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Desert Plants
A journal devoted to broadening knowledge of  plants 
indigenous or adapted to arid and sub-arid regions and 
to encouraging the appreciation of  these plants.

In our last issue, I asked our readers what they would like and 
if  we should change anything about Desert Plants.  The only real 
feedback we received was to keep the issues coming.  

We hope you enjoyed A Guide to North American Grasslands by 
David E. Brown and Elizabeth Makings.  Although single topic 
issues gives us and the authors a chance to explore a subject more 
in depth, the diversity of  our audience compels us to also have 
issues, such as this one, that target a wider spectrum of  topics.  
We do have some single topic issues on the horizon, such as the 
25-year field evaluation of  various exotic tree species at the Mesa 
Agricultural Center in Yuma, Arizona, and another issue dedi-
cated to a Flora of  the Vascular Plants of  the Ironwood Forest 
National Monument in Pima and Pinal Counties, Arizona.  

I think we have done a good job with this issue in covering a 
broad range of  topics.  Typically, we try to maintain a balance 
between Arizona and international articles, technical and non-
technical articles.   

This issue is rather timely on a couple of  topics.  The article on 
the 5-year Arizona Hedgehog (Echinocereus triglochidiatus var. 
arizonicus) salvage project served as the basis for Boyce Thomp-
son Arboretum to receive an additional 5-year grant from the 
Arizona Department of  Transportation to rescue more Arizona 
hedgehogs from the wild.  The aim of  this grant is not only to im-
prove upon the survival rate of  plant rescue, but supply definitive 
information on methods of  salvage, transplantation, and modes 
of  reproduction and growth.  So, a follow up article may be in the 
distant horizon.

Pollinators, especially bees, and their importance to plants has 
been in the news of  late.   The article on the role of  floral scent 

in host detection for a solitary specialist bee shows that it is much 
more involved and fascinating than one might get from your local 
news.  Olivia Messinger’s visit to Boyce Thompson Arboretum 
back in 2011 was quite serendipitous.   She wrote, “I saw a sign for 
the Arboretum and stopped on a whim, deciding to take a break 
just so that I could look at some beautiful flowers and enjoy some 
shade.  I was amazed to find a spectacular collection of  cactus 
specimens, all in bloom!  Many were rare species that I had writ-
ten off  as never finding, and thus never including for my disser-
tation research.”  We hope this article may encourage additional 
research at botanic gardens and arboreta around the world.  

Seed banking has also been newsworthy.  The genus treatment 
from Legumes of  Arizona is to show the importance not only of  
saving germplasm for future generations but documenting the 
knowledge we have on those species.  Without this knowledge, 
the utility of  the seeds saved may be zero.  This knowledge in-
cludes not only scientific but historic and cultural knowledge as 
well.

Our international selection may be quite topical as well.  Ian 
Oliver’s trials and tribulations in creating an arid land garden from 
scratch is fascinating not only from the effort but the plants them-
selves.  As Boyce Thompson Arboretum is planning to move an 
established garden of  approximately 6,000 plants to its grounds 
over the next 3 years, I am sure we will refer to it often.  It may 
provide insight or inspiration for smaller projects as well. 
I hope you enjoy this issue and look forward to hearing any ques-
tions or comments you might have. Please send your comments 
to Desert Plants, 37615 E US Highway 60, Superior, Arizona 
85173 or DesertPlants@cals.arizona.edu.
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The Boyce Thompson Arboretum manages to balance a 
hands-on laboratory for the scientifically inclined with an 
aesthetic studio for admirers of  the beauty inherent to the 
natural world.  On any given spring day at the Arboretum, legu-
minous bushes present flowers with wings, banner, and keel 
carefully folded around troves of  pollen.  Narrow Penstemon 
flowers coyly curl fused petals around heart-shaped anthers and 
copious drops of  nectar.  Easter Cacti (like Echinopsis candicans), 
demurely drooped during daylight hours, are boldly unfurled 
and ethereally white at night when moths and bats might peruse 
the gardens. Boyce Thompson Arboretum displays the spec-
tacular beauty of  flowers, a mosaic of  delicate orange and red-
hued blossoms contrasted with a palette of  blues and purples, 
while simultaneously preserving botanical rarities and varieties 
scientists might otherwise have to leave the country to observe. 

The amazing diversity of  colors seen among the flowering 
plants at Boyce Thompson Arboretum are in large part a mani-
festation of  a flower’s need to advertise to potential pollina-
tors.  Pollinators learn to associate flower color, shape, and size 
with pollen and nectar rewards (Dafni, 1992) and, as they move 
between conspecific plants, induce fertilization.  In addition 
to the vibrant and obvious colors and shapes that flowers use 
to attract bees, there is the more subtle attractant that is floral 

scent.  Though oft-noted by those who enjoy flowers, floral 
scent is one of  the least studied aspects of  pollination ecology, 
and the specifics of  its role in attracting pollinators are not well 
understood (Raguso, 2008).  

Bees are one of  the primary pollinators of  flowering plants, 
responsible for seed-set in the majority of  wild flowers in 
temperate regions, as well as for many agriculturally impor-
tant plants (Axelrod, 1960, Ricklefs and Renner, 1994, Klein 
et al., 2007).  Nearly all of  the flowers on display at the Boyce 
Thompson Arboretum are visited by one to many of  a wide 
array of  bee species.  

Worldwide there are over 20,000 species of  bees; here in 
the U.S. there are nearly 4,000 species, and in Arizona, where 
the Boyce Thompson Arboretum resides, there are over 1,000 
species (Ascher and Pickering, 2013).  These bees are as diverse 
in form and color as the flowers they visit. Blonde Perdita are 
only a few millimeters from antennae to sting.  In contrast are 
tar black Xylocopa, looking and sounding like miniature helicop-
ters.  In between are jeweled gems like Osmia, some of  which 
are emerald green or bright metallic blue. Nomada are red and 
yellow striped. Diadasia look just like flying fuzzy bears.  Eucera 
have antenna that stretch the length of  their bodies.  And there 
are of  course the well-known honey bees and bumblebees.  As 
well-known as they are, they make up less than 1% of  all bee 
species, and their life history is hardly representative of  bees at 
large.  

Most bees are solitary, not social like honeybees and bumble-
bees.  For solitary bees, there is no queen bee, there are no 
workers, and though there are of  course male bees, there are 
no drones.  There is therefore no division of  labor between 
hive members for solitary bees (for there is no hive).  Instead, 
each female builds her own nest which she provisions with 
pollen and nectar that she collects to provide for eggs that she 
lays.   What’s more, most bee nests are dug in the ground (Cane, 
1991), though they are also commonly found inside the pithy 
stems of  twigs and dead wood (Westrich, 1996).  Some are mud 
constructs cobbled together with rocks and plastered to the 
side of  some vertical surface (Kuhlmann and Timmermann, 
2009).  Half  a dozen to several dozen eggs are laid in each nest, 
but each one gets its own nest cell (nursery) and its own “loaf ” 
of  pollen.  Nest cells are separated from each other by care-
fully constructed partitions built by the female.  These nests 
are often elaborately prepared before eggs are laid inside.  For 
example, Colletes species “paint” the walls, using their specially 
flattened tongues, with a sort of  cellophane that makes the nest 
waterproof  (Hefetz et al., 1979).  Some species collect flower 
petals or leaves and wall-paper the insides of  their nests, wrap-
ping each egg in an envelope of  herbaceous material.  Still other 
species scrape the pubescence off  of  plant leaves and line the 
insides of  their nest with this soft material.
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Bees rely on flowers for all their nutritional needs; they drink 
nectar for their own energy and carry both nectar and pollen 
back to the nest.  Pollen is collected from flowers and packed 
into special hairs (called scopa) on their legs or abdomen for 
transport back to their nests.  The pollen is there removed, 
mixed with nectar and left for the larvae to find when it hatches 
from its egg.  Pollen is energy-rich, and contains many amino 
acids and other “essential nutrients” needed for proper larval 
development (Roulston and Cane, 2000).  Without flowers, 
bees would be… well, wasps. 

Many bees are floral specialists (called oligoleges); they 
collect pollen from only certain flowering plants (Linsley and 
MacSwain 1958, Linsley 1961) for provisioning nest cells.  
This specialization persists between non-overlapping genera-
tions, and throughout the geographic range of  the bee.  While 
specialist bees usually forage from a range of  closely related 
plant species (called hosts), the breadth of  this specialization 
varies between species.  For example, several bees specialize on 
species in the genus Sphaeralcea (globe mallows).  Other species 
are more broadly oligolectic, visiting only genera in Malvaceae 
(e.g., Sphaeralcea, Malacothamnus, and Sidalcea).  Still other species 
are known as “eclectic oligoleges”; they visit only a select few 
plants, but these plants are not closely related.  Osmia ribifloris 
for example, visits only Cercis, Berberis, and Arctostaphylos, three 
genera in three different plant families (Fabaceae, Berberida-
ceae, and Ericaceae respectively; Sipes and Cane, 2006).  Scien-
tists estimate that 30-70% of  the world’s bees are oligolectic 
(Robertson 1914, Linsley 1958, Moldenke 1979), and that this 
dietary restriction is especially common in arid regions (Pekkar-
inen 1997, Minckley 2008).

An evolutionary pattern commonly seen in specialist bee taxa 
is the switching of  closely related bee species to distantly relat-
ed floral hosts.  For example, the bee genus Ptilothrix includes 
species that visit Convolvulaceae, Malvaceae, Onagraceae, or 
Cactaceae (Sipes and Tepedino, 2005).  Lithurgus specialize on 

Cactaceae, Malvaceae, or Asteraceae (Michener 2000).  Chelos-
toma are nearly all specialists, with different species specializing 
on Asteraceae, Campanulaceae, Hydrophyllaceae, or Ranuncu-
laceae (Sedivy et al., 2008).  Note that none of  these transi-
tions represents an increase in the dietary breadth of  the bee, 
but merely a switch in host preference.  Presumably at some 
point in the past, some individuals of  the common ancestor to 
today’s extant species switched to a new host.  

