a dry weight of 1.53 ± 0.17 (n = 6) 
kg. The maximum rate of leaf unfolding from the central 

Leaf unfolding (% of control)* 
Treatment' Locality First year Second year 

Cuticle removed from Calpulalpan 55` 95' 
six leaves Singuilucan 64b 98' 

Central spike cut Calpulalpan 67b 66b 
Tizayuca 80b 72b 

Cuticle removed and 
central spike cut 

Tizayuca 46` 46` 

'Twenty plants under each condition were originally examined 22 April to 1 May 
1986, when the treatments were already in existence. 

Leaf unfoldings with the letter a are not significantly different from the control at a 
particular site (control rates are in Table 1); other letters indicate significance at P < 0.05 
from the control as well as among different treatments at a particular locality and year. 

Table 3. Leaf unfolding for Agave salmiana treated in various 
ways at Providencia. 

Treatment' Leaf unfolding (% of control) 
Cuticle removed from three leaves 
Cuticle removed from six leaves 
Incision made on six leaves, but 

cuticle not removed 
Central spike cut 
Nine holes made in central spike 

55b 

32` 
61b 

64b 
89' 

'Treatments were done on 18 December 1986 for twenty plants under each condition, 
and the plants were re- examined on 26 April 1988. 

Leaf unfolding with the letter a are not significantly different from the control (5.88 . 1.81 leaves per plant); other letters indicate significance at P < 0.05 from the control 
and from each other. 

spike of folded leaves during the rainy period, approximately 
June through September, was about 1 per plant per month. 
The mean number of leaves unfolding annually per plant 
ranged from 6.9 to 9.9 for A. mapisaga and from 7.2 to 10.8 
for A. salmiana (Table 1). The leaf unfolding rate varied sig- 
nificantly (P < 0.05) among localities during the first year 
only. The leaf unfolding rate did not vary significantly at a 
particular site from the first year to the second year of the 
study, except for A. mapisaga at Tequexquinahuac (Table 
1). Differences in leaf unfolding rate between species for each 
year at their two common localities were not significant. 

Removal of the cuticle from six folded leaves of A. sal - 
miana significantly reduced the rate of leaf unfolding during 
the first year, but full recovery to the control value occurred 
in the second year (Table 2). Cutting the central spike caused 
nearly as much inhibition of leaf unfolding during the first 
year as did cuticle removal but no significant recovery oc- 
curred during the second year. Removal of the cuticle plus 
cutting the central spike led to even greater inhibition of 
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leaf unfolding than either treatment by itself and again no 
recovery occurred during the second year (Table 2). 

Further experimental manipulations, especially on the 
cuticle, were performed on A. salmiana at Providencia (Table 
3). Removal of the cuticle from only three folded leaves sig- 
nificantly (P < 0.05) reduced the rate of leaf unfolding and a 
further significant reduction occurred by removing the 
cuticle from an additional three such leaves. Making the 
circumscribing incision but leaving the cuticle in place also 
significantly reduced the leaf unfolding rate, as did cutting 
the central spike of folded leaves (Table 3). However, making 
nine holes in the central spike did not significantly reduce 
the rate of leaf unfolding for A. salmiana over the 15 -month 
study period. 

Discussion 
Leaf size and the rate of leaf unfolding for cultivated Agave 

salmiana are both somewhat greater than that found for a 
different variety of the same species (A. salmiana var. cras- 
sispina) under natural conditions (Nobel and Meyer, 1985; 
Martínez M., 1988; Tello B., 1988). Compared with A. mapi- 
saga and A. salmiana, leaves of A. deserti and A. 
lechuguilla are much smaller, although the maximum rate 
of leaf unfolding during favorable conditions is also just 
over 1 leaf per plant per month (Nobel, 1984; Nobel and 
Quero, 1986). Although the monthly rate of leaf unfolding 
often exceeds 2 per plant for A. fourcroydes (Nobel, 1985) 
and can exceed 5 leaves per plant for A. tequilana (Nobel 
and Valenzuela, 1987), individual leaves of these two 
species are also less massive than those of A. mapisaga and 
A. salmiana observed in the present study. 

Based on the number of leaves unfolding annually per 
plant, the dry weight of such leaves, and the number of plants 
per hectare, productivity per unit ground area can be esti- 
mated for A. mapisaga and A. salmiana, assuming a similar 
biomass distribution between unfolded leaves, folded 
leaves, and stem as found for other agaves (Nobel, 1988). 
For 7- year -old plants of A. fourcroydes with an average of 
26 leaves of mean dry weight of 0.132 kg unfolding annually, 
aboveground productivity is 16 metric tons ha -1 yr-1 when 
there are 4000 plants per hectare (Nobel, 1985). For A. te- 
quilana of the same age, 46 leaves of mean dry weight of 
0.134 kg unfolded annually per plant for 3000 plants ha -1' 
leads to a productivity of 21 tons ha-1 yr -1 (Nobel and Va- 
lenzuela, 1987). For A. mapisaga of similar age and 1800 
plants ha -1, 8.8 leaves with 1.40 kg dry weight unfolding 
annually per plant correspond to an aboveground produc- 
tivity of 25 tons ha-1 yr -1. The comparable productivity 
for A. salmiana with 8.2 leaves of 1.53 kg dry weight un- 
folding annually is 26 tons ha -1 yr -1. Such high produc- 
tivities are consistent with the large nocturnal increase in 
acidity for A. salmiana, which can reach 0.93 mmol per m2 
leaf area, higher than reported for any other Crassulacean 
acid metabolism plant (Nobel, 1988). Although annual pro- 
ductivity can be higher for alfalfa (Medicago sativa),sugar 
cane (Saccharum officinarum), certain other agricultural 
crops, and managed forests, the annual productivity of most 
agronomic plants ranges from 10 to 20 tons ha-1 yr -1 
(Evans, 1975; Loomis, 1983; Nobel, 1988). Hence, the 
aboveground annual productivities of 16 to 26 tons ha -1 
yr -1 for A. fourcroydes, A. mapisaga, A. salmiana, and A. 
tequilana exceed those of most agronomic crops. 

Removal of the cuticle during the last quarter of the life 
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cycle of A. salmiana interferes with subsequent leaf unfold- 
ing and presumably with pulque production, so various 
methods are used to prevent cuticle theft (no plants are 
grown exclusively for cuticle harvesting for mixiote). The 
most common treatment is to render the cuticle unusable 
for mixiote by cutting the central spike of folded leaves with 
a machete. This leads to as much inhibition of leaf unfold- 
ing over a two -year period as allowing the cuticle to be re- 
moved once (cuticle theft can occur more than one time 
from the same plant), presumably because of the loss of 
considerable photosynthetic surface area (Nobel, 1988), al- 
though other damage to the cut leaves may have occurred. 
The more recent practice of puncturing the central spike of 
folded leaves deters theft by damaging the cuticle with little 
negative impact on leaf unfolding for A. salmiana. Further 
study is necessary to evaluate the consequences to pulque 
productivity itself of cutting the central spike of folded 
leaves or the more promising technique of making holes in 
the central spike. 
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Abstract 
Forest litter, a good source of organic matter and seeds, was 

applied on undisturbed soil and on coal mine soil (spoils) in experi- 
ments conducted on the Black Mesa Coal Mine near Kayenta, 
Arizona over a 2 -year period (1977 - 1978). Germination, seedling 
establishment, plant height, and ground cover were evaluated for 
two seeding treatments (forest litter and no forest litter) and two 
soil- moisture treatments (natural rainfall and natural rainfall plus 
irrigation). The forest litter was obtained at random from the 
Coconino National Forest, broadcast over the surface of the soil 
materials, and incorporated into the surface 5 cm of each soil 
material. Germination, seedling establishment, plant height, and 
ground cover on undisturbed soil and coal mine soil were higher 
when forest litter was applied than when it was not applied and 
when natural rainfall was supplemented with sprinkler irrigation 
than when rainfall was not supplemented with irrigation. Applica- 
tions of forest litter and supplemental irrigation may insure suc- 
cessful establishment of vegetation on areas disturbed by open -pit 
coal mining. 
Additional Index Words: Environment, Pollution, Reclamation, 
Seeding, Disturbed Lands. 
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Introduction 
Surface mining of coal disturbs large areas of land in 

semiarid sections of the southwestern U.S.A. annually. 
Since 1970, disturbed land reclamation through revegeta- 
tion has been accomplished successfully in this region. 
Coal mine soils in semiarid environments are difficult to 
revegetate due to limited soil moisture. 

Revegetation of disturbed lands has been most success- 
ful when organic matter was incorporated into the soil sur- 
face. Forest litter from national forests in semiarid regions 
contains viable seeds of many adapted plant species. Apply- 
ing forest litter to disturbed lands provides seeds of plant 
species adapted to a semiarid environment. Forest litter 
also provides organic matter for the disturbed area and thus 
creates an environment more suitable for seed germination. 

Literature Review 
Throughout arid and semiarid regions of the southwest- 

ern U.S.A., reclamation of disturbed land depends primar- 
ily on the conservation and efficient use of limited precipi- 
tation (Power et al., 1977). Ultimately, vegetative stabiliza- 
tion should produce a plant cover which can exist under 
local conditions without assistance (Dean, 1971). For suc- 
cessful vegetative stabilization, climatic studies should be 
made to determine potential plant species compatible with 
the climate (Powell and Barnhisel, 1977). Balzer et al. (1975) 
showed that planting native species resulted in more effec- 
tive vegetative growth than growing introduced species. 
Day and Ludeke (1978) considered reclamation of mining 
wastes through revegetation to be the most economical 
means of providing erosion control and stabilization. In ad- 
dition to providing an immediate and economical ground 
cover, forages aid in the restoration of the spoil material to 
a productive soil (Bennett, 1977). Cundell (1977) found that 
the presence of vegetation had a great influence on the 
number of soil microorganisms in the spoil. Ludeke et al. 
(1974) reported that the low organic matter content of 
copper mine wastes required the incorporation of organic 
material into the surface of tailings slopes to obtain satisfac- 
tory plant growth. The majority of plant species considered 
to be effective colonizers in an arid section of southeastern 
Utah invaded the area by seed (Jaynes and Harper, 1978). 
Saner (1975) established plant growth on infertile spoil in a 
semiarid climate using native plant species vacuumed 
from desirable areas. A permanent, maintenance -free, self - 
sustaining vegetation can be established by utilizing plants 
in the reclamation of mining wastes (Le Roy and Keller, 
1972). 

The objectives of this experiment were to study seed 
germination (emergence), seedling establishment, plant 
height, and percent ground cover from forest litter applied 
to undisturbed soil and coal mine soil (spoils). 

Materials and Methods 
Germination, seedling establishment, plant height, and 

ground cover from the application of forest litter on undis- 
turbed soil and on coal mine soil on the Black Mesa Coal 
Mine near Kayenta, Arizona were studied over a two -year 
period (1977- 1978). Forest litter consisted of surface soils, 
dead plant and animal material at various stages of decom- 
position, and seeds from adapted plant species in the forest. 
The forest litter was collected from the Coconino National 
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Table 1. Germination, seedling establishment, plant height, and ground cover on undisturbed soil and coal mine soil, without forest litter 
and with forest litter, and with natural rainfall and with natural rainfall plus sprinkler irrigation on the Black Mesa Coal Mine, Kayenta, 
Arizona in 1977 and 1978 (2 -year average). 

Soil 
material 

Seeding 
treatment 

Soil- moisture 
treatment 

Seeds 
germinated 

in 1 m2 

Seedlings 
established 

in 1 m2 

Undisturbed soil 

Coal mine soil 

C.V. (%) 

No forest litter 

Forest litter 

No forest litter 

Forest litter 

Significance of differences: 
Between soil materials 
Between seeding treatments 
Between soil -moistrue treatments 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

Natural rainfall 

Natural rainfall 
plus irrigation 

(no.) 
4e+ 

(no.) 
3 fg 

28b 14e 

26c 7e 

52a 27a 

4e 2g 

14d 9d 

14d 4f 

26c 17b 

5 9 

Plant 
height 

(cm) 
18e 

23d 

26 c 

36 a 

13f 

23d 

21 de 

29 b 

7 

Ground 
cover 

( %) 
8g 

45 c 

40 d 

80 a 

7g 

33 e 

25f 

50 b 

2 

"Significant at 1% level. 

+Means followed by the same letter, between soil materials, between seeding treatments, and between soil- moisture treatments are not different at the 5% level of significance, using the 
Student- Newman- Keuls' Test. 

Forest near Flagstaff, Arizona where the following plant 
species grew: 

Common Name 
Blue gramagrass 
Squirrel -tail 
Drop -seed 
Poverty three -awn 
Needle- and -thread 
Pinyon pine 
Juniper 

Sunflower 
Rocky Mountain bee -plant 
Thread -leaf groundsel 
Goosefoot 
Groundcherry 
Snake -weed 
Crown -beard 

Portulaca 
Globemallow 
Russian thistle 

Scientific Name 
Bouteloua gracilis (H.B.K.) Lag. 
Sitanion hystrix (Nutt.) J.G. Smith 
Sporobolus contractus Hitchc. 
Aristida divaricata Humb. & Bonpl. 
Stipa comata Trin. & Rupr. 
Pinus edulis Engelm. 
Juniperus monosperma (Engelm.) 

Sarg. 
Helianthus petiolaris Nutt. 
Cleome serrulata Pursh. 
Senecio douglasii D.C. 
Chenopodium watsoni A. Nels. 
Physalis fendleri Gray 
Gutierrezia lucida Greene 
Verbesina encelioides (Cay.) 

Benth & Hook. 
Portulaca retusa Engelm. 
Sphaeralcea subhastata Coult. 
Salsola kali L. 

The undisturbed soil has been classified as a miscellane- 
ous land type with a variety of soil textures. Two seeding 
treatments were observed: (1) no forest litter, and (2) forest 
litter applied to the surface at the rate of 2,400 kg /ha. Two 
soil- moisture treatments were used: (1) natural rainfall 
(20 cm) and (2) natural rainfall (20 cm) plus irrigation 

(40 cm). The experimental design was a split -split -plot 
with soil materials as main plots, seeding treatments as 
sub -plots, and soil- moisture treatments as sub -sub -plots 
with four replications. The plot size was 4 m2. The coal 
mine soil was leveled with a bulldozer to conform to the 
surrounding topography. Undisturbed soil and coal mine 
soil were both disked with a double -disk harrow to produce 
a satisfactory seedbed for planting. Both soil materials 
were fertilized with 560 kg /ha of 16 -20 -0 commerical fer- 
tilizer prior to planting. The forest litter was obtained at 
random from the surface 10 cm. After it was uniformly 
mixed, the forest litter was broadcast over the surface of 
the soil materials, and incorporated into the surface 5 cm of 
each soil material with hand rakes. Irrigation water was 
applied immediately after planting and as needed through- 
out the growing season with a sprinkler irrigation system. 
The following data were obtained at the end of the growing 
season each year: (1) seeds germinated (emerged), (2) seed- 
lings established, (3) plant height, and (4) percent ground 
cover. All data were analyzed using the standard analysis of 
variance and means were compared using the Student - 
Newman- Keuls' Test as described by Steel and Torrie 
(1960). 

Results and Discussion 
Environmental factors such as temperature, moisture, 

elevation, and soil materials determined which seeds of 
plant species from the forest litter germinated and grew at 
the mine site. The following seeds germinated and estab- 
lished permanent plants at the research sites: 
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Common Name 
Sunflower 
Russian thistle 
Drop -seed 
Thread -leaf groundsel 
Blue gramagrass 
Goosefoot 

Desert Plants 10(2) 

Scientific Name 
Helianthus petiolaris Nutt. 
Salsola kali L. 

Sporobolus contractus Hitchc. 
Senecio douglasii D.C. 
Boutelouagracilis (H.B.K.) Lag. 
Chenopodium watsoni 

A. Nelson 

The average number of seeds germinated per unit area 
differed between soil materials, between seeding treat- 
ments, and between soil- moisture treatments. Average 
germination was higher in undisturbed soil than in coal 
mine soil, when forest litter was applied than when it was 
not applied, and when natural rainfall was supplemented 
with irrigation water than when natural rainfall alone was 
used (Table 1). 

Seedling establishment was higher in undisturbed soil 
than in coal mine soil, when forest litter was applied than 
when it was not applied, and when the area was irrigated 
than when it received natural rainfall (Table 1). 

Plants grew taller in undisturbed soil than in coal mine 
soil, when forest litter was applied than when it was not 
applied, and when irrigation was used than when no sup- 
plemental water was applied (Table 1). 

Average percent ground cover was higher in undisturbed 
soil than in coal mine soil, when forest litter was applied 
than when it was not applied, and when natural rainfall 
was supplemented with irrigation water than when plots 
received only natural rainfall (Table 1). Treatment effects 
were clear -cut with no major interactions between treat- 
ments. Since the original data were subjected to the 
analysis of variance, no transformations of data were re- 
quired prior to the statistical analysis. 

The application of forest litter to a disturbed area pro- 
vides viable seeds and organic matter. Organic matter 
creates an environment more suitable for germination and 
seedling establishment by improving aeration, increasing 
water -holding capacity, and providing a loose seed -bed. 

The application of forest litter to disturbed land areas in- 
sures the presence of seeds capable of germination. High 
germination usually results in a high seedling establish- 
ment. The development of a more compact root community 
below the soil surface accompanies high seedling estab- 
lishment. A more compact root community stabilizes the 
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soil surface more effectively and makes it more resistant to 
the harmful effects of erosion and trampling by wildlife 
than a sparse root system. 

Applying forest litter to disturbed mining areas provides 
seeds from the native vegetation and also provides an envi- 
ronment more suitable for seed germination and seedling 
establishment. High seedling establishment provides a 
more pleasing appearance to a disturbed area than does a 
low seedling establishment and results in a higher percent 
ground cover. A high percent ground cover protects the soil 
surface against wind and water erosion. 

The application of forest litter to disturbed mine lands 
creates a more desirable soil medium into which native 
plant species can be established for effective reclamation of 
disturbed lands in a semiarid environment. 
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The Legume Badge 
- Continued from back cover 
broom of twigs, technically referred to in English as a 
"BESOM," which may have allowed not only sweeping ac- 
tion but also something of a scooping or holding one as 
well, analagous to the scopa of a bee which holds pollen. 

The plant called Desert Broom (Baccharis sarothroides) 
in the American Southwest, although in a different plant 
family, has many of the characteristics of Cytisus 
scoparius. Note also derivation of the specific epithet 
sarothroides of Desert Broom from the Greek word SARO- 
THRON. Both the Baccharis and the Cytisus have numerous 
tightly- spaced, long, slender, erect, and tough branches on 
which the small leaves may be nearly vestigial unless the 
plants have been grown in shady situations with excess 

water. Both the Cytisus and Baccharis show fundamental 
adaptations to aridity. In keeping with a lessening of the 
importance of their leaves, both the Baccharis and Cytisus 
have green stems, an adaptation seen in many xeric- adapted 
plants, notably Palo Verde (Cercidiutn spp.). 

Any description of the habitat of Cytisus scoparius 
makes it clear that the Broom or PLANTA GENISTA of the 
Plantagenets is a species of clearly xerophytic adaptation, 
growing in bright, sunny, dry, waste places, often on little 
more than sand or stones. It has long been used as a binder 
for erosion control, its roots holding soil on steep banks. 
Liberty Hyde Baily in his classic Cyclopedia of Horticul- 
ture (MacMillan Company. 1922. Vol. 2: 948) noted that it 
has been "recommended by landscape gardeners for cover- 
ing raw and broken places." 

Continued 
on page 90 
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A Mexican Curandera 
in Arizona 

Michael S. Zavada 
Biology Department 
University of Southwestern Louisiana 

'This is a fictitious name substituted for the real one to protect 
the curandera's identity. In the United States some of her work 
might be construed as practicing medicine without a license. 

A curandera is a person who cures using medicinal 
plants, charms, massage, faith healing, or a combination of 
these. The practice of a curandera is a provincial one that is 
generally passed from generation to generation. It is a prac- 
tice which is still common among Mexican- Americans. 

The modern curandera's expertise is a result of the cus- 
toms and knowledge of medicinal plants passed from gen- 
eration to generation, modified by European influence and 
an increasing general knowledge of modern medicine. 
Today, a number of popular books on the use of medicinal 
plants are sold in Mexico (e.g., Cuevos, 1913; Martinez, 
1969; see also Krochmal et al., 1954). With increased im- 
migration to the southwestern United States much Mexi- 
can culture is being adapted and modified to a new life in 
the United States, and the traditional use of native plants is 
no exception. 

For a period of four years I observed a curandera practice 
her trade in a small central Arizona town. She immigrated 
from Mexico over 50 years ago, but still has a thriving prac- 
tice in provincial medicine and midwifery. 

The curandera, Maria de la Luz', was born in the vicinity 
of Monterrey, Mexico about 78 years ago. She was or- 
phaned at the age of seven and subsequently lived with an 
aunt. She learned much of what she knows about medici- 
nal plants and midwifery from her aunt. By the time she 
was thirty, she and her family were migrant farm workers 
in the western United States. It is not hard to imagine the 
important role she may have played among the transient 
Spanish- speaking farm workers. Many were without medi- 
cal insurance, and being in the United States illegaly, were 
unable to take advantage of inexpensive or free medical 
treatment because of the fear of deportation. It was not 
until the mid 1960's that her family settled in central 
Arizona. In addition to her knowledge of medicinal plants 
she is a skilled midwife, having participated in numerous 
deliveries in Mexico and the United States. She also deliv- 
ered six of her own seven children. 

