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From the Editor ... A long hot summer has finally ended. Luckily 
I was able to escape to the Big Sky Country again this summer. 
Come mid October and it is still 98, it is hard to remember the cool 
temperatures of Georgetown Lake, Montana. 

Speaking of Montana, Dr. Paul Krauseman of University of Mon
tana, formerly, University of Arizona, submitted his interesting 
manuscript on mesquite impact on grass availability in India. An
other world desert area is represented with Dr. Zaman's pre-germi
nation seed treatments in Kuwait. This manuscript is of particular 
interest to me and my colleagues at the Desert Legume Program 
which collects, stores and tests legume seed from deserts around 
the world. Down south in another desert of the world, Jeff Pet
rie writes about the vegetation in the Rio Huasco River Valley in 
Chile. Many of you may remember Pete from his years at the ar
boretum. Since his retirement he has become a citizen of the world 
and Desert Plants has benefitted from his manuscripts on Saudi 
Arabia, the Canary Islands and now Chile. 

At the suggestion of Mark Seigwarth, the new director of Boyce 
Thompson Arboretum, Dan Bach's cactus grafting manuscript 
from 1981 was republished. Apparently Desert Plants, Volume 
3(1), 1981 is a popular back issue purchase because of this graft
ing technique. Finally, Mark has been studying Arboretum history 
and presented me with booklet printed for the Boyce Thompson 
Arboretum dedication in April 1929. The dedication speeches, re
printed in this issue, demonstrate that our goals today are much in 
agreement with the original goals. That being said, we encourage 
you all to visit Boyce Thompson Arboretum and discover how far 
we have come! 

Underwriters 
Josiah T. Austin 
Harris Environmental Group, Inc. 
John Pierce 

Supporters 
Glenn Branham 
Doug Newton 
Douglas Ripley 
John Spence 
Joe Wilkins 
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Published by The University of Arizona for the 
Boyce Thompson Southwestern Arboretum 
37615 East Highway 60 
Superior, AZ 85273 

Copyright 2009 The Arizona Board of Regents on behalf of 
The University of Arizona 

The Boyce Thompson Southwestern Arboretum at Superior, 
Arizona is cooperatively managed by the Arizona State Parks 
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The University of Arizona. 

Big Sky fun, which twin is the editor? 
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How the use of mesquite impacts grown on the saline fringes ofthe Rann ofKutch and on the desert 
border since 1953 to stop desertification. 

grass availability, 
Wild Ass Sanctuary, India 

Bitapi C. Sinha 
S. P. Goyal 
Wildlife Institute of India 
P.O. Box 18, Chandrabani 
Debra Dun, India 

Paul. R. Krausman 
Wildlife Biology Program 
University of Montana 
Missoula, MT 59812 USA 

Abstract 
We examined the impact of an exotic mesquite (Prosopis juliflora) 
on grass availability in the Wild Ass Sanctuary (WAS), Western 
India, which is the only habitat for the endangered Indian wild ass 
(Equus hemionus khur). These data are necessary for the manage
ment of endangered species in desert ecosystems where resources 
fluctuate widely. We collected information on the size of mesquite 
branches used by people for fuelwood and the impact of branch
es that were left on the ground on grass cover and biomass dur
ing 1989-1990. People preferred fuelwood branches of mesquite 
5-15cm in diameter; the remaining thorny branches are left in the 
field, which reduces the availability of grass for foraging. Most 
grasses that grow under the discarded mesquite branches are pro
tected whereas grasses without this protection are grazed. We cor
related the percent grass cover with the number of twigs left on the 
ground (r = 0.74). Grasses protected due to the thorny branches 
leftover after mesquite collection, provide sources of seeds but 
reduce overall availability of forage leading to increased crop 
depredation by wild ass. Managing mesquite branches in WAS is 
important to provide more grazing areas for minimizing crop pre
dation by wild asses and preserve seed from grazing for grassland 
management. 

Keywords 
Fuelwood, grazing, India, Indian wild ass, mesquite, Rann of 
Kutch, semi-arid 

Introduction 
Concern about deforestation, desertification, and fuelwood short
ages in the late 1970s and early 1980s promoted research result
ing in translocation of an exotic mesquite (Prosopis juliflora) and 
other hardy tree species to new environments across the world 
(Mwangi and Swallow 2005). Although some exotic plant intro
ductions were accidental, many were intentional for wildlife and 
habitat improvement, ornamental purposes, wood or fiber produc
tion, or for other uses (Harrod 2001 ). The earliest records of mes
quite cultivation in the Indian subcontinent date back to 1877. In 
areas adjacent to the Little Rann of Kutch (LRK), Gujurat State, 
India, mesquite was introduced by the ruler of Radhanpur during 
1899-1900 and has now spread throughout the fringe of the desert 
(Patel 1977). In Gujarat State, regular plantations of mesquite are 

The invasion of exotic plants like mesquite is a primary threat to the 
integrity and function of ecosystems (Blossey et al. 2001, Sinha et 
al. 2007). Livestock ranchers and pastoralists discourage mesquite 
because it invades pastures (Mwangi and Swallow 2005), is highly 
aggressive, and crowds out native vegetation (Tiwari 1999, Al
Rawai 2004). Mesquite is a drought-resistant, fast-growing, and 
nitrogen-fixing species able to grow in harsh conditions where na
tive species fail (Pasiecznik et al. 2001). Mesquite is equipped with 
a number of biological characteristics related to seed dormancy, 
germination, and dispersal that can facilitate rapid invasion of new 
areas (Shiferaw et al. 2004). In addition mesquite has great ability 
to resprout with quick coppice growth from stumped or damaged 
trees making it a very strong competitive invader (Shiferaw et al. 
2004). Mesquite is also able to cause substratum degradation in the 
semi-arid and arid areas of north and northwest India (Sharma and 
Dakshini 1998). 

Several reviews reported deserts to be among the least invaded 
ecosystems worldwide, in terms of the number of naturalized and 
invasive species (Lonsdale 1999, Brooks and Pyke 2001). In des
ert habitats, many studies describe factors that promote plant inva
sions, but few investigated the impacts on biodiversity (Brooks 
and Pyke 2001, Sinha et al. 2008). 

In India, for example, it is well documented that poor rural women 
in arid and semi-arid areas benefit disproportionately from selling 
charcoal and fuelwood made from mesquite (Andersson 2005). 
Most of the firewood extracted from forests is transported on the 
heads of villagers living adjacent to the forests. The excessive cut
ting of firewood has resulted in the depletion of forest cover. Peo
ple use fuelwood that they gather and it is usually obtained from 
mesquite. Besides fuelwood, charcoal is produced in the region. 
Most of the charcoal supplying villages are located adjacent to the 
LRK. These regions are one of the major suppliers of charcoal to 
Ahmedabad, India (FAO 1993). At the same time vast stretches 
of grasslands in LRK are crucial for habitat for a number of wild
life species including the endangered Indian wild ass and fodder 
reserve for livestock. It has also been reported that after collec
tion of the branches of preferred girth sizes, the remaining thorny 
branches are left in the field as twigs that further reduces foraging 
areas for wild asses. 

Resources in LRK fluctuate widely over years. Therefore, our ob
jective was to describe the impact of mesquite extraction for fuel 
wood by the local people on grassland habitat. 

Study Area 
Little Rann of Kutch, is a unique and hostile place in the Thar 
Desert (Fig. 1). Temperatures can rise to 50°C during day time 
coupled with dust storms and mirages and cool to soc at night. 
Thorny vegetation exists on the desert fringe, however no veg
etation at all exists to provide shade in the mudflat. There is no 
habitation for miles and only saline water. Despite the hardships, 
working in this saline desert was an experience of a lifetime. Lo
cal villagers and nomadic pastoralists, who come to the area, are 
colorful and hospitable and one can strike a genuine conversation 
with them quickly. 
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Figure 1. Study area Little Rann of Kutch 

The study was conducted in the Wild Ass Sanctuary (WAS) (230 
10'-230 45' N; 700 45'-710 45' E), LRK (4,840 km2

). We also es
tablished an Intensive Study Area (ISA) of 100 km2 on the south
em fringe. The WAS comprise three distinct types of surface 
features: the exposed saline flats in which almost nothing grows, 
islands, and fringes of the mainland with grasses and sparse trees 
and shrubs. The WAS receives approximately 125 to 400 mm rain
fall in a year during monsoons (July-September). 

The vegetation is xerophytic, dominated by exotic mesquite (Fig. 
2). The grasses growing on the islands and the shore of the main
land include kalavo (Aleuropus lagopoides), moth (Cyperus spp.), 
khariyu (Sporobolus indicus), lampro (Aristida adscensionis), and 
poongyo (Eragrostis spp. ). Other predominant plant species are 
kharo jhal (Salvadora oleoides), pilu (S. persica), lano (Suaeda 
spp.), and khar (Holoxylon salicornicum). 

Narali, a village on the southern fringe of the sanctuary within the 
ISA is situated 5 km from the fringe with agriculture fields and 
wasteland extending up to the border of the LRK. The total area 
of the village is 2,607 ha of which 256 ha (9 .8%) is covered by 
mesquite forest. 

Methods 
We placed 4 km long transects systematically from Narali village 
toward the LRK in 1989-1990 to determine the distribution of 
mesquite. To determine the preferred girth size of fuelwood, we 
measured stems of mesquite in the headloads (n = 50) carried by 
the villagers and the fuelwood available in houses (n =50) in the 
village. ' 

To estimate the effect of mesquite on the availability of grass cov
er, we created systematic transects radiating from the base of each 
mesquite (n = 26). We placed quadrats (lxl m) at regular intervals 
on the transect to estimate the height of the grass and the species. 
The grasses from the quadrat were clipped and weighed to deter
mine biomass. To quantify seasonal availability of grass cover, we 
compared areas open to grazing with grass productivity determined 
from exclosures. Three 1 Ox 10 m exclosures of chain link fence of 
2 m height were established to monitor grass species and height in 
the absence and presence of mesquite. We manually dug mesquite 
from two exclosures and did not remove the shrub from the other 
exclosure. These exclosures were regularly monitored so that na
tive or domestic ungulates could not enter to graze. 

Figure 2. Mainland around Rann (saline deserts) dominated with 
thickets of mesquite 
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To study the distribution of mesquite twigs left over after the re- The number of twigs left over after the removal of fuel wood is 
moval of fuelwood in the ISA, 6 transects 4-5 km long were es- positively correlated (r = 0.745) with the percent of grass cover 
tablished. At every 100m, we used 2 step methods to estimate the underneath (Fig. 7 ). This means that if the twigs are removed from 
number of twigs left over. The number of twigs were categorized the ground, the grass cover would increase because the twigs cover 
into 3 categories: low (<40), medium (41 to 100), and high(> 101). a large area and the forage is not accessible to grazing. Number 
We quantified the forage biomass under the twigs left over after the of twigs does not affect the grass height or biomass. This indicates 
removal of wood for fuel and charcoal. We counted the number of that the grass that grows under twigs after gaining height is avail
old and new twigs and correlated numbers with grass cover below able for livestock and wild ass to graze. 
the twigs. 

We evaluated differences in grass height from the base of themes
quite to outside the canopy and between different shrubs using Chi 
square tests. We used two way Analyses of Variance (ANOVA) to 
evaluate the effect of twigs, shrubs, and exclosures on vegetation. 
We used one way ANOVA to compare the number and age of mes
quite twigs on grass cover. 

RESULTS 
Nearly a third (31%) of mesquite shrubs (n = 26) in the ISAhad 1-10 
em girth size indicating that they are fresh plantation or sprouting 
after the main shrub has been cut. From the fuel headloads mea
sured, 5-15 em was the most common girth size of stems. Stems 
below this girth class were twigs that were left behind. 

Effect of mesquite twigs, shrub, grazed areas, and exclosures 
on vegetation 
Based onANOVA, the ground cover under mesquite twigs, shrubs, 
grazed areas, and exclosures is significantly different (P < 0.05). 
There were >50% grass cover under mesquite twigs (X = 67.00), 
mesquite shrub (X = 64.16) and exclosures (x = 52.50). This 
indicates that they are controlled from grazing by wild ass and 
livestock. 