Scientists hypothesize that the first bees were specialists, 
expressly cued in to the visual and olfactory signals presented 
by their host flowers.  Early specialists, it is thought, likely lacked 
the receptors necessary to sense flowers other than their own.  
For example, bees smell flowers using their antennae.  Receptors 
on the antennae correspond to particular scent compounds; if  
a bee doesn’t have the receptor for a particular compound, it 
can’t smell it.  Honeybees, who are among the best studied bees 
in terms of  their ability to smell, have hundreds of  receptors 
and can distinguish between complex scent bouquets (Laska 
and Galizia, 2001).  Honeybees are generalists, and this recep-
tiveness to the odors of  diverse flowers likely helps guide them 
to the many resources they require.  A specialist, on the other 
hand, may have fewer antennal receptors because they only 
need those that help them distinguish their host plant from any 
co-blooming non-hosts.  Over evolutionary time scales, gener-
alist bees arose from specialists as they developed the receptors 
for more and more compounds.  Put another way, specialists 
may be physiologically limited in their ability to recognize the 
majority of  floral scent compounds produced.

I set out to test this theory with a specialist bee genus, Diada-
sia.  There are 45 species of  Diadasia, 28 of  which are found in 
the western (especially southwestern) United States.  While all 
Diadasia are specialists, the plant families on which they special-
ize differ.  Six species will only visit Cactaceae.  One species 
each visits only Asteraceae (specifically Helianthus), Convolvu-
laceae (specifically Calystegia), or Onagraceae (specifically Clark-

Figure 1.  
A cactus-specializing 
Diadasia on 
Cylindropuntia (cholla).

All figures by Olivia
Messinger Carril.
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ia).  The rest specialize to various extremes on Malvaceae, with 
some species visiting one genus exclusively, and others dining 
on many genera within the family.  Malvaceae is the most likely 
host plant for the ancestor of  all Diadasia, so at some point 
host-switching to these alternative families occurred.  

If  it is true that specialist bees are limited in their ability to 
recognize the chemical or visual signals put out by any host 
plants but their own, how could this host-switching happen?  
How could a bee that can only smell one type of  flower recog-
nize another at all?  I hypothesized that:

 1. Malvaceae, Cactaceae and other host flowers that are visit-
ed by Diadasia must smell remarkably similar, thus explaining 
the ability of  this specialist bee to make forays onto new host 
plants.

2. Diadasia are unable to recognize compounds produced by 
other plants that bloom in the deserts at the same time as their 
hosts, explaining why they do not visit these flowers.

Materials and Methods
To test these hypotheses, I analyzed the floral scent of  host 

plants for Diadasia, including mallows that bloom in the desert 
southwest, focusing on Sphaeralcea (globe mallow), and several 
genera of  cactus, focusing on species of  Opuntia (prickly pear).  
Sphaeralcea and Opuntia are common in the southwest, and are 
major hosts for many species of  Diadasia.  The Boyce Thomp-
son Arboretum has a diverse cactus collection, and I was able 
to collect scent from many cactus flowers that I would have 
otherwise been unable to include in my study. Outside the arbo-
retum, the desert southwest is replete with mallows that are 
visited by Diadasia, including Sphaeralcea, Malacothamnus fascicu-
latus (Bush Mallow), Hibiscus denudatus (Rock Hibiscus), Malvella 
leprosa (Alkali Mallow), and Eremalche rotundifolia (Desert Five-
Spot).  I also collected scent from a number of  co-blooming 
non-host plants. I focused on plants that are attractive to other 
bees, including other specialists, but are never visited by Diada-
sia:  Baileya multiradiata (Desert Marigold), Wyethia scabra (Mule’s 
ears), Gutierrezia sarothrae (Broom Snakeweed), Larrea triden-
tata (creosote), Argemone corymbosa (Prickly Poppy), and Cirsium 
arvense (thistle).

To collect the scent from each of  these flowers, I used a 
miniature ‘vacuum cleaner’.  Each flower was enclosed in a 
plastic bag, from which the headspace was sampled.  Scent 
from this enclosed space passed through a glass vial filled with 
Porapak Q (80-100 mesh, Supelco)—adsorbent crystals, similar 
to charcoal.  I collected scent from flowers in this way for a 
standard one hour time period.  I washed the scent compounds 
from the adsorbent with hexane, and used a gas-chromato-
graph coupled to a mass-spectrometer to determine which 
compounds were present in each flower.  A gas chromatograph 
separates compounds based on their chemical properties, so 

that each passes from the instrument individually.  Its identity 
can be determined by examining both the time it takes it to pass 
through the gas chromatograph (its retention time) and the 
spectra of  the compound based on the masses of  the molecular 
fragments comprising the original compound.  

With a list of  the compounds produced by each plant in hand, 
I next determined whether Diadasia are capable of  recognizing 
those compounds.  Without the appropriate antennal receptors, 
Diadasia are incapable of  recognizing specific compounds.  I 
attached electrodes to the ends of  a freshly removed Diada-
sia antenna, and then exposed those antennae to individual 
compounds.  If  the antennae had receptors for a particular 
compound, an electrical signal was generated, indicating that 
the bee would be capable of  smelling that compound.  

Finally, I tested whether the ability of  Diadasia to recognize 
a compound was the equivalent of  being attracted to it.  I used 
a cotton swab to apply a miniscule amount of  different scent 

Figure 2.  Sampling the “headspace” around a Sphaeralcea flower 
using a miniature personal air sampler and a glass vial containing 
the adsorbent called Porapak Q.

5Right Under Our NosesMessinger Carril



compounds to host-flowers (Sphaeralcea and Opuntia) in the field 
and watched for changes in visitation rates.  Flowers were only 
treated with scent compounds that I had found to be recog-
nized by Diadasia.

Results
Mallow (Malvaceae) and cactus (Cactaceae) flowers visited 

by Diadasia produce a wide array of  compounds.  In general, 
cacti produce fewer compounds than mallows, with Sphaeralcea 
flowers producing the most (between 50 and 80 compounds, 
with any one flower producing between 35 and 50).  A hand-
ful of  compounds are shared between mallows and cacti, with 
nonanal, trans-β-ocimene, benzyl alcohol, and benzaldehyde 
being the most predictable in both plant families.  One notable 
difference between Opuntia and Sphaeralcea was that Sphaeralcea 
contained more methyl salicylate than Opuntia flowers.  Many 
of  the individual compounds identified are strong-smelling 
(nonanal is very common in Diadasia visited plants, and 
smells—to me—like warm cooking oil, benzaldehyde smells 
like almond extract, methyl salicylate smells like wintergreen, 
and isoeugenol, which was found in some non-host flowers, 
smells like cloves); together, and in specific amounts, these and 
other compounds produce unique scents. 

Interestingly, none of  the compounds produced by Diada-
sia-visited mallows and cacti were unique to them.  All of  the 
compounds found in, for example, Sphaeralcea, are also found in 
other plants that co-bloom in the desert southwest.  The most 
abundant compounds (i.e., those that most contribute to the 
smell of  Sphaeralcea) are in fact the most abundant in any floral 
scent.  For example, trans-β-ocimene is found in over 70% of  
all plants that have been studied in terms of  their floral scent 
around the world.  

So while the presence of  these compounds certainly united 
Diadasia host plants, it did not separate them from the other 

plants that also bloom in the desert at the same time.  In other 
words, it did not explain why a Diadasia would switch from 
Malvaceae to Cactaceae, and not, for example, to L. tridentata, 
or A. corymbosa—all contain trans-β-ocimene (among other 
common compounds).

For non-host flowers, I found a much greater diversity of  
compounds than in Diadasia host plants.  Larrea, for example, 
contains nearly 100 different compounds.  Other non-hosts 
are similarly rich in compounds, containing all of  those found 
in host flowers as well as many others.  Put simply, Diadasia 
host plant flowers are particularly bland when it comes to floral 
scent. 

I next assessed which of  the compounds produced by host-
flowers were detectable to Diadasia.  I found that Diadasia are 
not capable of  sensing every compound produced by their host 
flowers.  In fact, of  the 35 to 50 compounds produced by Sphaer-
alcea, Diadasia are only able to recognize 12 to 15 compounds.  
None of  the compounds that Diadasia can recognize are unique 
to their host flowers, and all are commonly found in non-hosts. 
Interestingly, all of  the compounds found in Malvaceae that 
elicited an antennal response in Diadasia are also found in the 
cactus flowers that host Diadasia.  Even methyl salicylate, the 

Figure 4.  A mallow-specializing Diadasia on Sphaeralcea.

Figure 3.  A Diadasia antenna placed between the electrodes used 
to measure electrical stimulus when the antenna is exposed to 
isolated scent compounds.
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compound that occurred in greater abundance in Sphaeralcea 
than in Opuntia flowers, was detected by the antennae of  both 
mallow-specializing and cactus-specializing Diadasia.

In addition to those 12 to 15 compounds from host plants, 
I also found that Diadasia are capable of  recognizing many 
compounds produced by non-host flowers.  For example, trans-
β-ocimene and nonanal both generate strong electrical signals 
in Diadasia bee antennae.  Both are commonly found in the 
mallow and cactus species visited by Diadasia, as well as in non-
host flowers like L. tridentata and A. corymbosa.  Isoeugenol is 
produced by A. corymbosa, and it elicits a strong response from 
Diadasia antennae even though it is not found in their host flow-
ers.  

Lastly, I applied miniscule amounts of  the compounds recog-
nizable to Diadasia to host flowers.  For compounds that were 
already in their host plants, the application of  additional scent 
did not change visitation rates.  As an example, adding more 
trans-β-ocimene to Sphaeralcea or cactus flowers that already 
contained it did not change the number of  visits it received from 
Diadasia.  For compounds that occurred in non-host flowers, 
adding the scent to a typical host flower significantly decreased 
visitation.  Adding isoeugenol, which occurs in A. corymbosa 
flowers, to Sphaeralcea flowers or Opuntia flowers caused a 
significant decrease in the number of  visits by the Diadasia that 
specialize on each of  them.  Adding methyl salicylate to Opuntia 
flowers caused a decrease in the visitation of  cactus-specializing 
Diadasia; adding the same compound to Sphaeralcea flowers did 
not cause a similar decrease in mallow-specializing Diadasia.