Despite readily available medical treatment in the United 
States, her services are still sought by many Mexican - 
Americans in her community. Clarke (1959) has attributed 
the continued use of provincial medical practices to the 
persistence of Mexican cultural beliefs in causal factors of 
disease. Persons visiting curanderas frequently believe that 
illness can be caused by a disruption of social relations, or 
"evil eye." Other factors might also contribute to the con- 
tinued use of the provincial curandera. Paramount among 
these is that the curandera communicates well in Spanish. 
Often a trip to a monolingual English- speaking doctor by 
an equally monolingual Spanish- speaking patient is 
frightening to the patient, as well as ineffective. The pa- 
tient may not understand what is being said or done. No 
communication gap exists in the case of the curandera. 
Also, many of the treatments used by the curandera are 
known to the patient, as well as the effects that the treat- 
ment should have. Finally, the curandera and the patient 
often share religious beliefs. Prayer commonly accom- 
panies the administering of herbal medicine and is often 
considered an essential part of the treatment. Finally, the 
curandera offers an explanation of the illness, whether sci- 
entific or otherwise. Providing an acceptable explanation 
for the cause of an illness may psychologically diminish its 
seriousness. If an illness is difficult to explain, evil eye (i.e., 



62 Desert Plants 10(2) 1990 

disruption of social relations) is often invoked as an expla- 
nation. Evil eye is the only non -scientific belief in Maria's 
diagnoses, most ailments being attributed to some rational 
cause. 

The diminished use of charms and non -scientific diag- 
noses in Maria's healing is due to her exposure to modern 
medicine. In fact, some of her treatments are modified or 
supplemented with manufactured pharmaceuticals. It is 
interesting that despite her use of pharmaceuticals, her 
clients have generally not sought professional doctors. The 
use of modern pharmaceuticals is an admission that the ill- 
ness is physical and requires no incantation, insight by the 
curandera, or charm, to right the socially disruptive situa- 
tion before health returns. This seems to reduce the impor- 
tance that Clarke (1959) has placed on the continued belief 
in social disruptions as a primary cause of illness. 

Visits to the curandera are a relatively simple procedure. 
Whether or not the patient is known to the curandera 
(more often than not the patient is known or has been refer- 
red by an established client) the curandera is approached 
usually at home and informed of the problem. The patient 
is then given herbal medicine, massage, prayer, a charm, or 
a combination of the above. At the end of each visit small 
monetary remuneration can be given, more a symbol of 
appreciation than payment. 

The following is a list of the most common herbal treat- 
ments used by Maria. The general headings are direct trans- 
lations from Spanish. The Spanish name used by Maria and 
the scientific name are given for most herbs. Alternative 
treatments for a particular illness are also given, i.e., if one 
does not work the other is tried. In compiling the present 
list, any treatment that has been greatly modified or sup- 
plemented by modern pharmaceuticals has been eliminated. 
It must be kept in mind that many of the treatments are ad- 
ministered with prayer, even when pharmaceuticals are 
given. In some cases prayer is merely supplementary and 
not considered essential to the healing process. On the 
other hand, prayer may be considered by the curandera to 
be an essential part of a specific treatment, in which case it 
is so listed below as a part of the specific treatment. 

All treatments listed are for the historical record only, 
and are NOT given for treatment purposes or as recom- 
mendations. Persons using herbal remedies run the risk of 
using a misidentified or inappropriate plant, with the re- 
sult that serious damage to the body or death may occur. 

ASTHMA 
1 purple Cebolla = Onion (Allium cepa) 
1 quart fresh tomato juice 
1 teaspoon vinegar 
2 quarts water 
Blend and use as a drink. 

ATHLETE'S FOOT 
'/2 cup hojas de Gobernadora = leaves 
of Creosotebush (Larrea tridentata) 
1 gallon water 
Boil the leaves in the water. Let cool. Soak feet as desired. 

BURNS 
1 hoja de Zabila 
= leaf of Medicinal Aloe (Aloe vera) 
Remove the pulp of the Zabila leaf and apply directly to the burned 

area. 

CANCER 
1 quart tomato juice 
1 purple Cebolla = onion (Allium cepa) 
1 tablespoon vinegar 
1 tablespoon limewater 
(as used for preparing Maize) 
Blend the above ingredients and drink 2 -3 times daily until there 
is noticeable improvement. 

CHARMS 
The only charms that Maria uses are Alum (described below) 

and a whole egg (see section below on headache due to evil eye). 
When alum is used, a crystal of it is placed in a sock or small cloth. 
The patient is then lightly rubbed from head to toe while Maria 
prays (usually the Roman Catholic Creed, recited three times). 
This is done each day for three days. Each night (and subsequent to 
the three days) the alum (in the cloth or sock) is then placed under 
the head of the patient when preparing to sleep. This is done until 
health returns (usually no longer than 8 -9 days). When the patient 
has recovered the charm is then placed on a flat griddle and 
melted. The form that the alum takes after it is melted and cooled 
is interpreted with regard to the illness and then discarded in no 
special manner. This charm is used for a wide variety of ailments, 
especially for evil eye. 

COUGHS 
1 hoja de Zabila 
= leaf of Medicinal Aloe (Aloe vera) 
Remove pulp from inner part of leaf. Discard the remaining part of 
the leaf and eat the pulp. 

CRAMPS 
For cramps, a tea can be made from any of the following herbs. Be- 
fore drinking the tea the Roman Catholic Creed should be recited 
three times. 
a) Anise de Estrella = follicles and seeds of Star Anise (Illicium 

verum). 
b) Yerba Anise = leaves and brances of Star Anise (Illicium 

verum). 
c) Albacar or Albahacar = Basil (Ocimum basilicum) 
d) Yerba Buena = Spearmint (Mentha spicata) 

CONTRACTION OF JOINTS 
Yerba del Negro (Sphaeralcea coulteri) 
Hojas del Alamo = Poplar (Populus sp.) 
Boil the ingredients in equal proportions in water. Then apply 
warm to the joint or allow the joint to soak. 

MUSCLE CONTRACTIONS (CRAMPS) 

a) Apply a soaking poultice of Hojas del Alamo = leaves of Poplar 
(Populus sp.) for 25 minutes every three days. Do not allow the 
solution to get cold. After each soaking, massage with petro- 
leum jelly. 

b) Alternatively, apply a similar poultice made from Yerba del 
Negro (Sphaeralcea coulteri). 

c) Or apply a poultice of both of the above, combined with Palma 
Bendita = blessed foliage of Mexican Fan Palm (Washingtonia 
robusta), with a pinch of Antepolgestine (a commercial salve). 

EAR -ACHE 
2 small branches Ruda = Rue (Ruta graveolens) 
3 -4 ounces olive oil 
Bring the Ruda to a boil in the olive oil. Cool and apply two drops 
to the ear. 
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EMPACHO (INDIGESTION) 
AND LOSS OF APPETITE 

Injierto de Mesquit = young branches 
of Mesquite (Prosopis velutina) 
Rosa de Castilla = petals of Rose (Rosa sp.) 
Roots of Cebolla = Onion (Allium cepa) 
Brew a tea from equal parts of the above ingredients and let cool. 
Give 2 -3 cups per day for three days. 

FEVERS, COUGHS, AND STOMACH ACHE 
a) A tea is brewed from Flor de Sauco = flowers of Elderberry 

(Sambucus mexicana). 
b) Alternatively, a tea is brewed from Rosa de Castillo = petals of 

Rose (Rosa sp.). 

FEVER AND VOMITING 
Place 4 orange seeds in 1 cup of water. Blend. Strain. Add sugar or 
honey to taste and drink twice a day. Prior to drinking the tea, 
massage the stomach and spinal column, also behind the knees 
and the elbow. 

FLATULENCE 
A tea is made from one teaspoon of Salvia (Salvia leucantha) in 
one cup of water. Drink as desired. 

FRIGHT 
A tea is made from Yerba de Anise = stems and leaves of Star 
Anise (Illicium verum). 

FRIGHT AND NERVES 
a) A tea is made from Flor de Tilo = flowers of Basswood (Tilia sp.). 
b) A tea is made from Flor de Asar (Asarum caudatum) 

HEADACHE WITH NAUSEA AND VOMITING 
3 leaves Bay (Laurus nobilis) 
1/2 whole nutmeg (Myristica fragrans) 
l/ teaspoon Manzanilla = Chamomile 
(Matricaria matricarioides, collected wild, or M. chamomilla, 
purchased) 
Brew the ingredients above in 11/2 cups of water and drink as a tea. 

HEADACHE 
4 flowers Rosa de Castilla = petals of Rose (Rosa sp.) 
2 small branches Malva = Cheeseweed (Malva parviflora) 
2 teaspoons Manzanilla = Chamomile (Matricaria matricarioides, 
collected wild, or M. chamomilla, purchased 
Bring the above ingredients to a boil in one quart of water, brew for 
a while, cool. Apply as an enema. 

MIGRAIN HEADACHE, SHARP PAINS 
2 small branches Ruda = Rue (Ruta graveolens) 
Chocolate (Theobroma cacao) 
Prepare chocolate to taste. Add the branches of Ruda and brew. 
Prepare three cups. 

HEADACHE AND NERVES 
3 leaves Marrubio = Horehound (Marrubium vulgare) 
1 cup water 
Brew a tea, three leaves for each cup of water, for an hour. Cool and 
drink. The left -over leaves are placed with more water, brewed, 
then stored in a jar (with leaves) for later use. 

HEADACHE, WEAK JOINTS, 
BITTER TASTE IN MOUTH DUE TO FRIGHT 

1 tablespoon anise 
1 slice orange, lemon, and grapefruit 

2 small crosses of Palma Bendita = blessed leaves of Mexican Fan 
Palm (Washingtonia robusta) saved from Easter. 
Cook the above ingredients in 1 1 quarts of water. Take as a tea for 
nine days. 

HEADACHE DUE TO EVIL EYE 

A whole egg is placed in a cloth and the client (usually a child) is 
rubbed from head to toe while the Roman Catholic Creed is re- 
cited three times, each day, for three days. After the third day the 
egg is broken and placed under the bed or crib. The next day the egg 
is examined. If the egg is round and cooked it is a female evil eye. If 
the egg is oval and raw it is a male evil eye. 

HEMORRHOIDS 
Flor de Sauco = Flowers of Elderberry (Sambucus mexicana) 
Yerba de la Golondrina = Spurge (Euphorbia, prostrate type) 
Bring ingredients to a boil. Cool. Use as a sitz bath or as an enema. 

INFECTION (PREVENTION) 

a) Boil equal parts of Yerba del Burro (Calliandra sp.), Yerba del 
Negro (Sphaeralcea coulteri), Hojas de Alamo (Populus sp.) and 
apply as a soaking poultice to the concerned area. Apply four 
soaks, followed with massage using petroleum jelly. Also good 
for injury to nerves. 

b) Alternatively, apply a poultice made from Yerba de Ormiga = 
Red Spiderling (Boerhaavia coccinea) to the concerned area. 

KIDNEY PROBLEMS 

a) Brew a tea from equal parts of Yerba de la Hormiga = Red 
Spiderling (Boerhaavia coccinea) and Retama (Leguminosae). 

b) Alternatively, combine equal parts Yerba de la Ormiga, Re- 
tama, and Cabello de Elote (corn silk). Bring one quart of water 
to a boil, then add ingredients. Turn off heat and allow to in- 
fuse. Strain. Drink at least two cups a day. 

MENSTRUATION 
Prepare a tea from 2 -3 small branches of Ruda = Rue (Ruta 
graveolens). 

MUSCLE SORENESS (GENERAL) 
General muscle soreness is treated with a form of massage called 
"ventosas." Usually a medium to small wide -mouth jar is used 
and a candle. The candle is lit, covered with the jar, with the 
mouth of the jar on the sore area. As the candle burns the oxygen 
and produces a vacuum, the skin is drawn into the mouth of the 
jar. This suction jar is then moved over the sore area for one to 
three minutes. The procedure is repeated several times over the 
entire sore area. 

NASAL CONGESTION 
Two or three seeds of Trompillo = Silverleaf Nightshade (Sola- 
num elaeagnifolium) are crushed and added to a commercial nasal 
spray or to Manzanilla tea (see above). In the former case, the solu- 
tion is allowed to stand for several hours and is then strained and 
sprayed into the nostrils. 

UTERINE PROBLEMS, PREGNANCY AILMENTS 
A tea is made from Cascara de Encino = bark of Oak (Quercus, 
various species). 

VARICOSE VEINS FROM PREGNANCY 
A tea is made from Yerba del Golpe = Evening Primrose (Oenoth- 
era sp.) 

CHILDBIRTH (PRE -DELIVERY) 

Flor de Pena = Resurrection Plant (Selaginella sp.) 
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Yerba Buena = Spearmint (Mentha spicata) 
Manzanilla = Chamomile ( Matricaria matricarioides, collected 
wild, or M. chamomilla, purchased 
Cominos = seed of Cumin (Cuminum cyminum) 
Brew the ingredients above and take as a tea. 

IMPROVING EASE OF DELIVERY 

2/; Yerba del Negro (Sphaeralcea coulteri) 
'A Anise de Estrella = Star Anise (Illicium anisaturn) 

Flor de Tilo = flowers of Basswood (Tilia sp.) 
Lele (Bombax ellipticum) 

Brew the above and take as a tea. 

STOMACH ACHE 
a) Three small branches of Epazote = "Mexican Tea" (Cheno- 

podium ambrosioides) are boiled in water and three cups are 
drunk. 

b) Alternatively, a tea is made of one teaspoon Manzanilla = 
Chamomile (Matricaria matricarioides, collected wild, or M. 
chamo.-nilla, purchased). 

c) Or a tea is made of three small branches of Yerba Buena = 
Spearmint (Mentha spicata). 

STOMACH THIRST 
Boil three small branches of Escobilla (Bahia virgata) in water and 
drink as desired. 

STOMACH ACHE, FEVER, COUGH, 
INFECTION OF THE STOMACH, SWELLING 

Boil three small branches of Flor de Sauco = flowers of Elderberry 
(Sambucus mexicana) and drink as a tea or apply topically. 

SWELLING (GENERAL) 
a) Boil Alfilerillo = Heron's Bill (Erodium sp.) in water and apply 

topically. 
b) Alternatively, boil Hojas del Alamo = leaves of Poplar 

(Populus sp.) in water and apply topically. 

TEETHING WHEN INFANT SWALLOWS SALIVA 
Let the infant teeth on the root of Nopal = Prickly Pear Cactus 
(Opuntia ficus -indica). 

TEETHING 
a) Make a tea for the child to drink from equal parts of Rosa de 

Castillo = petals of Rose (Rosa sp.), root of Nopal = Prickly 
Pear Cactus (Opuntia ficus -indica), root of Tasajillo = Cholla 
Cactus (Opuntia, various species), and Cominos = seed of 
Cumin (Cuminum cyminum). 

b) Alternatively, crush the following ingredients and rub on the 
gums of the child: 2 -3 fruits of Trompillo = Silverleaf Night- 
shade (Solanum elaeagnifolium), 2 small roots of Nopal = 
Prickly Pear Cactus (Opuntia ficus -indica), Cominos = seed of 
Cumin (Cuminum cyminum), root of Cebolla = Onion (Al- 
lium cepa). 

TONSILITIS 
Rosa de Castilla = petals of Rose (Rosa sp.) 
Palma Bendita = blessed foliage of Mexican Fan Palm (Washing - 
tonia robusta) 
Lemon juice 
Glycerine 
Make a tea and use as a gargle. 

ULCER PAIN 
Spoon out the pulp of one leaf of Zabila = Medicinal Aloe (Aloe 
vera), mix with lemon juice and honey (to taste) and drink. 

WEIGHT LOSS 

A tea is made from Cacao = Chocolate (Theobroma cacao). 

Even after a casual perusal of the above list it is possible 
to recognize a number of common European plants: mint, 
anise, horehound, and cumin to name a few. Many of these 
are known spices or ingredients in herbal teas and were 
used in the pharmacopoeia of western Europe. Many of the 
plants that our drugs were first isolated from were origi- 
nally used in provincial medicine. When the origins of our 
modern drugs are viewed in this light, the use of many sub- 
tropical and tropical plants by various peoples for curing, 
our curandera included, suggests that they might yield effi- 
cacious official drugs. The recent discovery of an anti- 
malarial agent isolated from Artemisia annua is a case in 
point (Klayman, 1985). Although Artemisia annua is a 
widespread taxon of Compositae (also found in Arizona), 
this species is used as an antimalarial agent only in the 
Chinese pharmacopoeia. This new drug should prove use- 
ful for those allergic to other antimalarial drugs. Many sci- 
entists are in fact engaged in research on medicinal plants, 
searching for new drugs that may be efficacious in the cure 
of cancer or active against viruses and bactera (DeVries, 
1976). Although many of the plants used by Maria have 
been little studied with regard to their medicinal proper- 
ties, a few show promise. The plant genus Boerhaavia has 
been found to contain an anti -viral agent, yet to be identi- 
fied (Verma and Awasthi, 1980). This plant is commonly 
used by Maria, but is found less frequently in the pharma- 
copoeias of other curanderas. One of the more interesting 
reports is the hypoglycemic affect of Nopal = Prickly Pear 
Cactus (Opuntia ficus -indica; Ibanez - Camacho and Ro- 
man- Ramos, 1979). This may find use in the oral treatment 
of diabetes. Maria's husband was a diabetic who faithfully 
consumed nopales or their mucilage each day for the past 
30 years, specifically for the treatment of his diabetes. He 
ate the young Opuntia pads, diced and fried in butter or oil, 
tomato sauce, onions, garlic and chile, or alternatively 
drank mucilage from Opuntia. He also took insulin injec- 
tions but ignored the dietary restrictions that normally 
accompany treatment. 

Much of the research on medicinal plants has centered 
on the isolation and identification of new drugs. However, 
one aspect of provincial medicine that has attracted little 
attention is methodology. Methodology is of particular im- 
portance in midwifery. Maria, as mentioned, is a skilled 
midwife. In the numerous births she has attended, there is 
a low occurrence of laceration of the perineum, which 
Maria attributes to her method of delivery, which includes 
use of herbs. The episiotomy, a surgical intervention, has 
become a standard medical procedure in hospital child 
birth to prevent laceration of the perineum. Avoiding the 
use of an episiotomy would reduce the risk of infection, the 
tearing of muscle, and formation of scar tissue: a situation 
that does warrant further research. Maria also uses massage 
(manipulation) in cases where the baby is not oriented 
properly for a normal birth. This method was only de- 
scribed to me by Maria, which unfortunately detracts 

Continued 
on page 78 
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of Use and Charm 
from Northern Chile 

James Aronson' 
Missouri Botanical Garden 
St. Louis, Missouri 

Abstract 
Following a brief introduction to the geography, geomorphol- 

ogy, and climatic conditions of the arid northern regions of Chile, 
20 taxa of plants are described in terms of their botany, ecology, 
distribution, and current and past uses. Emphasis is placed on 
perennial legumes, some of which are being used in a new research 
and development project in Chile. Discussion is also made of pos- 
sible pre -Colombian plant exchanges between northern Chile and 
the region east of the Andes. 

Acknowledgements 
This research was made possible by a grant from the Na- 

tional Geographic Society for the study of Acacia caven, 
and was carried out in the framework of a cooperative pro- 
ject with Carlos Ovalle of the Animal Production Division 
of the Chilean Instituto de Investigaciones Agropecuarias 
(INIA). I am very grateful to Luis Faundez who provided un- 
published information on various cacti, and to Richard 
Felger, Luis Faundez, and Edouard Le Floc'h, who made 
valuable comments on earlier versions of the manuscript. 
My thanks also go to Roberto Rodriguez, Arturo Lavin, 
Melica Muñoz Schick for valuable information, and to 
Julia Morton of the University of Miami, for bibliographic 
assistance. 

'Current address: I.N.I.A., Casilla 426, Chillan, Chile. 

Plants From Northern Chile 65 

Introduction 
Northern Chile has a large number of desert plants of sig- 

nificant economic importance or potential. Most are poorly - 
known outside this region. As part of an on -going search for 
"elite" germplasm of economically useful plants from arid 
and semiarid regions, I recently visited northern Chile in 
search of germplasm of multi -purpose legume trees and 
shrubs with clear fodder value; in addition, I collected 
seeds of other species when they appeared worthy of culti- 
vation for any reason. Here I present a sample potpourri; 
needless to say, there are many other valuable plants in the 
region awaiting propagation and development. 

The Setting. The Pacific coast of South America from 
the equator in Ecuador to 29 °S in central Chile has one of 
the most intensely arid climates in the world (di Castri and 
Hajek, 1976). The terrestrial result is the longest desert and 
semidesert area of the world (3700 km). Despite a long his- 
tory of human occupation, this region has only intermit- 
tently been disturbed in a significant way, mostly for min- 
erals and nitrates. This activity, primarily in the last cen- 
tury has, however, been sufficient to cause the destruction 
of most of the woody vegetation of the region (Hidalgo, 
1972). 

The main cause for the existence of the "Peruvian - 

Chilean desert" is the presence of the cold Humboldt 
Current which originates in Antarctica and runs north, 
parallel to the coast all the way to the equator, where it 
turns west to the mid -Pacific (Kummerow, 1966; Raven 
and Axelrod, 1981; Kalin et al., 1988; Santibañez, Gajardo 
& Denham, 1988). As a result of this offshore influence, 
mean precipitation averages less than 5 mm/ year for most 
stations along the coast, and in the intermediate depres- 
sion between the coastal cordillera and the Cordillera de 
los Andes, rainfall typically occurs only once every 5 -10 
years (Cornejo, 1970; d'Herbes, Diaz and Azocar, 1988). 
Isotherms run nearly parallel to the coast, and tempera- 
tures are lower than for most desert areas of comparable 
latitudes. Near the coast, heavy fogs known as "garua" can 
contribute significantly to available moisture usable by 
plants (Kummerow, 1966; Santibañez, Gajardo and Den- 
ham, 1988). Notably, there are very few signs of erosion in 
the desert region as a result of low precipitation and 
perhaps also the relatively low frequency of important 
winds. 