From the study of 2 exclosures (i.e., 1 from which mesquite was 
manually eradicated and 1 in which mesquite was left untouched), 
the percent cover of unpalatable species like lampro is high (x 
=43.08, SE =3.49) in the former as compared to the latter (x = 
31.0, SE=5.4). 

Effect of mesquite on grass 
Grass attained the greatest height and biomass at the base of the 
shrub but decreased as distance from the base increased until it 
again increased with association with neighboring shrubs (Fig. 6). 
Grass biomass and height from the center of mesquite shrubs and 
these values were >2-3 times higher below the shrubs than in areas 
away from the shrubs (Fig. 3, 6). Mesquite protects the grass at its 
base from grazing but if proper pruning and thinning of the shrub 
is not done the area converts into impenetrable forest. Results 
from the vegetation study of exclosures where mesquite was eradi
cated, show the dominance of unpalatable species like lampro. 

Effect of number and age of twigs on grass cover 
Medium (41-100) and high (>101) number of twigs left on the 
ground yielded a higher percentage of grass cover compared to a 
low number of twigs left. The percentage of grass cover was sig
nificantly different in all groups. The twigs protect the grass cover 
from grazing but the area is not available for the wild ass because 

Figure 3. Grass growing under mesquite. 

Figure 4. Thorny branches of mesquite left in the sanctuary after 
fuelwood collection 

the thorny twigs clump together preventing them from foraging. Figure 5. Collection of twigs of preferred fuel wood size from 
mesquite 
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Figure 4. Wild ass on fringe dominated with grasslands 

Discussion 
Several studies have shown that the ecological impacts of invasive 
plants include displacement of indigenous species and decline in 
species richness and diversity (Lonsdale 1999, Brooks and Pyke 
2001, Kedzie-Webb et al. 2001, Lesica and Miles 2001, Prieur
Richard et al. 2002, Badano and Pugnaire 2004, Hoffman et al. 
2004, Sinha et al 2007). We showed that thorny twigs protect 
ground cover and mesquite protects the grass under the shrub. In 
arid and semi-arid environments, where plant cover is scarce and 
patchy, there is a conspicuous concentration of vegetation near, 
and especially beneath, shrubs that form the so called "islands of 
fertility" (Gamer and Steinberger 1989, Pugnaire et al. 1996, Ha
gos and Smit 2005). Grass attained height under mesquite because 
of protection due to the canopy compared to areas that are open to 
grazing by ungulates. On the contrary in their study on silvopas
toral farming system in the semi-arid regions of south-east Rajas
than, India, Kothari and Jain (2003) reported the lowest mean dry 
grass biomass under mesquite canopies. 

The LRK is being used by approximately 6,000 resident and mi
grant livestock during the monsoon when the estimated grass bio
mass is 11.02 gm/m2 in grazed areas as compared to 202.02gm/m2 

in the exposure. During summer, when only resident livestock use 
the area, the biomass is 15.55kg/m2 in the open area. 

Results indicate that within 1 00 km2 of the ISA area at the present 
state, the area required for foraging for the estimated population 
of 162 wild asses is approximately 4,000 km2

• This area could be 
reduced to approximately 700 km2 for the same number of wild 
asses if protection is provided for the vegetation. 

The peoples' perceptions of mesquite were favorable during the 
early stages of its introduction. It changed later as the negative 
effects of the invasion-colonization of agricultural land, its sharp 
thorns, suppression of grasses and crops-became more pronounced 
(Mwangi and Swallow 2005). Larger individual shrubs and greater 
densities have greater negative impacts on the associated plants 
(Keblawy and Rawai 2007). According to Singh (1999), the area 
under mesquite increased from 334 km2 in 1983 to 428 km2 in 
1995 in the WAS, a rate of950 ha/year, 

Although the twigs protect the grass cover from grazing the area 
is not available for the wild ass because the thorny twigs clump 
together creating a physical barrier. The clumped twigs left over 
from fuel wood and charcoal harvesting also lead to growth of spe
cies like lampro that is not preferred by wild animals. 

Our study clearly indicates that twigs left over in the study area 
after extraction of fuel wood reduces the overall availability of for
age to wild ass and livestock. This condition has likely resulted 
in high crop depredation by wild ass around WAS. Therefore, we 
suggest a need of management of left over twigs for improving 
habitat availability, especially during summer when resources are 
scarce. Our study reveals that left over twigs should be removed 
during summer, to make available large forage biomass protected 
under twigs, to the wild asses and some grass should be protected 
under the twigs to create a seed bank. 
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The Double-Cut Technique for 
Grafting Cacti to Trichocereus 
pachanoi Rootstock 

Dan Bach 
Bach's Cactus Nursery Inc 
8602 N Thomydale Rd 
TucsonAZ 85742 

We have several main goals in grafting cacti. One is to produce a 
larger number of robust offsets in a short time. Grafting allows us 
to vegetatively propagate rare or difficult plants much faster than 
would ordinarily be possible. Grafted plants with many offsets are 
often quite floriferous. The basic principles for grafting cacti are 
much the same as for grafting fruit trees. As in any plant grafting, 
a receiving plant, the rootstock, has its vascular tissue matched to 
another plant, the scion, placed above it. The two plants are held 
firmly together by various means until the vascular tissues grow 
together and join the two plants. In the case of fruit trees, various 
kinds of apples may be grafted onto an apple tree, or an edible pis
tachio may be grafted onto a wild pistachio rootstock. However, in 
cacti grafts, the cacti are not grafted onto closely related rootstock. 
The scion is often a round clustering plant and the rootstock a co
lumnar type which is not even in the same part of the Cactaceae 
family, let alone in the same genus. 

In some climates with high humidities and precipitation, the only 
way in which some difficult cacti can be grown is by grafting. On 
their own roots the cacti would die because their roots could not 
tolerate the moisture. When grafted to a rootstock which tolerates 
moisture, the plants often thrive. We sometimes graft cacti which 
would otherwise require special attention for the ease of cultiva
tion. For example, Gymnocalycium mihanovichii var. federickii 
must be maintained as grafts or they die. They occur in bright col
ors (red, yellow, orange) and contain very little if any chlorophyll. 
As a result of grafting, they can manufacture their own food. They 
become virtual parasites on the rootstock. 

When set up properly, it takes about 45 seconds to do one graft 
from start to finish. No time should be lost in applying the scion 
to the rootstock or the cut surfaces will dry out and the graft will 
be rejected. Many successful methods have been developed. I uti
lize a double cut method for grafting onto Trichocereus pachanoi 
rootstock. This method is particularly suited to dry, hot climates. 
(Grafting is commonly performed in southern California, Japan 
and Europe under greenhouse conditions and the dry air is not a 
factor.) 

First you need a prepared working area, wiped down with 10% 
bleach solution. Mother plants, rootstock and a clean sharp knife, 
also sterilized with 10% bleach should be ready. For the rootstock I 
use unrooted tip cuts of the San Pedro Cactus, Trichocereus pacha
noi, for ease in handling. The understock cuttings are rooted after 
the grafting is done. The Trichocereus will eventually take up wa
ter and nutrients for the scion above. In this case the scion used is 
Sulcorebutia rauschii. Unrooted rootstock can only be used with 
a succulent plant such as a cactus which has an adequate supply 

of moisture and nutrients in storage to carry both itself and a scion 
through a period of several weeks until adventitious rooting of the 
understock occurs. 

Unrooted understock is easier to handle and manipulate. Cuttings 
of the Trichocereus pachanoi of an appropriate length should be 
taken a week before grafting and laid in a shady well-ventilated 
area so the cut can callous over. This prevents damage to the bot
tom of the rootstock when rubber bands are applied to hold root
stock and scion firmly together. Length of cutting is primarily de
termined by the size and softness of the intended scion. For softer, 
smaller scions, shorter understocks should be used so that rubber 
bands do not exert as much pressure. 

Trichocereus pachanoi was chosen as the rootstock for several 
reasons. It doesn't deteriorate as quickly as other species do when 
used as a rootstock and it is a strong, robust grower which will 
hold and nourish a scion of large diameter. Also, it has almost in
significant spines which allow easy handling of the cactus without 
prior treatment. T. pachanoi rootstock can be grown under nursery 
conditions rather than in a greenhouse which keeps costs down. T. 
spachianus is the next most frequently used rootstock. This spe
cies has formidable spines that have to be burned off before it can 
be used for grafting. It also tends to develop brown patches on the 
stem which obscure the chlorophyll-bearing tissues and lessen the 
rootstock life. 

In my experience, the rootstock eventually dies. Sooner or later the 
top plant seems to "bum out" the bottom plant and regrafting of the 
scion is necessary. T. pachanoi lasts longer for me than other kinds 
of cacti. It is good to have several kinds of rootstock available so 
that different sized scions can be matched to rootstocks of similar 
diameter. Other species used as rootstock are Myrtillocactus ge
ometrizans, Cereus peruvianus and Hylocereus undatus (used to 
produce the "moon cacti"). 

The first step in preparing the rootstock to receive the scion is to 
cut the apical tip from the stem far enough down so that the diam
eter of the vascular system will match that of the prospective scion. 
The ridges are beveled. Cutting the upper areoles away eliminates 
the buds which might have eventually allowed offsets to form on 
the rootstock so close to the scion that the pressure could push the 
scion away allowing it to break off. The lower areoles of the root
stock may form offsets eventually, but these can be easily spotted 
and removed as they form. The knife should be sterilized after ev
ery twelve grafts, unless brownish discolored tissue is encountered 
in either scion or rootstock. Then the knife is sterilized after each 
cut until healthy tissue is reached. If only a small amount of graft
ing is to be done, the knife can be sterilized between each graft. 
The knife should be extra sharp for best results. I use a stainless 
steel paring knife which is sharpened to a fine edge. 

Next, a second very thin cut is made just below the original cut 
through the diameter of the stem. This piece, like a slice of dill 
pickle, remains on top of the stem, covering the surface while the 
scion is being prepared. This double cut technique prevents de
hydration of tissues. The key secret to successful grafting is pre
venting dehydration by protecting the cut surface from the dry air, 
even for a few seconds. Do not allow either surface to dry out at 
all. The cuts must be perfectly smooth and flat - no ripples. Both 



Bach Grafting 

Under desert conditions of low humidity, the doubler 
-cut technique is a key to successful grafting. 

Scion in place on the rootstock and centered so the 
vascular tissues will match. 

After a fresh cut has been made on the scion, the two 
plants are brought together and the slice from the 
double cut removed. 

Two rubber bands are used in plants at right angles to 
each other to provide firm and even pressure. 
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rootstock and scion should be actively growing when the graft is 
made. When preparing the scion, try to make the cut which severs 
the offset from the mother plant just as straight and flat as possible 
so the offset can be placed directly on the rootstock. If trimming 
needs to be done, place the offset on the table in front of you for 
good visibility and use thin cuts. Then raise the offset above the 
rootstock, the latter having been set upright on its flat base. Re
move the cut slice and place the scion where the slice had been, 
preferably as one operation. 

With experience, if the correct size scion is matched to the cor
rect size understock and centered by visual inspection from above, 
there should be sufficient vascular overlap for successful grafting 
to occur. It is less desirable to spend time aligning tissues because 
every instant allows the surfaces to dry out and the probability of 
an unsuccessful graft is much higher. After the scion is in place, I 
stretch a pair of rubber bands in two perpendicular planes around 
both scion and rootstock. When viewed from the top, the rubber 
bands should divide the plants into four equal quarters. This en
sures that pressure will be evenly applied on all sides. Then the 
grafted plants should be set aside in a well-lit location and ob
served after two weeks to determine whether the graft has taken. 
The rubber bands can be removed after one week. By this time, if 
the grafting has been successful, the scion should begin to become 
more turgid. The rootstock can then be placed into soil mix to form 
adventitious roots. 