Discussion

Taken all together, it appears that the hypothesis that 
specialist bees are limited in their ability to detect any but 
the compounds found in their host flowers doesn’t apply to 
Diadasia.  Diadasia are capable of  detecting many compounds 
that they do not encounter in their host flowers.  They are not 
attracted to any of  these non-host compounds, however, and 
steer clear of  flowers that produce (or have been modified to 
include) them.  This is a novel finding in the field of  specialist 
bees and floral scent.  It suggests that not all specialist bees 
evolved the same way.  A group of  scientists recently developed 
a hypothetical pathway by which specialization and generaliza-
tion could evolve, and suggested that, though all bees started as 
specialists, some evolved to be generalists, and then branches 
of  those generalist lineages evolved back into specialists (Sedivy 
et al., 2008).  Perhaps the ability of  Diadasia species to detect 
more compounds than just those in their host plants hints at a 
period in history when their ancestors were generalists.  

Returning to my original quandary about why species of  
Diadasia currently visit such disparate plant families, could it 
be that Diadasia switched from some species of  Malvace-
ae to some species of  Cactaceae because they are similar in 
that they are both remarkably bland?  Considering that many 
pollens are ‘poisonous’ to bees not adapted to digesting them, 
a strange compound emanating from a flower may signal to a 
bee that there is a likelihood of  being harmed if  that pollen 
is ingested.  Diadasia appear to have inherent preferences for 
certain compounds over others, and these include nonanal, 
trans-β-ocimene, and several other common plant compounds.  
Interestingly, it appears that these preferences may be geneti-
cally driven, and differ even between species of  Diadasia, with 

 

Diadasia australis  

(Cactaceae)  

Diadasia vallicola 

 (Sphaeralcea)  

Benzaldehyde  0/5  3/3  

Benzyl alcohol  2/5  1/3  

Trans-β-ocimene  3/5  7/7  

Linalool  5/5 (-)  (t6=2.82, p = 0.03) 4/4 (-)  (t22 = 2.582, p = 0.017) 

Nonanal  3/3  6/6  

Methyl salicylate  5/5 (-)  (t22 = 2.34, p = 0.029) 6/6  

Isoeugenol  4/4 (-)  (t22 = 2.541, p = 0.0186) 4/4  (-)  (t22 = 4.665, p < 0.001) 

Trans-β-caryophyllene  1/6  3/5  

Trans-trans-α-farnesene  6/6  5/5  

 

Table 1.  Diadasia australis specializes on 
Cactaceae, and Diadasia vallicola special-
izes on Sphaeralcea.  These are nine 
of the compounds that elicited antennal 
responses from these bees; the numerator 
indicates the number of antennal re-
sponses and the denominator indicates the 
number of trials.  Fractions in bold indicate 
that the compound naturally occurs in the 
host plant (e.g. methyl salicylate was found 
in Sphaeralcea but not in Opuntia, linalool 
occurs in neither).  All compounds were 
tested in the field, but only those com-
pounds not naturally occurring in the floral 
scent changed the visitation rates of these 
specialist bees to their hosts.  A (-) next 
to the fraction indicates that adding the 
compound to a host flower (either Opuntia 
or Sphaeralcea) significantly decreased 
the number of visits, compared to an 
untreated flower (thus, the pairwise t-test 
values listed).
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mallow-specializing Diadasia being more attracted to (or less 
deterred by) the presence of  methyl salicylate than are cactus-
specializing Diadasia.

My research is an important building block in the field of  
chemical ecology as it pertains to plant-pollinator interactions.  
The chemical cues produced by flowers are a way for flowers 
to communicate to bees, and provide important information 
about the resources they contain.  Whereas some compounds 
indicate that a floral-visit will be rewarding, others let a bee 
know that they should seek to fulfill their nutritive needs else-
where.  Right under our noses there are conversations playing 
out daily.  On your next visit to Boyce Thompson Arboretum, 
consider what the floral displays that you see may mean, and 
what messages these beauties are sending to their pollinators 
via floral scent.  
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Introduction
The Sultanate of  Oman is an old sea-faring country located 

in southeastern Arabia. The coastline of  Oman is approximate-
ly 1750 km long. It extends from the Musandam peninsula in 
the north of  the country, which includes the important sea-lane 
of  the Straits of  Hormuz, to the border with Yemen in the 
south. Neighboring countries are the United Arab Emirates to 
the north, Saudi Arabia to the west and Yemen to the south.  

The Sultanate has a free market economy. Oil and gas are its 
biggest drivers. However, because of  the realization that the oil 
reserves will not last forever, one of  the initiatives is to capital-
ize on tourism. Scenically, Oman is an extremely beautiful coun-
try; it offers everything from pristine beaches and fascinating 
rugged mountains where terraced agriculture is practiced very 
successfully, to rolling red desert sands that stretch as far as the 
eye can see. Then, in the south, there is the unique escarpment 
of  the southern mountains of  Dhofar, whose seasonal mists 
attract vast numbers of  tourists in the height of  the season 
every year. In 2012 Oman was voted one of  the world’s top 
tourist destinations. It is a country where one can still see the 

real Arabia without too much glitz and glamour. The best time 
to enjoy its unique beauty and attractions is from November 
through mid- April. These are the coolest months of  the year.

Climatically, Oman is a hot country. Typically summers along 
the coastline and in Muscat can reach a maximum of  48°C and 
may be unbearably humid during the months of  August and 
September. Inland temperatures may exceed 51°C. The higher 
mountainous areas can reach 32°C in summer. Winters, which 
are generally from late November till mid-March, are cool 
and mild with rain falling mainly in January. Maximum winter 
temperatures in Muscat do not normally exceed 25°C and the 
minimum temperature is around 8°C. The higher Hajar moun-
tains (2800 m - 3000 m) experience freezes (-3°C) and occa-
sionally receive light snow in mid-winter. The annual rainfall 
in Muscat is approximately 120 mm. Tropical cyclones are rare 
but in recent years have caused severe damage along the coast 
and inland as well - for example, Cyclone Gonu in June 2007.

The Oman Botanic Garden project was promulgated by 
Royal Decree in 2006. The GPS coordinates for the garden are 
North 23° 33’ 35.65’’ and East 58° 07’ 50.95’’. The garden is 
a first for Oman and for the Gulf  region as a whole, as it will 
focus almost entirely on the native flora of  this country alone. 
The Oman Botanic Garden nursery is tasked with growing all 
the plants needed for this massive undertaking. In addition 
to native Omani plants, the plants of  the ancient agricultural 
terraces will also be cultivated and displayed: Damascus roses, 
citrus, deciduous stone fruits, pomegranates and date palms. 
Most of  the deciduous fruit trees and roses grown in Oman 
are cultivated on the cooler mountain terraces and irrigated 
using the ancient falaj (water canal) system. Some of  these 

Map 1.  Location of Oman
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working falaj systems are hundreds of  years old—the canals 
are constructed of  stone and mortar. The more modern falaj 
are built of  block and cement. All falaj work on gravity and 
the keeper of  the canal ensures that equal amounts of  water 
are allocated on a daily basis to those who own plots on the 
agricultural terraces. 

The garden is situated northwest of  the capital city, Muscat, 
on 420 ha of  nature reserve. It is within easy reach of  the 
international airport (20 minutes) and the main Sultan Qaboos 
Harbor (45 minutes). Arid, undulating topography, interspersed 
with seasonal wadi systems (intermittent streams), is fairly 
common on the Oman Botanic Garden site. Lower hill slopes 
are covered mainly in Acacia tortilis. To the south and west, one 
can make out the Western Hajar mountain system.

Trials and Tribulations
To date, approximately several thousand plants have been 

cultivated, including shrubs, perennials, herbs, succulents, 
geophytes, sedges and grasses. Many of  these have never been 
cultivated before and there is no handbook—or horticultural 
“recipe” book —for growing them. It all happens by trial and 
error: by drawing on past experience with plants in similar habi-
tats and climates, by following sound and doable horticultural 
practices and by just having a gut feeling about what may work 
or won’t. New and innovative soil mixtures are made; most 

work. To date these methods have proved largely successful.
The horticultural and living collections team is comprised of  
young Omani men and women, of  whom eight are university 
graduates. The remainder of  the team is made up of  team lead-
ers and horticultural assistants. In total, the horticultural and 
living collections team numbers some 40 individuals.

Apart from growing, cultivating and maintaining plants, the 
horticultural and living collections team is actively involved in 
plant rescue operations. Oman is presently going through a 
massive construction and development phase. Change of  land 
use, especially through road making, mining activities, laying 
of  water pipelines and urban development, is transforming the 
landscape in certain parts of  the country.

Mainly trees have been rescued. These plants would have 
been totally destroyed had the Oman Botanic Garden not 
intervened. The policy of  the garden is not to remove whole 
plants from pristine landscapes; plants are only taken from 
disturbed or degraded areas.  All rescued plants will ultimately 
be displayed either in enclosed plant biomes or in open habitat 

plantings for all to see and appreciate. There are some advan-
tages in rescuing mature trees. For one, a mature plant looks 
far more natural than the same species cultivated in a nursery. 
The gnarled and twisted appearance of  a tree sourced from a 
wild location is the result of  its battle to survive against the 
elements in a very harsh environment. Many of  these translo-
cated trees have withstood disease and drought, and it is hoped 
that they will prove more resilient in adapting to and surviving 

Figure 1.  Several hundred Commiphora species (myrrh) rescued 
from southern Oman are growing happily in the nursery in Muscat.

All figures by Ian B. Oliver.

Map 2.  Location of the Oman Botanical Garden within the 
Sultanate of Oman 
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in a new outdoor habitat than the same plants sourced from the 
protected environment of  a nursery.

It is not always plain sailing when rescuing plants from the 
wild. Difficult times are endured: contractors can be reluctant 
to assist; at times it is very hot, dry and dusty; and then there are 
the local tribesmen who sometimes see the team as intruders 
on their land, even though the intention is honorable – to save 
trees so that others may see them grow and flourish.

An even greater challenge than all of  these is that of  keeping 
large specimen plants alive for a number of  years in contain-
ers, especially given the fact that most of  these plants are trees, 
many of  which come from the milder climates of  Dhofar in 
southern Oman.