The Humboldt Current is, however, only one of two 
main factors contributing to aridity in the region. The dry- 
ness of the northern Chilean coast and high plateaux is also 
due to the presence of the immense Cordillera de los Andes 
(3000 -5000 m, with peaks up to 7000 m) rising little more 
than 100 km from the coast. Together with the coastal Cor- 
dillera, the Cordillera de los Andes acts as a barrier against 
the penetration of humid eastern trade winds. The Peruvian - 
Chilean coastal desert is therefore at the same time a 'cold 
air' and a 'rain shadow' desert (di Castri and Hajek, 1976; 
Caviedes and Daget, 1985; Rauh, 1985). 

True desert, without vegetation except along main water 
courses or in coastal fog pockets, occurs south of 17 °S, in 
southern Peru, to about 25 °S, near Antofagasta in northern 
Chile. I concentrate on the lowland region from the Peru- 
vian border to La Serena in the south, comprising the four 
geographical territories known in Chile as the Ist, Ilnd, 
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IIIrd and IVth regions. 
The plants described occur in the coastal plain and coast- 

al Cordillera (500 -800 m elevation) where coastal fogs 
( "garua ") contribute an important portion of total mois- 
ture, the intermediate depression between the cordilleras, 
which corresponds roughly to the region known as the 
Atacama, and, finally, the precordillera region (1000 -3000 m 
above sea level). Compared to most other desert regions of 
the world, it is remarkable to find arid environments at such 
high altitudes. Indeed, inland from the coastal cities of 
Antofagasta and Taltal, at 24 ° -25 °S, desert conditions 
reach elevations up to 3,000 m (Caviedes and Daget, 1985; 
Kalin et al. 1988). Higher still in the Andes occur the Puna 
and Altiplano regions (3000 -6700 m), which will not be 
treated here. 

The importance of long -term cycles or completely 
stochastic events on flora and fauna of arid and semi -arid 
regions is increasingly recognized (Hobbs and Mooney, in 
press), and the biota of the Atacama is no doubt highly 
influenced by such cycles and events. Thus, apart from 
contributing a rainshadow effect to the Pacific coast of 
northern Chile (and also Peru and southern Ecuador), the 
proximity of the Andes is an important, if unpredictable, 
source of water to the desert, when, once in a great while, 
quickly melting snows lead to torrential floods. Very few 
records or analysis of this phenomenon exist, yet it is unde- 
niably an important factor in plant distribution and the 
evolution of life history strategies in the Atacama desert on 
a long -term basis. For example, rapid snow -melt in 1972 
and 1976 created floods in the La Huiaca -La Tirana plain of 
the Pampa del Tamarugal, followed by inundation lasting 
2 -5 days. These isolated episodes led to eradication of a 

number of mature trees, but also triggered germination and 
regeneration of many tree, shrub and herbaceous plants 
(and undoubtedly certain ephemeral insects and other in- 
vertebrate species) only rarely seen in their juvenile stages 
(H. Leon, pers. comm.) 

Biosketches are drawn of some 20 taxa found in northern 
Chile, most of which show clear potential for aridland re- 
forestation, agroforestry, or horticulture. A few other 
species are included for their special interest. Information 
is presented on the botany, distribution, and current or po- 
tential uses of each species. Taxa are grouped by family, 
roughly in order of smallest to largest plant size, with cacti 
and legumes at the end. Treatment of taxa is unequal, and 
reflects unequal coverage in the literature as well as per- 
sonal bias. 

Moreover, some of the more useful species covered may 
have been introduced to the region by man and livestock in 
the past few centuries or millenia. All of these are so well 
integrated as to warrant consideration in this review. For 
some species, notes on phylogeny, taxonomy or biogeog- 
raphy are offered as well. 

Scientific names of each species are followed by the bo- 
tanical family name and vernacular name(s) as used in 
northern Chile and adjacent areas. Voucher specimens for 
most species are deposited at the herbarium of the Univer- 
sidad de Concepcion, Chile (CONC), the Missouri Botani- 
cal Garden (MO), the Royal Botanic Gardens (K) and the 
Museo Nacional de Historia Natural, Santiago, Chile 
(SGO). Some duplicates are also deposited at the herbarium 
of the University of Arizona, Tucson (ARIZ). 
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The Species 
1. "Rolling Lichens" (Rocella cervicornis; Parmelia va- 
gans; and Tornabenia ephebaea, and others). 

Unattached to any substrate, these lichens are blown 
about by wind and occasionally moved by water. Very little 
is known about their biology or ecology, apart from the fact 
that they occur in regions with regular amounts of dew and 
fog (Follmann, 1966; Rauh, 1985). Another example of this 
inconspicuous but ingenious life form is found in the 
deserts of North Africa (Lecanora esculenta) (Rauh, 1.c.). 
More than a dozen species of "rolling" and "sedentary" ter- 
restrial lichens also occur in the coastal fog desert of South 
West Africa /Namibia, where they form astonishing pygmy - 
forests 2- 7 cm high. 

2. Calandrinia grandiflora Lindl., C. discolor Schrad., C. 
longiscapa Barn. (Portulacaceae) (DOQUILA; CONGONILLA; 
R ENI L LA). 

Botany. Related to the well -known genus Portulaca, 
Calandrinia includes about 150 species found along the 
Pacific, from Chile to Canada, and in Australia, with some 
50 species occuring in Chile (Muñoz Schick 1985). These 
include a few small shrubs, and many annuals. The desert - 
dwelling species are brightly- colored ephemerals found in 
washes and small depressions where their rose or bright 
red, persistent flowers, and semisucculent stems 10 -30 cm 
tall are a welcome relief from the surrounding absence of 
color and plant life. 

Phylogeny. The Portulacaceae are quite rich (8 genera, 
ca. 130 species) in northern Chile, with a number of en- 
demics. Accordingly, they represent a New World parallel 
to the astonishingly diverse Aizoaceae in South West Africa 
and the northern Cape of South Africa. Both groups appar- 
ently derive from "primary differentiation of the Cheno- 
podiales" that probably occurred in edaphically arid areas 
of the interior of Gondwanaland (Raven and Axelrod 
1974:605). 

Subsequent to the parting -of- company of Africa and 
South America (approximately 100 m.y. B.P.), the Portula- 
caceae evolved in isolation in South (and North ?) Ameri- 
can deserts, parallel to the Aizoaceae in SW Africa. A simi- 
lar case of parallel evolution apparently occurred in the 
Chenopodiales, involving the Cactaceae in North and 
South America, and Didiereaceae in Madagascar. 

Uses. Although the genus is not unknown in horticul- 
ture, several species of Chilean Calandrinia await trials as 
annual bedding plants in desert gardens. Some might well 
work in dried flower arrangements, after the fashion of 
Limonium ( "Statice ") or Helichrysum spp. These dried 
flowers would then represent a potential source of income 
for small -scale farmers. 

3. Puya berteroniana Mez. (CHAGUAL) and Puya chilensis 
Mol. ( CARDON) (Bromeliaceae). Alternate applications of 
common names: CHAGUAL: edible meristem; CARDON: 
whole plant; PUYA: flower. The later common name was 
adapted by Giacomo Molina as the botanical name of the 
genus. 

Botany. These bromeliads are terrestrial or cliff -dwelling 
xerophytes with tough, heavily armed leaves covered by a 
thick cuticle. Their yellow (or violet, in other species) 
flowers are borne on impressive, monopodal flowering 



68 Desert Plants 10(2) 1990 

stalks reaching 2 -3 meters in height in spring. Following 
the appearance of a flowering stalk, the stem from which it 
emerges senesces and dries. These Puyas thus strongly re- 
semble various Agave species in their growth -form and life 
history (see drawing in Muñoz, 1959). 

Distribution. Of the 120 species in this mostly Andean 
genus, there are five species in Chile, mostly on dry, rocky 
slopes in the central region. Puya berteroniana and P. ve- 

nusta Phil. extend farther into the desert than other Chilean 
species, but occur there only in favorably moist sites. 

Uses. The fibres of several Puya species were used for 
clothing by natives at the time of Conquest (Muñoz 
Schick, 1975), and a gum extracted from the meristem is 
said to be an excellent antidiuretic (Murillo, 1889). Nowa- 
days, sections of the dried flowering stalks are used as a 

poor -man's cork, and even as life -preservers for young chil- 
dren (A. Lavin, pers. comm). 

The major use however, especially of P. berteroniana, is 
as food. The meristem of Chagual is sliced or diced very 
thin, and eaten raw in salad. Its color, texture, and flavor 
are very like that of "hearts of palm ". It seems probable 
that some species could be extensively cultivated as a sub- 
stitute for this high -priced tropical luxury salad. 

Horticultural considerations. The species Puya berte- 
roniana, P. chilensis, P. boliviensis, and P. coquimbensis 
have all been found relatively easy to cultivate (A. Lavin, 
pers. comm.; L. Faundez, pers. comm.). With irrigation and 
fertilization, plants grow quite quickly in conventional 
containers. Some species would certainly enhance a desert 
succulent garden, and small -scale plantings for food - 
production of Chagual should certainly be attemped as 
well. Some species appear to be rather aggressive invaders 
when they escape from cultivation. Their management, 
therefore, both in the nursery and in the garden, should be 
carefully monitored. 

4. Atriplex repanda Phil. (Chenopodiaceae) (CACHIYUYU; 
SERANO) 

Botany. There are some 12 species of this large (approxi- 
mately 245 species) cosmopolitan genus in Chile, all of 
which are perennial, usually dioecious shrubs, 1 -2 m tall. 

Distribution. Atriplex species are common in northern 
Chile, as indeed in arid and semiarid regions of most conti- 
nents. Unfortunately, A. repanda, which is by far the most 
valuable Chilean species, has been drastically reduced over 
the past two centuries, and currently is found only in iso- 
lated populations, at low altitudes, from Copiapo in the 
IVth region to Catapilco in the Vth region (Gasto and Con- 
treras Tapia, 1970; Lailhakar, 1981; L. Faundez, pers. 
comm.). 

Uses. Atriplex repanda has been driven nearly extinct 
and rendered nearly useless as a forage plant through a pro- 
cess which Arturo Burkart (1976:522) called "artificial 
negative selection." This term implies the well -known but 
poorly documented process whereby grazing animals and 
people, when presented with a choice, tend to graze, cut, 
and otherwise harvest the largest and most valuable indi- 
vidual phenotypes from every population of wild plants. 
Thus, the most palatable individual bushes are the ones 
eaten (or cut) first; the next best are taken next, and, when 
over -harvesting continues, very soon what's left is only un- 
palatable, unusable "junk" plants. 

In view of their well -known fodder value and ability to 
grow under harsh conditions of aridity and /or salinity, sev- 
eral native species of Atriplex, along with A. nummularia 
Lindl., and other popular Australian species, have been 
much planted in northern Chile, especially near the coast 
where most human and livestock populations are concen- 
trated (Lailhakar et al. 1981; Olivares and Gasto, 1981; 
Lailhakar, 1987). By 1985, some 32,000 ha of Atriplex 
repanda and A. nummularia had been planted in the IVth 
region (Olivares et al., 1985). Results have been satisfactory 
only when adequate attention was given to environmen- 
tal variation and management practises (D'Herbes and 
Caviedes, 1985; D'Herbes, 1988). As in many other desert 
areas where Atriplex plantations have been established, 
little or no practical application of the results of research 
has been made by farmers or pastoralists. 

One Australian species, Atriplex semibaccata R. Br., in- 
troduced in coastal areas early in the century (Echegoyen, 
1923), proved to be so useful that it was subsequently sown 
in many coastal areas by airplane. Not surprisingly, it is 
now very widespread, well beyond the area of sowing, dis- 
seminated primarily by birds. Livestock reportedly browse 
it readily. Accordingly, ecological considerations of this 
biological invasion aside, A. semibaccata can be consid- 
ered the most important species of Atriplex used for fodder 
in northern Chile today. 

5. Skytanthus acutus Meyen (Apocynaceae) (CUERNO DE 

CABRA) 
Botany. This genus, with only three species, is limited to 

dry areas of northeastern Brazil and northern Chile. S. acutus 
is a sprawling shrub ca. 1 m tall and 1.5 m wide, with 
glossy, linear leaves and bright yellow flowers. This dis- 
tinctive species is one of the few woody species in the 
desert littoral region of northern Chile. The pods are long 
and yellow when ripening, and turn brown and curl in upon 
themselves. When mature and fallen from the mother 
plant, they resemble miniature bulls -horns or goats- horns, 
whence the common name Cuerno de Cabra (Photo 2). 

Distribution and Ecology. Cuerno de Cabra occurs in 
large, isolated patches, thus showing similar distribution 
patterns to many shrub species in the coastal desert, e.g. 
Atriplex deserticola Phil., Euphorbia lactiflua Phil., No- 
lana rostrata Miers. ex Dunn., and Pintoa chilensis C. Gay. 
It appears to prefer deep sandy soil, mostly limited to the 
coastal region, but also occurs further inland, in the IIIrd 
and IVth regions (Muñoz Schick, 1985). 

One explanation for its sporadic and patchy distribution 
may lie in the peculiar architecture of the fruits. With their 
springy, spiral curvature, the mature pods appear to act as 
"leg- trappers" in order to facilitate seed dispersal. If this is 
in fact the main form of seed dispersal in this species, 
Cuerno de Cabra might represent a case of convergent 
evolution with the Devil's Claw, Proboscidea (Martynia- 
ceae), and the SouthWest African Grapple, Harpagophy- 
turn (Pedaliaceae) (see Aronson and Thomson, 1987). As in 
both those genera, the woody pods of Cuerno de Cabra split 
open longitudinally to release seeds as they are dragged 
around by unwilling ungulates and other roaming animals. 
On the other hand, Muñoz Schick (1985) records that 
Cuerno de Cabra fruits are frequently dispersed by heavy 
winds. Indeed their smooth, rounded shapes would facili- 
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Skytanthus acutus in habitat. 

tate rolling on sandy ground. 
Uses. This attractive, low- growing shrub might find use 

in sand -dune fixation and in desert garden rockeries. The 
fruits are irresistible to collectors of dried fruits and pods. 
A pre- hispanic, nomadic tribe of the Atacama, the Changos, 
allegedly used latex from this plant for arrow poison (Le 
Paige, 1958). 

6. Porlieria chilensis Johnst. (Zygophyllaceae) (GUAYACÁN) 
Botany. Almost invariably seen as a stunted, ruthlessly 

cut -over shrub of no charm or value, under favorable cir- 
cumstances Guayacán can develop into a handsome tree, 
2 -3 m tall. On well -grown specimens, the thin brown bark 
peels in large patches or scales, rather like a sycamore, to 
reveal green inner bark or subtle beauty. The attractive, 
glossy leaves are pinnate and borne on short petioles, one 
to several per axis. The small, violet, pentamerous flowers 
are typical of arborescent Zygophylls of the dry American 
tropics (Porlieria spp., Guaiacum spp., Bulnesia spp.): the 
5- winged, purple fruits are tardily dehiscent and somewhat 
fleshy. 

Distribution. Endemic to the VIth, Vth and IVth regions 
of northern Chile, the Guayacán is only rarely found in the 
true desert north of La Serena. In the face of severe over - 
exploitation by people, very few large specimens are left in 
the wild; these are mostly found in steep, rocky, inaccessi- 
ble sites far from towns and villages. Again, it seems proba- 
ble that in pre -colonial times Guayacán was far more abun- 
dant, albeit in specialized microhabitats only, throughout 
much of the desert region. 

Uses. The slightly oily wings of the fruits are edible 
though the flavor is not very memorable. Apparently, 
fruits and leaves were formerly used locally to treat rheu- 
matism and syphilis (Echegoyen, 1921). More significantly, 
Guayacán wood has the light color of Citrus, ornamented 
with irregular, olive -green patches, which make it very 
popular for woodworking, and formerly, for furniture - 
making. Moreover, the wood is iron -hard (like other slow - 
growing desert trees, e.g. Olneya tesota, Larrea), and does 
not change shape under high temperature or humidity. 
Today, it is cut ever so small and converted into woodcarv- 
ings of small churches, ashtrays, and other trinkets for sale 
to tourists, with the predictable result that "artificial nega- 
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Fruit of Skytanthus acutus, the "full curl" giving rise to 
the name Cuerno de Cabra. 

tive selection" is in full swing in the remaining wild popu- 
lations. 

Horticulture and conservation. Guayacán is a majestic, 
if diminuitive, aristocrat of the New World arid regions. If 
properly grown, it has great charm and beauty, and should 
be considered for planting in focal points of desert gardens. 
A few trees are to be found in parks and gardens in northern 
Chile and sparingly in botanical gardens elsewhere. Sadly, 
nothing at all is being done to study, cultivate or preserve 
Porlieria chilensis on a more secure basis. 

7. Schinus molle L. (Anacardiaceae) ( MOLLE) 

Botany. Molle is a large evergreen tree attaining 15 m in 
height, whose graceful, weeping branches provide abun- 
dant shade in very hot, dry regions. The bark is thick and 
crenelated; the long, pinnate leaves are shiny and highly re- 
sinous. Small white, actinomorphic flowers are borne in 
open panicles, and produce large quantities of small red, 
capsular fruits. 

Distribution. Molle is ubiquitous in northern Chile, 
Peru, Bolivia, northern and central Argentina, and most of 
Paraguay. It is probably the most widespread tree in extra - 
tropical South America. It was carried to Mexico by the 
early 1540s and from there to southern California (Kramer, 
1957). It was introduced to warm, dry temperate and tropi- 
cal regions throughout the world, where it is widely 
planted, and often escapes from cultivation. In southern 
South America, and particularly in northern Chile, it is 
hard to avoid the conclusion that the great abundance of 
Molle may be the indirect result of artificial negative selec- 
tion operating at the ecosystem level. That is, the removal 
of more useful species (Prosopis, Acacia, Porlieria, etc.) left 
open niches available for invasion by Molle. Thus, this 
species may be a relative newcomer to northern Chile. Its 
numerous uses for man lead to the thought that it may 
even have been intentionally introduced in pre- Hispanic 
times from Peru or the eastern side of the Andes. 

Uses. In Peru, three parts of the Molle are put to use: the 
fruits are used to make wine or fermented syrup or vinegar; 
the sticky sap of the trunk is placed on wounds as a protec- 
tive (and antiseptic ?) sealant, and also yields appreciable 
quantities of tannin; the leaves give a color -fast yellow dye 
(Kramer, 1957). Its wood is of very low value as fuel. Else- 
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A heavily molested individual of Guayacán (Porlieria 
chilensis), 0.7m tall, a victim of artificial negative 
selection. 

where, including Chile, Molle is now used only as a park 
and street tree, although formerly some of the above -men- 
tioned uses were also common (Latcham, 1936). As an or- 
namental, it apparently grows best in dry Mediterranean - 
type climate regions, but in Africa, India, Australia and 
throughout the Americas, is occasionally grown as a shade 
treéin very hot desert areas as well. In Tucson, Arizona, for 
example, it is a popular landscape subject but is subject to 
Texas root rot (R.S. Felger, pers. comm.). 

8. Copiapoa hypogaea F. Ritter; C. cinerea (Phil.) Br. & 
Rose var. columna -alba F. Ritter (Cactaceae) ( "SOIL CACTI ") 

Botany and Distribution. Copiapoa is an endemic genus 
of the Ilnd and IIIrd regions of northern Chile, and bears the 
name of one of the principal towns in the region. Of some 
forty, ill- defined species, several are ground -hugging or 
partly subterranean, and others reach half a meter in 
height. All appear to form colonies of 1 -1.5 m in diameter 
and bear their flowers on stem apices (Muñoz Schick, 1985). 

Ecology and Conservation Status. Presumably in an at- 
tempt to escape predation by herbivores, as well as to make 
best use of ground -hugging humidity, certain Atacaman 
cacti are partly subterranean. Weisser (1967) called them 
"soil cacti." The best example of these is Copiapoa hypo - 
gaea, which barely reaches 5 cm in height above -ground 
but has disproportionately large underground stems. These 
camouflaged sources of water are much sought -after by 

Guanacos in the coastal Parque Nacional Pan de Azucar 
(Fig. 1), where more than 200 of these animals are protected, 
but not provided with adequate forage. Accordingly, this 
highly specialized cactus is in danger of extinction, and 
some efforts are underway to propagate it and increase the 
size of natural populations (F. Rodriguez, pers. comm.). Al- 
ternative feeding programs for the Guanacos should surely 
be studied as well. 

Somewhat larger, and considerably more abundant, 
Copiapoa cinerea var. columna -alba forms large, nearly 
monotypic stands about 50 cm tall, at certain points near 
the coast, e.g. above Taltal (see photo in Rauh 1985:251). 
Additional examples of soil cacti are found in Peru (e.g. 
Pygmaeocereus rowleyanus Backeb.), and in Chile to 30 °S 
(e.g. Neochilenia spp. in the thelocephala group and Pyrrho- 
cactus in part) (Weisser, 1967; Rauh, 1985; L. Faundez, pers. 
comm.). 