Stand each stem in a pot which just comfortably receives its basal 
diameter with a little room to spare on all sides. Potting soil should 
be placed to a depth so that the stem rests on it without becoming 
imbalanced in the pot. Then put a layer of chat (medium larger 
than sand but smaller than pea gravel) between the stem and the 
soil and fill between the stem and pot sides with chat. This ensures 
good drainage all around the rootstock and keeps it from staying 
too wet. Roots should extend well into the soil after four or five 
weeks have gone by. The chat is larger than sand but smaller than 
pea gravel. 

The original version of this manuscript was published in Desert 
Plants, Volume 3, Number 1, 1981. 

Cool Plants for Hot Gardens 

Greg Starr 
2009 
Rio Nuevo Publishers 
ISBN-13: 978-1-933855-34-9 
ISBN-10: 1-933855-34-7 
328 pp, color photos 
6 x 9", soft cover, $24.95 

Greg Starr, a Tucson AZ nursery owner and master gardener, of
fers extensive information on 200 low water use plant species in 
his new book Cool Plants for Hot Gardens. Each plant description 
begins with field notes, discussing the plants' origins. Appearance, 
ornamental features, maintenance, climate requirements, landscape 
applications, precautions and tips for identification are included. In 
the list of characteristics Starr has cleverly integrated symbols for 
butterfly attractors, hummingbird attractors, plants for containers 
and plants for pool areas. The plant description is complete but not 
so loaded down with botanical terms that your eyes glaze over. The 
culture/maintenance section, tells the gardener just where to place 
the plant and how and when to care for it. Another great section is 
the landscape application section advising how to use this plant to 
its best advantage and what to plant with it. 

Throughout the book but particularly in the introduction are gems 
of advice stated in Greg's humorous way. "Find healthy gardens 
you like in your area and shamelessly copy favorite elements" is 
one piece of advice. There is a warning not to skip the soil section 
and go straight to the pretty plant pictures as well as a suggestion 
to consult your local extension agent and your therapist if your 
plants are struggling. This is an essential reference for desert plant 
lovers interested in conservation of resources and also maintaining 
a species rich environment. 
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Note from the Director 

Mark Siegwarth 
Boyce Thompson Southwestern Arboretum 
37615 E Hwy 60 
Superior AZ 85273 

In reviewing prior 
issues of Desert 
Plants, I noticed 
that traditionally 
the Director pro
vides an update 
on the Arbore
tum. I would like 
to continue this 
tradition. Before 
I do so, I would 
first like to urge 
you to read the 
two speeches in 
this issue given at 

the dedication of the Arboretum on April 6, 1929. In reading them 
myself, I was struck by several things. First, I was struck by the 
size of the problems the Arboretum staff and supporters were at
tacking and their optimism in attacking them. World hunger was 
on the agenda, specifically how almost 50% of the land surface of 
our planet could be more productive. 

On a more local level, their foresight is also remarkable. They re
alized that Arizona's economy could not just depend upon mining 
and cattle but needed to diversify. There was concern that this di
versification focus on industries that were sustainable and did not 
adversely impact the land. Agriculture was to become a force but 
also tourism and recreation were seen as part of the future econo~ 
my. Plants were needed not only as an economic crop but also to 
provide beauty to attract the tourist and recreational user as well as 
improve the quality of life for the residents of Arizona. 

As Governor John C. Phillips said at the dedication "It is impos
sible to measure the real value which will come from this institu
tion, Colonel Thompson is showing us in a magnificent way that 
this is indeed the land of opportunity". Their conviction that the 
location of the Arboretum was the right place to begin the work to 
find a solution to the issues facing them and the ones the state and 
nation would face in the future is inspiring and a legacy to us. We 
are evidently not only the first non-profit in Arizona but the first 
institution to address the issues facing people in the arid and semi
arid areas of the world. 

Often when we think of arboretums or other institutions, we focus 
on ourselves and what we enjoy such as a nice place to walk or to 
view wildlife and flowers. Their focus, on the other hand, was on 
what could be accomplished in such a place, including research, 
education and conservation. They marveled at the opportunity be
fore them to address the serious issues of the day. Sadly, the prob
lems of world hunger and the need for our economy to diversify 
still remain. Yes, the Arboretum still has much work to do. 

Arboretum 13 
Before we undertake or renew our efforts to address challenges 
originally envisioned to be worked on at the Arboretum, I have 
spent the last year making sure we were ready to embark upon any 
new initiative. As with any 80 year old institution, there was a need 
to catch up on maintenance and finish some projects that had been 
started. With your help, we have accomplished a great deal this 
year. The Australian Pavilion/Ethno-botanical Garden, the Austra
lian Aboriginal Seep and what we are now calling Papuana Pass 
have been completed. In addition, a major planting to provide a 
framework for the South American Exhibit has been completed 
as a result of last year's Research, Collections and Exhibits Ap
peal. Additionally, the Smith Building Interpretive Area has been 
completely redone. 

I also wanted to ensure our foundation was strong. Our foundation 
is our membership. Visitors can come and go, as evidently can 
state funding. It is our membership that allows us to continue year 
after year. With the addition of our Membership Coordinator and 
our Member Services person, we can finally provide the service 
and value needed to maintain a strong and engaged membership. 
In addition, we would like to freshen up the picnic area and facili
ties that are used by our members. The foundation of any institu
tion must be maintained or it will flounder. 

There are two projects that are critical before we move forward. 
Efforts to restore the display greenhouses in the Smith building 
have been attempted for over 10 years. The majority of the wood 
is still the original bald cypress used back in 1926. In the near fu
ture, I hope to announce we have a stunning opportunity for these 
greenhouses and the Arboretum needs to be ready. For staff, it is 
a constant reminder that we need to protect and care for what we 
have first. Although a portion of the funds has been raised, we are 
still short of the amount required to commence the restoration. 

The other project is our water supply and distribution system. Di
rector Gibson wrote in his report to the Board on April 3, 1950, 
"This question of an adequate water supply has been one of the 
most vexing problems in the 26 years that we have been here." 
This issue has never been resolved. Sufficient water is necessary 
to protect our priceless plant collection. A water supply system that 
maximizes its use and allows for conservation of this valuable re
source is critical. To quote Mr. Gibson again in the November 26th, 
193 5 Board Report, "For several years, the question of increasing 
our water supply has been referred to in these reports and the rea
son for repetition in on account of its urgency". For the Arboretum 
to embrace new projects, it is critical that we are on sound footing 
and have the infrastructure in place to seize the opportunities in 
front of us. Several solutions to the water supply problem are still 
being evaluated. 

With these projects completed, we will be able to focus more di
rectly on our mission of research, conservation, education and 
recreation. Over the coming years, we will be able to create the 
research collections, facilities and staffing necessary to address the 
challenges that faced us in the past and are still facing us today. 
With your help, I am confident the Arboretum will be part of the 
solution. 
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Dedication of Boyce Thompson 
Arboretum April1929 

Franklin J. Crider 
Director Boyce Thompson Arboretum 
Superior Arizona 

The dedication and official opening of the Boyce Thompson 
Southwestern Arboretum was held on Friday, April 6, 1929. The 
exercises consisted of inspection of the buildings, grounds, and 
experiments, barbeque luncheons and formal speaking program. The 
formal program was held in the natural open-air amphitheater. Profes
sor Crider, the director of the Arboretum, gave the following address: 

The Arboretum - Its Purpose and Scope 
The earliest garden of which we have any definite record is the 
Royal Garden of Thotmes III of about the year 1 000 BC, which 
was planned by Nekht, head gardener of the gardens attached to 
the temple of Karnak. The Chinese, however, are credited with 
being the real founders of the idea of botanic gardens, having in
stituted the practice of dispatching collectors to distant parts to 
bring back plants to be cultivated for their economic or medicinal 
value. "You, Sir," said Chuang-tze, 250 BC, "have a large tree and 
are troubled because it is of no use, why do you not plant it in a 
tract where there is nothing else, or in a wild and barren wild? 
There you might saunter idly by its side or in the enjoyment of 
untroubled ease sleep beneath it." 

You, my friends, on your trip of inspection this morning, have seen 
the modest beginning, in material expression, of a great creative 
idea formulated in the mind of the founder of this institution. Years 
ago, Colonel Thompson visualized the importance of plant study 
as a means of contributing to the progress, benefit, and happiness 
of the human race. As the first result of this vision, we have the 
mother institution, the Boyce Thompson Institute for Plant Research 
at Yonkers, New York. As a later product of this same vision, there has 
come into being the Boyce Thompson Southwestern Arboretum, the 
dedication of which is the occasion of our assembling here today. 

The Arboretum occupies almost the geographical center of the re
gion it is intended primarily to serve -the sub-arid, inland portions 
of the southwestern United States. This includes Arizona, New 
Mexico, Nevada, Utah, and parts of Texas and California - em
bracing, in all about 500,000 square miles. Located in the foothills 
of the Pinal Mountains, 65 miles east of Phoenix, the Arboretum 
consists of 1,127 acres, a portion of which is used through Special 
Permit of the Federal Forest Service. Its varied physical features, 
composed of high peaks, deep canyons, rugged crags, rolling hills, 
level mesas, different soil types and exposures, together with a 
range in elevation from 2,300 to 4,400 feet, furnish especially fa
vorable natural conditions for the purposes intended. The diversity 
and beauty of its setting is further enhanced by historic Picket Post 
Mountain which towers immediately above, and is included in the 
grounds. 

The average annual rainfall of about 17 inches is almost equally 
divided between mid-summer and winter which gives two hot, 
dry periods - one in spring and early summer, and the other in 

late summer and early fall. The mean annual temperature is ap
proximately 69 degrees F, with 25 degrees as the minimum and 
112 degrees as the maximum. The institution is favorably situ
ated botanically, due to diversity of topography, and the location 
with reference to the typical indigenous flora. Forming a part of 
the common ground where the flora of the northern and southern 
or upper and lower Sonoran zones meet and merge, it contains 
a wide range of species representative of Arizona and the South
west. At the higher elevations within the grounds are found species 
of Juniperus and Quercus; on the lower slopes, with northern ex
posure, Dodonaea, Berberis, Dasylirion, Crossosoma, Rhamnus, 
Simmondia, and Vauquelinia; in the canyons, along water courses, 
Celtis, Chilopsis, Juglans, Platanus, Populus, and Salix. The open 
mesas are well covered with desert types, such as Acacia, Covil
lea, Ephedra, F ouquieria, Lycium, Parkinsonia, Prosopis, Agave, 
Yucca and Cacti. Of the perennials, Aplopappus, En celia, Baileya, 
Salvia, Senecio, Penstemon, Sphaeralcea, Bebbia, and the grasses 
are most common. 

The development and progress of the Southwest centers around 
two major industries, mining and agriculture- including livestock 
and forestry, as well as the growing of farm, orchard, truck, and 
forage crops. Mineralogists tell us, however, that eventually the 
minerals in our hills will be exhausted. This thought carries the 
suggestion that reliance upon plants will become increasingly 
manifest, and leads to the conclusion that plant resources must ul
timately become the basic dependence in the future development 
and perpetuation of our civilization in the Southwest. Under the 
sub-arid conditions which obtain here, the different plant cultures 
are conducted with irrigation water, as in the lower valleys, and 
with only the natural, low rainfall occurring outside the irrigation 
districts. In both practices, successful, permanent operation de
pends upon the solution of plant problems peculiar to this region. 