Oman’s Unique Floral Tapestry 
The Oman Botanic Garden strives to recreate or imitate the 

various phytogeographical areas that make up the floral tapestry 

of  Oman. In spite of  Oman being a very hot and arid coun-
try, with erratic rainfall and varied topography, the evolution of  
an amazingly rich flora for an Arabian Desert country is very 
evident. The landscapes are comprised of  the lofty northern 
mountains (Hajar mountain chain) with their cultivated agri-
cultural terraces and deep mountain valleys; the arid northern 
gravel desert situated in and around Muscat; flat limestone pave-
ments and gravel plains; salt flats (sabkhas) where pans of  salt 
crystals shimmer from afar in the midday sun; central desert; 
sand deserts where the Empty Quarter seems to be an infinite 
sea of  red sand dunes; the stream valleys (wadis), some with 
terraced agricultural plantations of  mangoes, papaya, lemons 
and limes and majestic date palm oases; and the visually inspir-
ing escarpment of  the Dhofar Southern Mountains situated 
1000 km south of  Muscat.  The Dhofar Southern Mountains 
have spectacular cliffs, some of  which drop vertically all of  700 
m into the Arabian Sea below. All of  these different vegetation 

Figure 2.  Jabal Samhan in Dhofar, southern Oman with Aloe dhufarensis in the foreground. The cliff face drops nearly 700 m to the coastal 
plain below.
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types together make up the truly unique Omani 
floral landscape. In the Sultanate of  Oman, it is 
believed there are around 1300 native species 
of  plants—a relatively high number for an 
Arabian Desert country.

Some regions in Oman worth mentioning 
from a floral perspective are: the coastal plains 
in the north of  the country (Al Batinah governate), which used 
to be an arid landscape dotted with Acacias and Ziziphus trees, 
intercepted by wadis (intermittent streams) that reached down to 
the Gulf  of  Oman. Some coastal estuary areas have mangrove 
swamps - Avicennia marina. Today most of  the Al Batinah region 
has either been built up or cut up into agricultural farms. It is 
indeed ironic that northern Al Batinah is Oman’s largest banana 
producing area. The Al Batinah governate is one of  the most 
populated areas in Oman. The population in April 2014 was 
approximately one million. Floral diversity is relatively low with 

not more than about 80 taxa occurring in this area.
The Hajar Mountain chain: These Mountains run from the 

Musandam peninsula in the far north, through a small section 
of  the United Arab Emirates, parallel to the coast (Gulf  of  
Oman) and ending near the ocean where the Gulf  of  Oman 
and the Arabian Sea meet. The mountains extend for about 
600 km.

Ecologically the mountains are an important region in Oman 
as it is the only habitat in eastern Arabia to have relatively large 
tracts of  land of  over 2000 m in elevation. The summer temper-
atures in the upper Hajar Mountains rarely go above 33°C., in 
sharp contrast to the frequent 44°C plus of  the coastal plains. 
Winters are relatively cold and early morning temperatures can 
drop below freezing. The highest point is Jabal Shams which is 
just over 3000 m.

Plant species diversity and endemism are high when compared 

to the wadis and plains at lower altitudes in the surrounding 
areas. The Hajar Mountains are home to a considerable number 
of  Oman’s native flora, maybe as much as 40%. Typically, the 
dominant plant species include Juniperus excelsa, Olea europaea, 
Siderloxolon mascatense, and Dodonaea viscosa. Juniperus excelsa is 
found higher up at 2000 m. What is particularly interesting is 
that there are geographical links with some of  the flora of  the 
Hajar Mountains and the montane flora of  southwestern Iran 
(Ghazanfar 1998). As a result there is always a small possibility 
that new species might be discovered in the mountainous areas 

Figure 3.  Towering cliffs part of the Musandam Peninsular land-
scape, which is in the extreme North of the Oman.

Figure 4.  A rural village in Jabal Akhdar, western 
Hajar Mountains

Figure 5. A gnarled Juniperus excelsa (juniper) possibly over 400 years old in the 
western Hajar.
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of  the Hajar.
The southern mountains of  Dhofar: This is undoubtedly 

the jewel that makes up the floral crown of  Oman. Located 
in the Governate of  Dhofar in the south of  the country, the 
area has a strip of  mountains that rise high (1700 m) above 
the narrow coastal plain where, at a certain time of  the year, 
mists blowing across the Arabian Sea condense on the cliffs and 
undulating slopes. During the months of  June to September, 
moisture in the form of  soaking mists condenses on the dry 
grasses, shrubs, trees and the very landscape itself. The barren 
landscape is literally transformed into a sea of  soft green foliage 
in a matter of  a week.

Floral diversity and endemism is highest in the Dhofar region 
of  Oman. The flora of  Dhofar in southern Oman falls into 
the Horn of  Africa biodiversity hot spot, one of  only two such 
arid hot spots on earth. The other arid biodiversity hot spot is 
the Succulent Karoo in South Africa. It is estimated that there 
are approximately 5000 vascular plant species of  which roughly 
2750 are endemic to the Horn of  Africa.  Plants range from one 
majestic grove of  baobab trees (some 55 massive caudiciform 
specimens) to delicate terrestrial orchids, the imposing dragon 
trees (Draceana serrulata) that sit on the very edge of  the season-
al mist belt and the endless forests of  aromatic commiphora 
(Burseraceae) which one finds interspersed with forests of  
Anogeissus dhofarica, known as miset in  Dhofaric Arabic. There 
are fig species, including the rock splitting figs, thorn trees and 
the frankincense tree, Boswellia sacra, famous for its incense 
producing gum. The floral diversity does not end there—succu-
lent plants are also plentiful. There are about five species of  
aloe; five species of  euphorbia, including the fairly large, arbo-
rescent, tree euphorbia (Euphorbia smithii), Acacia species (thorn 
tree) as well as Acacia senegal a source of  gum Arabic; Adenium 

Figure 9.  Part of the sand desert approximately 120 km northwest 
of Muscat

Figure 6.  A typical Omani farm with date palms, fodder grass, and 
corn

Figure 7. The arrival of the monsoon (khareef) in the Dhofar Moun-
tains in the South of the country

Figure 8.  Monsoon time in Dhofar southern Oman with a field of 
Impatiens balsamina . This plant was possibly introduced from India 
several hundred years ago.
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obesum, found at its most northern and eastern distribution;  
desmidorchis;  jatrophas and many others.

The challenges of  growing new plants
As previously stated, many of  these plants have never been 

cultivated under nursery conditions before. This presents a 
difficult and unparalleled horticultural challenge. Cultivating 
seeds or taking cuttings of  native Omani plants comes with 
experience, coupled with an understanding of  the plant’s natu-
ral environment and life cycle. However, keeping them alive for 
extended periods (especially in containers in a nursery) is much 
harder. 

The topography, soils and climates of  Oman differ vastly. 
Typically, the Hajar Mountains are cooler and generally drier 
than Muscat. The Muscat summer heat, together with high 
coastal humidity, can easily kill Hajar Mountain floral species 
if  not enough care and attention is given. Native flora from the 
coastal strip and southern mountains of  Dhofar again require 
cultivation techniques and caring procedures that differ from 
the higher altitude Hajar mountain genera and species. The 
different climatic conditions, soils and topography all need to 
be taken into consideration. In Muscat, what often kills plants 
from other regions of  Oman is the very high humidity. Hot 
winds, when summer temperatures occasionally peak at 50°C, 
literally scorch the leaves off  even the hardiest of  arid plants 
which is clearly problematic when plants have to be transplant-
ed from the protected environment of  a nursery into a more 
hostile environment.

A new challenge for the plant health section at the garden 
is the introduction of  biologically beneficial insects. The chal-
lenge in cultivating native Omani plants is to decrease the use 
of  chemicals, especially harmful organophosphates. Today no 
organophosphate chemicals are used by the plant health team, 
only bio friendly control insects and environmentally friendly 
insecticides, such as chili powders, neem seed cakes (made from 
the tree Melia azadirachta), liquid soaps, etc.

Omani plants with horticultural potential 
Very little work has been done on native Omani plants in 

terms of  their horticultural and landscape potential. One would 
expect these plants to be drab and boring, coming mainly as they 
do from an arid desert environment. This is not the case. Even 
the hot, dry desert areas produce plants that have either stun-
ning foliage or brightly colored flowers that attract insect and 
avian pollinators. Desert plants, for the most part, are survivors. 
They are hardy, water-wise plants that will adapt to most climat-
ic conditions except winter freezes and water-logged, clay soils. 
There is tremendous potential for using native Omani plants in 
landscapes coupled with ornamental horticulture, especially in 
dry urban areas where water is in short supply.

Native trees of  Oman:  These have tremendous potential in 
the home garden, small city parks and large urban parkways. 
There are a variety of  trees that produce attractive flowers (for 
example, Delonix regia or Dhofari flamboyant has largish yellow and 
cream flowers). They in addition have a beautiful form (Tama-
rindus indica or tamarind), provide welcome shade in summer 
(Anogeissus dhofarica or misteh) a smaller tree that produces stun-
ning soft green leaves in the spring, and Commiphora gileadensis 
that has lovely fall-colored leaves. A number of  Omani trees do 
well as street trees. The larger Arabian Gulf  cities, for example, 
Abu Dhabi and Dubai, make use of  hardy native plants. In the 
Omani cities of  Muscat, Sohar, and Salalah, the following are 
used as street trees: Ziziphus spina-christi (Christ thorn), Prosopis 
cineraria (ghaf), Tamarindus indica (tamarind), Olea europaea (wild 
olive), and Ficus cordata (wild fig).

Caudiciform plants in the landscape:  Botanically Oman has 
some surprises in terms of  semi and succulent caudiciform 
plants, the largest being the majestic Adansonia digitata (baobab). 
Typically Adansonia digitata is found in sub Saharan Africa. 

However, one small population (approximately 55 mature 
plants) grows in Dhofar in southern Oman. Moringa peregrina 
(wild drumstick plant) found mainly in rocky terrain, often has 
a striking, slightly swollen, white trunk. So too does Adenium 
obesum (desert rose), which is very much a true caudiciform 
plant with its grotesquely swollen stem. Adenium obesum make 
ideal pot plant subjects and look stunning in sunny courtyards.
Use clay pots for the best and most natural effect.

Architectural plants:  These include Draceana serrulata (drag-
on tree), an iconic, endemic, forked tree, with deeply fissured 
cork-like bark, that occurs in arid areas over 900 m. Specimens 
cultivated from seed look equally impressive whether planted in 

Figure 10.  Ruttya fruticosa (jammy mouth) a beautiful shrub 
with showy flowers that comes from the Dhofar region of 
Oman. Jammy mouth is also native to East Africa.
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large clay pots or naturally grouped in plantings out in the open. 
Pennisetum setaceum (pennisetum grass) can be used in small 
groupings in small townhouse gardens or as mass plantings in 
a city park. Juniperus excelsa (juniper) also make an ideal archi-
tectural plant both in a small garden or grouped in a city park.