9. Eulychnia acida Phil. (Cactaceae) (COPAO) 
Botany. This branching columnar cactus attains 5 m in 

height, and once mature, produces a variable number of 
long white flowers (5 -10 cm) each year. Fruits are green 
outside, ripening to rose, and similar in size and shape to 
fruits of Opuntia ficus -indica L., but without glochids. In- 
side they have a viscous, opaque pulp and tiny black seeds. 
The three named varieties differ both morphologically and 
geographically, but produce similar fruit. 
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Distribution. Eulychnia acida var. acida is widespread 
from the Choapa valley to Quebrada Los Choros (IVth 
region). Going north, var. procumbens is found from 
Domeyko to the Valle de Huasco (IIIrd Region), and var. 
elata occurs from the Valle del Huasco north to the Valle de 
Copiapo (L. Faundez, pers. comm.). Generally found on dry 
slopes and hillsides, these cacti are often mixed with Puya 
species, and sclerophyllous trees and shrubs. 

Uses. Copao fruits have a pleasant acid flavor, but are not 
quite as good- tasting as the Mexican Stenocereus and 
Lemaireocereus or the various Trichocereus of South 
America (see below). Noteworthy for their appearance in 
midsummer, Copao fruits are locally very popular and find 
their way into village markets (Ortiz, 1969). A related 
species, E. castanea Phil. also produces edible fruits with a 
very sour flavor, often used in alcoholic drinks (L. Faundez, 
pers. comm.). Unlike E. acida, however, E. castanea bears 
spines on its fruits. (Numerous native species of Opuntia 
also offer midsummer fruits in northern Chile, but they are 
of very low quality.) 

The viscous juice of Copao fruits is also used as a sham- 
poo, and the dried branches ( "ribs ") are cut for fencing and 
boundary- markers, as well as used in furniture -making and 
the manufacture or ornamentation of numerous household 
items (L. Faundez, pers. comm.; pers. obs.). 

10. Trichocereus chilensis (Colla) Br. & Rose (GUILLAVE) 
and 
11. T. coquimbensis Br. & Rose ( QUISCO) (Cactaceae) 

Botany. These columnar cacti, attaining 1.5 -3 m tall, 
are among the most characteristic features of the arid re- 
gion of northern Chile. Individuals of T chilensis tend to 
be solitary and upright with relatively few side -branches, 
2 m tall or more. By contrast, T coquimbensis tends to 
form prostate or ascending, much -branched "colonies" no 
more than 1.5 m tall (R. Faundez, pers. comm.). Additional 
differences between the two species concern the configura- 
tion of central and marginal spines. The cream or pale 
yellow flowers of both species are solitary, 10 -18 cm long, 
and abundant between October and December. Guillave 
and Quisco fruits are ovoid, 6 -10 cm long, with no spines, 
or only very few spines in the axillary bracts next to the 
fruits. 

Distribution. Both species are fairly widespread in north- 
ern Chile, but never occur together. T coquimbensis tends 
to prefer the arid and hyperarid coastal strip of the IVth and 
Ilyd regions, while in the arid zone T chilensis occurs fur- 
ther inland, in slightly less arid habitats, up to about 1500 m 
above sea level. Six varieties of T chilensis are recognized, 
some of which occur on exposed slopes and other dry 
localities in the semiarid and even subhumid zones of cen- 
tral Chile (L. Faundez, pers. comm.). 

Uses. Guillave and Quisco fruits are somewhat smaller 
than Copao fruits, but sweeter, more pulpy, and more at- 
tractive (Ortiz, 1969; pers. obs.) With their copious pulp, 
low liquid content, and good flavor, they compare not un- 
favorably to some of the pitayas of Mexico and Central 
America (Felger and Moser, 1985). Fruits also appear in 
summer, especially November -December. T chilensis 
var. chilensis, and the closely related T skottsbergii Backeb., 
appear to have the largest cactus fruits in the Chilean flora 
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Trichocereus chilensis near San Pedro de Atacama. Photo 
by E. Le Floc'h. 
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Leafy branch and pendulous fruits of Algarobilla 
(Balsamocarpon brevifolium). 

Branches of Chañar (Geoffroaea decorticans) with drupe - 
like fruits. 

(L. Faundez, pers. comm.). One additional use is worth 
mentioning: skeletal wood (ribs) of both cacti was formerly 
used to make rafts, as testified by Geronimo de Bibar, com- 
panion of Pedro de Valdivia in Chile in the mid -16th cen- 
tury (Muñoz Schick, 1975). This wood, similar to that of 
Copao, is still much exploited today for lightweight house- 
hold uses such as ornamental fronting for low interior 
walls, light fixtures, and furniture. 

Turning to chemistry, N- methylated tyramines are 
found in many species of Trichocereus, which makes them 
extremely hallucinogenic, similar to peyote (Lophophora 
williamsii Coult.) (Mata and McLaughlin, 1976). The most 
famous species in the genus for its chemical properties is 
the "San Pedro," T pachanoi Br. & Rose, of Peru and 
Bolivia (Dobkin, 1968). Chilean species of Trichocereus 
have not as yet been tested for their chemical attributes. 

12. Browningia candelaris (Meyen) Br. & R. (Cactaceae) 
(SOBERBIO; CANDELABRA; CARDON) 

Botany. A striking columnar cactus attaining heights of 
5 m, Soberbio has an unusual architecture: the side 
branches are quite short compared to the main stem, and 
only start to appear - quite suddenly - some 2.5 -3 m 
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Superior trees of Espino (Acacia caven) left standing in a 
wheat field in central Chile. 

Prosopis alba in the Rio Loa Valley near Quillagua in an 
agro- silvo- pastoral system with alfalfa, maize, gourds and 
melons. 

above ground. The white or cream -colored flowers are re- 
placed by greenish -yellow fruits 6 -8 cm long and 4 -6 cm 
in diameter. The fruits are very sweet and juicy, with a 
large quantity of black seeds. Unfortunately, fruiting ap- 
pears to be very irregular (L. Faundez, pers. comm.) 

Distribution. Found only in harsh, bleak upland habitats 
in the valleys of northernmost Chile, where it is almost al- 
ways seen as widely separated individuals. It appears to 
prefer a certain elevation belt, approximately between 
1800 and 2800 meters above sea level. 

Uses. Soberbio would make a spectacular collector's 
item for desert gardens and cacti /succulent collections. It 
is apparently tolerant of very low winter and very high 
summer temperatures as well as long periods of drought. 
Fruits are locally eaten and are reportedly quite highly re- 
garded. 

13. Balsamocarpon brevifolium Clos ( = Caesalpinia bre- 
vifolia Baill.) (Leguminosae, Caesalpinoideae) (AL- 

GAROBILLA) 
Botany. A much -branched, prickly shrub to 1 -2 m with 

very reduced leaves. A monospecific genus, Algarobilla 
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Eulychnia acida in habitat in northern Chile. 

was segregated from Caesalpinia by Clos, based on its uni- 
pinnate leaves (versus the bipinnate leaves found in the 
genus Caesalpinia). There may well be other cryptic differ- 
ences, but in the field this species resembles a typical 
Caesalpinia, albeit highly specialized for life in an extreme 
desert. (B. B. Simpson and G. P. Lewis are currently working 
on a thorough taxonomic revision of Neotropical Caesal- 
pinia). The pods of Algarobilla are 2 -4 cm long and re- 
markable for their extremely high tannin content. When 
crushed, they leave a striking granular, yellow dust. 

Ecology. When rains fail 5 -6 years in a row, as is not at 
all uncommon in the Atacama, pod production of Algaro- 
billa falls off (Echegoyen, 1923). Natural regeneration in 
situ has been further hampered in the past two centuries 
by excessive pod -collecting. Moreover, Chinchillas (Chin- 
chilla laniger) also take a heavy toll. Chinchillas appar- 
ently lived primarily on Algarobilla pods, and suffered badly 
when these were heavily collected in the last century 
(Echegoyen, loc. cit.). 

Distribution. This species is endemic to the north- 
ernmost, arid provinces of Chile, between 27° 40' and 30° 
00'S in a belt about 100 km wide and 260 km long. Al- 
garobilla generally occurs gregariously in large isolated 
patches, and otherwise is found only very sparsely. It oc- 
curs from sea level to about 2000 m, but is most abundant 
some 20 -50 km inland, on high plains at 300 -800 m 
where there are occasional light rains. 

Uses. As a tanning material, Algarobilla is similar to 
"Divi -divi" (Caesalpinia coriaria (Jacq.) Willd.), which is 
widely cultivated in India, but is less prone to cause discol- 
oration of leather. B. brevi f olia also has the advantage of 
giving greater firmness to the leather (Howe, 1953). Tannin 
content of fresh or dry pods is 45 -50 %, easily extracted, 
and is sometimes used locally as a dyeing agent (Garmen- 
dia, 1968). For these reasons, from the mid -19th century 
until just before World War I, the pods were extensively 
collected from wild populations by local people and ex- 
ported at rates of ca. 2000 -4000 tons /year (Echegoyen, 
1923; Howe, 1953). In 1905, more than 6000 tons were ex- 
ported with a value of $US 1,000,000 at 1905 value 
(Echegoyen, 1.c.). Prior to World War II, most of the pod har- 
vest went to Germany; afterwards most were exported to 
the USA. Today, Algarobilla pods are left to dry in the sun, 
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Fruit of Copao (Eulychnia acida). 

as the going price is only $0.1 kg -1. Various native rodents 
(Akadon, Notiomys, Oryzomis, Spalocopus) and the few 
remaining Chinchilla eat most of the pods. 

Hors de propos, it is sad to note that the few remaining 
wild Chinchillas in Chile are being hunted out of existence 
for their pelts, despite the fact that domestic Chinchilla 
farming, in the USA and elsewhere, has proven profitable. 
In 1910, some 56,000 wild- harvested pelts were exported 
from the region (Echegoyen, 1923). Today there are proba- 
bly no more than 500 wild animals left in Chile. In a better 
world, where agroecological diversity were a priority for 
arid regions (see Felger and Nabhan, 1978) combined Alga - 
robilla and Chinchilla farming operations would surely be 
underway, if not in the Atacama, then elsewhere, in arid or 
semiarid regions. Echegoyen (l.c.) envisioned such a 
scheme for northern Chile 65 years ago, combined with 
camelid (Llama, Alpaca) husbandry. Today that vision 
seems further from realization than ever before. 

Horticulture. In the days when commercial plantation of 
Algarobilla (for the tannin, not Chinchilla food) were en- 
visioned, technical problems were encountered. Experi- 
mental cultivation was undertaken as early as 1875, in 
Australia, South Africa, India and the West Indies, with Al- 
garobilla seeds supplied by the Royal Botanic Gardens, 
Kew. In the early part of the 20th century, seeds were dis- 
patched again to East Africa, Cyprus, and several other 
countries. Curiously, cultivation was never successfully 
achieved in any of these areas, nor even in northern Chile 
itself (Echegoyen, 1923; Howe, 1953). Yet Algarobilla seeds 
germinate readily after scarification and grow well, if 
slowly, in an outdoor nursery (Aronson, unpublished data). 
If not for commercial purposes then, at least for desert gar- 
dening, the Algarobilla should be looked at again: it has 
strikingly unusual architecture, attractivé flowers, and 
sublimely bizarre fruits. Moreover, it would probably 
make an excellent desert bonsai plant, although many 
woody desert legumes do not thrive when grown in con- 
tainers (R. S. Felger, pers. comm.). 

14. Caesalpinia spinosa (Mol.)Ktze. (Leguminosae, Cae - 
salpinoideae) (syn. Caesalpinia tinctoria, C. pectinata, 
C. tara) (TARA; Chile, Peru; GUARANGO, Ecuador and 
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Fresh and dry fruits of Balsamocarpon brevifolium with 
seeds and tannin crystals which comprise 40 -50% of the 
dry weight. 

Colombia). 
Botany. Tara is a fast -growing, somewhat thorny tree, 2- 

6 m in height, depending on the amount of soil moisture 
available, and possibly, low temperature extremes. In gen- 
eral, it appears to be a phreatophyte. Many ecomorphs are 
known, with variation in leaf size, degree of spininess, and 
size as well as color of pods and seeds. The pinnate leaves 
bear five pairs of pinnae, each leaflet being as long as 5 cm. 
Attractive yellow flowers are borne in dense, terminal 
racemes, to 30 cm long, and the dry, indehiscent pods are 
generally 10 -15 cm long and 2 -4 cm wide. These pods are 
broad and rather flat, reddish -brown in color, and quite 
brittle, with 2 -4 ( -7) dark brown seeds per pod. 

Distribution. From the northern tip of Chile, this spe- 
cies ranges northward along the Pacific coast of South 
America to northern Ecuador, as well as occuring in inter - 
montane valleys to 3000 m in Colombia, Venezulela and 
central Bolivia. Due to over -exploitation, the very few wild 
trees left in Chile are mostly confined in the subtropical 
river valleys in the Ist region. 

Uses. Tannin extracted from dried Tara pods is of similar 
quality to that of Algarobilla (Balsamocarpon brevifolium) 
and Divi -divi (C. coriaria). Tara pods have been exported 
from Lima for tanning material since the early 1700s. Re- 
ported figures for tannin content of Tara pods are 35 -55% 
(Howe, 1953), and it is mainly used for tanning light 
leather. During World War II, when the USA was deprived 

of its usual sources of sumac and other similar tannins, 
Tara pod export from Peru soared to around 2,000 tons per 
year. Given that worldwide demand of tannin increases 
steadily, this abundant and renewable source of high - 
quality tannin should not be neglected. 

Locally, Tara pods are used on a small scale for the man- 
ufacture of dye and ink, and the tree is often cut for fire- 
wood. Tara is occasionally planted as a hedge in Peru and 
other countries. However, its horticultural potential 
seems far more significant. A fast -growing, highly orna- 
mental tree, with pleasing glossy foliage similar to that of 
the Carob, Tara has been occasionally cultivated as an or- 
namental outside its natural range since the early 1800s 
(Howe, 1953). It should be extensively employed in desert 
and subtropical gardens and parks. Moreover, it probably is 
resistant to at least some frost. 

15. Acacia caven (Mol.) Mol. (Leguminosae, Mimosoideae) 
( ESPINO, ESPINILLO, AROMITO, CHURQUI; fruit: QUIRINCA) 

Botany. A small spreading tree bearing highly fragrant, 
yellow flowers on sessile or stipulate heads. Flowering 
occurs prior to the leaves in the early spring, A. caven is 
closely related to the pantropical weed tree Acacia farne- 
siana (L.) Willd. Its complex pollen grains, indehiscent, 

Continued 
on page 79 
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Abstract 
The moth Schinia miniana (Grote) of Lepidoptera family Noc- 

tuidae is reported on Desert Marigold (Baileya multiradiata) of 
plant family Compositae. Characteristics of the plant and the life 
history of the insect are discussed. Principal features of this plant - 
insect interaction are described and illustrated. 
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One of the wildflowers that is invariably featured in pop- 
ular guides to Southwestern flora is the Desert Marigold, 
(Baileya multiradiata Harv. and Gray ex. Torr.). This prom- 
inent Arizona native is a favorite for several reasons. It is a 
vigorous, xeric- adapted, biennial or perennial, low- growing 
herb with wooly sculptured gray -green leaves (Kearney and 
Peebles, 1960). Above the attractive leafy clump are a pro- 
digious number of solitary composite inflorescences (corn - 
monly called flower heads) each on a foot -long peduncle. 
The large, showy, richly -yellow flower heads bob and sway 
gracefully in the breeze. Of the early spring flowers, it is 
one of the most dependable. In the Tucson area the peak of 
flower production is from March through April but some 
plants continue to produce some flowers right through 
summer to as late as November (McGinnies, 1980). 

Baileya multiradiata, known also as Desert Baileya, is 
distributed throughout Arizona except for the upper eleva- 
tions of the northeast. Its range extends into the canyon 
lands of Utah, southern Nevada, the deserts of southeastern 
California, eastward across New Mexico and into western 
Texas, and southward into Chihuahua and Sonora, Mexico 
(Welsh et al., 1987). Its reputation as a roadside flower is 
well deserved for it grows especially well on open, disturbed, 
gravelly soil and thus thrives on road shoulders while often 
being absent from adjacent undisturbed soil. 

In recent years, the desert marigold's use as a landscape 
accent plant has increased. Its color and texture contrast 
with other garden plants and its long flowering season and 
drought tolerance make it a perfect addition in these times 
of reduced water consumption. So numerous are its desirable 
qualities that New Mexico State University researchers 
have recently developed two extension brochures - one 
advocating its uses in landscaping and another describing a 
system of nursery plant production (Cotter et al., 1980, 1982). 

Research into the chemistry of the plant has revealed an 
ironic contrast of positive and negative value to man. One 
of its chemical constituents, hymenoxon, is toxic to some 
livestock and there are reports of 25% losses where sheep 
have fed on this plant on overgrazed rangelands in Texas 
(Hill et al., 1979) In Arizona, B. multiradiata is listed as a 
potentially hazardous rangeland plant (Schmutz et al., 1968). 
Poisoning of cattle and horses seems never to have been 
reported, however. On the positive side, researchers at 
Arizona State University Cancer Research Institute have 
extracted and identified at least half a dozen compounds 
(e.g. fastigilin and radiatin) with antibiotic and antitumor 
activity (Pettit et al., 1978). 

Our initial interest in the plant was based on a general 
curiosity concerning plants of the family Compositae as 
sources of insect growth regulators (IGRs). Insect anti -hor- 
mones, chemicals which cause precocious metamorphosis, 
have been isolated from the closely allied genera Ageratum 
and Chrysanthemum (Bowers, 1976, 1987). Desert plants 
producing IGRs or other allelochemical substances to deter 
herbivory are often relatively abundant and have fewer insect 
consumers, as appears to be the case with B. multiradiata. 
However, during the course of collecting plant material we 
noticed that an occasional flower head was sealed up as a 
ball. Some of the sealed flower heads contained a yellow 
caterpillar. Adults reared from these larvae were determined 
to be a species of noctuid "flower moth ", Schinia miniana 
(Grote). 



76 Desert Plants 10(2) 1990 

Larval cocoons formed by Schinia miniana larvae in 
flower heads of Baileya multiradiata. 

Webbed -up flower head opened to reveal larva feeding on 
central achenes. 

Adult male of Schinia miniana on inflorescence of Baileya 
multiradiata. 

Typical occurrence of Baileya multiradiata on a gravel 
roadside. 

The species was initially described in 1881 in the genus 
Rhododipsa. The one paragraph description based on the 
coloration of the adult was followed a year later in the same 
journal by dorsal and lateral color illustrations, a rare treat- 
ment in those days, afforded to this species no doubt because 
of its uncommonly bright colors for a noctuid moth (ocher 
colored forewings with two transverse white bands and 
wine red hindwings). The species was again illustrated in 
The Moth Book (Holland, 1937). David F. Hardwick's 1958 
monograph synonymized Rhododipsa with Schinia and 
provided a wealth of biological information on the genus 
but nothing specifically about S. miniana. 

Over the past two years we have on four occasions col- 
lected several hundred webbed -up flower heads. These 
"larval cocoons" built in flower heads were not found in 
early spring (March -April) despite several searches, but 
were common in May and again in August and September. 
Undoubtedly there are at least two generations per year in 
the Tucson area. Approximately one third of the webbed 
flower heads are found with a single larva present and feed- 
ing on the central achenes. We have never found more than 
one larva per flower head. The other two thirds of the webbed 
flower heads have been vacated but show the signs of previ- 
ous occupation: central achenes eaten out, fecal pellets, and 
often a single exuvium or cast skin. These observations in- 
dicate that probably at least three different inflorescences 
are used over the course of the five larval instars. Only the 
soft developing central achenes are eaten and not the outer 
sterile ray flowers. Flower heads are usually abandoned 
before all the achenes are consumed. We speculate that S. 
miniana is a major selection agent causing the desert mari- 
gold to generate the multiple flower heads alluded to by its 
scientific name, multiradiata. 

Large larvae were observed to web up flower heads in as 
little as 20 minutes. The webbed -up inflorescence presum- 
ably serves several functions for the larvae: protection from 
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Central achenes slightly parted to reveal egg of Schinia 
miniana. 

predators or excessive solar radiation and lowering the rate 
of desiccation. It may also serve to keep out other larvae. 
When larvae were placed together in a petri dish they im- 
mediately attacked and bit each other, drawing hemolymph. 
They apparently are highly antagonistic and never share a 
flower head. 

Some caterpillars in the family Oecophoridae web up 
leaves in order to avoid solar radiation which photo- activates 
toxic linear furanocoumarins in certain umbelliferous host 
plants (Berenbaum, 1981). Thus, S. miniana may also web 
up flower heads in order to avoid the photo- activated poly - 
acetylenes which are abundant in the composite family. 

The webbing may also help to keep out the ectoparasitic 
first instar triungulin larvae of a beetle (probably Rhipi- 
phorus vierecki (Fall) - the normal hosts of which are bees 
(F. G. Werner, personal communication)). Only the last in- 
star larvae appeared susceptible to attack by these tiny 
triungulins. As many as 10 were found attached around the 
neck. Infested caterpillars were emaciated suggesting that 
the truingulins eventually kill the caterpillar host. These 
triungulins could be a major source of mortality for the 
larval stage of the moth. 

As typical of other species of Schinia the pupal stage was 
found buried in the soil beneath the host plant. There was 
no pupal cocoon. Pupae were easily sexed and the pupal sex 
ratio was even. Pupal wet weight ranged from 116 to 47 mg., 
mean = 76.8, S.D. = 16.7 (N = 44). The heavier pupae 
emerged earliest and with the greatest rate of successful 
eclosion. 

In the lab we observed an adult female ovipositing on im- 
mature inflorescences. The egg was inserted between the 
disc flowers in the center of the inflorescence. The eggs 
were yellow -green, cylindrical, about twice as long as wide, 
and smooth. This is unlike the sculptured, spherical eggs 
typical of heliothidines that oviposit on open plant surfaces 
(Hardwick, 1958). 
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Triungulin larvae attached to prothoracic segment of 
caterpillar. 