The Arboretum hopes to assist in solving some of these problems 
- preparing against the time when there must be more intensive, 
efficient use of these vast sub-arid lands. The functions of the insti
tution, therefore, include the study, improvement, and preservation 
of indigenous and introduced plants, with a view to their greater 
utilization and wider economic adaptation. In the expression of 
its founder, the Arboretum is an institution wherein to grow every 
tree, shrub, vine, grass, and flower able to withstand in the open 
ground the climate of the Southwest; a little portion of the vast 
area, erroneously known as the Great American Desert, preserved 
forever in the richness of its native flora, where will be assembled, 
nurtured, and studied all that is useful, interesting, and beautiful 
in plant life from all the sub-arid regions of the world; a place 
where the yet hidden secrets of these varied forms may be further 
revealed for the enrichment of humans knowledge and the benefit 
of mankind. Here in the Southwest the plant grower contends with 
climatic and soil conditions, and consequent problems, unlike that 
of the eastern United States or other countries of higher rainfall and 
greater humidity whence have come many varieties we attempt 
to cultivate - often with difficulty or failure. Differing distinctly 
from the more humid regions, water is here the limiting factor of 
plant growth. The measure of our agricultural development- field, 
range, and forest - is in direct relation to our water supply and to 
the water efficiency of plants selected for cultivation. It is recog
nized the plants differ widely in their moisture requirements, as, 
for example, the cottonwood and mesquite, or alfalfa and cotton. 
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With a limited, definite supply of water available for irrigation, and 
low, inconstant rainfall, maximum expansion in plant culture and 
utilization is possible only through the greatest use of plants hav
ing low moisture requirement. 

Therefore the search for drought resistant varieties, the selection, 
breeding, and propagation of new races having low water require
ment, and the study of fundamental factors which contribute to 
this characteristic in plants will constitute an important part of our 
work. The fact that much of the world's surface containing a wealth 
of imperfectly known plant forms, has rainfall and other climatic 
conditions similar to that of Arizona, gives an encouraging out
look to this field of investigation. Among the exotic plants already 
under observation at the Arboretum are many promising species 
from the drier countries such as Australia, North and South Africa, 
the western part of South America, and the little known deserts of 
central Asia. The study of our native vegetation with a view to its 
further utilization, as embodied in the plans of the Arboretum, is 
considered of equal importance to the introduction and study of 
exotic plants. Evidence is at hand which indicates the ready re
sponse of native species to domestication - for ornamental as well 
as strictly economic uses. In the line of your vision at this moment 
are several varieties, recently brought from the wild, which have 
shown remarkable improvement under cultivation, surpassing in 
beauty, form and color many of the common commercial types. A 
few striking examples, as yet unknown in the trade, are species of 

Parosela, Mortonia, Vauquelinia, Covillea, Simmondsia, Baccha
ris, Cowania, Lysiloma, Berberis, Rhus, Baileya and Penstemon. 

Further indication of the unlimited possibilities in the little-ex
plored field of native plant investigation is seen in the great num
ber and variety of southwestern plants. The flora of Arizona itself 
is not only unique and interesting, but richer in numbers of species 
than most sections of the United States. To appreciate this fact one 
must traverse in spring and mid-summer (two distinct vegetating 
periods in (Arizona) her beautiful flower-covered mesas; must lin
ger beside the thorny plants of the desert - the cholla, mesquite, 
and the catclaw - and see something of their intricate characteris
tics and how, beneath protecting branches, frailer forms of plant 
life and find shelter from sun and rodent; must climb her rugged 
mountain sides clothed with giant pine, fir, spruce, and cypress; 
must penetrate her hidden canyons, where tangled masses of veg
etation follow constant or intermittent streams from snow capped 
summit to foothill plain; must realize that the dry sand of her river 
beds and wide arroyos is but protection for hidden streams which, 
creeping unseen to the sea, impart life-giving moisture to plants 
whose roots extend deep below the ground surface. 

In our efforts to determine the characteristics, relationships, and 
economic value of plants, the roots, as well as the tops, are giv
en serious consideration. Although of equal or greater interest 
and importance, the roots of plants have received less attention 
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by the investigator than the more easily observed above-ground 
parts - the trunk, leaves and fruit. You have seen today something 
of our attempts to learn more about the growth and behavior of 
these structures. The information gained thus far from our experi
ments and observations indicates a very definite response of roots 
to moisture, drouth, temperature, and other factors, confirming the 
thought that they play a decisive role in plant adaptation, and sug
gesting further research in this field. 

Two general methods of plant growing are to be undertaken at the 
Arboretum - with irrigation and cultivation, and without either ir
rigation or cultivation. With the latter method we contemplate the 
introduction of plants of low water requirement which will main
tain themselves and reproduce under the natural conditions obtain
ing outside the main irrigated valleys. In this phase of our work, 
special attention is to be devoted to plants which may be used for 
such purposes as forage, soil binding, watershed protection, tim
ber, and firewood. Efforts in this direction logically involve ex
periments in propagation, seeding and transplanting as well as the 
more fundamental studies bearing upon drouth resistance. 

The work of the Arboretum is broader in scope than its name im
plies, which ordinarily is understood to refer only to woody plants, 
the trees and shrubs. In addition to the study of this class of plants, 
it includes the study of other plant types as well, such as grasses, 
the succulents (Cacti, Agaves, Yuccas, Mesemsbryanthemums, 
etc.) and herbaceous perennials. Since both the utilitarian and or
namental aspects of plants are considered, the Arboretum should in 
time contain living specimens of every species in the drier parts of 
the world which offers any promise whatsoever of usefulness- as, 
for example, food, forage, fiber, oil, rubber, tannin, dye, medicine, 
perfume, timber, firewood, shade, and ornamentation. In the ar
rangement of plantings, the botanical, geographical, and landscape 
relationships are taken into account, but adhered to only in so far 
as the specific characteristics of the plants and the more essential 

factors of local adaptation permit. The greater attention is given 
the plant as an individual, that it may have the fullest opportunity 
of development and response to climatic and soil environment. 

While our major activities are to be confined to the Arboretum 
grounds, additional experimental areas have been secured in other 
localities which provide different climatic and soil conditions. One 
such tract, with typical desert conditions, is located beyond the 
foothills on the level mesa. Others, through the cooperation of the 
Federal Forest Service, are located in the more heavily wooded 
Pinal Mountain Range, between the elevations of 4,500 and 7,500 feet. 
In this way, we are able to study plant acclimatization and adaptation 
under a very wide range of conditions, and to accommodate plants from 
almost every part of the world except the humid, tropical regions. 

Realizing the importance of concentrating upon the plant problems 
of this region from every source and angle, the Arboretum hopes 
to unite in effort with the other plant research institutions in the 
Southwest. It is particularly appropriate, and we desire especially, 
to cooperate with the institutions within the State. As you have 
observed today, the few years since the establishment of the Arbo
retum have been devoted largely to foundation planning- the con
struction of suitable buildings, installation of irrigation systems, 
building roads and trails, clearing tillable areas, and initiating es
sential plant investigations. It seemed fitting, therefore, at this stage 
of our development to invite your closer acquaintanceship with the 
work being planned and undertaken here. The helpful interest of 
friends of the institution, as expressed in part by your presence, 
and messages from others who were unable to join with us on this 
occasion, strengthen our endeavors and assures more successful 
accomplishment. We trust that the knowledge gained by these ef
forts may justify the faith and insure the realization of the vision 
and purpose of our founder in establishing, and providing for the 
perpetuation of, the Boyce Thompson Southwestern Arboretum. 

Dedication of the Smith Building, Boyce Thompson Arboretum, April, 1929 
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Shantz 

If the great physiographic divisions are exampled, the earth's sur
face is more distinctly marked by the vegetation cover than by 
any other feature. The land area of the world amounts to about 
52,000,000 square miles. Of this area, less than 25,000,000 square 
miles of forest and grassland are climatically suited to produce 
crops without irrigation. This more humid area may be divided 
on the basis of temperature into a tropical area covering about 
12,800,000 square miles and a temperate area covering about 
11,500,000 square miles. In this latter division, about 3,000,000 
square miles are grassland, 7,600,000 square miles are coniferous 
forest land, and 6,500,000 square miles are deciduous forest land. 
This deciduous forest land, the home of our race until less than a 
century ago, is located in western Europe, eastern Asia, and the 
eastern part of the United States. In this area are located, with few 
exceptions, that botanical gardens and arboreta of the world. Cli
matically, these gardens are adapted to grow plants from only one
eighth or less than twelve· percent of the land area of the world. 
Here are located such great botanical gardens as the Missouri Bo
tanical Garden, the new National Arboretum at Washington, the 
Brooklyn Botanic Garden and hundreds of lesser gardens in the 
United States. The great gardens of Europe, such as the Kew Gar
dens of London, the Gardens of Berlin and Paris and many other 
European cities, are all located in the deciduous forest area. The 
restricted natural environment of these great gardens is supple
mented by greenhouses in which many plants are grown under 
glass. Plants from the other seven-eighths of the world area are 
grown with great difficulty and often scarcely resemble the same 
species in its native habitat. In this deciduous forest area are con
centrated the botanical gardens of the world, and, while there are 
none too many gardens in this area, the proportion in other parts of 
the world is lamentably small. 

Half the land area of the world, or 26,000,000 square miles, char
acterized by desert savanna and desert shrubs, is too dry to produce 
ordinary crops and mesophytic plants without irrigation. This area 
is desert or semi-desert in character, where droughts are long and 
periods of rainfall short, where plants stand for months without 
water available for growth, and where water is the one and of
ten the only limiting factor. Known as a desert country, there are 
here found many of the most beautiful plants in all the world and 
certainly many of the most interesting. Plant growth in the des
ert is limited in quantity but not variety. Here only those plants 
which have developed every possible protective device of growth 
habit, morphological structure, and physiological adjustment can 
succeed. The extreme conditions are met by a thousand different 
adjustments. This in itself would make the flora of the desert more 
interesting than any other type. 

D d . . 17 e zcatzon 
Realizing that half of the world's vegetation is of this type, the 
potentialities of such an arboretum we are dedicating today be
come evident. Here can be grown the plants of our own Southwest, 
much of Mexico, the desert regions of Chile and Patagonia, the 
Great Sandy, the Gibson, the great Victoria deserts of Australia, 
the Namib, the Big and Little Karroo, the Karroo Plateau and the 
Kalahari, the Sahara, the Libian Desert, the Nubian Desert, So
mali Land, East African Deserts and the Deserts of Arabia, Persia, 
Turkestan, East Turkestan, and Mongolia. Here can be grown the 
wonderful varied forms of Cactaceae, a succulent group which 
is naturally at home in this section. Here also can be grown the 
equally interesting and varied Euphorbiaceae. A collection of each 
of these groups would be a notable achievement and probably no 
garden could be better located for this purpose. The Mesembryan
themums of South Africa would rank second in interest to no other 
group. Here could be collected most of the Acacias, of Africa, 
Asia, Australia, and America, a wonderful group judged either as 
ornamental, or as trees productive of gums, tannin, wood and for
age; the Combretums, equally interesting and hardly known in our 
plantings; great groups such as the Yuccas, Agaves, Aloes, Cotyle
dons and the various other succulents, not to mention the wealth 
of shrubbery and bulbous plants limited only to this dry country. 
Probably more species can be grown here at this Arboretum under 
natural conditions than under the same conditions in all of the gar
dens of eastern United States and Europe. 

With the addition of a little irrigation, the scope may be extend
ed over another 1,200,000 square miles of sclerophyll forest and 
brushland, the Mediterranean flora, the Cape flora, areas in Chile 
and Australia, and the southwestern part of the United States. The 
potentialities are entirely beyond the possibilities of realization, 
even if the Arboretum had limitless funds, but it may and should 
become one of the world's most noted gardens, for the physical 
plant is here, and the areas of exploration are great and interesting. 
Compare this opportunity with that afforded by the other arboreta 
of the world and realize that the area to be drawn upon is at least 
four times as great, the number of species probably far greater, and 
the extremes of adjustment and variety of form many times as great 
as any found in the humid climates. On a small area of the earth's 
surface, 6,500,000 square miles, we have concentrated most of our 
botanical and horticultural efforts, while half the world's area has 
been entirely neglected. It is from this on half of the world's area 
that we can draw plants for this Arboretum. 