Screening plants for nosy neighbours:  These include Dodo-
naea viscosa (false olive), Lawsonia inermis (henna), Salvadora persica 
(toothbrush tree), and Blepharispermum hirtum (drumstick flower 
plant). They all grow easily and quickly.

Ornamental shrubs:  This includes the Barleria group which 
produce showy purple to pink and even orange flowers; Nerium 
oleander which is very hardy and produces clusters of  pretty 
pink, slightly fragrant flowers; Boerharvia elegans which is also 
very hardy, bearing pinkish, mist-like flowers; Pulicaria argyro-
phylla a compact perennial with grey leaves and bright yellow, 
daisy-like flowers; and Acridocarpus orientalis a large shrub bear-
ing showy, bright yellow flowers. Ruttya fruticosa (jammy mouth) 
is perhaps the most beautiful of  all the shrubs occurring natu-
rally in Oman. The flowers vary from dark red to bright orange. 
Other possible subjects are Aervaj avanica which is a woody 
perennial, growing up to 1 m in height, and Aerva javanica which 
has lance-shaped, light grey leaves that bear clusters of  upright, 
spiked, white flowers with a hint of  pink. The latter is a very 
hardy plant that can tolerate extreme heat and drought.

Climbers and trailing plants:  In Oman, these are concen-
trated mainly in the southern part of  the country. Capparis carti-
laginea (caper plant) has very showy white, powder-puff  flowers 
and attractive, bright red, oval fleshy fruits. Capparis cartilaginea 
is ideal as a trailing plant for covering ugly structures and even 
scarred landscapes, for example, road cuttings, gabions etc. 
Jasmine grandiflorum (jasmine), a delicate sprawling creeper that 
produces clusters of  sweetly smelling white flowers, is the ideal 

plant for pergolas, arches etc. in small, suburban gardens. Cissus 
quadrangularis (wild grape) a perennial succulent climber, bears 
clusters of  red, berry-like fruits which will attract fruit-eating 
birds without making undue mess on the ground with fallen 
fruit, and is ideal for hot courtyards and patios.

Ground cover plants:  Commelina forskaolii (commonly known 
as “rat’s ear”) makes an excellent groundcover in cooler shaded 
areas often growing in places where nothing else will grow. 
Commelina  forskaolii is a sprawling semi succulent, bearing corn-
flower blue flowers. Ipomoea pes-caprae (horse-hoof  leaf) a pros-
tate perennial with attractive bi-lobed leaves, produces large 
mauve, trumpet-shaped flowers. Ipomoea pes-caprae grows in full 
sun in impoverished soils and is the ideal plant for covering 
bare patches where most other plants will not grow.

Herb and medicinal plants:  These are found in a number of  
habitats in Oman. There are five species of  lavender in Oman, 
of  which at least two are endemic to southern Oman: nota-

Figure 11 (above).   Adansonia 
digitata (baobab tree). Only a 
small forest exists, numbering 
some 55 individuals in southern 
Oman. This plant was probably 
introduced to Oman several 
hundred years ago. 

Figure 12 (left).   Adenium obe-
sum (desert rose) growing near 
its northern global limit in Dhofar 
southern Oman.
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bly the very aromatic Lavandula dhofarensis, which grows on the 
escarpment in southern Oman and has attractive grey-green 
foliage with striking lilac colored flowers and is possibly one 
of  the most attractive lavenders. Lavandula dhofarensis thrives 
as a pot plant but does equally well as a bedding plant in a 
small garden. Ocimum dhofarense (basil) a highly aromatic herb 
originates in southern Oman and can be grown in attractive 
clay pots or used as a bedding plant in a small suburban garden. 
Mentha x piperita (peppermint), probably originally introduced 
from southern Europe hundreds of  years ago, is found in many 
small villages growing near the falaj (water canal) and is ideal as 
both a pot plant and  a bedding plant in a small home garden. 
Boswellia sacra (frankincense) has been entrenched in Arabian 
culture for thousands of  years. For several thousand years, the 
gum has been collected and transported to various parts of  the 
world such as India and the Mediterranean region. Boswellia sacra 
with its papery bark, grows into an attractive tree that can be 
accommodated in most garden situations. Boswellia sacra does 
well in pot culture. Aloe vera, legendary for its many medici-
nal uses, is found in various areas but mainly in the eastern 
Hajar mountain system. It is unlikely that Aloe vera is native to 
Oman. It was probably introduced from North Africa several 
thousand years ago. Aloe vera has bright yellow flowers and an 
attractive grey basal rosette of  slender leaves. It does well in a 
pot or in group plantings but favors the full sun.

Succulent plants: These are very common in Oman, espe-
cially in the southern parts of  the country. Oman has six aloe 
species, at least ten euphorbia species, possibly eleven Apocyna-
ceae species (including Adenium obesum), and Desmidorchis species. 
Other succulents include Kleinia saginata, a succulent with thick 
cylindrical stems bearing a mass of  bright red compact flow-
ers; and Sansevieria ehrenbergii (mother-in-law’s tongue) which 
produces long, spear-shaped, rigid leaves, and is approximately 
1.5 m in height. Sansevieria ehrenbergii makes an excellent pot 
plant. Most of  the Omani succulent species do well in pot 
culture. With the exception of  some of  the aloes, avoid strong 
sunlight which may burn the leaves.

Saving Omani native plants
Oman is undergoing tremendous infrastructural change. This 

involves new roads, road upgrades, water pipelines, urbaniza-
tion of  the larger towns and cities, and tracts of  lands allo-
cated for mining. Land transformation inevitably necessitates 
irreversible land change which in turn has a negative impact on 
native plants.

The Oman Botanic Garden has saved just over three thou-
sand plants from different areas in the country. Most of  the 
plants (80%) have been rescued from new road development 
and mining operations in Dhofar in the south of  the coun-
try. The other main area is in the Western Hajar Mountains, 

approximately 160 km west of  Muscat.
The plants saved from the “jaws” of  giant earth moving exca-

vators are all sent through to our nursery in Muscat where they 
are planted up and grown on. These plants from the wild will 
eventually be displayed in the Oman Botanic Garden’s south-
ern (Dhofar) and northern mountain biomes for all to enjoy 
and appreciate. Wild, native Omani plants saved from a certain 
death sends out a strong message on the importance of  conser-
vation and is in line with our overall strategic plan. 

A wide spectrum of  semi-arid and arid plants has been saved. 
Most of  the plants rescued are trees. The trees range from 
aromatic Boswellia sacra (frankincense) and Commiphora gileadensis 
(myrrh) to the delicate leaved Anogeissus dhofarica (misteh) and 
the gnarled and twisted Olea europaea (wild olive). Several Adeni-

Figure 13 (top).  A huge excavator rescues a specimen of Ficus 
vasta  (Rock Fig) in the Dhofar area of southern Oman. 

Figure 14 (above).  Bosweilla  sacra  (frankincense) trees rescued 
from a new road development in Dhofar southern Oman. 
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um obesum (desert rose) have also been rescued. Adeniums are 
particularly susceptible to bruising which results in their death 
if  not handled correctly. So far the Oman Botanic Garden has 
had approximately 70% success with the survival of  rescued 
plants. It should be noted that most plants rescued are trans-
ported to Muscat bare rooted.

In many cases plants (trees) as tall as 6 m are literally hand 
dug out of  rocky areas on steep slopes. This is some under-

taking when massive earth moving equipment is bearing down 
on the plant rescue team. In addition to having to dodge huge 
excavators and bulldozers, the team has to contend with air that 
is laden with fine dust that gets into everything, and ward off  
stinging and biting insects; plus it can be exceptionally dry and 
hot. Most plants are rescued during the winter months when 
they are in a dormant phase of  their growth cycle and it is 
somewhat cooler. The winter months are more conducive to  

Figure 15 (top).  Rescuing Draceana serrulata (Dragon tree) where they are threatened due to possible climate change and land change 
activities in southern Oman.  Figure 16 (above, left).  Anogeissus dhofarica trees (6m tall) that have been successfully rescued from the 
south of Oman growing in the nursery in Muscat.  Figure 17 (above, right).  The Horticultural and Living collections team “celebrate” after 
planting a large Adenium obesum (desert rose) that weighed nearly 200 kg into a container. This plant was rescued from southern Dhofar 
where road-making activities were taking place.
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transporting plants between Salalah (in the south) and Muscat 
(in the north) as it involves a distance of  about 1000 km.

Conclusion
The Oman Botanic Garden, when completed, will be the first 

of  its kind in the Arabian Gulf  where the focus is on cultivating 
mainly native Omani plants. In addition, the intention is also to 
have a fairly large date grove (Phoenix dactylifera) where different, 
popular date cultivars will be grown. Deciduous fruits from the 
higher elevations in the Hajar Mountains will be grown in an 
enclosed biome on typical Omani stone terraces. The internal 
temperatures in the biome will be manipulated to make it more 
conducive to growing the higher, cooler altitude, stone fruits 
and Damascus roses.

The Southern Biome has a unique opportunity to show-
case the almost lush flora of  southern Oman. The climate of  
the main target area, the unique escarpment of  the southern 
mountains of  Dhofar, is much milder than Muscat. During the 
months of  June to September, cool mists and light rain coming 
off  the Arabian Sea transform the southern mountains into a 
green, floral extravaganza. The drab countryside literally turns 
green in a matter of  days after soaking moisture has penetrated 
the soil. A special climate controlled biome will be constructed 
where the plants from this area can be shown to the general 
public. 