In the adult a distinctive color dimorphism occurs in the 
hind wings. The male is a more brilliant wine -red or magenta 
while the female is more of a brown -red or russet. Species 
of Schinia are referred to as flower moths and are often rather 
colorful day -fliers in contrast to the great majority of drab 
nocturnal noctuids. Often the adult colors are such as to 
camouflage the adult when resting on a flower head of the 
host plant (Hardwick, 1958, 1983). Indeed, the length, color 
and banding of the forewings of S. miniana would seem to 
be well suited for camouflage on the dried flower heads 
which are faded to a clay -yellow. The brilliant magenta 
hind wings of the male are quite exceptional for a noctuid 
moth, even for the genus Schinia. The pattern of brilliantly 
colored hind wings concealed by the forewings however is 
fairly common among other insects and is generally consid- 
ered an adaptation to startle predators. The sexual color 
dimorphism in this case, however, suggests a possible al- 
ternative or additional function in sexual communication. 

Aside from the initial description by Grote in 1881, no 
biological information has been recorded for S. miniana in 
the past hundred and eight years. However, the life history 
and immature stages of a closely related species, S. palli- 
cincta Smith (possibly a geographic race or junior synonym 
of S. miniana; Hardwick, personal communication) were 
examined (Hardwick, 1972). The California populations 
which he studied live mainly on sand dunes and feed 
primarily on Bailey pauciradiata Harv. and Gray. Our re- 
port contributes toward understanding the complex inter- 
actions between B. multiradiata and S. miniana. This is 
but one example of the numerous interesting plant- insect 
associations of the Southwest that remain unregistered in 
the scientific literature. 
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A Mexican Curandero 
- Continued from page 64 

somewhat from its credibility. However, I witnessed an 
Italian midwife perform a similar procedure on a breech 
presentation with success. The attending doctor was pre- 
paring for a Caesarean section at the time. There seem to 
be threads of consistency among methods in provincial 
medicine that transcend cultural boundaries. Unfortu- 
nately, the value of such procedures and their possible ap- 
plications to modern medicine have been little studied by 
professionals. Knowledge of methods used by curanderas 
and midwives rarely reaches the modern physician and 
when it does it is in the form of an anecdote, which detracts 
from its credibility. In many cultures these procedures are 
often associated with ritualistic incantation or prepara- 
tion, an aspect of provincial medicine that makes it dif- 
ficult, if not undesirable, to study by a professional. 
Nonetheless, the modern physician is confronted by many 
of the same problems facing curanderas and midwives. The 
curandera and midwife have the benefit of the experience 
of numerous generations. Experience, when finally studied, 
may prove to have been of more value than previously 
comprehended. Attention should be given to the medicinal 
plants used by cultures that inhabit tropical and subtropi- 
cal regions of the world. Such regions have the most diverse 
of all floras and have had countless generations of provin- 
cial experience. Nevertheless, the plants and their 
medicines have been little studied scientifically. It is not 

mere coincidence that plant families singled out as having 
medicinal properties by diverse cultures of the tropics are 
often the same, and used for similar ailments. The medical 
effects are real and have been repeatedly discovered and re- 
discovered by unrelated peoples. 
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Chañar (Geoffroaea decorticans) under extreme desert 
conditions in northern Chile with goats thriving on the 
fruits. 
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polyseriate pods and rigid stipular spines make Espino one 
of the most advanced members of the Mimosoideae (sub- 
section Polyseriae, subgenus Acacia Vassal ( = series Gum - 
miferae Bentham) (Elias, 1981; Aronson, in prep. a). 

Although usually seen in Chile as a small tree 2 -4 m 
tall, or frequently cut shrub 1 -2 m tall, it can nevertheless 
attain a height of 8 -10 m. Here again, artificial negative 
selection is probably to blame for the low value of most ex- 
tant individuals in Chile. There remains, however, a large 
amount of genetic variability in A. caven, as reflected by 
the existence of at least six varieties, distinguished on the 
basis of diverse pod morphology, and secondarily, geog- 
raphy (Cialdella, 1984); Aronson, in prep.a). Only one of 
these (var. caven Mol.) occurs in Chile (Ovalle et al., in 
review; Aronson, in prep. b). 

Distribution. Following the Peruvian pepper tree, 
Schinus molle L., Espino is apparently the second most 
widespread tree species in extra -tropical South America, 
and occurs from latitude 23° to 36 °S, and sea level to 3200 m 
elevation (Aronson and Del Pozo, in prep.). Espino occurs 
in Chile, as elsewhere in southern South America, in an- 
thropogenic habitats near towns and cities, e.g. abandoned 
fields and cattle pastures. In this, Espino bears comparison 
to some related species of Acacia and the Mesquites, Pro - 
sopis glandulosa, P. juliflora of North and Central America, 
and several other Prosopis species of northern Argentina 
(Rzedowski & Calderon de Rzedowski 1988; Morello 1969; 

Morello, Crudelli & Saraceno 1971). In subhumid, central 
Chile, between 32° and 36 °S, where it forms nearly pure 
stands, it is associated with over two hundred adventitious 
annuals, most of which originate in the Mediterranean 
Basin. Together with these annuals, a few remaining native 
perennial grasses, Espino forms a kind of "pseudo- savanna" 
(Ovalle and Avendaño, 1987; Fuentes, Crudelli and Seguro, 
1989; Ovalle et al., in review). However, in the northern 
part of Chile, in the Valle del Elqui (30 °S), and, sporadi- 
cally, as far north as Copiapo (27 °S), Espino occurs; its rare- 
ness in the desert region is no doubt due, in part, to over- 
harvesting by people and not just aridity per se. 

Uses. Apart from its nuisance value as an invasive weed, 
A. caven is a very important element in a variety of silvo- 
pastoral and agrosilvopastoral systems in central Chile. 
Thanks to its nitrogen- fixing capacity, and to its phenology 
being out -of -synch with that of the annual grasses and 
herbs with which it occurs, Espino has a positive effects on 
pasture (Ovalle, 1986; Ovalle and Avendaño, 1987), and 
yields valuable fuelwood as well (specific gravity = 0.80- 
0.98 (Tortorelli, 1956) calorific value: 3.2 -4.5 kcal /kg 
(Prado et al., 1988). A multidisciplinary program is cur- 
rently underway to select elite germplasm for reforestation 
and agro- ecological rehabilitation efforts in the estimated 
2.0 -2.5 million hectares covered by Espino in central 
Chile (Ovalle et al. in review). 

13. Geoffroea decorticans (Gill. ex Hook. et Arn. ) Burkart. 
(syn. Gourliera decorticans Gill. ex Hook. et Arn. (Legumi- 
nosae, Papilionoideae) (CHAÑAR) 
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Botany. Chañar is a small phreatophytic tree to 6 -7 m 
tall, with more or less spiny branches, deciduous pinnate 
leaves, and pale yellow flowers. Starting at about age 15- 
20 years, the grey -brown bark of Chañar starts to peel in 
large sheets to reveal a distinctive green underbark, remi- 
niscent of the color of Palo Verde trees (Cercidium). The 
edible fruits of Chañar are ovoid or globose drupes ca. 1.5- 
3 cm long, with a glabrous, brown pericarp, and cream - 
colored mesocarp around a hard, single white kernel (en- 
docarp plus seed). The huge, and nearly spineless var. sub - 

tropicalis (Lillo) Burk. is reported from the region of the 
Rio Pilcomayo in northeastern Argentina, bordering Para- 
guay. Trees of this variety reach 12 -18 m in height, and 
form nearly impenetrable thickets. It is not clear whether 
or not this ecotype represents a distinct genetic entity. 
Two other species of Geoffroea are recognized, both oc- 
curring in subtropical forests or savannas of northern 
South America (Burkart, 1949). These two species, with 
larger leaves and more tropical distribution, would appear 
to be ancestral in their phylogenetic relationships with P. 
decorticans. 

Distribution. In northern Chile, Chañar ranges from the 
Valle del Elqui (30° S) northward to the Peruvian border. It 
is also widely distributed in much of northern and central 
Argentina, and is found sporadically in southern Peru, 
southern Bolivia, and central Paraguay (Burkart, 1949; 
Cabrera and Willinck, 1973). This area of distribution, out- 
side of Chile, corresponds roughly to the biogeographical 
province known as the Gran Chaco (Cabrera and Willinck, 
1973). Chañar tends to occur in areas with a high water 
table or near permanent watercourses. 

Uses. Like Acacia caven, Chañar is basically a weed tree 
with many uses. In desert areas it is appreciated primarily 
for the dense shade it provides and abundant animal fodder 
in the form of sweet, long -lasting fruits. The wood is light 
and pliable, yet quite strong, with an attractive yellow 
color; it is useful for carpentry and furniture making. In 
Chile, it is difficult to find large trunked trees, and Chañar 
is most commonly used as fuel. Specific gravity of the 
wood ranges from 0.58 -0.70 (Tortorelli, 1956; Campora, 
1913). 

The fodder value of Chañar is perhaps its most important 
attribute in the desert. Goats eat the fruits avidly and 
fatten on them. Moreover, mature trees produce fruits 
during nearly six months of the year; under wild -grazing 
conditions, this is a large advantage. In contrast, most 
species of Acacia and Prosopis ripen their fruits simultane- 
ously. Thus a certain portion of each fruit crop of these 
trees typically rots before livestock can consume it. As a 
phreatophyte, Chañar is also fairly independent of annual 
rains for production of fruits and produces well virtually 
every year. This is again a distinct advantage over most des- 
ert- dwelling trees, e.g. Acacia and Prosopis, most of which 
tend to have "mast" years of high production followed 
by one or more years of very low fruit production. Goats 
also avidly eat the branches, leaves and bark of Chañar. In 
parts of the Atacama, Chañar fruit is stored and fed to pigs 
(Wickens, unpubl. ms; pers. obs.). 

Apart from goats and other livestock, Chañar fruits are 
used directly by people (Ortiz, 1969). The fruits, eaten 
fresh, have an enjoyable sweet, gingerbread -like flavor and 
date -like texture. It is an excellent high -energy pack -food, 

which dries naturally and keeps for long periods without 
rotting or spoiling. With age, however, Chañar fruits tend to 
dry out and lose their flavor. An alternative form of storage 
and use was developed. After boiling in water for a few 
days, the dried fruits are allowed to ferment, in order to 
make a powerful beverage called. "aloja." The preparation 
of aloja has a long history in Chile (Latchma, 1936), and 
perhaps even longer in northern Argentina, and is still 
popular in both countries (Wickens, unpubl. ms.; pers. 
obs.). In addition, a black, syrupy beverage is distilled from 
"aloja" to make "arrope" which is still more powerful in 
flavor, and to which medicinal properties (anti- asthmatic, 
chest decongestant) are attributed (Campora, 1913; Latcham, 
1936). Given its concentrated syrup -like nature, arrope, and 
to a lesser extent, aloja, are easily transported. They are thus 
highly suitable for use by nomadic peoples in arid regions. 

Chañar -based aloja was historically the major alcoholic 
beverage in the Chaco region, even more so than a similar 
beverage, also called aloja, made from the fruits of Prosopis 
alba, P. nigra (Campora, 1913) (see below). Both as pack 
food for man and animals, and as the base of aloja and 
arope, Chañar was probably carried into northern Chile 
from Argentina early in human history and repeatedly re- 
introduced in all different forms. From the ethnobotanical 
point of view, and in regards its modes of seed dispersal and 
biogeographic distribution pattern (oases and river valleys 
of hot, arid regions), Chañar is something of a New World 
equivalent to the Date Palm (Phoenix dactylifera L.) of the 
Middle East. One important difference, however, is that 
Chañar has deep -penetrating roots which allow it to tap 
low -lying water tables which would be out -of -reach for the 
shallow roots of the Date Palm. 

Horticultural considerations. Chañar seeds are not easy 
to germinate, and pre- sowing treatment of seeds by manual 
chipping and incubation (3 -4 days at 25° C) is recom- 
mended. However, once established in a suitable site, it 
can be dangerously invasive. In warm areas where water is 
plentiful, e.g. in the oasis of San Pedro de Atacama, and 
around the border city of Arica, Chañar grows rapidly and 
often becomes weedy by underground runners. Caution is 
advised when planting it near nurseries or gardens. Moder- 
ately cold tolerant, Chañar grows well in Tucson, Arizona 
but doesn't produce fruit there (M. Dimmitt pers. comm.). 
The putative var. subtropicalis Burk. has apparently not 
been brought into cultivation, but given its large size, it 
might have special value. 

17. Prosopis strombulifera (Lam.) Benth. (Leguminosae: 
Mimosoideae) (RETORTON; RETORTUÑO, CUTI CUTI) 

Botany. This is a spiny subshrub, 0.2 -1.5 m high, with 
long underground runners. It often creates small thickets 
of pure stands, particularly in saline soils. The yellow flow- 
ers are borne on small, spherical heads (not spikes as in 
most arboreal Prosopis). The tightly coiled fruits are also 
yellow and highly variable in size. 

Distribution. Widely distributed in arid and especially 
saline areas of central and northern Argentina, P. strom- 
bulifera is also found sporadically in various parts of north- 
ern Chile, especially in the Pampa del Tamarugal, and the 
Copiapo and Huasco river valleys. This disjunct distribu- 
tion becomes intriguing when it is learned that the species 
was reportedly cultivated in central Chile during Colonial 
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Fruits of Prosopis strombulifera. a) var. ruiziana, 
apparently selected for large size. b) typical wild type. 

times (Gay, 1846). 
Uses. The fruit, and nothing much else, of Retorton is of 

great charm, reminiscent of the similarly ornamental pods 
of Prosopis pubescens Benth. of southwestern North 
America. It is popular for use as ornaments on necklaces 
and the like. In February 1989, I saw large bags of fruits for 
sale in the markets of Juliaca, Peru and La Paz, Bolivia 
under the names "Barbalso," "Cuti Cuti," or "Cuti Huanita." 
According to herb -sellers there, it is used as an ornament 
by Quechua and Aymara women and children, but also by 
professional "brujos" as a remedy for various ailments, 
which include toothache and gum sores. Upon enquiry, I 

learned that "Cuti" means "turn back" in Aymara, and 
Cuti Cuti fruits are in fact used to ward off bad spirits that 
are thought to cause muscle paralysis in the face or other 
parts of the body. This ritual use of the fruits, conforming 
to the ancient herbalists "law of signatures," may explain 
the 19th century usage for a "toothache remedy," reported 
by European travellers in Argentina and Chile, e.g. Bertero 
(1826, cited in Burkart, 1976) and Gay (1846). 

In this light, it is fascinating to note a large -fruited vari- 
ety of Cuti Cuti, to which Burkart (1976) assigned the 
name var. ruiziana in honor of the Mendoza -based ethno- 
botanist Adrian Ruiz Leal who discovered it. This variety, 
with fruits 6 -7 cm long and 1.3 -1.4 cm wide, i.e. nearly 
twice as large as var. strombulifera fruits, and as many as 
21 legumes per cluster, was apparently selected intention- 
ally in western Argentina (Burkart, 1976). It would not be 

surprising if this were in fact the variety formerly culti- 
vated in central Chile, though the wild growing popula- 
tions I observed in the Pampa del Tamarugal were clearly of 
the typical, small- fruited variety. 

18. Prosopis burkartii Muñoz (Leguminosae: Mimosoideae) 
(ALGARROBO) 

Botany and Phylogeny. In the same section Strombocar- 
pae as P. strombulifera, this northern Chilean endemic is a 

sprawling, intricately -branched shrub 0.5. to 1.5 m tall. 
This "species" is of interest for its putative origin from 
natural hybridization of Prosopis tamarugo X P. strom- 
bulifera (Muñoz Pizarro 1971; Burkart 1976). The hypoth- 
esis of such a hybrid origin is parallel to that proposed by 
Burkart (op. cit.) for P. koelziana Burk., which occurs, very 
sparingly, in Iran, Yemen, and Saudi Arabia (Léonard 1986), 
and which may have arisen from natural hybridization be- 
tween P. cineraria (a tree as large as P. tamarugo, see below) 
and P. farcta, a low- growing, weedy pest, similar to P. 

strombulifera (Burkart 1976). 
Distribution. Currently known only from its type local- 

ity at La Guiaca, in the Pampa del Tamarugal, where less 
than a dozen plants occur on saline soil, this "species" may 
have been much more common prior to the mass destruc- 
tion of woody plants which took place over the past cen- 
tury in northern Chile. Additionally, other populations 
may occur which have not yet been discovered. 
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Uses. P. burkartii, like other low- growing legume shrubs 
and trees, could be useful in sand -dune stabilization and /or 
in saline -water based agriculture. Four other Prosopis 
species also occur in Chile, two of which will be discussed 
at length below. The last two, intermediate in size between 
P. burkartii and P. tamarugo, will be briefly described here. 
These are P. chilensis (Mol.) Stuntz emend. Burk. and P. 
flexuosa DC., both in Series Chilenses of Section Algarobia, 
and widely known in South America as algarrobo, the 
South American equivalent of the North American term, 
mesquite. Both are also of major economic interest and 
considerable importance in local history. 

Prosopis chilensis, widespread in northern Chile, west- 
ern Argentina, and southern Peru, tends to occur in upland 
precordillera sites from ca. 500 to 3000 m elevation. In the 
IInd, IIIrd, IVth and Vth regions of Chile, it can become a 
large tree, but is most often seen as a forlorn, multi- stemmed 
shrub, subject to repeated cutting for firewood. The second 
species, Prosopis flexuosa, occurs in the most arid part of 
Chile, in the Ist and IInd regions, as well as in western 
Argentina, where it is considered a typical desert or Monte 
tree, associated with Larrea species and various cacti along 
dry rivers (Cabrera and Willinck, 1973). Both species are 
important for shade, firewood, and fodder, but occasionally 
escape cultivation to become pests, e.g. in the Caribbean 
region (Standley, 1937) and Hawaii (Hosaka, 1954). 

19. Prosopis tamarugo F. Phil (Leguminosae: Mimosoideae) 
(TAMARUGO) 

Botany. A highly distinctive tree some 10 m tall, 
Tamarugo occasionally reaches 18 m when fully -grown. 
The branches descend nearly to the ground on all sides, re- 
sulting in a "weeping willow" appearance, desert -style. 
Leaves of the Tamarugo are highly reduced, with a single 
pair of pinnae 3 -4 cm long. Tamarugo is a very unpleasant 
plant to handle close -up, thanks to its multitudinous 
dagger -like, stipular spines 3 -5 cm long, borne in pairs. 
Bright yellow flowers are borne on axillary spikes 3 -6 cm 
long, as in most Prosopis species. Tamarugo pods, how- 
ever, are quite small compared to most arborescent 
Prosopis. Straw -colored or brown, cylindric- tortuous, the 
pods typically bear 3 -6 dark brown seeds in a matrix of dry 
pulp. 

Tamarugo is, botanically, very similar to P. ferox Griseb. 
(Churqui) which occurs as a shrub or small tree at mid- to 
relatively high altitudes (ca. 1500 -3700 m) on the eastern 
side of the Cordillera de los Andes in southern Bolivia and 
the northwest corner of Argentina (Jujuy province). The 
two species differ primarily in the construction of their 
pods and in their contrasted geography, but Burkart (1976) 
isolated them in a separate section of the genus. 

Phylogeny and Biogeography. The endemic situation of 
Prosopis tamarugo (and P. burkartii) in northern Chile 
points to the great antiquity of the genus or subgenus in this 
desert area. The presence of the endemic Caesalpinia- 
offshoot, Balsamocarpon brevifolium is analogous. By 
contrast, both Acacia caven and Geoffroea decorticans 
show no genetic differentiation whatsoever, in Chile, from 
the numerous populations of each on the eastern side of the 
Andes. Accordingly, these two taxa may be presumed - 
pending fossil pollen records to the contrary - to be more 
recent arrivals than Prosopis or Caesalpinia in Chile. 

Distribution. Only 23 ha of natural Tamarugo stands re- 
main in the Pampa del Tamarugal in the IInd Region. All 
other natural populations have been destroyed. However, 
some 35,000 ha of plantations have been established since 
the beginning of the century, and small -scale planting con- 
tinues in a few portions of the former range of distribution, 
conducted both by government and private interests (NAS, 
1975; Habit, 1981). 

Uses. Tamarugo was much exploited for fuel and build- 
ing materials by nitrate -mining industrialists in the early 
1900s. A first plantation of 300 hectares was created in the 
1920s by a far -sighted industrialist to replace the nearly ex- 
tinct wild stands. In the early 1960s, CORFO, the state au- 
thority charged with rural development, began larger -scale 
plantations designed to support livestock in areas such as 
Salar Pintado, Huara, and Victoria. 

Readers may recall the relatively voluminous coverage 
given to Tamarugo in the international press during the 
late 1960s and 1970s (Kirby, 1972; NAS, 1975, 1980; Habit, 
1981; Steinan, 1985; Zelada, 1986). This enthusiasm was 
based in part on the now -refuted report of "reverse transpi- 
ration" in Tamarugo, which was alleged to explain in part 
the "miraculous" ability of this tree to live in a virtually 
rain -free desert (Sudzuki, 1969; Sudzuki et al., 1973). 

Officials had unduly great expectation, in northern 
Chile, of reaching carrying capacities of 10 -12 sheep per ha 
25 years after planting Tamarugo. In practise, carrying 
capacity achieved to date is less than 2 sheep per ha, with 
25 year -old trees. Although not bad at all, given the am- 
bient conditions, this lower- than -anticipated level of pro- 
ductivity has apparently discouraged the foresters, and 
planting has been suspended for the time being. In my 
opinion, the early publicity was premature and exaggerated 
and therefore detrimental to the long -term goal of develop- 
ment and breeding of desert -hardy trees and shrubs - yet 
another example of the over -eager search for a panacea, a 
miracle plant to "solve" desertification around the world. 