To Colonel Thompson belongs the distinction of having first met 
this need and appreciated this great opportunity, of having been 
the first to set aside and area for the collection and study of the 
plants which have morphologically and physiologically made the 
adjustments to extreme conditions. Surely no greater opportunity 
ever fell to the lot of any man. This Arboretum, wisely adminis
tered and adequately endowed, can contribute to the solution of 
the problems of the desert plants and to better understand their 
morphology and physiology. It should become a great center for 
the study of desert plants and desert problems from both the scien
tific and the practical sides. We have here an institution that will be 
visited and utilized by people all over the world. The opportunity 
is a great one, and the establishment of the Arboretum may well 
become one of the most important and worthwhile adventures in 
plant work undertaken during the last century. 
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Abstract 
Helianthemum lippii (L.) Dum. Cours. is a perennial shrubby plant 
10-45 em tall that belongs to the family Cistaceae. The effects 
of pretreatments on germination of Helianthemum lippii provide 
information regarding germination requirements of this species, 
which could be used for conservation studies. Five different pre
treatment were applied to enhance seed germination. Scarification 
followed by germination at 6 different constant temperatures (10, 
15, 20, 25, 30 and 35°C) with continuous light or dark, Scarifica
tion followed by GA

3 
soaking (100, 250,500,750 and 1000 ppm), 

Heat and moist stratification (only intact seeds), KN0
3 

and H
3
B0

3 

soaking (only intact seeds). The results obtained from this study in
dicate that germination in H. lippii was promoted by scarification. 
Scarification of seeds resulted in high germination while increas
ing germination temperature (35°C) decreased the germination of 
scarified seeds. Exposure to light and dark had no effect on ger
mination. Heat stratification, cold stratification, KN0

3 
and H

3
B0

3 

treatments were ineffective in increasing germination of H.lippii 
seeds. Scarification yielded maximum germination without soak-

ing in GA3' It increased the germination of Helianthemum lippii 
seeds from 1 to 99%. Increase in GA

3 
concentration decreased the 

germination of this species. Scarification succeeded in breaking 
dormancy of H.lippii seeds suggesting that this species exhibits 
seed coat dormancy and in nature it may happen due to the abrasion 
of seed coat by sand particles or other biotic and abiotic factors. 
Keywords: Germination, scarification, dormancy, conservation, 
biotic, abiotic factors. 

Introduction 
The vegetation of Kuwait is under severe pressure due to mul
tiple interacting factors such as overgrazing, uprooting of woody 
shrubs, increased recreation, gravel quarrying, environmental fac
tors and natural processes. Additionally, the Gulf War increased 
the constraints and pressures on the desert ecosystem (Omar et 
al. 2000). Helianthemum lippii (L.) Dum. Cours. is distributed in 
small patches in northern central and southern part of Kuwait. He
lianthemum lippii is confined to the extreme desert, such as the 
southern Negev and the Arava Valley, where mean annual rainfall 
is less than 70 mm and the vegetation is restricted to wadis. The 
plant is between 10 and 45 em high with white stems (Fig. 1 ). 
Seeds are very tiny and brown in color (Fig. 2). Seeds of Helian
themum lippii mature during April and May and are dispersed dur
ing summer by wind. Seeds of different plant species have been 
found to require different conditions for germination. These condi
tions enable them to germinate in the right period of the right sea
son, and in the right place, and to survive in extremely hot deserts 
with completely unpredictable dates and distribution of rainfall 
(Gutterman, 1993). Omar et al. (2000) stated those desert truffles 
such as Tirmania and Terfezia are associated with the roots of He
lianthemum lippii. In Saudi Arabia, Helianthemum lippii and He
lianthemum ledifolium are the main host plant associates for desert 
truffles (Bokhary 1987). In the past, AI Dubdibah the southwest 
part of Kuwait was full of the desert truffle (Tirmania and Terfezia) 
locally known as Fuq'a or Kamaa. They are believed to be associ
ated with Helianthemum lippii, which was common in the area. 
However, Fuq'a cannot be seen nowadays due to land degradation 
problems in the area (Omar et al. 2000). Helianthemum lippii has 
high potential for use in conservation practices. 

Figure 1. Helianthemum lippii 
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Figure 2. Helianthemum lippii seeds 

Propagation from seeds is the most common method in many 
range plants. However many range plants have dormancy and vari
ous methods are used to overcome dormancy. Baskin and Baskin 
(1998) stated that dormancy is widespread among desert shrubs, 
with only a few species having non-dormant seeds. Scarification 
enhanced germination of many range species. Thanos et al. (1992) 
stated that seed coat hardness and impermeability to water might be 
the most important causes of the dormancy present in several spe
cies of Cistaceae. The germination studies in native desert plants 
are the preliminary step in its conservation and also for revegeta
tion program. This study was therefore designed to determine the 
effects of seed treatments on germination of H. lippii, seeds. The 
results of this research will help in the establishment of a protocol 
for seed multiplication of Helianthemum lippii to enhance the ser
vices of the desert ecosystems in Kuwait. 

Materials and Methods 
Environmental Conditions of Kuwait 
Kuwait is a small arid country extending between latitudes 
28° 33'and 30° 05' N and longitudes 46° 33' and 48° 30' E in the 
northeastern part of the Arabian Peninsula. It has a surface area 
of 17,818 km2 covering the mainland and a number of offshore 
islands. Summer is hot and the temperature rises up to 51 oc with 
very low humidity. Winter is cool and the average temperature 
stays around 13°C with maximum 23°C. The rainfall is minimal, 
averaging about 115 mm y 1 (fluctuates between 25 and 250 mm), 
but evaporation is very high, ranging from 3.1 to 21.6 mm d-1

• 

Rainfall occurs anytime between mid October and late April. Soil 
of Kuwait is mostly sandy in texture, has a high infiltration rate 
and is calcareous in nature (Omar et al. 2000). Underground water 
resources are limited and brackish in nature with total dissolved 
solids (TDS) concentrations ranging from 3.0 to 10.0 g L-1

• 

Seed Collection 
Helianthemum lippii seeds were handpicked from natural range
land population in Sulaibiya, (N 29° 8' 42.3"; E 47° 40' 59.2") 
southern part of Kuwait (Fig. 3) during April2004. The fully dried 
seeds were collected, manually cleaned, and stored at room tem
perature (22±3°C and 30-40% RH). After 4 months under labora
tory conditions the germination rates were determined. 

Seed Treatments 
Germination Conditions 
Germination experiments were conducted in 9cm diameter dispos
able petri dishes lined with Whatmann filter paper. The filter paper 
was moistened with distilled water. Four replicates of 25 seeds 
were used for each treatment. Germination was recorded everyday 
and the seeds were considered germinated when the radicle pro
truded to the length of 2mm. 
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Figure 3. Location of Kuwait, the seed collection site and the major types of vegetation in Kuwait 
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Control- Intact seeds receiving no treatment 
Scarification - Intact seeds were scarified using sandpaper. 
Temperature and light - Intact seeds and scarified seeds 
were exposed to different combinations of temperature 
(10, 15, 20, 25, 30, and 35°C), light and dark. Darkness 
was obtained by wrapping the petri dishes with 2 layers 
of aluminium foil. 
Heat and moisture stratification - Intact seeds were ex
posed to periods of time at 50°C and different moisture 
levels at (4°C). 
KN0

3
- Intact seeds were soaked in different concentra

tions of potassium nitrate. 
H

3
B0

3
- Intact seeds were soaked in different concentra

tions of Boric acid. 
GA

3 
- Scarified seeds were soaked in different 

concentrations of Gibberellic acid. 

Statistical analysis 
The data analysis was conducted by using R 2.2.1 statistical pro
gram. The standard error of mean and the level of significance 
were obtained by analysis of variance (ANOVA). All reported 
values were used to determine if the difference were significant 
among treatments. 

Results 
Effect of Scarification, Light and Temperature 
In Helianthemum lippii light did not influence seed germination 
and did not present significant interactions with any of the other 
variance factors, temperature or pre germinative treatments (Fig. 
4). Temperature significantly affected seed germination (P<0.001). 
Increase in temperature (35°C) decreased the germination of con
trol and mechanically scarified seeds. At 35°C, irrespective oflight 
conditions seed germination of intact seeds reached its lowest 
values (>3%). Scarification significantly promoted germination 
(P<0.001) and the seeds germinated faster within 24 hours and 
reached the maximum germination. The final germination percent
age of the control seeds (without any pretreatment) ranged from 
1-13%. In intact seeds no significant difference in germination was 
found among the light and dark treatment. However the incubation 
temperatures significantly affected the final germination of scari
fied and intact seeds. 

Effect of Heat and Cold Stratification treatment 
Heat and cold stratification treatments had no significant effect on 
germination (Fig. 5). When comparing the germination percentag
es of control with 75 days heat stratified seeds there was no signifi
cant difference (P = 0.49). Germination of 10, 20, 30, 40, 60, 100 
and 160 days heat stratified seeds were significantly lower than the 
control (1 0 days (P = 0. 78), 20 days ( P = 0.58), 30 days ( P = 0. 77), 
40 days ( P = 0.12 ), 60 days ( P = 0.57 ), 100 days (P = 0.56) and 
160 day ( P = 0. 79). Similarly cold stratification at 5°C for 10, 20, 
30, 50, 75, 100, 135, 150 days did not improve seed germination 
percentages ( P = 0.53, P = 0.17, P = 0.72, P = 1, P = 0.26, P = 0.16, 
P = 0.73 and P = 0.69). 

Effect of H
3
B0

3 
and KN0

3 
treatment 

After 24 hours soaking, percentages of seed germination at dif
ferent concentration of H

3
B0

3 
were summarized (Fig. 6). When 

comparing the germination of the control (without any treatment) 
with germination of 0.02, 0.04, 0.06, 0.08, 0.1 and 0.2% boric 

acid treatment there were no significant differences (0.02 (P=l), 
0.04 (P=0.52), 0.06 (P=0.74), 0.08 (P=0.72). In potassium nitrate 
treatment (Fig. 4) average germination percentage of 10% in 0.2% 
KN0

3 
(P<0.05) was higher than the 0.1, 0.3, 0.4 and 0.5% KN0

3 

(P = 1 ). (Fig. 7) 

Effect of Scarification and GA
3 

The germination experiment in Hlippii revealed that the manual 
scarification was the most effective treatment to promote germina
tion (P<O.OOl) and 90- 100% of germination was achieved after 1 
day. While in the same time the corresponding percentages for all 
other GA

3 
concentration immersed seeds ranged between 51% and 

93%. Increasing GA
3 

concentration significantly reduced (P<O.Ol) 
the germination percentage (Fig. 8). 

Discussion 
The effects of pretreatments on seed germination are given in Fig. 
4, 5, 6, 7, and 8 respectively. In Helianthemum lippii seeds the 
highest germination was obtained in manual scarification. Similar 
results were reported in H almeriense, H appeninum, H cinereum, 
H. hirtum and H squamatum (Perez-Garcia and Gonzalez-Benito, 
2006). Light and dark had no significant effect on germination per
centage. However the incubation temperatures significantly affect
ed the germination percentage of scarified and unscarified seeds. 
Seeds of many shrubs germinate equally well in light and darkness 
and those of some species germinate to higher percentage in dark
ness than in light (Baskin and Baskin 1998). The complete ineffec
tiveness of light on Cistaceae seed germination could be explained 
(Thanos and Georghiou 1988) by either a very low Pfr threshold 
level for phytochrome action (satisfied even under Far-Red light) 
or an inconspicuous level of phytochrome action (minimized by 
evolution). The lowest germination percentage of scarified seeds 
was obtained at the highest constant temperature (35°C). Agami 
and Gutterman (1987) observed similar result in H. vesicarium and 
H. ventosum. The germination of seeds in light and dark suggest
ing that they can germinate if they come slightly buried in the soil 
where water may be available. 

In Helianthemum lippii dry heat and moist chilling had a signifi
cantly negative effect on the germination. However some pretreat
ments (H

3
B0

3
, KN03) slightly increased germination percentage. 