There will be areas representing some of  the more definite, 
floral, phytogeographical areas of  Oman, for example, the 
northern gravel desert, the sand desert, the wadis (wash or 
stream areas), etc. The main objective regarding the biomes and 
the habitat areas outside is to create them so that they look as 
real as possible. The garden’s most pointed critics will be the 
people who come from these very areas—the ultimate chal-
lenge is to convince them that these imitations are indeed a true 
and accurate recreation of  the natural environments they know 
and love so well.
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Figure 21. Mrs. Shadia Al-Riejbi, head of plant health at the Oman 
Botanic Garden, introducing biological control insects to combat 
harmful insects damaging plants in the glasshouse.
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Editor’s Note: This treatment of  the genus Acacia is from the upcoming book Legumes of  Arizona: An Illustrated 
Flora and Reference, scheduled to be published in 2015. The final typeface, page layout, and accompanying illustrations 
are not yet finalized; however, the information contained within this treatment is complete. Please refer to the back 
page of  this issue of  Desert Plants for additional information about this new volume. 

ACACIA Miller, Garden Dictionary, ed. 4, 1754. * [from the Greek, ake, a point, referring to the spiny stipules of some early 

described species]

John E. Ebinger and David S. Seigler

Shrubs or trees, rarely vines. Stems lightly to highly branched; twigs rounded to angulate or ridged, glabrous to pubescent; 

short shoots usually absent; stipular spines and prickles rarely present. Leaves alternate; bipinnate or more commonly modi-

fied to polymorphic phyllodes (enlarged, flattened petiole lacking a blade or leaflets); foliar glands normally present along the 

phyllode margins and/or apex; stipules normally present, commonly early deciduous, rarely spinose. Inflorescences loosely- to 

densely-flowered globose heads to cylindrical spikes, solitary to clustered in the leaf axis or in pseudo-racemes or pseudo-pan-

icles; peduncles usually short, glabrous to pubescent, mostly not elongating in fruit. Flowers with bracts, usually sessile, radi-

ally symmetric, [4- or] 5-merous; calyx cup-shaped, lobes triangular, glabrous to pubescent; corolla cup-shaped, membranous, 

lobes triangular, glabrous to pubescent; stamens 20–50, 2–10 mm, usually exserted, mostly yellow to gold or creamy white; 

anthers attached dorsally, mostly lacking anther glands; ovary 1, sessile to short-stalked; style thread-like; stigma thread-like. 

Fruits erect to pendulous, usually dehiscing along both sutures, linear to oblong, straight to curved, mostly flat, dry, papery 

to leathery, glabrous to pubescent; stipe mostly short; apex sometimes beaked. Seeds mostly arranged in a single row, usually 

with a pulpy, arillate funiculus, pleurogram usually present. x = 13.

 Species 987 (10 cultivated in the flora, 3 of these rarely adventive): 982 in Australia and Pacific, 2 in Indian Ocean area 

and 10 in Asia (7 of these also in Australia).

 Acacia is the second largest genus in the Fabaceae and has been widely exploited for many purposes. The seeds of several 

Australian species were an important food resource for the Aboriginal peoples and some of these have potential for develop-

ment as tree food crops for dry regions. A few species also produce an edible gum. The foliage of some species is suitable as 

livestock fodder. Wood has been used for construction, carpentry, turnery, weapons, as fuel and to make charcoal. The bark of 

some species has been used for tanning leather. Various medicinal uses are known from Acacia species. Still others are planted 

for erosion control, as windbreaks, and as landscape and ornamental plants.

SELECTED REFERENCES: Nielsen, I.G. 1992. Orchard, A.E. and A.J.G. Wilson. 2001. Orchard, A.E. and A.J.G. Wilson. 2001. 

A Genus Treatment for Acacia from Legumes 
of Arizona: An Illustrated Flora and Reference
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Acacia aneura F. Mueller ex Bentham, Linnaea 26:627. 1855. * Mulga [From Greek meaning without nerves, in reference to 

the obscure veins of the phyllodes] Cultivated

Shrubs or trees, erect, to 18 m. Stems slender, spreading; bark dark gray and smooth, becoming fissured with age; twigs 

round, not zig-zagged, glabrous, dark purple, resinous; prickles absent. Leaves (phyllodes) alternate; round in cross section to 

flat, linear to narrowly elliptic, margins similar, straight to slightly curved, puberulent, 25–110 × 0.7–8 mm; striate with obvi-

ous parallel veins; apex narrowly acute to acuminate, apiculate, usually not hooked; gland solitary, small, just above the 1–2 

mm pulvinus. Inflorescences densely flowered cylindrical spikes, 7–30 mm, solitary in upper leaf axis; peduncles 3–10 mm. 

Flowers sessile, yellow; calyx 0.5–1.1 mm, usually glabrous; corolla 0.9–1.8 mm, glabrous; filaments 3–4 mm. Fruits 25–100 × 

6–16 mm, straight, flattened, usually not constricted between the seeds, stiffly papery, glabrous, usually resinous, light brown; 

stipe 2–7 mm; apex acute. Seeds oblong to oval, flattened, 3–6 × 2–4.5 mm; aril creamy white, small, forming a cap on the seed.

 Flowering Apr–Jun. Native across c Australia.

 Acacia aneura is widespread in dry areas of all Australian mainland states except Victoria and is found on a variety of soil 

types in various habitats from plains to mountains. It is common and often a dominant element of some plant communities 

including mulga woodland. Acacia aneura occupies over 150 million hectares in Australia (Miller 1994). Annual rainfall across 

its range is 150–550 mm (Thomson 1991). Acacia aneura is reported to nodulate (Allen & Allen 1981). Ten varieties are de-

scribed in Orchard and Wilson (2001) and additional varieties will likely be described in the future. These are distinguished 

mainly on differences in the phyllodes and fruits. At least two of these appear to be present in Arizona horticulture. However, 

because the species is wide-ranging and highly variable, the varieties are not easily separated. For this reason they are not for-

mally treated here.

 Mulga is increasingly being planted in Arizona landscapes. Its size and growth habit make it ideal for planting in street 

medians and patios. It can also be planted as a screen and as an accent plant (Jones & Sacamano 2000). Plants with silver and 

gray green foliage are available. Canopy shape varies from conical to rounded. Established plants are highly drought tolerant 

but growth rate is improved with irrigation. Cultivated plants in Tucson have been observed to flower from June–February. 

Most plants in Arizona horticulture appear to be hardy to at least -9°C. The trees are evergreen, produce minimal litter, and 

require little maintenance. Mulga is readily propagated by scarified seeds.

 Acacia aneura is a long-lived, drought-tolerant tree. Due to its abundance and extensive distribution, it has been heavily 

utilized. It is a desirable fodder tree, especially during drought, though quality varies and plants have been overexploited in 

some areas (NAS 1979; Cunningham et al 1992). Miller (1994) discusses the role of Acacia aneura as a maintenance forage 

during drought including the presence of tannins in the leaves that can exacerbate mineral deficiencies in livestock. The plants 

are useful for erosion control (Cunningham et al 1992). Seeds were gathered and ground for food by Aboriginal peoples (Urban 

1. Flowers in elongated, cylindrical spikes.
2. Leaves (phyllodes) deltoid to triangular, one margin nearly straight the other angled to curved. ................................................A. cultriformis
2. Leaves (phyllodes) linear to obovate to oblong, margins similar.

3. Leaves (phyllodes) round in cross section, linear to narrowly elliptic, 25–110 mm. .................................................................................A. aneura
3. Leaves (phyllodes) flat in cross section, usually obovate to oblong, 15–25 mm. ......................................................................A. craspedocarpa

1. Flowers in globose heads.
4. Leaves (phyllodes) deltoid to triangular, one margin nearly straight the other rounded or angled. .............................................A. cultriformis
4. Leaves (phyllodes) various shapes but not deltoid or triangular, margins similar.

5. Globose heads small, commonly 3–5 mm across.
6. Leaves (phyllodes) pinnately veined, midvein obvious. ........................................................................................................................... A. jennerae
6. Leaves (phyllodes) with numerous parallel veins.

7. Stems pendulous; leaves (phyllodes) with numerous close parallel veins. ..................................................................................A. pendula
7. Stems erect to spreading; leaves (phyllodes) with 5–12 obvious, parallel veins. ...................................................................... A. redolens

5. Globose heads larger, 6–13 mm across.
8. Leaves(phyllodes) pinnately veined, midvein obvious.

9. Twigs ridged; fruits constricted between the seeds, stipe 8–15 mm. .............................................................................................. A. saligna
9. Twigs not ridged; fruits not constricted between the seeds, stipe 1–3 mm. ................................................................................A. salicina

8. Leaves with parallel veins.
10. Leaves less than 60 mm ..................................................................................................................................................................A. tetragonophylla
10. Leaves more than 100 mm.

11. Leaves flat in cross section, linear; veins 8–22, obvious. ........................................................................................................A. stenophylla
11. Leaves round in cross section, narrowly linear with closely spaced veins. ............................................................................A. coriacea
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1990) and have potential as a food crop in dry regions (Thomson 1991). An apple-sized insect gall called the mulga apple is 

also eaten (Urban 1990). Devitt (1991) indicates that the seeds, insect galls and root grubs were eaten, and that burnt leaves 

and twigs were employed as chewing tobacco. The wood is hard, heavy and durable, and is used for fuel, fence posts and by 

Aboriginal peoples to make a variety of tools, weapons, and musical instruments (Simmons 1981; Cunningham et al 1992). 

The sapwood is pale yellow and the heartwood is dark brown to black, and is widely used to make souvenirs (NAS 1979).

Acacia coriacea de Candolle, Prodr. 2:451. 1825. * Wirewood, desert oak, dogwood [From Latin meaning leathery] Cultivated

Shrubs or trees, erect to spreading, to 10 m. Stems slender, erect to spreading [or sometimes pendulous]; bark gray, corky and 

becoming furrowed with age; twigs round to slightly ridged, not zig-zagged, glabrous to lightly sericeous, dark purple, not res-

inous; prickles absent. Leaves (phyllodes) alternate; round in cross section to flat, linear, margins similar, straight, puberulent, 

110–330 × 1.2–8 mm; striate with obvious close parallel veins; apex acute, apiculate, not hooked; gland solitary, 2–6 mm above 

the 1–2 mm pulvinus. Inflorescences densely flowered globose heads 6–9 mm across, solitary or short pseudo-racemes in 

upper leaf axils; peduncles 5–15 mm. Flowers sessile, yellow; calyx 0.9–1.6 mm, lobes puberulent; corolla 2.3–3.1 mm, lobes 

puberulent; filaments 3–4 mm. Fruits 80–340 × 7–12 mm, straight to occasionally twisted and coiled, somewhat flattened, 

constricted between the seeds, leathery, appressed puberulent, not resinous, reddish brown; stipe 10–25 mm; apex acuminate. 