Horticultural considerations. Although it does tolerate 
extremely harsh ambient conditions of aridity and salinity, 
there still remains considerable question as to the quality 
(and source) of the water actually used by Tamarugo. As 
mentioned in the introduction, very occasional floods may 
play a crucial role in allowing the establishment of Tama - 
rugo seedlings, and the 8 -30 meter -deep water table in 
the Pampa del Tamarugal is apparently not highly saline. 
Moreover, Tamarugo is not really very fast -growing, com- 
pared to other useful nitrogen- fixing trees, including the 
closely related P. ferox (pace Burkart's prediction to the 
contrary (1976:469)), and is, regrettably, very spiny. It also 
has a bent -over, shrubby shape from the earliest stages of 
development, and frequent hand pruning is necessary to 
give it a more upright form. Nodulation in Tamarugo is rel- 
atively poor, which may explain in part why when planted 
in areas other than its home range, it seems to take years 
and years to reach even 1 m in height (Aronson, pers. obs. 
and unpublished data). 

The above -mentioned drawbacks notwithstanding, 
Tamarugo pods do show good feed characteristics (Pak et 
al., 1977) and in certain areas, continued experimental in- 
troductions is clearly warranted, particularly if accom- 
panied by the planting of faster -growing, larger -yielding 
species such as P. alba, P. nigra and others. 
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Tamarugo (Prosopis tamarugo) in the Pampa del 
Tamarugal, showing the typical weeping habit. 

20. Prosopis alba Griseb. (Leguminosae: Mimosoideae) 
(ALGARROBO BLANCO; IGOPE or IBOPE -PARA) (Guarani) 

Botany. A rounded tree 5 -15 m, occasionally to 25 m, 
tall, with trunk diameter of 1 m or more, P. alba shows a 
broad hemisphaerical crown, which is rather unusual for 
the genus. Leaves are also relatively large for the genus, but 
fine and fragile; uni- to tri- jugate, glabrous, each pinna typ- 
ically 8 -12 cm long, with 25 -35 pairs of leaflets. Spines 
are scarce and small on mature trees; on much herbarium 
material, they are absent altogether. In cultivation, how- 
ever, young trees bear many fierce spines. Yellow flowers 
borne on spikelike racemes 7 -11 cm long, as in all species 
in the Section Algarobia Burkart. The straw -colored 
legume of P. alba is falcate or partially coiled, 15 -20 cm 
long. 

Two varieties of P. alba were recognized by Grisebach 
(and maintained by Burkart (1976) and Palacios (1988)): var. 
alba and var. panta. The latter is distinguished by its 
straight, fat pods. According to Burkart (1976:521): the 
legumes of var. panta are up to 30 cm long, broad, fleshy, 
sweet, and "of the best kind for food or forage." 

Distribution. Widespread in the plains of northern 
Argentina, southern Bolivia, Peru, Paraguay, and formerly 
found in Uruguay (Burkart, 1976; Palacios, 1988), the only 
place P. alba is found in abundance in Chile is San Pedro de 
Atacama, where it was almost certainly introduced and 
cultivated in pre- Conquest times (R. Palacios, pers. comm.). 
This tree is thus the biggest and overall the most valuable 

of the twently species discussed here but, unlike P. tama- 
rugo, it is probably a relatively "recent" arrival in Chile. 

A large- fruited hybrid P. alba x P. flexuosa was appar- 
ently selected by the early inhabitants of San Pedro de 
Atacama (R. Palacios, pers. comm.). Like P. alba var. 
panta, this putative cultivar was probably used as an inte- 
gral element in an agrosilvo- pastoral system such as can 
still be seen today in a few isolated river valleys in northern 
Chile and on a somewhat more widespread basis in north- 
ern Argentina. 

Uses. If some debunking seems in order for the heavily 
publicized Tamarugo, not enough can be said in praise of P. 
alba. It was in connection with this species that Burkart 
(1976:522) wrote the following lines: 

In northeastern Argentina, native people frequently call 
it "el arbol," "the tree," because of its usefulness and abun- 
dance .... Trees with straight trunks 8 to 10 m tall occur, 
but these are becoming extremely rare, from being cut in 
preference to the other shorter ones. Thus a negative, artifi- 
cial selection is taking place which should be counteracted 
by genetic build -up of the best lines in experimental plots." 

Food as well as drink was provided by Prosopis alba, and 
abundant fodder for domestic beasts and wild animals in 
the Chaco, and wherever it was intentionally introduced. 
In northeastern Argentina, P. alba was called "el arbol" be- 
cause it provided both food ( "patay ") and drink for man 
(añapa and aloja (fermented)) (Escudero et al., 1943). There 
seems little doubt that pods were regularly carried in cara- 
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Fruits of Prosopis alba (a) and P. tamarugo (b). 

vans crossing the Andes (Saravia Toledo, pers. comm.; J. 

Morello, pers. comm.). 
The lumber of Prosopis alba was also very important for 

construction. With its high specific gravity (0.75 -0.85) and 
resistance to heat and humidity, this is one of the most 
used woods in extra -tropical South America (Tortorelli, 
1956). It makes excellent combustible fuel (Tortorelli, 1941; 
Burkart, 1976), for which reason it is increasingly scarce in 
its area of natural distribution. In particular, the panta var- 
iety, formerly predominant in parts of NW Argentina, 
southern Bolivia, and eastern Paraguay, is now in serious 
danger of genetic erosion. On the other hand, some small - 
scale planting of P. alba was undertaken in the 1930's in 
Argentina, mostly for windbreaks, roadside and other 
amenity plantings (Castañeda, 1941). 

Much more could and should be done with this species, 
however, especially var. panta, as it appears to be one of the 
best candidates for reforestation and ecological rehabilita- 
tion projects in arid and semiarid regions, the world over. 
As Felger (1977), Felker (1979), the National Academy of 
Sciences (1980), the FAO and IBPGR (1980) and many 
others have urged, greater research and development is re- 
quired on this and related species of similar value. 

Discussion and Conclusions. 
Despite the extremely dry climate, there are numerous 

indications that trees were much more plentiful in north- 
ern Chile in the past, mainly along water courses and in de- 
pressions with high (sometimes saline) water tables. These 
trees and woody shrubs were devastated in large numbers 
during the 19th century and early part of this century for 
fuel and timber for mining concerns. With the exception of 
Prosopis tamarugo, emphasis in replanting is on exotic 
species. Yet as I have tried to show, a number of valuable 
native species are worthy of greater attention, both in 
northern Chile and other arid regions as well. 

As suggested above, reasonable doubt exists as to the an- 
tiquity of certain useful tree and shrub species found in 
northern and central Chile, particulary among the legumes. 
It seems that a certain number of these were introduced 
casually or intentionally by people, during the last one to 
ten thousand years, from the eastern side of the Cordillera 
de los Andes. Intentional introductions may include 
Acacia caven, Geoffroea decorticans, Prosopis alba, P. 

strombulifera, P. chilensis, and P. flexuosa as well as 
Schinus molle (see Latcham, 1936). 

The usefulness of these plants suggests that intentional 
or casual introduction by caravan traders, animal herders, 
and agricultural settlers may have played a role in the 
plants' arrival in northern Chile. Moreover, there is evi- 
dence of a very long history of cultural contact between 
northern Chile and areas separated from it by formidable 
physical boundaries. When the early Spaniards first en- 
tered Chile from Argentina, they had guides from the pres- 
ent northwestern Argentinian provinces of Catamarca and 
Jujuy, who spoke the same language(s) as the inhabitants of 
northern Chile (Lothrop, 1946). The preeminent, pre -Inca 
tribe of northern Chile, the Diaguita, apparently entered 
the region from the east with an already well -developed 
culture (Tarrago, 1977). Their language was "Kakan," but 
showing ties to that of their contemporaries of the highland 
Tiahuanuco civilization in Bolivia. 

Another early tribe, known as the Atacameños, occupied 
the deserts of northern Chile for many centuries, but were 
conquered or displaced by the Diaguitas. The Atacameños 
spoke "Kunza" and were the principal traders and middle- 
men of the southern Andes (Bennett, 1946) Either the 
Atacameños or the Diaguitas could have been responsible 
for the (deliberate or inadvertent) introduction of seeds and 
pods from the east side of the Andes. 

Pottery remains also suggest close contact between 
north of Chile and northwestern Argentina (Tarrago, 1977) 
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and most scholars agree that caravans across those moun- 
tains must have carried large quantities of food, fodder, 
fruits, stimulants and drugs, especially via I Iumahna.ca 
Valley (Lehmann, 1982; Browman, 1984; Pollard, 19851. 

In former times, when recourse to outside resources was 
nonexistent, people in northern Chile, and in similar bio- 
geographical regions to the east and north, put a large 
number of desert plants to use. They also apparently 
selected superior varieties of some plants. Today, an oppo- 
site trend is underway, but there is no reason why this 
trend should go unchallenged. 
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Abstract 
Samples of 32 plant species (24 woody and succulent species, 

5 grasses, 3 forbs) used by Desert Bighorn Sheep (Ovis canadensis 
mexicana) in the Harquahala Mountains, Arizona were collected 
bimonthly in 1982. All samples were analyzed for dry matter, pro- 
tein, acid detergent fiber, neutral detergent fiber, lignin, cellulose, 
cell solubles, hemicellulose, ether extract, and ash. Woody and 
succulent plants had the highest protein levels (x = 9.3% in Sep- 
tember and October to 11.1% in January and February) followed by 
forbs and grass, respectively. Nutritional data are presented in 
tabular form as a reference source for wildlife biologists, range 
managers and scientists in related fields charged with managing 
Arizona's rangelands. 

' Deceased. 
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Introduction 
Desert Bighorn Sheep diets have been studied in 

Texas (Hailey, 1968), New Mexico (Howard and De- 
Lorenzo, 1975), Arizona (Halloran and Crandell, 
1953, Seegmiller and Ohmart, 1982 Morgart et al. 
1986), California (Dunaway 1970, Ginnett and Doug- 
las 1982), Nevada (Barrett 1964, Deming 1964, 
Yoakum 1966, Brown et al. 1976, Brown et al. 1977), 
Utah (Hull, 1984), and Mexico (Dominguez 1976). 
Brown et al. (1976) and Seegmiller and Ohmart (1982) 
evaluated diets of sheep by age classes and Morgart et 
al. (1986) described the nutritional composition of 
selected plants from the Virgin Mountains, Arizona. 
Hull (1984) related seasonal forages to dietary quality 
in Utah. Other studies have been more general. 

Restrictions to forage quality and quantity limit 
deer populations in central Arizona (Hanson and 
McCulloch 1955, Swank 1958) and have been sug- 
gested as limiting factors for Desert Bighorn lambs 
(Seegmiller and Ohmart 1982, DeForge and Scott 
1982). Hansen (1960) and Monson (1960) attributed 
nutritional deficiencies to lamb mortality. Seegmiller 
and Ohmart (1982) suggested that lamb survival could 
be maximized by habitat manipulation of sheep 
ranges for high quality forage. Most of the available 
literature on mountain sheep diets does not go be- 
yond forage identification and with the exception of 
the study by Morgart et al. (1986) the nutritional 
quality of important forages for Desert Bighorn Sheep 
in Arizona are unknown. 

Our study was conducted to determine nutritional 
parameters of selected Desert Bighorn Sheep forage 
in the Harquahala Mountains, Arizona. These data 
are useful to land managers for the improvement of 
mountain sheep habitat and researchers interested in 
other herbivores that use the same plants. 

This study was funded by the U.S. Bureau of Recla- 
mation and the U.S. Fish and Wildlife Service. M. T. 
Brown, M. Carr, M. Chilelli, J. J. Hervert, L. L. Ordway, 
K. R. Rautenstrauch, D. R. Smith, T. L. Steel and S. G. 
Torres, University of Arizona, assisted in data collec- 
tion. K. Maddock supervised the nutritional analysis. 

Study Area 
The study was conducted in the Harquahala 

Mountains, La Paz and Maricopa counties. The Har- 
quahala Mountains cover approximately 311 km2 
and range in elevation from 580 to 1,732 m. Topog- 
raphy ranges from rolling hills to rugged cliffs. 

The Harquahala Mountains contain 2 basic vegeta- 
tive formations: the desert scrub formation between 
580 and 1,646 m elevation, and the chaparral forma- 
tion between 1,036 and 1,732 m elevation. Krausman 
(1985) identified 11 different vegetation associations 
in the Harquahala Mountains. 

Average annual precipitation was 21.8 cm and 
average seasonal temperatures range from 10.3° C in 
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Table 1. Nutritional composition ( %) of selected plant species from the Harquahala Mountains, Arizona, 1982. 

Species / Dry 
month matter Protein 

Fiber 
Lignin 

Cell- 
ulose 

Cell 
solubles 

Hemicel- 
lulose 

Ether 
extract Ash 

Spcctes/ Dry 
month matter Protein 

Fiber 
Lignin 

Cell- 
ulose 

Cell 
solubles 

Hemicel. 
lulose 

Ether 
extract Ash ADF NDF ADF NDF 

Grasses: 

Bouteloua curtipendula 

Woody and Succulent: 

Abutilon californicum 
Jan -Feb 7.69 3.60 47.28 78.43 8.91 33.46 21.57 31.15 1.86 5.31 Jan -Feb 39.46 16.00 28.53 44.56 10.33 16.52 55.44 16.21 1.35 10.30 
Mar -Apr 93.62 3.40 47.14 74.61 7.22 35.03 25.39 27.47 1.97 4.81 Mar -Apr 31.52 15.95 26.22 43.40 7.69 18.32 56.50 17.80 2.22 10.46 

May -Jun 64.97 6.23 42.45 75.52 6.65 30.75 24.49 33.07 1.28 6.77 May -Jun 39.08 11.76 32.65 56.01 9.91 22.15 43.99 23.36 1.83 8.81 

Jul -Aug 47.21 4.00 39.87 75.82 8.62 27.78 24.18 35.95 0.85 7.76 Jul -Aug 30.01 19.82 31.40 44.49 9.38 21.06 55.51 13.09 2.01 11.02 
Sep -Oct 59.66 5.61 46.79 74.52 7.46 33.80 25.48 27.73 1.29 9.91 Sep -Oct 48.88 16.01 32.32 54.60 8.89 23.59 45.40 22.28 1.85 9.76 
Nov -Dec 86.11 2.66 55.88 80.55 8.38 40.32 19.45 24.67 1.69 8.88 Nov -Dec 46.78 9.31 41.89 58.70 9.63 26.97 41.30 16.81 1.26 8.69 

Bromus rubens Acacia greggii 
Jan -Feb 36.17 11.29 39.68 59.79 8.63 24.24 40.21 20.12 2.32 13.94 Jan -Feb 52.90 8.06 32.62 33.36 9.10 20.12 66.65 1.00 2.50 12.19 
Mar -Apr 36.51 5.80 37.98 65.76 5.06 28.70 34.25 26.64 1.89 7.66 Mar -Apr 51.33 13.10 34.06 39.55 7.87 26.09 60.45 5.49 2.41 8.73 
May -Jun 97.72 3.32 44.57 75.73 6.58 31.19 24.28 31.16 0.66 10.85 May -Jun 48.26 15.26 30.63 36.33 8.67 21.60 63.68 5.70 1.38 6.02 
Jul -Aug 89.28 4.00 47.75 76.22 7.45 33.31 23.78 28.47 2.08 11.71 Jul -Aug 70.68 6.13 37.72 42.90 9.25 27.28 57.10 5.14 2.37 9.52 
Hilaria rigida Sep -Oct 58.72 13.21 30.53 36.32 5.73 23.12 63.83 5.64 3.03 9.89 
Jan -Feb 86.12 3.35 49.79 71.48 8.91 36.08 28.53 21.69 1.49 7.24 Ambrosia dumosa 
Mar -Apr 58.49 5.69 45.42 74.49 9.04 31.79 25.51 29.32 1.92 7.60 Jan -Feb 35.65 14.52 29.79 38.67 9.85 18.46 61.34 8.88 3.67 11.33 
May -Jun 73.44 4.22 46.07 71.35 8.13 33.76 28.65 25.29 2.13 7.03 Mar -Apr 31.29 15.51 28.89 33.64 8.83 19.87 65.34 10.95 6.08 11.67 
Jul -Aug 71.09 5.95 44.65 71.54 7.96 30.52 28.46 26.89 3.16 8.87 May -Jun 61.18 7.13 32.05 41.87 9.34 22.07 58.14 9.82 3.54 15.41 
Sep -Oct 57.52 5.32 45.02 70.73 7.71 32.05 29.27 25.87 1.84 9.64 Jul -Aug 79.17 11.07 42.18 54.00 10.33 30.19 41.00 14.33 1.76 10.84 
Nov -Dec 66.26 3.43 52.15 77.12 8.94 38.27 22.89 24.97 0.93 7.46 Sep -Oct 63.92 8.87 33.29 48.51 8.02 25.39 51.50 15.22 4.91 12.31 
Muhlenbergia spp. Nov -Dec 53.91 9.02 45.91 54.03 8.67 36.52 45.98 8.12 2.79 10.91 
Jan -Feb 80.77 3.80 50.92 75.86 10.35 38.30 24.15 24.94 0.93 4.64 Argythamnialanceolata 
Mar -Apr 67.34 4.20 54.38 77.45 11.94 39.59 22.55 23.07 1.48 4.83 Jan -Feb 43.56 11.63 35.90 46.81 8.50 26.86 48.83 15.28 2.43 11.37 
May -Jun 70.92 4.02 52.64 76.68 6.65 43.04 23.32 24.05 1.30 5.32 Mar -Apr 41.38 8.95 36.42 55.69 9.09 27.06 44.32 19.27 3.46 9.59 
Jul -Aug 87.24 4.51 52.11 75.73 10.79 37.75 24.27 23.62 0.61 5.06 May -Jun 60.15 9.14 41.77 55.54 10.89 30.46 44.41 13.77 1.89 9.78 
Sep -Oct 58.81 5.01 44.66 71.78 8.08 33.82 28.22 27.12 1.95 6.56 Jul -Aug 50.22 10.63 38.02 54.38 9.30 28.65 45.63 16.36 1.94 9.86 
Nov -Dec 71.39 5.63 52.07 76.23 8.16 40.91 23.77 24.17 1.64 4.93 Sep -Oct 54.26 10.44 35.56 49.75 7.33 27.98 50.25 14.20 2.84 12.08 
Stipaspeciosa Nov -Dec 45.27 10.37 44.62 55.88 9.91 34.24 44.13 11.26 2.01 10.77 
Jan -Feb 67.42 6.00 40.06 65.78 6.69 30.77 34.22 25.72 3.74 4.21 Artemisia spp. 
Mar -Apr 56.68 6.35 36.71 66.80 5.85 29.94 33.20 30.10 2.24 3.82 Jan -Feb 48.11 8.90 36.41 45.74 9.42 26.28 54.26 9.33 5.68 7.60 
May -Jun 48.48 6.73 42.88 75.11 6.64 36.22 24.89 32.23 1.20 4.45 Mar -Apr 22.51 20.45 28.00 36.22 4.28 23.43 66.30 8.10 2.70 8.98 
Jul -Aug 95.00 2.44 45.00 74.22 7.70 34.00 25.78 29.22 1.41 4.99 May -Jun 33.80 10.88 37.50 48.81 6.89 30.15 51.19 11.31 2.56 7.17 
Sep -Oct 75.84 2.35 46.40 76.39 7.28 36.96 23.61 29.99 1.83 4.81 Jul -Aug 42.95 4.00 38.25 50.69 9.94 28.72 49.31 12.44 4.41 6.95 
Nov -Dec 80.05 3.24 51.11 78.35 8.86 39.83 21.65 27.24 1.86 3.28 Sep -Oct 60.10 7.00 38.68 56.12 8.98 30.03 43.88 17.44 4.62 6.23 

Nov -Dec 86.93 4.50 55.56 71.03 9.32 45.64 28.97 15.47 2.64 3.28 
Canotia halocantha 

Forbs: 
Jan-Feb 59.68 
Mar -Apr 62.97 

4.85 
3.69 

40.99 
38.13 

58.04 
59.72 

12.24 
6.92 

28.89 
29.34 

41.96 
40.25 

17.06 
23.13 

4.14 
4.01 

4.11 

3.87 
Eriogonum fasciculatum May -Jun 52.48 6.35 35.56 52.46 11.52 25.15 47.54 15.91 2.95 4.69 
Jan -Feb 50.10 8.37 40.22 44.42 13.22 26.20 55.59 4.20 1.41 6.83 Jul -Aug 61.53 5.54 44.71 58.55 12.42 32.60 41.45 13.84 4.47 4.89 
Mar -Apr 37.99 9.63 27.69 48.50 9.67 17.77 51.51 20.30 1.77 5.67 Sep -Oct 57.60 5.20 44.34 60.17 8.44 36.42 39.83 15.83 3.94 4.13 
May -Jun 55.90 5.41 31.49 41.07 9.47 21.65 58.94 9.58 2.17 5.86 Nov -Dec 57.24 6.39 45.37 61.68 8.75 36.26 38.33 16.31 4.44 4.33 
Jul -Aug 87.92 4.60 42.49 51.06 12.37 29.61 48.95 8.57 2.07 5.18 Ceanothusgreggu 
Sep -Oct 61.56 4.88 35.98 43.29 10.54 26.95 56.72 7.31 1.92 5.76 Jan -Feb 54.12 8.00 31.97 34.39 10.77 18.31 65.61 2.42 4.06 4.10 
Nov -Dec 54.18 7.38 41.45 44.08 12.60 28.21 55.93 2.63 1.55 6.80 Mar -Apr 42.35 8.60 25.22 36.15 7.13 17.78 63.85 10.93 4.04 4.76 
Eriogonum wrightii May -Jun 34.57 11.13 46.34 57.75 10.09 35.28 42.25 11.41 0.78 4.44 
Jan-Feb 30.11 6.20 49.46 42.70 12.23 36.03 57.30 2.26 4.20 Jul -Aug 56.85 7.81 37.82 45.34 10.58 27.62 54.66 7.52 4.78 4.00 
Mar -Apr 92.10 6.57 47.63 52.45 16.33 29.90 47.55 4.83 1.99 5.74 Sep -Oct 51.87 4.89 41.19 57.02 8.48 33.18 42.98 15.83 4.58 4.00 
May -Jun 42.95 7.57 35.38 40.51 8.90 25.86 59.50 5.13 2.83 4.36 Nov -Dec 54.87 9.34 39.13 45.81 8.68 30.13 54.19 6.68 4.34 3.59 
Jul -Aug 71.76 6.41 39.45 48.96 11.46 27.85 51.04 9.51 2.49 3.66 Cercidiummicrophyllum 
Sep -Oct 50.44 5.61 33.86 39.46 8.98 24.99 60.54 5.60 2.06 4.50 Jan-Feb 57.10 9.10 41.70 51.72 12.22 28.08 48.29 10.02 2.51 7.09 
Nov -Dec 63.89 6.94 45.83 47.55 14.25 30.65 52.45 1.72 1.76 4.62 Mar -Apr 62.11 8.29 59.22 60.92 9.05 28.16 39.08 22.98 2.62 7.10 
Plantagoinsuiaris May -Jun 41.67 11.73 32.89 45.57 10.88 21.57 54.44 12.87 1.26 5.80 
Mar -Apr 32.88 7.32 33.30 51.85 8.37 23.16 48.16 16.17 4.18 9.58 Jul -Aug 51.35 10.29 38.18 53.49 8.00 30.17 46.52 15.31 3.29 7.45 
May -Jun 93.93 5.16 43.09 57.42 8.63 29.15 42.59 14.34 1.47 13.43 Sep -Oct 53.17 10.68 40.11 52.28 8.88 9.56 47.73 12.17 3.49 6.29 
Jul -Aug 74.92 4.18 49.11 62.83 9.37 36.24 37.17 13.72 1.43 7.77 Nov -Dec 53.65 12.22 40.26 57.94 9.56 30.45 42.06 11.03 3.48 6.82 

April, May and June to 28.1° C in July, August and 
September. 