In Helianthemum lippii heat treatment was not effective in increas
ing germination which agreed with results for other Helianthemum 
species. (Perez and Gonzalez 2006). Drake et al. (1998) reported 
only 9% of germination after weeks of cold pretreatment in Aster 
curtus. Stratification treatments were not effective in improving 
seed germination and this means that no physiological dormancy 
was involved. The boric acid treatment applied to the Helianthe
mum lippii seeds was not harmful to the seeds but did not signifi
cantly enhance germination compared to the control. A study of 
seed germination and growth of three populations of A triplex poly
carpa under greenhouse conditions using water cultures showed it 
to be very tolerant to high concentrations of boron in the growth 
medium. Germination was not affected by boron (Chatterton, 
1969). In Helianthemum lippii 0.2% KN0

3 
slightly increase the 

germination (10%). The International Seed Testing Association 
(1996) recommends 0.2% potassium nitrate (KN0

3
) as a chemical 

that may break physiological dormancy in some species, including 
grasses (Pons 1989). Potassium nitrate is believed to penetrate the 
embryo and stimulate metabolic activity (Bradbeer 1988). 
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The germination experiments revealed that the mechanical scari
fication was the most effective treatment to promote germination 
and 90-100% of germination was achieved within 24 hours inHe
lianthemum lippii. While in the same time the corresponding per
centages for all other GA

3 
concentrations immersed seeds ranged 

between 51% and 95%. GA
3 

at higher concentration (1 OOOppm) 
highly inhibited germination. GA

3 
in high concentrations could be 

turned toxic for permeable seeds. Scarification treatment signifi
cantly improved germination of Helianthemum lippii seeds over 
water control. In the absence of GA

3
, scarification yielded higher 

germination than controls. In previous studies seed dormancy of 
Helianthemum squamatum has been broken by mechanical scarifi
cation (Escuedero et al. 1997). The highest germination percentag
es were obtained with manual scarification. Mechanical scarifica
tion resulted in dramatic increases in germination when completed 
in less than 2 days. On the other hand, heat treatment lowered the 
germination rate to levels similar to those of control seeds. 

In conclusion Helianthemum lippii seeds have low germination 
rate due to hardness and impermeability of the seed coat. The re
sults of the present study showed that scarification was the most 
effective method in breaking the dormancy of Helianthemum lip
pii seeds used in this study. This sandpaper scarification has the 
advantage of requiring less time, however, small amounts of seeds 
must be handled during scarification. An alternative scarification 
method should be explored for this species for most restoration 
and propagation needs. 
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Huasco, 

The Atacama Desert of northern Chile is the world's second driest. 
Only the McMurdo Dry Valleys of Antarctica are drier. In terms of 
average annual precipitation, three cities, Arica (0.5mm), Iquique 
(0.6mm) and Antofagasta (1.7mm), share the distinction of being 
three of the four driest inhabited places on earth. However, in com
mon with the eastern part of the hyper-arid Arabian Desert, annual 
relative humidity is high, ranging from 74.42% atArica to 70.08% 
at Vallenar, a 20-hour drive south. As in the Namib Desert of South 
Africa, the proximity of a cold ocean cools the air year-round. Ab
solute historic minimums and maximums at Arica for example 
range between 8°C-31.3 °C, and the average annual temperature at 
Vallenar is 14.85°C (NOAA, 1961-90). 

The causes of this extreme aridity are well understood. The pres
ence of the stable Southern Pacific Subtropical Anticyclone results 
in near-permanent high pressure, and the high-altitude Pacific 
Walker Circulation brings dry easterly winds. The rain shadow ef
fect of the Andes on the east prevents the arrival of monsoon rain
fall from the Amazon, and the marine influence of the cold Hum
boldt Current on the west prevents precipitation from forming. The 
convergence of these four factors has resulted in a physical geog
raphy in which plants and animals, including fungi and insects, are 
absent over a large percentage of the total area of 140,000 square 
kilometers (approximately the size of the Mojave Desert ofNorth 
America). Even bacteria are rare. This is absolute desert, where the 
makeup and consistency of the soils are similar to those found on 
Mars (Navarro-Gonzalez et al. 2003). 

What has not been understood until recently is how long arid con
ditions have existed. Radiocarbon dating of fossil roots and leaf 
litter in now dry canyons indicates perennial flow and groundwa
ter recharge during the Pleistocene (16,380 to 13,740 years ago) 
as well as a mini-recharge event during the Medieval Climatic 
Anomaly or "Little Ice Age" (939-1309 AD) (Nester et al. 2008). 
A 45 ,000-year record of rodent middens ( vizcacha and 3 other spe
cies) shows a parallel increase in species richness and downhill 
encroachment of grasses consistent with wetter conditions during 
a similar period (16,200 to 10,500 years ago) (Latorre et al. 2002). 
Archeological evidence records a sudden abandonment of the area 
by humans shortly afterwards (9,000 years ago), presumably be
cause of a scarcity of resources (Dillehay 2002). 

But these relatively pluvial periods were just a blip on the radar 
in the grand scheme of things. University of Edinburgh geologists 
found dry river beds that apparently have not had surface flow for 
the last 120,000 years, and suggested hyperaridity has existed for 
20 million years (Dunai et al. 2005). Other lines of evidence have 
pushed the horizon of aridity and semi-aridity at least to the late 
Jurassic, making it the world's most ancient desert (Hartley et al. 2005). 

There are three perennial rivers which descend from the Andes, 
cross the narrow plain to the Pacific Ocean, and interrupt the Ata
cama. From north to south, they are the Loa, Copiap6 and Huasco. 
They are substantially oases, with more or less well-developed ri
parian plant communities and associated avian fauna, and the lat
ter two terminate as important coastal wetlands. There are other 
oases where underground aquifers reach the surface, as at Pica 
east of Iquique, and a few shallow sa/ares (salt lakes) of Pleisto
cene origin which may be occasionally replenished by runoff. But 
the influence of dense marine fogs along the coast, known locally 
as camanchaca in Chile and garua in Peru, have given rise to a 
unique botanical association, the Lomas Formations. These exist 
as islands of relative fertility sometimes called "meadows on the 
desert". 

The Lomas Formations have been mapped and well studied (Fig. 
1). At least 44 sites in central and southern Peru and 18 sites in 
northern Chile have been recognized (Dillon 2005, has pushed this 
number up to 1 00). Each site has the peculiarity that there exists 
a well-defined high coastal dune or ridge which forces the fog to 
rise and thus condense, making water available to adapted plants. 
Where there are gaps in the coastal uplift, hiatuses occur with no 
plant records. Such is the dependability of this water source that 
some coastal communities have invested in fog-harvesting sys
tems, which have allowed the development of small-scale agricul
ture (Canto Vera 1989). The river valleys serve as conduits for the 
fog, allowing the distinctive fog-adapted plants to penetrate as far 
as 30 and rarely 50 kilometers inland. 

A few of these sites have been protected by the respective govern
ments, but due to their unique ecological status, local ecologists 
strongly support further conservation. The limited Chilean exten
sion (less than 5,000 square kilometers) and fragile nature of the 
Lomas ecosystems makes them particularly sensitive to human im
pacts. The percentage of endemism in each is high, in some cases 
reaching over 60%. There are a total of 550 recorded species of 
vascular plants in 80 families (Dillon in preparation). 

Only Pan de Aztlcar in the northern sector ( 192 species), Llanos 
de Challe in the southern sector (206 species, each about 45,000 
hectares) and a few offshore islands have been designated National 
Parks. The estuary of the Rio Copiap6 and a section of coastline 
to the north including the Isla Grande de Atacama has been des
ignated a multi-use protected coastline, the AMCP-MU (121 sp~
cies). Other areas have been designated "priority sites" by CONAF 
and CO NAMA, the responsible government agencies (Squeo et al. 
2008). Time will tell whether this level of protection will prove 
significant. 

The actual extent of the Atacama Desert is somewhat controver
sial. Fixing the northern limit at the Peruvian border or even just 
south of Arica is congruous with the differences between the Pe
ruvian and Chilean floras on either side. Few species overlap to 
any great extent, so the Peruvian sector is usually considered as 
a southern extension of the Sechura Desert rather than a north
em continuation of the Atacama. At the eastern edge of the desert 
above about 1,500 meters elevation, summer rains increasingly 
fall, particularly between 2,400 and 3,600 meters. There are sub
Andean, high-Andean and tundra communities up to the maximum 
cold limit of vegetation at 4,300 meters (Villagran 2006). 
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South of Copiap6, which receives an average of 11mm per year, 
scarce but significant winter rainfall events occur. Beginning about 
40-50 kilometers south of Vallenar (31.6mm), some of the more 
xeric woody elements of the central Chilean matorral start occur
ring, at first mostly along dry washes. At the boundary of the III 
and IV Region grasses appear, so it can no longer be considered 
hyperarid. Sections of the coastal range, greatly influenced by the 
fog, can appear quite lush during the spring. But annual rainfall at 
La Serena on the Rio Elqui is still only 78.5mm, and 62 kilometers 
inland, far beyond the fog's influence, Vicuna is, by any definition, 
still a desert. 

Despite the dryness of the northern part, the El Nifio/La Nifia cycle 
can have a profound effect on the southern Atacama, producing 
the periodic "Desierto Florida" phenomenon. The last full-blown 
event occurred in 2002, but during the southern winter of 2008 
three rains fell, enough to produce a mini-event in at least five 
locations south of Copiap6. I chose the Fiestas Patrias (Indepen
dence Day) holiday in September, the southern vernal equinox, to 
make my first expedition to the Rio Huasco, following the river 
from west to east from its mouth to near the headwaters. In 2009 
I chose the same dates and followed the Rio Copiap6 from east to 
west, the coast north to Caldera and then back south to Huasco and 
the Rio Elqui. 

At 2,900 miles long (a footprint equivalent to the Pacific coast from 
the tip of Baja California to Juneau, Alaska in reverse) distances in 
Chile are vast. It is a 1 0-hour overnight bus trip from Santiago to 
Vallenar, the capital of the Huasco District, and another hour to the 
coast. Arriving at the port of Huasco before daybreak, I found it 
socked in with the customary dense morning fog. Typically the fog 
dispersed sometime between 1 and 3 pm and rolled back in again 
around 3 or 4 pm, so trying to time the break to take photos in full 
sun was challenging. 

The Huasco Lomas 
The Huasco site is the southernmost of the 60-odd Lomas Forma
tions. At the top of the nearby shale hills I found an incredible gar
den of fog plants, most of them in full bloom (Fig. 2). Large masses 
of Eulychnia breviflora up to 2 meters wide had flower buds (fore
ground, Fig. 2) while Echinopsis deserticola were already covered 
in showy white blooms (Fig. 3). Magnificent mounds of endemic 
Copiapoa malletiana, some with as many as 30 stems (Fig. 4), a 
few in bloom, occurred both on flat surfaces and in rock cracks. 
Single-stemmed Eriosyce villosa with ripe fruits mostly grew 
sheltered by other plants on ledges and in rock cracks, whereas 
multi-stemmed Eriosyce nap ina ssp. napina, a few also in bloom, 
grew in full sun. It was difficult to avoid stepping on small cactus 
plants and seedlings, which occur at a density of as many as 20 
or more per square meter (Fig. 5). Mats of ground-hugging "dog 
cholla"Tephrocactus and a few semi-erect, branching Tephrocac
tus tunicatus rounded out the cactus species. 

The most diverse family of the Chilean Lomas Formations is the 
Asteraceae with 65 species. N olanaceae, originally described as 
a distinct family, has now been definitively included as a mono
typic genus in Solanaceae (Dillon 2005), which leaves the latter as 
the second most diverse family with 56 mostly endemic species. 
Fabaceae ranks third with 35 species, and Cactaceae fourth with 
from 30-40 species, depending on the source. Boraginaceae with 
26 and Apiaceae with 17 follow as the fifth and sixth most impor
tant families (Dillon in preparation). 

Perhaps the plant which most dominates the visual landscape at 
this location is Oxalis gigantea ( "churco, " Oxalidaceae ), with 
striking erect branches to 1.5 meters, dense foliage and numer
ous yellow blooms (Fig. 6). This is one of the few edible Atacama 
plants. Non-succulentAsteraceae were represented by Chuquiraga 
acicularis, a compact spiny shrub with at least some blooms in 
evidence, as well as a few scattered daisies. Fabaceae in bloom 
included Adesmia confusa ( "varilla ") with interesting persistent 

Figure 2. Huasco Lomas, Eulychnia breviflora in foreground 
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Figure 3. Echinopsis deserticola in bloom 

Figure 4. Copiapoa malletiana, Cristaria in foreground. 