Seeds broadly elliptic to oblong, flattened, 4–8 × 3–5.5 mm; aril bright orange, large, forming a cap on the seed.

 Flowering Apr–Jun. Native across c Australia.

 Acacia coriacea is found in the Australian states of New South Wales, Northern Territory, Queensland, South Australia, and 

Western Australia. It is widely distributed on alluvial plains and on sand dunes in arid regions and is also found in semiarid 

woodlands and along drainageways. Thomson (1991) indicates that the species grows in areas that receive 100–800 mm of 

yearly rainfall. Orchard and Wilson (2001) describe three varieties of Acacia coriacea. The variety present in Arizona horticul-

ture is var. sericophylla (F. Mueller) R.S. Cowan & Maslin and is the widespread inland variety. The other varieties, var. coriacea 

and var. pendens R.S. Cowan & Maslin, are of restricted distribution in Western Australia. Wirewood is suitable as an informal 

screen and for planting in street medians. The plants are long-lived and drought tolerant once established. This species will 

grow in a variety of soil types from sandy to clay. Moderate growth rates can be achieved with irrigation. Cultivated plants in 

Arizona are damaged below ca. -6°C. Wirewood produces some leaf litter but otherwise requires little maintenance other than 

removal of freeze-damaged stems. Propagation is by scarified seeds.

 Acacia coriacea is browsed by sheep and to some extent by cattle though it is not considered to be nutritious (Cunningham 

et al 1992). Aboriginal people ate the green seeds as a vegetable and ground ripe seeds to make flour (Urban 1990). The plants 

produce large quantities of easily harvested seeds (Thomson 1991). Thomson considers var. pendens to have potential as a food 

crop for dry tropical regions. Both green and ripe seeds have been used for food, the arils are used to make a sweet beverage 

and also a medicinal wash, and ashes from the burnt leaves are used for chewing tobacco (Devitt 1991).

Acacia craspedocarpa F. Mueller, Australas. Chem. Druggist 2. 1887. * Leather-leaf acacia [From Greek craspedo, a border 

and carpus, fruit] Cultivated

Shrubs or trees, rounded, branched from base, to 4 m. Stems slender, spreading; bark gray and smooth, becoming rough and 

slightly fissured; twigs round, not zig-zagged, glabrous, dark purple, resinous; prickles absent. Leaves (phyllodes) alternate; 

flat, broadly obovate to oblong, margins similar, straight, glabrous, 15–25 × 8–12 mm; usually with 3 major parallel veins, 

minor veins not obvious; apex obtuse to broadly acute, apiculate, not hooked; gland not obvious; pulvinus 1–2 mm. Inflo-

rescences densely flowered cylindrical spikes 12–20 mm, solitary in upper leaf axils; peduncles 12–20 mm. Flowers sessile, 

yellow; calyx 0.8–1.5 mm, glabrous; corolla 1.6–2.4 mm, glabrous; filaments 3–4 mm. Fruits 30–60 × 18–25 mm, straight, 

flattened, not constricted between the seeds, stiffly papery, glabrous, resinous, light brown, with prominent wings; stipe very 

short; apex obtuse. Seeds oval to orbicular, flattened, 7–9 × 5–7 mm; aril yellow, forming a small cap on the seed.

 Flowering May–Jul. Native to wc Australia.

 Acacia craspedocarpa is found on plains and rocky hills, and along watercourses in desert habitats in Western Australia. 

The thick, reticulate-veined fruits are distinctive among cultivated acacias in Arizona.

 Leather-leaf acacia is planted as a hedge or screen, and makes an interesting specimen plant. It is ideally suited for street 
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Acacia craspedocarpa   Illustration:  Ardys Lurtsema
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medians. With its rounded form and gray green foliage, the plants make ideal background shrubs and contrast well with a 

variety of other desert landscape plants. This species is long-lived and drought tolerant. Plants seem to tolerate a range of soils 

including clay. Growth rates are generally slow. The flowers are dull yellow and not particularly attractive. Flowering on culti-

vated plants in Tucson has been recorded from April–January. Cultivated plants have survived -9°C without damage. Litter and 

maintenance are minimal. Scarified seeds germinate readily.

Acacia cultriformis A. Cunningham ex G. Don, Gen. Hist. 2:406. 1832. * Knife-leaf wattle [From Latin meaning knife-

shaped] Cultivated

Shrubs, erect, to 4 m. Stems slender, spreading; bark yellow to orange, becoming gray on older stems, smooth; twigs ridged, 

not zig-zagged, glabrous, bluish to purplish, not resinous; prickles absent. Leaves (phyllodes) alternate; flat, inequilateral 

and often deltoid to triangular, one margin nearly straight, the other angled to curved, glabrous, 10–30 × 5–15 mm; midvein 

obvious, minor veins not obvious; apex acute, apiculate; gland prominent, near widest part of the leaf; pulvinus 0.3–1.0 mm. 

Inflorescences densely flowered globose to slightly elongated heads 3–7 mm, in pseudo-racemes of 5–20 heads, 25–100 mm, 

usually solitary in upper leaf axils, glabrous; peduncles 20–50 mm. Flowers sessile, golden; calyx 0.5–0.9 mm , glabrous; 

corolla 1.3–1.8 mm, glabrous; filaments 2.7–3.5 mm. Fruits 40–90 × 5–8 mm, straight, flattened, slightly constricted between 

some seeds, stiffly papery, glabrous, not resinous, purplish; stipe 6–10 mm; apex long acuminate. Seeds oblong, flattened, 

3.5–4.5 mm; aril white, club-shaped.

 Flowering throughout year. Native to e Australia.

 Acacia cultriformis grows as an understory plant in semiarid woodland communities in New South Wales and Queensland, 

Australia. It grows in sand to clay loam soils (Orchard & Wilson 2001). This species is reported to nodulate (Allen & Allen 

1981).

 Knife-leaf wattle can be grown as an accent plant. With pruning, it will make a sculptural specimen (Jones & Sacamano 

2000). The unusual phyllodes provide interest. The plants are typically open and somewhat rangy. Established plants should 

receive occasional irrigation to maintain optimum growth and appearance. Well-drained soil is preferred. Flowering is in the 

winter and spring, and occasionally in other seasons. Cultivated plants are hardy to -6°C. Knife-leaf wattle requires little main-

tenance and produces negligible litter. Propagation is by scarified seeds.

Acacia jennerae Maiden in A.J. Ewart & O.B. Davies, Fl. N. Terr. 333, t. 26. 1917. * Coonavittra wattle [Named for A.M. Jen-

ner, former librarian at the Royal Botanic Gardens, Sydney] Cultivated

Shrubs or small trees, erect, to 5 m. Stems slender, spreading; bark orange to dull reddish, smooth, turning brown and 

becoming rough and fissured at base of trunk; twigs round, zig-zagged, glabrous, bluish to dark purple, resinous; prickles ab-

sent. Leaves (phyllodes) alternate; flat, narrowly elliptic to narrowly oblanceolate, margins similar, slightly curved, glabrous, 

50–110 × 5–15(–20) mm; pinnately veined, midvein obvious, lateral veins faint; apex acute, apiculate, sometimes hooked; 

gland 1–3, the lowest 4–10 mm above the 1–2 mm pulvinus. Inflorescences densely flowered globose heads 3–5 mm across, 

in pseudo-racemes of 3–15 heads, 13–40 mm, solitary from the upper leaf axils; peduncles 2–5 mm. Flowers sessile, yellow; 

calyx 0.7–1.1 mm, glabrous; corolla 1.2–1.9 mm, glabrous; filaments 2.5–3.5 mm. Fruits 80–150 × 5–8 mm, straight, flattened, 

constricted between the seeds, leathery, glabrous, not resinous, black; stipe 3–7 mm; apex acute. Seeds oblong, slightly flat-

tened, 6–8 × 3–6 mm; aril light yellow, club-shaped.

 Flowering Sep—Nov. Native to w Australia.

 Acacia jennerae is of sporadic distribution in arid and semiarid habitats in New South Wales, Northern Territory, Queensland 

and Western Australia (Orchard & Wilson 2001). Annual rainfall across its range varies from 200–350 mm (Thomson 1991).

 Coonavitra wattle resembles a small Eucalyptus, and when not in flower or fruit is not readily identified as a legume. It 

is being increasingly planted in Arizona. With its upright growth habit, it is well-suited for small spaces and patios. The con-

trasting bark and foliage are particularly attractive. In some situations, plants will profusely sucker from the roots, forming 

thickets if not controlled. This can be useful for screening. The suckering habit may be useful in erosion control (Jones & 

Sacamano 2000). The plants are tolerant of a variety of soils. This species is drought resistant, but appearance and performance 
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are improved with occasional irrigation during drought. Flowering has been observed on cultivated plants in Tucson from 

July–February. Cultivated plants have survived temperatures to ca. -9°C without damage. The biggest maintenance issue with 

Coonavitra wattle is the tendency to form masses of root suckers. The plants produce a modest amount of leaf letter. Scarified 

seeds germinate easily.

 The seeds of A. jennerae have been used for food by Aboriginal people and gum was also utilized (Devitt 1991). The seeds 

may have some potential as a food crop (Thomson 1991).

Acacia pendula A. Cunningham ex. G. Don, Gen. Hist. 2:404. 1823. * Weeping myall, boree [From Latin pendul, hanging] 

Cultivated

Trees, erect, to 12 m. Stems slender, pendulous; bark gray, smooth, becoming gray brown, rough and fissured; twigs ridged, 

not zig-zagged, glabrous to lightly appressed puberulent, brown, resinous; prickles absent. Leaves (phyllodes) alternate; flat, 

narrowly elliptic, margins similar, straight to curved, glabrous, 40–140 × 3–10 mm; striate with numerous closely parallel 

veins with 1–3 more obvious; apex acuminate, apiculate, sometimes hooked; gland solitary, just above the 1–3 mm pulvinus. 