Approximately 30 -50 bighorn sheep inhabit the 
Harquahala Mountains. Desert mule deer ( Odocoi- 
leus hemionus crooki), javelina (Tayaisa tajacu), 
burros (Equus asinus) and occasionally domestic 
stock are other ungulates which share the habitat 
available to bighorn sheep. Krausman (1985) and 
Krausman and Leopold (1986) describe the Harquahala 
Mountains in detail. 

Methods 
During 1982, 32 forage species used by Desert Big- 

horn Sheep were collected bimonthly. Selection of 
plant species was based on their occurrence in 
bighorn sheep diets (Krausman, unpubl. data). Plant 
collections were made over 2 -3 days in the middle of 

each bimonthly period. At least 200 g (fresh weight) 
of each species was collected from at least 20 differ- 
ent individuals over a range of the habitat available. 
Plant parts collected mimicked plant parts selected 
(leaves, flowers, new growth) by desert bighorn sheep 
as much as possible. 

As plant parts were collected they were individually 
placed in pretarred brown paper bags and weighed. 
Samples were kept for approximately 48 hours at am- 
bient temperatures until received at the Animal Sci- 
ences Laboratory, University of Arizona where they 
were frozen and stored at -20 °C until analysis. 

Dry matter was determined by heating samples at 
a constant weight in a convection oven at 35 °C. This 
process was accomplished in 48 hours for browse, 
grasses and forbs. Succulents took up to 5 days. Dried 
material was then ground to a 2 mm particle size 
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Species / 
month 

Dry 
matter Protein 

Fiber 
Lignin 

Cell- 
ulose 

Cell 
solubles 

Hemicel- 
lulose 

Ether 
extract Ash 

Species/ 
month 

Dry 
matter Protein 

Fiber 
Lignin 

Cell- 
ulose 

Cell 
solubles 

Henucel- 
lulose 

Ether 
extract Ash ADF NDF ADF NDF 

% % 

Cercocarpus spp. Larrea divaricata 
Jan -Feb 68.71 9.57 32.16 33.88 10.47 21.79 66.12 1.72 5.99 5.30 Jan -Feb 47.35 15.45 15.54 21.67 6.38 9.00 78.34 6.13 20.16 8.22 

Mar -Apr 51.02 7.65 29.38 39.25 8.51 21.32 60.75 9.87 6.14 4.64 Mar -Apr 45.51 13.57 16.46 32.49 6.59 10.03 67.51 16.03 15.28 6.59 

May -Jun 44.96 9.07 38.59 39.95 11.67 26.60 60.05 1.36 3.68 4.80 May -Jun 58.10 12.19 17.46 26.02 8.38 13.37 73.99 8.56 15.38 7.70 

Jul -Aug 65.15 7.60 34.90 42.08 10.26 25.04 57.92 7.19 5.32 4.36 Jul -Aug 60.04 12.16 19.25 26.32 6.90 12.07 73.69 7.07 15.33 8.12 

Sep -Oct 55.80 8.50 36.47 42.34 8.62 28.28 57.66 5.87 4.57 3.43 Sep -Oct 57.99 11.08 18.13 25.73 6.10 12.02 74.28 7.60 17.78 8.06 

Nov -Dec 58.76 8.16 36.94 43.84 8.84 28.71 56.16 6.90 4.95 4.48 Nov -Dec 50.76 12.62 19.23 43.10 7.31 11.51 56.91 23.87 19.46 7.38 

Encelia farinosa Mainmalaria microcarpa 
Jan -Feb 26.09 17.85 15.06 20.28 3.67 10.48 79.73 5.22 4.34 15.66 Jan-Feb 30.17 5.10 30.52 58.75 5.90 17.38 41.26 28.22 1.44 26.40 

Mar -Apr 27.05 13.08 22.16 33.88 7.42 14.70 66.12 11.73 6.48 13.49 Mar -Apr 61.49 4.69 28.86 54.20 5.73 19.55 45.80 25.34 1.80 27.70 

May -Jun 56.86 5.04 31.20 40.08 9.58 20.94 59.92 8.89 5.16 12.44 May -Jun 15.66 5.26 31.87 64.80 5.00 22.04 35.20 32.89 1.86 25.58 

Jul -Aug 41.57 14.23 27.24 35.46 8.34 18.64 64.54 8.23 5.12 13.32 Jul -Aug 30.65 5.63 34.45 64.46 7.82 19.95 35.54 30.02 1.76 20.20 

Sep -Oct 62.15 7.16 33.64 44.01 8.78 24.41 56.00 10.37 6.60 10.05 Sep -Oct 27.49 4.50 36.77 61.99 5.37 20.95 38.01 25.22 1.85 30.71 

Nov -Dec 25.47 17.07 29.09 33.06 9.62 18.62 66.95 3.97 6.21 14.84 Nov -Dec 34.22 17.58 30.60 60.33 4.80 19.03 39.68 29.73 2.04 19.40 

Ephedra spp. Olneya tesota 
Jan -Feb 57.76 9.19 42.77 50.80 7.87 33.77 49.21 8.03 1.62 9.36 Jan -Feb 45.16 15.30 25.31 42.12 7.00 18.11 57.89 16.81 2.14 12.93 

Mar -Apr 49.99 9.44 35.92 44.21 8.10 27.13 55.80 8.29 2.02 9.47 Mar -Apr 47.54 13.70 27.49 42.48 8.27 19.03 57.53 14.99 2.28 11.79 

May -Jun 51.21 8.16 46.23 54.57 8.46 37.38 45.44 8.35 1.57 6.50 May -Jun 43.73 14.41 26.30 35.46 5.47 21.00 64.55 9.16 2.18 14.43 

Jul -Aug 70.96 7.15 49.21 58.88 7.78 41.87 41.13 9.67 2.06 5.82 Jul -Aug 46.41 15.88 30.18 36.68 9.27 20.60 63.33 6.50 1.21 11.53 

Sep -Oct 57.20 8.27 44.07 54.81 5.80 38.22 45.19 10.75 1.76 7.85 Sep -Oct 43.95 15.98 32.81 42.33 7.93 23.99 57.67 9.52 2.26 10.5.3 

Nov -Dec 56.14 8.07 47.64 58.51 9.60 37.86 41.49 10.88 1.72 8.59 Nov -Dec 43.46 17.28 32.55 38.06 9.38 22.91 61.95 5.51 3.21 11.47 

Ferrocactus spp. Opuntia acanthocarpa 
Jan -Feb 11.84 3.50 29.76 43.25 9.47 16.62 56.75 13.50 0.96 20.68 Jan -Feb 29.65 3.15 22.19 36.90 3.77 17.69 63.10 14.71 1.74 26.81 

Mar -Apr 12.21 2.56 31.39 47.14 7.89 22.39 52.87 19.19 0.45 20.13 Mar -Apr 17.65 4.72 22.08 46.62 3.44 18.48 53.38 24.55 1.96 24.53 

May -Jun 22.85 2.60 37.63 55.66 7.83 28.50 44.35 26.43 2.44 17.08 May -Jun 26.02 .3.76 20.14 39.33 2.28 17.54 60.68 15.46 3.45 26.46 

Jul -Aug 7.95 9.22 38.79 51.15 8.89 29.59 48.85 12.37 2.28 16.50 Jul -Aug 27.63 3.57 30.14 45.28 5.29 24.12 54.73 15.14 2.19 20.00 

Sep -Oct 7.67 3.44 30.71 53.09 7.34 18.26 46.92 22.85 0.88 13.67 Sep -Oct 36.63 2.61 24.47 34.65 2.74 20.99 65.36 10.84 1.40 23.46 

Nov -Dec 10.10 5.41 32.46 43.52 3.39 27.36 56.48 11.07 0.87 19.28 Nov -Dec 50.36 3.82 22.76 38.29 2.85 19.34 61.71 15.53 0.86 28.25 

Fouquieria spiendens Quercus turbinella 
Jan -Feb 27.46 20.50 14.22 12.42 2.60 7.33 87.58 2.32 . 2.61 7.21 Jan -Feb 61.24 6.90 36.06 54.44 10.99 25.00 -46.56 18.38 3.09 3.29 
Mar -Apr 13.10 17.20 10.79 22.83 3.40 7.78 77.18 12.04 2.87 8.99 Mar -Apr 59.99 7.07 38.03 59.57 12.20 25.38 40.44 21.54 3.75 3.40 

May -Jun 35.33 12.69 11.15 15.90 3.08 8.24 84.11 4.75 4.77 9.52 May -Jun 49.18 8.89 40.41 55.90 10.48 29.83 44.10 15.48 2.06 3.69 

Jul -Aug 39.24 17.35 13.09 17.68 3.12 9.78 82.32 4.59 3.05 8.32 Jul -Aug 75.98 6.66 38.36 54.43 11.86 25.75 45.58 11.07 2.32 4.35 

Sep -Oct 30.00 5.91 13.35 15.18 3.21 9.45 84.82 1.83 7.72 12.37 Sep -0ct 54.84 7.38 42.18 59.35 10.73 30.68 40.65 17.17 1.82 3.64 

Hyptis emoryi Nov -Dec 63.02 7.52 47.55 58.22 10.41 36.12 41.78 10.67 2.99 4.61 

Jan -Feb 37.98 11.75 25.86 35.88 7.28 18.78 64.12 10.03 9.10 9.17 Simmondsiachinensis 
Mar -Apr 36.03 12.04 26.46 39.01 8.01 18.03 60.99 12.56 8.69 7.65 Jan -Feb 23.98 9.00 23.51 32.51 6.77 16.43 67.50 8.99 2.96 11.63 

May -Jun 46.75 9.88 38.25 49.11 11.31 25.84 50.89 10.86 11.19 7.61 Mar -Apr 49.97 8.38 25.37 48.16 7.75 15.34 6031 14.32 3.80 5.66 

Jul -Aug 47.33 10.19 35.62 41.13 10.94 23.51 58.88 5.51 9.66 9.30 May -Jun 45.25 10.34 27.58 35.57 7.40 20.23 64.43 7.99 1.67 6.68 

Sep -Oct 39.68 11.36 32.74 43.36 9.80 22.47 56.64 10.63 7.91 9.25 Jul -Aug 53.69 10.30 26.13 35.14 6.94 18.82 64.86 9.01 2.41 6.55 

Nov -Dec 38.07 12.05 35.90 45.95 10.94 24.98 54.05 10.05 8.92 8.49 Sep-Oct 50.23 9.60 27.76 36.85 8.93 18.27 63.15 9.09 1.16 6.43 

lanusiagracilis Nov -Dec 45.24 9.81 28.52 32.68 8.27 18.86 67.32 4.16 2.63 6.71 

Jan -Feb 60.57 8.05 39.27 49.26 10.36 28.27 50.74 10.00 4.36 4.80 Sphaeralcea spp. 
Mar -Apr 46.18 9.88 32.39 45.18 9.92 22.24 54.82 12.79 2.47 7.95 Jan -Feb 37.99 16.75 12.80 43.46 7.56 20.76 56.55 14.91 2.61 10.26 

May -Jun 56.15 9.71 40.11 48.98 10.06 29.36 50.80 8.87 2.74 7.78 Mar -Apr 26.88 18.13 25.66 49.81 7.71 19.33 50.19 24.15 2.35 10.82 

Jul -Aug 50.69 12.14 38.20 46.54 9.96 28.05 53.47 8.34 1.22 6.73. May -Jun 45.44 12.66 36.46 51.43 9.83 26.47 49.08 14.47 1.27 9.46 

Sep -Oct 58.53 8.18 38.91 47.54 8.30 30.28 52.47 8.63 2.30 8.05 Jul -Aug 42.50 15.74 28.19 44.85 7.44 20.86 55.31 16.59 0.72 10.99 

Nov -Dec 60.12 7.17 52.08 54.56 13.13 37.41 45.44 2.49 2.32 5.81 Sep -Oct 43.31 15.57 27.36 45.95 8.05 18.85 54.06 18.59 1.14 11.29 

Krameria grayi Viguiera deltoidea 
Jan -Feb 61.21 8.45 35.68 51.26 12.60 22.46 48.74 15.58 1.86 6.18 Jan -Feb 47.80 12.80 35.32 43.25 9.47 16.62 56.75 13.50 0.96 20.68 

Mar -Apr 55.10 8.65 31.84 49.81 11.97 21.46 50.20 18.31 1.37 5.86 Mar -Apr 35.89 10.85 30.25 47.14 7.89 22.39 52.87 19.19 0.45 20.13 

May -Jun 54.70 10.50 33.98 45.50 8.50 23.23 54.51 11.52 1.41 6.90 May -Jun 52.86 8.60 34.87 55.66 7.83 28.50 44.35 26.43 2.44 17.08 

Jul -Aug 65.86 10.70 32.25 44.96 9.51 22.30 55.05 12.71 1.76 6.57 Jul -Aug 38.50 14.19 25.03 51.15 8.89 29.59 48.85 12.37 2.28 16.50 

Sep -Oct 56.02 9.51 36.69 50.87 10.66 25.63 49.14 14.18 1.78 6.45 Sep -Oct 53.07 9.30 35.01 53.09 7.34 18.26 46.92 22.85 0.88 13.67 

Nov -Dec 59.33 8.76 40.15 44.53 9.83 29.83 55.47 4.38 2.16 5.03 Nov -Dec 61.65 5.67 48.30 43.52 3.39 27.36 56.48 11.07 0.87 19.28 

with a Wiley laboratory mill. The percentage of ether 
extract (lipid) was determined by the procedure de- 
scribed by the Association of Official Agricultural 
Chemists (1980). Fiber, lignin and cellulose were de- 
termined according to Goering and Van Soest (1970). 
Nitrogen was determined using a micro Kjeldahl 
H2SO4 digestion and an autoanalyzer. 

Each nutritional parameter for each species was 
measured once for each sampling period. Following 
completion of all laboratory analyses anomalous 
data points from different species were reanalyzed for 
verification of accuracy. In some cases, samples on 
either side of a data point in question were also 
reanalyzed. 

Results and Discussion 
The results of the chemical analysis are presented 

in Table 1. Woody and succulent plants contained the 
highest levels of protein throughout the year followed 
by forbs and grass, respectively (Table 1). 

A knowledge of nutritional values of key forage 
species has practical application in ungulate manage- 
ment and research. Forage quality can be used as a 
criteria for assessing the quality of habitats. Under- 
standing components which contribute to quality 
bighorn sheep habitat is especially important be- 
cause of the numerous reintroductions which have 
recently been made in the Southwest. Monitoring 
seasonal nutritional levels of key forage species can 
help wildlife managers determine when the range is 
the most productive and may provide clues as to 
when and if supplement to the diet are called for. 
This is especially important on ranges that also sup- 
port livestock. 
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The Legume Badge 
- Continued from page 60 

Indeed, the legend of the founding of the HOUSE OF PLAN - 
TAGENET by Geoffrey of Anjou describes the ecological 
function of earth stabilization as a characteristic of the 
PLANTA GENET. Mrs. M. Grieve's Modern Herbal (Har- 
court, Brace and Co. 1931. Vol. 1: 125) has preserved the 
story: As he plucked it from a steep bank which its roots 
had knit together, he is reputed to have said: "This golden 
plant, rooted firmly amid rock, yet upholding what is 
ready to fall, shall be my cognizance. I will maintain it [as 
a symbol of stability] on the field, in the tourney and in 
the court of justice." 

Many authors have noted the pioneering role of Cytisus 
scoparius in stabilizing landscapes so that they mature in 
proper ecological succession. In England and in continen- 
tal Europe genêt is often the first shrub to grow on sand 
dunes after they have become somewhat consolidated. The 
very name genêt or genista, as applied by the ancients to 
this plant, is the best evidence that ecologists could want 
that the concept of primary ecological plant succession 
was understood in ancient times, as the Indo- European lan- 
guage root gen- refers to a beginning, birth, origin or genesis 
in exactly the sense that a first establishment of the planta 
genêt would represent a genesis of vegetation on land that 
would otherwise be barren. Inherent in the concept of 
primary ecological plant succession is that such pioneering 
plants enrich the soil or otherwise alter the environment 
so that succeeding vegetation characteristic of less open 
habitats may become established. That genêt, by virtue of 

its strikingly pioneering aspect, was taken into Celtic lan- 
guages as the prototype of the concept of "shrub" or "bush" 
is indicated by the Gaelic use of "gen " in the generic sense 
of "bush." This language transformation was certainly not 
in the superficial sense of a bush being thought of as a 
young generating tree, but rather in the true ecological 
sense of bushes often representing a youthful generating 
stage in ecological succession eventually leading to heav- 
ier vegetation and forestation. 

The broom of the Plantagenets indeed swept clean as a 
new broom is wont to do, but as in the case of genêt itself, it 
swept more in than out, sweeping this new beginning of a 
dynasty into a reign that would encompass a long succes- 
sion of fourteen kings. But just as in ecological succession 
of vegetation, there came an end to the pioneers (Plan - 
tagenets) and the establishment of a new order (with the 
demise of Richard III at Bosworth Field). The Plantagenets 
as pioneers had prepared the soil and altered the environ- 
ment to allow germination and development of the 
thoughts, concepts and actions which helped make the En- 
glish- speaking world what it is today. The pioneering era of 
the planta genêt gave rise to much of the generic matrix of 
knowledge and behavior in the English- speaking tradition 
which yet lies stored in the cortex of civilization to be used 
when needed. Although the legume badge of the Plan - 
tagenets is no longer the "Pulse of the Nation," the genêt 
plant itself remains virtually unchanged from when it in- 
spired the first of the Plantagenets to establish the stability 
upon which much of great importance was later built. 

- F. S. Crosswhite 
and C. D. Crosswhite 
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Abstract 
A series of laboratory and greenhouse experiments were 

designed with the objective of determining effective 
methods of vegetatively propagating selected woody ripar- 
ian species for use in restoration of Southwestern riparian 
habitats. Cuttings from four major southwest riparian 
species including Fremont Cottonwood (Populus fremon- 
tii), Goodding Willow (Salix gooddingii), Arizona Syca- 
more (Platanus wrightii), and Arizona Walnut (juglans 
major) were collected along the Gila River in western New 
Mexico. Propagation studies with hardwood and root cut- 
tings were performed. Results from these studies deter- 
mined that Fremont Cottonwood and Goodding Willow 
could be readily propagated from dormant stem cuttings. 

Nodal explants from the laboratory -grown Arizona wal- 
nut seedlings were tissue -cultured in order to develop a 
method to mass produce this difficult to propagate species. 
A nutrient and hormone solution was formulated that 
resulted in shoot proliferation of Arizona walnut explants 
in vitro. 
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Introduction 
In recent years attention has shifted from phraetophyte 

control to the conservation of vegetation associated with 
water drainages in the southwestern United States. New 
consideration has been focused on these riparian areas as 
the result of construction of dams for impoundment and 
regulation of streamflow and from an increased public 
awareness for safeguarding the natural environment for 
wildlife habitat protection, aesthetics and recreation. 