Figure 5. Density of small cactus 

Figure 6. Oxalis gigantea bloming 

hairy pods (Fig. 7) and Senna cummingii var. cummingii ( "alca
parra ''), with yellow blooms and both prostrate and erect forms 
(Fig. 37, different location). Bignoniaceae included the widely
occurring erect perennial Argylia radiata, known as "terciopelo" 
("velvet," in reference to the texture of the mostly yellow but oc
casionally red flowers) or "pat as de gallina, " ("chicken-feet," in 
reference to the leaves, Fig. 8). Among Solanaceae in bloom were 
two lovely nightshade species and a lone Lycium leiostemum, with 
hundreds of fragrant narrow drooping cream-colored flowers (Fig. 
9). There were at least two species of Crist aria (Malvaceae ), one 
seen in the foreground in Fig.4, and among the Convolvulace
ae, prostrate pale pink Convolvulus coquimbensis grew on flat 
ground 

Large meter-wide mats of Fagonia chilensis (Zygophyllaceae) 
covered with lovely pink blooms also grew in the open (Fig. 1 0). 
Frankenia chilensis ("salitre, " Frankeniaceae) is a dominant sub~ 

shrub here, but none were seen in bloom. Boraginaceae was repre
sented by several upright shrubby species to 1 meter tall, Heliotro
pium stenophyllum (''palo negro") and H. sinuatum with white 
blooms (seen in the center of Fig. 13), H. linearifolium without 
blooms and an unidentified one with yellow blooms. Skytnathus 
acutus ("cacho de cabra," Apocynaceae) with yellow blooms, 
grows to 3 meters wide in the open and is usually surrounded by 
last year's long, curling ram's hom seed pods (Fig. 11). A lone 
Ephedra gracilis (''pin go pingo, " Ephedraceae) grew on top of a 
boulder. 

For sheer biomass and variety of shapes and forms, the endemic 
genus Nolana stood out. Mounds of trailing succulent Nolana cras
sulifolia with cream-colored blooms created hanging gardens and 
desert meadows wherever cui-de-sacs caught the fog or narrow 
rock formations channelled it (Fig. 12-13). Other succulentNola
nas growing in drier, more exposed locations included N. sedifolia 
("sosa brava," "hierba de Ia lombriz'') with bead-like foliage and 
petite white flowers (Fig. 14) and N. salsoloides with pinkish-blue 
flowers. The most beautiful Nolana by far was N. rupicola, which 
starts growing as a small rosette on rock ledges and ends up as a 
showy compact multi-branched succulent with large pure white 
to bluish blooms (Fig. 15). There was one non-succulent Nolana 



28 
Desert Plants 

Figure 7. Adesmia confusa Figure 8. Argylia radiata bloom 

Figure 9. Lycium leiostemum blooms Figure 10. Fagonia chilensis blooms 

Figure 11. Skytnathus acutus blooms and seed pods Figure 12. Nolana crassulifolia blooms 
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Figure 13. Desert meadow of Nolana crassulifolia with with Heliotropium sinuatum in the center 

Figure 14. Copiapoa and Nolana sedifolia blooms Figure 15. Nolana rupicola blooms 
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here, represented by a few woody specimens with rosemary-like 
leaves and clusters of large showy blue flowers (Fig. 16). Succu
lent-leafed Tetragonia maritima ("aguanosa, "Aizoceae), a hand
some compact, erect shrub to 1 meter was also in full bloom (Fig. 
17). This plant also occurs widely in the interior away from the 
fog, but as a much-reduced mat. A pair of succulent Calandrinia 
species ("pat as de guanaco, " Portulacaceae ), C. scaposa and 
C. longiscapa were beginning to bloom both in the open and in 
rock pockets and cracks (Fig. 18-19). A bizarre succulent aster, 
Polyachyrus fuscus, with globose heads of tiny pale pink blooms 
and contorted water-storing leaves, thrived in both full sun and the 
shade of rock overhangs (Fig. 20). Mesembryanthemum crystal
/inurn (Mesembryanthemaceae) was blooming both on ledges and 
on the flats in full sun locations (Fig. 21 ). 

But the signature plants of the "blooming desert" are the geo
phytes, which remain dormant for years and then spectacularly 
emerge to cover the plains after rains. Two species predominated 
here, Alstroemeria philippii ("lily of the Incas," Amaryllidaceae, 
Fig. 22) and Leucocoryne coronata (Liliaceae, Fig. 23). 

The Lomas are the only locations in the southern Atacama aside 
from the river valleys where there exists a sufficiently rich and 
diverse habitat to support more than the occasional transient raptor 
or scavenger. Here there are enough insects to support a few liz
ards (Tropidurus spp.), a mouse (Phyllotis darwini), a diminutive 
fox (Pseudalopex griseus ), and the small passerine Geositta. The 
native bird list for Llanos de Challe National Park lists 50 species 
(Squeo et al. 2008), many of them seabirds, but during the begin
ning of winter when insect pupae hatch, a few migrant songbirds 
arrive. When the Lomas are in bloom, they are also visited by sev
eral species of hummingbirds. Sea mammals included sea lions 
(Otaria.flavescens) and sea otters (Lutrafelina). 

The Rio Huasco Valley 
Immediately upon leaving the coastal Lomas on the 50-kilometer 
return trip up the Huasco valley, the panorama changes quickly. 
Even though the fog persists until at least noon every day, the flat 
valley doesn't favor condensation, so the vegetation is small and 
evenly-spaced. Irrigation agriculture (principally olives and fruit 
trees) is practiced at the old haciendas of Atacama and Buena Es
peranza and in the vicinity of the old town ofFreirina. About 30-40 
kilometers inland, very little grows outside the narrow river valley 
except mounds of Copiapoa and Eulychnia. The small city ofVal
lenar, a shopping and transportation hub located where the Pan-American 
Highway crosses the Huasco, presents a dusty and desolate aspect. 

As in all Chilean towns, the first thing that strikes the visitor is the 
large number of stray dogs, almost universally friendly and appar
ently well-fed. Just after noon the fog suddenly vanished, the city 
was bathed in brilliant desert sunshine, and the bright orange Pal
lauta bus rolled up to the station, bound upriver. Most of the pas
sengers were students on spring break or people working in distant 
cities coming home for the holiday. Others were shoppers return
ing laden with supplies purchased in Vallenar. The road mostly fol
lows the river until the massive irrigation project of the Santa Jua
na Reservoir is reached (Fig. 24). Here the winding road is cut into 
the steep multi-hued mountainsides. According to the bus driver, 
a herd of guanacos which comes down from the dry mountains to 
drink can be seen from the road here in the evenings. 

53 kilometers beyond Vallenar at the town of Alto del Carmen, the 
Rio Huasco splits into its two main tributaries, the Rio del Tnin
sito and the Rio del Carmen. The Inca Empire maintained outposts 
here, but during colonial times, the Diaguita tribe was in control 
of the area, and to resolve conflicts the valleys were partitioned in 
1797 by the Spanish Crown. The El Carmen was allotted to the 
Spaniards and the El Tninsito to the Diaguitas. The former became 
known as the Valle de los Espafioles and the latter as the Valle de 
los Naturales. Today, notwithstanding continued settlement over 
time, there is still a significant indigenous presence along the El 
Tninsito, and the two valleys retain much of their frontier flavor. 

Mining is king in the Atacama, but the most famous product of the 
Huasco Valley is pisco. This 60-86 proof grape brandy originated 
in Peru, but most of the world's production now comes from the 
III and IV Regions of Chile. The essential ingredient is the pisco 
grape (varieties include Muscatel, Torontel and Pedro Jimenez), 
with a naturally higher sugar content which is intensified by keep
ing them a bit on the dry side. The Atacama, being temperate and 
practically rainless, has the ideal conditions for its cultivation. 
Large commercial operations typically fracture rocky hillsides 
with dynamite, place cylindrical bags filled with a mixture of soil 
and guano in holes, and plant the vines inside. Modem drip-irri
gation systems deliver a carefully calculated amount of water, and 
after about 10 years the exhausted and root-bound vines are typi
cally replaced (Fig. 25). 

Besides employment opportunities in growing and harvesting the 
grapes, many local residents work for large distillers like Capel in 
Alto del Carmen, or traditional small producers like Horc6n Que
mado in San Felix. The tradition of carefully crafting traditional 
alcoholic beverages at home is also widespread. The Valle de los 
Espafioles is famous for the naturally-fermented sweet wine pa
jarete, which is made in a cowhide noque. Stronger piscos and 
aguardientes of various proofs distilled in copper alambiques with 
jealously guarded family recipes include such legendary concoc
tions as sueno azul ("Blue Dream"). One finds them by asking 
around or simply by knocking on doors. 

The municipality of Alto del Carmen, founded by the Spanish as 
Huasco Alto in the XVII century, is the administrative capital of a 
far-flung area which embraces a total of 8-9,000 souls extending 
along the rivers to near the Argentine border. The colorful official 
website ostentatiously proclaims it a "tourist complex". Expecting 
holiday crowds, I had brought a sleeping bag in case there were 
no rooms available. To my surprise, there were only two other 
tourists in the entire town, a pair of father and son attorneys from 
Copiap6, Patricio Pinto Galleguillos, Jr. and Sr. We found comfort
able inexpensive lodging at El Meson del Valle and dined on deli
cious home cooking personally prepared by the manager, Norma 
Olmedo Salinas. 

Besides the 1830 adobe church on the main plaza and numerous 
examples of vernacular architecture, the Casona de Huasco Alto 
stands out. Functioning originally as the town hall, its various ad
ditions now showcase traditional building techniques. There are 
walls of quincha de barro (wattle and daub), window shades of 
tejidos de cana (woven river cane, Fig. 26) and roofs of techo de 
cana (a framework of poles and cane covered by a water-proof 
layer of cattails topped by clay, Fig. 27). 
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Figure 16. Nolana sp. blooms Figure 17. Tetragonia maritima blooms 

Figure 18. Succulent Calandrinia scaposa 

Figure 19. Semisucculent Calandrinia longiscapa 

Figure 20. Polyachyrus fuscus blooms 
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Figure 22. Alstroemeria philippi 

Figure 21. Mesembryanthemum crystallinum blooms 

Figure 23. Leucocoryne coronata and Alstroemeria 
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Figure 24. Santa Juana Reservoir 

Figure 25. Pisco vineyards La Marquesa 
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Figures 26 and 27. Casona de Huasco Alto 

The caretaker of this small museum-cum-art gallery, Felix Eva
risto Guerrero Cortes, ekes out a living selling art prints and bot
tling his own traditional brand of pisco. He also turned out to be 
the town historian and ethnobotanist, who quite naturally became 
my informant while exploring the area (Fig. 28). 

La Quebrada de Pie de Gallo 
Rugged "Rooster Foot Canyon", easily reached on foot from the 
town, proved to be an excellent location in which to botanize the 
middle Huasco. Reminiscent of similar canyons in my native Su
perstition Mountains of central Arizona, it has been protected from 
grazing by means of an improvised barrier near the mouth. Rain
fall in the southern Atacama is mainly a function of elevation, but 
plant density is largely governed by aspect. Steep rocky north and 
west-facing slopes may appear nearly barren, but south and east
facing slopes can support a substantial assemblage of tough xero
phytic and succulent perennials. Deep shady canyons can harbor 
subsurface water flows which support a limited number of riparian 
species and even a few ephemeral springs (Fig. 29). 