We are confronted with the human manipulation of 
waterflow in these riparian ecosystems to meet the ever 
increasing water needs of expanding human activity. 
Simultaneously, natural resource managers are striving to 
maintain or improve the habitats associated with land use 
activities along the natural water drainages. In many cases 
management of these areas includes the goal of reestablish- 
ing riparian vegetation along the streams using natural re- 
generation or artificial plantings to provide wildlife habitat 
and provide streambank stability. Since seed of key ripar- 
ian plants can often be in limited supply or possess short 
periods of viability (Horton et al., 1960; Fenner et al., 1984; 
Siegel and Brock 1988), and considering the time to plant 
maturity, sexual regeneration is not the preferred choice 
of resource managers involved in restoration of riparian 
habitats. 

Vegetative propagation is commonly used to revegetate 
riparian zones by using cuttings of a portion of the stem. 
Vegetative propagation in general utilizes a stem, root, or 
leaf which is placed in a favorable medium with desirable 
environmental conditions to initiate the development of 
adventitious roots. The most common approach in riparian 
restoration has been the use of poles cut from plants of the 
species of choice and the poles are placed in moist sub- 
strate, either natural or by supplemental irrigation, to pro- 
vide a rooting media (Anderson et al., 1978, and York 1985). 
The poles are usually several cm in diameter and 2 to 3 m 
in length. This technique requires populations of established 
trees be harvested to provide materials. If large numbers of 
transplants are needed this technique could be potentially 
damaging to the parent stand of trees. In contrast, vegeta- 
tive propagation using hardwood stem cuttings, which 
utilizes the small stems and branches, could provide large 
numbers of new plants for transplant material with mini- 
mal detrimental effects to parent stands. Hardwood cut- 
tings, as defined by Hartman and Kester (1983), are those 
from matured, dormant stems after leaves have abscised 
and before new shoots emerge in the spring. Research on 
the effectiveness of hardwood cuttings as a propagation 
technique for key southwestern woody riparian species is 
poorly documented. The objectives of our research were to 
determine the efficacy of hardwood cutting techniques on 
woody riparian species, measure the growth responses of 
the regenerating cuttings and to determine the minimum 
amount of plant material needed to provide successful 
greenhouse or laboratory establishment. 

Methods and Procedures 
Hardwood Stem Cuttings. During early February of 

1983, hardwood stem cuttings of four woody riparian 
species were collected from young shoots of saplings grow- 
ing along a section of the Gila River in western New Mex- 
ico. Species from which cuttings were made were Fremont 
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Cottonwood (Populus fremontii), Goodding Willow (Salix 
gooddingii), Arizona Sycamore (Platanus wrightii), and 
Arizona Walnut (Juglans major). Cuttings from stems with 
extremely rank growth having abnormally long inter - 
nodes, from small weakly growing interior shoots and gen- 
erally stems with a large pith were avoided as recommended 
by Hammett (1973). Cuttings were made predominantly 
from lateral shoots. Our hardwood cuttings were stem tis- 
sues 5 mm in diameter and 5 to 10 cm in length. In addi- 
tion to the hardwood stem cuttings, pole sections of Fremont 
cottonwood and Goodding Willow having stem diameters 

than 2.5 cm and 1 m in length were collected. 
All cuttings were placed in a greenhouse where the 

temperature was not allowed to fall below 23 C in tempera- 
ture. 

Stem cuttings of dormant twigs of Fremont Cotton- 
wood, Goodding Willow and Arizona Sycamore with ter- 
minal buds were cut into sections having 2, 4 or 6 nodes. 
Cuttings were placed in vermiculite filled trays so that half 
of the nodes were below the surface. This design involved 
20 replicates of 1:1, 2:2 and 3:3 node ratios above and 
below the vermiculite media. Because of limited dormant 
stem material from Arizona Walnut, terminal stems were 
cut into sections having 6 nodes. Forty -eight Arizona Wal- 
nut cuttings were placed in the 3:3 configuration in the 
trays containing vermiculite. The vermiculite trays were 
kept wet by irrigation with distilled water. 

The cuttings were observed daily for evidence of bud ger- 
mination, but survival, and development of leaves and 
shoots. At the end of 12 weeks the cuttings were harvested 
and the number of cuttings having top growth and root de- 
velopment was recorded. Data were statistically analyzed 
between species showing regeneration using a t -test. Anal- 
ysis of variance was used to test responses within a species. 

Based on observations in the 1983 studies, additional dor- 
mant bud stem cuttings of Arizona sycamore and Arizona 
walnut were obtained from the same Gila River location 
and placed in the greenhouse during. February of 1984. 
These materials were cut into 3:3 nodal sections and sepa- 
rated into two treatment groups. One group was soaked for 
24 hours in a 50 ppm solution of the growth regulation IBA 
(indolbutyric acid) and the second group was soaked for 24 
hours in a 500 ppm solution of IBA. These cuttings were 
placed in a 3:3 nodal configuration in vermiculite and kept 
moist. Cuttings were observed for 12 weeks and the same 
type of information collected in 1983 was recorded for 
these cuttings. 

Fremont Cottonwood and Goodding Willow poles were 
placed in 19 liter containers filled with a standardized U.C. 
potting mix (Baker 1957) containing 50% sand and 50% 
peat moss. Five poles of each species were placed in the 
greenhouse. The potting mix was kept moist with distilled 
water irrigations. Growth data collected included the 
number of days for buds to germinate as well as informa- 
tion about shoot and root growth. After 12 weeks, the 
number of germinated stems, number of leaves and maxi- 
mum root length (cm) was recorded. 

Root Tissue Cuttings. Sprouting from root tissue pro- 
vides a reproduction strategy for some riparian species. It 
was hypothesized that there may be a relationship between 

the depth of the root in the soil and its regrowth capabili- 
ties. To investigate this, root tissue was collected along the 
Gila River of western New Mexico in July of 1983. Root 
segments (10 cm in length) at depths of 0 -10, 10 -20, and 
20 -30 cm from the soil surface were cut from 2 -3 year old 
Fremont Cottonwood and Goodding Willow saplings. 

Root samples were kept moist, in dark brown polyethyl- 
ene bags, during transport from the field to the greenhouse. 
Root segments were placed into 42 X 42 X 7 cm vermicu- 
late- filled flats with two treatment types. One treatment 
consisted of complete burial of the root segments lying 
horizontal in the flat, while the other was placed at an 
angle in the flats with a portion of each root exposed to the 
air. There were 9 replicates of root segment per depth in 
each treatment for each species. The rate and quantity of 
shoot development were observed as was rooting activity 
on both treatments and species. 

Tissue Culture. Arizona Walnut responded poorly to ini- 
tial hardwood stem cuttings as a propagation technique. 
Because of this, micropropagation (tissue culture) tech- 
niques were attempted for this species. Walnut species are 
highly valued for their wood and, ecologically, represent an 
important component in some riparian areas as a food item 
to animals, especially squirrels (Theobald, 1983). Develop- 
ment of a successful tissue culture method for Arizona 
Walnut could provide a way to produce transplant mate- 
rials of this important species. 

Recent research performed by Rodriguez (1982a,b) re- 
ported success in the stimulation of shoot buds in Black 
Walnut (Juglans nigra) seeds. Based on the success of 
Rodriguez with in vitro shoot proliferation of black walnut 
seed explants, in vitro shoot proliferation of Arizona wal- 
nut stem tissue was attempted in our studies. 

Axillary bud segments of approximately 1 cm in length 
were excised from laboratory- raised 12 week old Arizona 
walnut seedlings. These sections were placed in distilled 
water with 0.5% Tween -20 (a surfactant), surface sterilized 
under vacuum in a solution of 1.0% sodium hypochlorite 
for 15 minutes and rinsed 3 times in sterilized distilled 
water. Explants were then placed, under aseptic condi- 
tions, in 25 mls of tissue culture medium in 25 x 150 mm 
culture tubes, capped with Kaput closures. 

The basic culture medium consisted of the nutrient for- 
mulation (Woody Plant Medium) developed by McCown 
and Lloyd (1981). Additionally, the following vitamins in 
mg /liter were added to the media: thiamine HC1 1.0, 
nicotinic acid 0.5, pyridoxine HC10.5, glycine 2.0, myoino- 
sitol 100, and the media also contained 2000 mg /liter of 
sucrose. Media pH was adjusted to 5.7 prior to adding tis- 
sue culture agar at a rate of 8.0 g /liter. 

Explants were placed in this medium for 3 days and only 
those which were free of visible contaminants were used in 
additional experiments. Following this period, explants 
were transferred to basal medium containing various con- 
centrations of 6- benzylamino purine (BA) and indolbutyric 
acid (IBA) to induce in vitro shoot proliferation. 

The BA concentrations tested were 0, 1.0, 2.0, 4.0 and 8.0 
mg /liter. Five additional treatments utilized BA at 4.0 mg/ 
liter and IBA concentrations of: 0, 0.001, 0.01, 0.1, and 1.0 
mg /liter. These concentrations of BA and IBA tested were 
similar to those used by Wood (1982) in studies with pecan 
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Figure 1. Successful vegetative propagation of Fremont 
cottonwood from hardwood cuttings with exposed to 
buried bud ratios of 3:3, 2:2, and 1:1 in the photograph 
from left to right. 

( Carya). Each treatment was replicated 5 times. 

Results and Discussion 
Hardwood Stem Cuttings. Fremont Cottonwood and 

Goodding Willow were, by far, the most successful in pro- 
ducing growth from twig materials (Fig. 1). Fremont Cot- 
tonwood cuttings initiated bud germination within 3 days 
after placement in vermiculite media, while Goodding 
Willow began bud germination after 5 days. Arizona Syca- 
more, and particularly Arizona Walnut, bud germination 
required up to 20 days to begin, and then occurred sporadi- 
cally. These latter two species proved to be difficult to 
propagate by the hardwood cutting method. 

No statistically significant differences were found in 
growth responses of Fremont Cottonwood or Goodding 
Willow stem cuttings (p >- 0.05), except for the percentage 
of cuttings showing growth. Twelve weeks following cut- 
ting, 95% of the Fremont Cottonwood cuttings had bud 
growth and survival, with each cutting having an average 
of 4.3, S.E. -±- 0.19 leaves and a very well developed root sys- 
tem (Fig. 2). The majority of the Fremont cottonwood 
leaves were from the terminal bud. The average maximum 
length of roots on the Fremont Cottonwood cuttings was 
13.7 S.E. It 2.39 centimeters. Thirty -seven percent of the 
Goodding Willow cuttings had both root and leaf develop- 
ment. The average number of leaves per Goodding Willow 

cutting was 2.5, S.E. ± 0.14, but in comparison to Fremont 
Cottonwood, Goodding Willow leaves tended to develop 
from any node. Overall, 68% of Goodding Willow cuttings 
initiated root growth. The average maximum length of the 
Goodding Willow roots was 13.4, S.E. ± 2.83 centimeters. 
Arizona Walnut cuttings produced a 29% bud germination, 
with 19% surviving after 12 weeks. Arizona walnut did not 
produce any roots but did have callus tissue forming over 
stem cuts. Arizona Sycamore showed only 13% bud germi- 
nation with no root growth. There was no significant 
statistical difference in growth responses comparing the 
number of nodes per cutting (p ? 0.05). 

Winter dormancy of species of the genera of Sycamore 
and Walnut may preclude successful results of hardwood 
stem cuttings as a vegetative propagation method (Hartman 
and Kester 1983). Attempts of hardwood stem propagation 
of these species before winter dormancy is broken may re- 
sult only in callus tissue forming on the basal cuts. Our 
results tend to substantiate this. Hartman and Kester (1983) 
indicate that in some cases, winter dormancy restrictions 
can be overcome by subjecting the dormant stem tissue to 
cold stratification treatments, however we did not attempt 
this. 

Arizona Walnut and Arizona Sycamore stem cuttings 
made in 1984 and treated with the growth regulator IBA 
produced no better stem growth that did untreated stems. 
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Figure 2. Top growth and root development of a hardwood 
cutting of Fremont cottonwood, twelve weeks following 
planting. 

After 12 weeks, 50 mg /liter of IBA improved rooting of Ari- 
zona Sycamore but not Arizona Walnut. Cuttings treated 
with 500 mg /liter IBA provided neither bud germination or 
rooting. 

Pole cuttings of Fremont Cottonwood and Goodding 
Willow sprouted vigorously and developed extensive root 
systems (Fig. 3). Each species began bud break along the 
length of the stem within 3 -5 days following planting in 
the soil mix and exposure to greenhouse conditions. Large 
diameter poles had the greater growth and development. 
Larger diameter poles were main stem sections from young 
trees while small diameter poles were from the upper parts 
of the main stem or branches. It is our premise that more 
adventitious buds are present on the lower part of the 
plant, which would explain our observations. 

Root Tissue Cuttings. We examined the potential for 
root tissue as vegetative propagation material, finding that 
there may be a relationship between soil depth from which 
root cuttings were made and regrowth responses. Buried 
root segments of Goodding Willow were more successful 
in producing vegetative shoots (81% ) compared to seg- 
ments partially exposed to the air (62% ). The greatest aver- 
age shoot number per root segment of 3.3, S.E. ± 0.76, was 
observed for tissue taken from a 10 -20 cm depth. Not only 
were shoots of this depth segment greater in number, they 
appeared to be more vigorous, having a mean height of 43.9, 
S.E. ± 9.4, cm 60 days following planting in the greenhouse. 

1990 

Figure 3. Shoot and root growth of Fremont cottonwood 
from pole cuttings, twelve weeks following planting. 

These root segments (10 -20 cm depth) had a 31.3, S.E. ± 

8.2, cm average root length. Root segments that were par- 
tially exposed to air produced fewer shoots, but the shoots 
present had similar growth responses in height and root 
formation compared to segments completely buried. 

Root cuttings from Fremont Cottonwood produced very 
limited results. Only 2 buried segments of Fremont Cot- 
tonwood, one from a 0 -10 cm depth and one from a 20 -30 
cm depth, produced a shoot but neither segment generated 
any root material by the end of the 60 day observation 
period. 

Differences in responses of Goodding Willow and Fre- 
mont Cottonwood may have resulted from a difference in 
field collected tissue. Goodding Willow and Fremont Cot- 
tonwood saplings occupied a different microsite on the 
nursery bar area along the river's bank. The Goodding 
Willow was nearer the wetted perimeter (1 to 2 m) of the 
stream channel, while Fremont cottonwood saplings were 
about 3 -5 m from the rivers edge. In this position on the 
nursery bar, the Goodding Willow was more susceptible to 
aggradation processes from the active channel. Compared 
to the Fremont Cottonwood segments, there was very ac- 
tive lateral rooting present on the parent Goodding Willow 
root segments at the time of collection. While the tissue 
collected from Goodding Willow was considered to be root 
tissue, it may have been stem tissue that had been recently 
buried (1 to 2 years) by deposits of fine sand and sediments. 
If the Goodding Willow tissue was buried stem material 
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with adventitious roots, it may have a greater capacity to 
produce shoots than would root tissues. 

Tissue Culture. Arizona Walnut explants were cultured 
and observed for 6 weeks. After approximately 7 days in 
culture, all Arizona walnut explant treatments began show- 
ing signs of bud growth. Following this period responses 
among the various treatments began to differentiate. 

All explants in the 4.0 and 8.0 mg /liter of BA showed 
vigorous signs of bud break and initial signs of shoot pro- 
liferation. After these primary responses, these explants 
ceased growth and began to dehydrate. Treatments of 0.0 
and 1.0 mg /liter of BA all blackened and dried from what 
appeared to be a build up of phenolic compounds which 
may be toxic. Only treatments containing 2.0 mg /liter of 
BA still had active growth at the end of the 6 week observa- 
tion period. At this hormone level, one explant had devel- 
oped 4 shoots as well as callus growth. 

Treatments which contained a base level of 4.0 mg /liter 
of BA plus various concentrations of IBA initially lagged 
behind treatments with BA only. However, for Arizona 
Walnut these proved to have the greatest degree of success 
for shoot proliferation and callus growth of Arizona Wal- 
nut. Arizona Walnut replicates with 0.001 mg /liter IBA 
had good bud break, but then ceased development. Sixty 
percent of the 0.01 mg /liter IBA -treated Arizona Walnut 
explants broke bud and began shoot proliferation and then 
discontinued growth. The 1.0 mg /liter IBA treatment of 
Arizona Walnut did not initiate bud growth, however, 40% 
of the explants developed callus that was friable and light 
brown in color. 

The tissue culture treatment which produced the best 
results was at the concentration of 4.0 mg /liter of BA and 
0.1 mg /liter of IBA. Eighty percent of the explants with 
these hormonal levels developed active shoot proliferation 
with as many as 6 shoots. Additionally, 50% of Arizona 
Walnut explants which developed shoots also had active 
callus growth indicating potential for root growth. At the 
conclusion of the 6 week study period, shoots were actively 
growing with no obvious lack of vigor. Treatments to 
stimulate root growth on tissue cultures of Arizona Wal- 
nut were not attempted in this study. However, based on 
our results, we are confident root development would be 
attainable and successful micropropagation of Arizona 
walnut would be possible. 

Conclusions 
The results of the hardwood stem tip cuttings work rein- 

forces the idea that this method is a viable option for the 
production of large numbers of Goodding Willow and 
Fremont Cottonwood planting stock. Dormant hardwood 
stems are easy to acquire and economical to propagate 
without the need for special skill or apparatus. It would be 
possible to collect dormant hardwood cuttings during the 
winter, propagate them in the greenhouse and have plants 
of sufficient size by early summer to be transplanted to a 
revegetation area for the growing season. Further research 
on rooting hormones may prove advantageous in develop- 
ing the same success with Arizona Sycamore that was 
achieved with Goodding Willow and Fremont Cottonwood. 

The ease of propagation with Fremont Cottonwood and 
Goodding Willow poles indicates that, given an adequate 
water supply, this method is both easy and favorable under 
field conditions. Pole cutting is the most time honored 
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method of dormant stem propagation of poplar species. 
Relatively fast and easy propagation of Goodding Willow 
from segments of the root was also found. Goodding Wil- 
low root tissue collected from an area 10 -20 cm below the 
surface proved to be the most prolific in producing shoot 
and root growth. 

Propagation of Arizona Walnut from dormant stem tis- 
sue with and without supplemental growth regulators did 
not prove to be successful. Micropropagation of Arizona 
Walnut through tissue culture may provide a technology 
for developing large numbers of genetically stable, patho- 
gen free plants for the rehabilitation of riparian areas. The 
results indicate that in vitro shoot proliferation can be both 
obtained and sustained from nodal Arizona walnut explants 
from juvenile stem tissue. This is accomplished by supple- 
menting the woody plant medium with a cytokinin and 
low concentration of auxin. In this particular research it 
was concluded that a base concentration level of 4.0 mg/ 
liter of BA with 0.1 mg /liter of IBA produced the best 
results. Sustained shoot proliferation was not obtained 
either above or below these concentrations. 
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Two classic representations of the Legume Badge of the 
Plantagenet Kings of England. The version on the right 
was favored by King Henry II. Drawings by Carol D. 
Crosswhite. 

The Pulse of the Nation: The Legume Badge of the Plan - 
tagenets "A new broom sweeps clean ... " may have been 
uppermost in the mind of Geoffrey of Anjou when he 
picked a sprig of the legume shrub "Broom" (genista in 
Latin, genêt in French) and thrust it as a symbol or badge 
into his hat. Geoffrey's planta (a sprig which is planted) of 
genêt (a pioneering species in the ecological sense, which 
generates under stressful conditions to bring stability to 
the environment) gave rise to the use of "PLANTAGENET" 
as a surname in apposition to the mere name of GEOFFREY, 
SON OF FULK, with which he was born. Such a surname 
was originally truly a "sur- "name, being an extra non- 
hereditary name used as a qualifier to avoid confusion. In 
1128 A.D. this GEOFFREY "OF THE PLANTA GENÊT" mar- 
ried Matilda, grand -daughter of William who had been 
nicknamed (i.e. given the "sur- "name) "THE CONQUERER." 
The fourteen English kings of the HOUSE OF PLAN - 
TAGENET were their descendents. Today the English - 
speaking world is still imbued with the Plantagenet pre- 
sence through legends and stories which refuse to die - of 
Henry II who married ELEANOR OF AQUITANE, of RICHARD 
THE LIONHEARTED, of Robin Hood's evil KING JOHN, and 
finally of the WAR OF THE ROSES, white and red, in which 
the last descendents of the Plantagenets fought each other 
to extinction. "Genêt" is the prototype for use of the term 
"broom" in reference to plants. The principal plant refer- 
red to historically as "genêt" is now classified as Cytisus 

scoparius, and is characteristic of central and southern 
Europe. Although widely known as Broom, Common 
Broom, or Genista, it is generally called Scotch Broom in 
America. Although the flowers of this species are normally 
yellow, a white form has long been known, as well as one 
with dark crimson wings. According to Stephen Friar in 
Dictionary of Heraldy (Harmony Books, 1987), "The Plan- 
tagenet device was the punning Planta genista or broom 
pod, and their colours white and red, later the tinctures of 
the opposing roses in the civil wars of the fifteenth cen- 
tury ..." This heraldic expert unfortunately erred by think- 
ing that the Plantagenets had adopted the genêt symbol as 
a pun on their existing family name. The symbol actually 
gave genesis to their name and any pun had long prior been 
made by likening the original Planagenet by means of the 
genêt symbol to the cleansing (brooming, sweeping), re- 
generating and stabilizing aspects of genêt. 

Cytisus scoparius for centuries was the householder's 
choice for making impromptu brooms, eventually being re- 
placed by longer -lasting and somewhat more supple 
brooms made from the commercial broomcorn variety of 
the genus Sorghum. The species C. Scoparius belongs to 
Cytisus subgenus SAROTHAMNUS, this latter name deriv- 
ing from the Greek word SAROTHRON, a sweeping broom. 
The specific epithet scoparius is said to refer to a rustic 

Continued 
on page 60 
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