Figure 28. Felix Guerrero and author, Alto del Carmen 

Figure 29. Quebrada de Pie de Gallo 

The adjacent Monte Desert of Argentina's San Juan Province, the 
original homeland of the Diaguita people, shares some of the same 
woody elements with the Chilean flora. Acacia caven ( "espino," 
Fabaceae) is the most common small tree here as there, occurring 
widely on dry slopes and bajadas (Fig. 30). Other leguminous trees, 
Geoffroea decorticans ( "chanar"), Prosopis tamarugo and Nico
tiana glauca ("tree tobacco," Solanaceae) are widespread but less 
common. Surprisingly, the Chilean mesquite Prosopis chilensis, 
although famous in the landscape trade throughout the subtropics 
of the world, is rather uncommon in occurrence in Chile and is list
ed as endangered almost throughout the Huasco drainage (Squeo 
et al, 2008). It is found in the wild as far south as Santiago, but the 
much smaller Acacia is the preferred charcoal plant throughout the 
northern half of Chile. At this site P. chilensis was represented by 
a single specimen near the canyon mouth (Fig. 31 ). 

Plants of the dry slopes, many of them blooming, included the 
cacti Eulychnia and Eriosyce and the coastal species Ephedra, 
Heliotropium stenophyllum, Senna cummingii and Calandrinia 
longiscapa. New perennial species in bloom were Encelia cane
scens ( "coronilla de fraile, "Asteraceae ), Argemone hunnemannii 
( "cardo santo, "Papaveraceae ), and bright patches of diminutive 
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Figure 30. Acacia caven in bloom 
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Figure 31. Quebrada de Pie de Gallo Prosopis chilensis 

yellow Cruckshanksia pumila ( "rosita del campo, " Rubiaceae) 
(Fig. 32). In the canyon bottom and among the boulders, I found a 
few blooms on Adesmia argentea, but none of the edible peanut
like fruits on Balsamocarpon brevifolium ( "algarobilla, " Fabace
ae ). Fragrant Aloysia salvii (Verbenaceae) was in full bloom. 

Species growing along the dry channel which were not yet in 
bloom included Krameria cis to idea (''pacul, "Krameriaceae) with 
spiny globular fruits and a single edible seed, Proustia ilicifolia 
( "tola, "Asteraceae) and Cordia decandra ( "carboncillo, "Borag
inaceae). There were also some invasive Ricinus comunis, thick
ets of perhaps intentionally introduced Arundo donax ("carrizo" 
cane) and a few patches of what were apparently Typha domiguen
sis ("cattails"), cut to the ground and harvested for roofing materi-

als. Although I climbed perilously high into the canyon and up 
onto the rocky slopes, I didn't find any of the native Salvia tubi
flora (Lamiaceae) that Felix had told me was growing higher up in 
shady locations. When I asked him about it later, he admitted he 
had already harvested all he had found for medicinal use. 

The Upper Valley of the Rio del Transito 
Bright and early on Independence Day I again boarded the Pal
lauta bus for the long journey to the Juntas de Valeriano near the 
Argentine border. Most of the road is narrow and unpaved and the 
bus was crowded, but the passengers were all dressed up and in a 
festive mood. We stopped at the depot or main plaza of every tiny 
little dot of a town along the way, and the colorful Cretaceous sedi
ments and high mountain scenery were breathtaking. Little places 
with names like Chiguinto, Chanchoquin, El Tninsito, Chollay 
and Conay, all decorated for the biggest holiday of the year, were 
seemingly lost in time. 

At Conay the Rio del Transito splits into its two main tributar
ies, the Rio Chollay and Rio Conay. Around mid-afternoon near 
Malaguin, the driver turned the bus around, parked it in the road
way, and went into a house for a drink of pisco and a siesta. The 
Rio Conay was on one side and a long, steep hillside of weathered 
granite was on the other. This is the end of the desert. From where 
I stood the west-facing slope beyond the river looked desolate and 
lifeless, but on the lower parts of the near east-facing slope the 
plant density was fairly high (Fig. 33). 

Several key species were familiar from the previous site, but the 
dominant plants at this location were the compact, leafless Euphor
bia aphylla (Euphorbiaceae ), just beginning to bloom, and three or 
more species of Adesmia, A. parviflora, A. argyrophylla and A. 
eremophila (Fabaceae ). A common shrub at this location with dark 
green reduced leaves, Phrodus microphyllus (Solanaceae), was 
liberally festooned with long, cream-colored drooping trumpet
shaped blooms (Fig. 34). It is quite rare, apparently found only 
here along the banks of the Rio Conay between 1,800 and 1,950 
meters elevation. Heliotropium chenopodiaceum (Boraginaceae), 
was likewise covered with curved cymes of petite white blooms 
(Fig. 35). Near the bottom of the slope I found a group of Lycium 
minutifolium. Although several grass species are recorded as oc
curring in the Atacama, nowhere in my travels did I find any. The 
most common grass is Stipa frigidum, reportedly found only at the 
higher, wetter elevations (Villagnin, 2006) . 

The trip back down the valley, being downhill, goes much more 
quickly. At one bend in the road, the driver pointed out the location 
of the Barrick-Swain gold project (know as Pascua Lama), high up 
on the snow-crested skyline (p. 40, top). This controversial project, 
7 5% in Chile and 25% in Argentina, has been years in preparation, 
and is seemingly opposed by every resident of the valley. But in a 
country where mining is and has always been king, this Canadian 
venture has proved to be unstoppable. At last report, the company 
had agreed not to disturb the three glaciers that overlay the ore 
deposit and to employ scientists to carefully monitor them. Local 
residents are unconvinced, believing that the project will inevita
bly end up reducing the flow or polluting the pristine rivers upon 
which they depend for their livelihoods. Fearing the destruction of 
their way oflife, they have painted anti-Barrick slogans on houses, 
fences, walls and rocks throughout the valley. 
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Figure 32. Quebrada de Pie de Gallo dry slope 

Figure 33. East slope Rio Conay near Malaguin 



Petrie Chile 37 

Figure 34. Phrodus microphyllus Rio Conay 

Figure 35. Heliotropium chenopodiaceum 
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That night I was invited by a group of Chilean students to attend 
a "real" Independence Day fiesta in the village of La Marquesa. A 
local band played Mexican nortefzos and corridos while the locals 
danced the traditional cueca until daylight. The national food of 
Chile is the completo, nothing more than a humble hot dog smoth
ered with diced tomatoes, avocado and mayonnaise. But the na
tional passion is empanadas, almost indistinguishable from the 
Australian pastie. We ate great plates of them washed down with 
bottles of red wine. Towards dawn we were invited to stay at the 
nearby residence of one of the village's leading citizens, and were 
provided with comfortable rooms at no cost. 

The Upper Valley of the Rio del Carmen 
A strong earthquake, which shook the walls and sounded like a 
7 4 7 taking off, rudely woke us the next morning. After catching a 
ride back to my inn for breakfast, my lawyer acquaintances from 
Copiap6 offered to take me in their pickup truck as far as Piedras 
Juntas, which had been my goal, but said they had some stops to 
make along the way. I accepted, and we were soon traveling up the 
Old Spanish Road through La Vega, Retamo and La Crucecita. We 
stopped in San Felix to take care of some business, then continued 
on to near La Higuerita to locate the best pajarete and aguardiente 
maker in the valley. 

Finding him at home, he took us around back into his distillery 
and showed off his wares. After much tasting and some negotia
tion, we each left satisfied with a collection of bottles of various 
proofs, then continued on to the trailhead of the Sendero de Chile. 
This was a pilot project, the first segment of what is planned to 
be a national trail system. To date there are 36 discontinuous seg
ments totaling almost 1,500 kilometers. Over the next 30 years, 
infrastructure and tourist services are planned for the entire 8,500 
kilometer length. My companions intended to hike to the top of 
the first ridge to take a look beyond and return. I intended to bota
nize the area, and began by walking up a knife-edge ridge which 
dropped off into a sheer abyss to my right. 

This was one of the locations which had received rain, and some 
woody shrubs and perennials were in bloom. But at this elevation 
the promised carpet of flowers which would soon result in the De
sierto Florido (here mostly Calandrinia) were still only seedlings. 
I was a few weeks early, but made the best of it, adding a few 
more species to my catalogue of photos. The dominant shrub at 
this location is Bulnesia chi! ens is (Zygophyllaceae) which seldom 
exceeds 1 meter on dry north-facing slopes, but can attain the stat
ure of a small tree if growing in a more propitious location (p. 40, 
bottom). Most plants were covered with young fruits. A fragrant 
white-flowered Buddleja sp. (Marrubiaceae) under a meter tall, 
was another common shrub on the lower part of the slope. Here 
and there, splashes of yellow blooms included green-leafed forms 
of the ubiquitous Encelia canescens (Fig. 36), Senna cummingii 
(Fig. 3 7), prostrate Senna brongniartii, and Cruckshanksia pumila. 
There were numerous individuals of a lovely diminutive multi
stemmed Eriosyce, the only cactus growing at this site. 

High up on the shaly scree I could see some darker mounds which 
were apparently the highest plants on the slope~ With some dif
ficulty I scrambled up and found them to be Aristolochia chilensis 
("ore} a de zorro, " Aristolochiaceae ). The common name "fox 
ear" is amply descriptive, and I was rewarded by the appearance 

Figure 36. Encelia canescens blooming 

Figure 37. Senna cummingi blooming with Eriosyce 

Figure 38. Aristolochia chilensis bloom 
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of several large maroon-colored blooms on the largest plant, which 
sprawled to about a half-meter wide (Fig. 38). The Atacama is also 
home to the large yellow-flowering Aristolochia pearsei, which I 
was not lucky enough to see. 

Riparian Community of the Huasco Valley 
On my last morning in Alto del Carmen I walked the 6 kilometers 
of the original Old Spanish Road to the community ofRetamo and 
back. The valley of the Rio del Carmen is broad at this elevation, 
and an important resource for many species of birds. Since the 
paved highway has long since bypassed this section, and most of 
the human population was at home recovering from the fourth day 
of the fiesta, I was lucky enough to be the sole traveler on the road. 
South America was isolated as an island after the breakup of Gond
wanaland. Due to periodic extinctions, and with no mainland to 
allow repopulation, there is a paucity of terrestrial animal species. 
The lack of carnivores may explain why two-thirds of the world's 
surviving camel species (llama, guanaco, vicuna and alpaca) and 
the world's largest rodents (capybara and mara, the "Patagonian 
hare") are found only here. It may also explain the amazing diver
sity and profusion of birds. South America is home to one-third of 
all known bird species, and the bird lists of Colombia, Peru and 
Bolivia are the world's longest, each topping 1,700. 

Raucous queltehues loudly announced my intrusion, and several 
species of native ducks, egrets and herons fled nervously at my ap
proach. Doves and caracaras on the other hand, intent upon their 
mating rituals, ignored me until I had inadvertently passed too 
close to a nest. A caracara unexpectedly dive-bombed my head, 
and I almost threw my back out jumping out of its way. Typical 
native riparian species besides Prosopis chilensis and P. tamarugo 
included Salix humboldtiana, Schinus aareira, Acacia macrantha 
and Caesalpinia tinctoria. I discovered that my last pair of batter
ies was dead, and it being Sunday and a holiday, I was out of luck 
and missed getting any bird photos. 

Small landholders along the river grow avocados, almonds, peach
es and other fruit trees and keep a few pigs, cows, goats and of 
course horses. As in Argentina, many city-dwellers ride horses 
on the weekend for pleasure, but in rural Chile saddle horses and 
horse-drawn carts are still a viable means of transportation. I passed 
more than a few freshly-turned bean fields, and one bare-chested 
fellow was out plowing the dry soil with a rusty mold-board plow 
hitched to a big white mule. It looked identical to the one my great
uncle had used on his homestead in Chino Valley, Arizona in the 
1930's and 40's. 

I shouted out a greeting, and instead of shouting back, he dropped 
the reins and walked on down to the fence to get a look at the grin
go stranger. We passed the time of day, but inevitably the conver
sation turned to the Pascua Lama project and the uncertain future 
that lay ahead for this once lonesome valley. After a bit we both 
fell silent, and just stood looking around at the desolate mountains. 
The only audible sounds were the birds and the river. 
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Rio Chollay looking toward Argentina and Pascua Lama site 

Bulnesia chilensis small tree above upper Rio del Carmen 