Inflorescences densely flowered globose heads 3–5 mm across, in pseudo-racemes of 2–7 heads, 2–9 mm, solitary in upper 

leaf axils; peduncles 2–8 mm. Flowers sessile, light yellow; calyx 0.4–1.1 mm, glabrous; corolla 1.2–1.9 mm, glabrous; fila-

ments 2.5–3.5 mm. Fruits 80–130 × 9–12 mm, straight to curved, flattened, slightly constricted between the seeds, leathery, 

appressed puberulent, not resinous, dark brown; stipe 2–5 mm; apex acute. Seeds orbicular, somewhat flattened, 5–9 × 4–6 

mm; aril cream, forming a small cap on the seed.

 Flowering throughout year. Native to se Australia.

 Acacia pendula is found on clay soils and often on floodplains in semiarid woodlands in New South Wales, Queensland, 

South Australia and Victoria. Annual rainfall across it range varies from 400–650 mm (NAS 1979).

 Weeping myall makes a beautiful shade or specimen tree for larger spaces. The rounded canopy with weeping branches 

and silvery gray or yellow green foliage is particularly attractive. The plants tolerate a variety of soils. Occasional irrigation 

is desirable during hot dry weather. Flowering in Tucson has been observed in December and January. Jones and Sacamano 

(2000) report that flowering on plants in dry landscapes is rare. Cultivated plants are hardy to ca. -6°C. Leaf litter is modest. 

Jones and Sacamano (2000) report that weeping myall is subject to Texas root rot and damage from high winds. Propagation is 

by scarified seeds.

 Acacia pendula is suited for planting to form windbreaks, and is used for fuelwood and fence posts (Simmons 1981). 

Livestock browse the foliage, especially during drought, and it has been eliminated from portions of its range (NAS 1979; Cun-

ningham et al 1992). The wood is hard, heavy and aromatic (Simmons 1981; Cunningham et al 1992) and has been used for 

small wooden articles and by Aboriginal people to make boomerangs (Cunningham et al 1992).

Acacia redolens Maslin, Nuytsia 1:327. 1974. * Vanilla-scented wattle, Ongerup wattle [From Latin redol, emit a scent] Cul-

tivated and rarely adventive

Shrubs to 2m [or small trees, erect, to 5 m]. Stems slender, erect to spreading; bark gray, smooth, becoming rough and shal-

lowly fissured on old stems; twigs round, not zig-zagged, glabrous, brown to purple brown, resinous-ribbed, fragrant when 

crushed (vanilla scented); prickles absent. Leaves (phyllodes) alternate; flat, oblanceolate, margins similar, straight, glabrous, 

20–70 × 5–15 mm; striate with mostly 5--12 prominent, parallel veins; apex obtuse, apiculate, not hooked; gland solitary, at 

edge of 1–3 mm pulvinus. Inflorescences densely flowered globose heads 3–5 mm across, solitary or in short pseudo-racemes 

of 2–6 heads, 5–10 mm, clustered in upper leaf axils; peduncles 2–6 mm. Flowers sessile, light yellow; calyx 0.5–0.8 mm, 

glabrous; corolla 1.0–1.6 mm, glabrous; filaments 2–3 mm. Fruits 30–60 × 2–4 mm, curved, flattened, constricted between the 

seeds, leathery, glabrous, resinous, brown; stipe 4–8 mm; apex acuminate. Seeds ellipsoid to ovoid, flattened, 4.9–6.5 × 3.5–4.5 

mm; aril cream-white, thickened, forming a cap on seed.

 Flowering Aug—Sep. Native to coastal sw Australia. Cultivated and rarely established in the sw United States.

 Acacia redolens is often found in somewhat saline or alkaline loam or clay soils in woodlands and around salt lakes (Or-

chard & Wilson 2001). The shrubby form is present in Arizona horticulture.

 Vanilla-scented wattle forms low dome-shaped mounds, and is widely planted on freeway embankments and street medi-
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ans in Arizona as a tall ground cover. It can also be used for erosion control. The plants will grow in a variety of soils including 

saline soils. The plants tolerate drought well but appearance is improved with occasional irrigation. Flowering in Tucson has 

been observed from February–June. Cultivated plants are hardy to ca. -7°C. Litter is minimal. Cultivated plants sometimes 

suffer extensive die out of stems, particularly during the summer. This may be reduced by planting in well-drained soil or re-

ducing irrigation frequency. Selections with specific traits have been trademarked by commercial nurseries. Scarified seeds are 

easily germinated.

Acacia salicina Lindley in T.L. Mitchell. Three Exped. Australia 2:20. 1838. * Willow wattle, cooba. [From Latin salix, willow, 

meaning willow-like] Cultivated and rarely adventive

Shrubs or small trees, bushy, erect, to 13 m. Stems slender, pendulous; bark gray and smooth, on older stems becoming 

gray brown, rough and fissured; twigs not ridged, slightly zig-zagged, glabrous, gray to purplish, not resinous; prickles absent. 

Leaves (phyllodes) alternate; flat, linear to narrowly elliptic, margins similar, straight to slightly curved, glabrous, 60–200 × 

4–30 mm; pinnately veined, midvein obvious, lateral veins faint; apex acuminate, apiculate, sometimes hooked; glands 2–5, 

lowermost 0–5 mm above the 0.5–1.3 mm pulvinus. Inflorescences loosely flowered globose heads 8–13 mm across, in pseu-

do-racemes of 2–8 heads, 10–80 mm, solitary in upper leaf axils; peduncles 5–12 mm. Flowers sessile, cream to pale yellow; 

calyx 1.1–1.8 mm, glabrous; corolla 2.4–3.1 mm, glabrous; filaments 5–6 mm. Fruits 50–120 × 7–13 mm, straight, flattened, 

not constricted between the seeds, woody, glabrous, not resinous, gray-green; stipe 1–3 mm; apex acute. Seeds oblong to el-

liptic, flattened, 4–6.5 × 3–5 mm; aril scarlet, forming a cap on the seed.

 Flowering Oct–Feb. Native to eastern half of Australia. Cultivated and rarely adventive in the sw United States.

 Acacia salicina is found in parts of all Australian mainland states except for Western Australia. It prefers clay soils of low-

lying areas in arid and semi-arid habitats receiving 125–500 mm annual of rainfall, where it is a component of open woodlands 

and riparian communities (Whibley 1980). Acacia salicina has become naturalized and is increasing in abundance on disturbed 

sites around Tucson and Phoenix. It should be considered invasive in areas beyond its native distribution. The arils of many 

acacias, especially those that are brightly colored, serve to attract birds that disperse the seeds. Acacia salicina has been ob-

served to nodulate (Allen & Allen 1981).

 Willow wattle has graceful willow-like foliage and weeping branches. It is suitable as a shade tree and for planting in 

patios, street medians and against buildings. Root suckers frequently develop around the parent tree. Willow wattle tolerates 

a wide variety of soil types. Established plants are drought tolerant. Flowering in Tucson has been recorded from September–

March. The plants are hardy to -7°C. Willow wattle is subject to wind throw if improperly irrigated (Jones & Sacamano 2000). 

The plants produce a moderate amount of leaf and fruit litter. Root suckers can become a maintenance issue. Scarified seeds 

germinate readily.

 Acacia salicina can be planted to form windbreaks (Cunningham et al 1992). The root-suckering habit can be useful in 

reducing soil erosion and stabilizing river banks (Whibley 1980; Cunningham et al 1992). This species is reported to tolerate 

saline conditions (Simmons 1981). The foliage is reported to be browsed by livestock, but is suspected of causing poisoning 

under some conditions (Cunningham et al 1992). Sheep readily eat the green pods (Cunningham et al 1992). Wood of willow 

wattle is dark brown and strong (Simmons 1981; Cunningham et al 1992) and has been used to make furniture, yokes and 

other articles (Cunningham et al 1992). The bark was used by Aboriginal people to poison fish (Simmons 1981; Cunningham 

et al 1992).

Acacia saligna (Labillardiere) H.L. Wendland, Comm. Acac. Aphyll. 4:26. 1820. * Golden wreath wattle [From Latin salignus, 

of willow] Cultivated

Acacia cyanophylla Lindley

Shrubs or small trees, bushy, erect, to 6 m. Stems slender, usually pedulous; bark gray or red brown, smooth or becoming 

rough and shallowly fissured on old limbs; twigs slightly ridged, slightly zig-zagged, glabrous, bluish to purplish, not resinous; 

prickles absent. Leaves (phyllodes) alternate; flat, linear to narrowly elliptic, margins similar, straight to slightly curved, gla-

brous, 70–250 × 6–30 mm; pinnately veined, midvein obvious, lateral veins faint; apex narrowly acuminate, apiculate, some-
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times hooked; gland solitary, 0–3 mm above the 1–4 mm pulvinus. Inflorescences densely flowered globose heads 8–13 mm 

across, in pseudo-racemes of 2–10 heads, 5–40 mm, solitary in upper leaf axils; peduncles 5–15 mm. Flowers sessile, golden; 

calyx 1–2 mm, glabrous; corolla 2.6–3.4 mm, glabrous; filaments 5–6 mm. Fruits 80–140 × 5–8 mm, straight, flattened, con-

stricted between the seeds, stiffly papery, glabrous, not resinous, dark brown; stipe 8–15 mm; apex acuminate. Seeds oblong, 

flattened, 4–6 × 2.5–4 mm; aril yellow, club-shaped, 2–3 mm.

 Flowering Nov–Mar. Native to sw Australia.

 Acacia saligna is native to southwestern Western Australia but has been introduced elsewhere in the country and has 

become adventive. Also naturalized in other parts of the world including South Africa and California. It is found on various 

soil types in a variety of habitats, in areas receiving 300–700 mm yearly rainfall (Whibley 1980). Acacia saligna is reported to 

nodulate (Allen & Allen 1981).

 Golden wreath wattle has a fast growth rate, but in Arizona has been short-lived and subject to considerable wind dam-

age due to the dense canopy. It is suitable as a patio tree or screen. The plants provide shade and have dark green leaves that 

resemble those of some species of Eucalyptus. Golden wreath wattle is tolerant of a variety of soils. Periodic irrigation is desir-

able during hot dry weather. This species is spectacular when in flower with masses of yellow flower heads. Flowering takes 

place in winter and spring. Cultivated plants in Tucson have been severely damaged below -6°C. Maintenance considerations 

include damage from high winds, leaf litter and the potential for root suckers. Propagation is by scarified seeds.

 Acacia saligna is known to be invasive but not recorded as adventive in Arizona. This species is useful for soil stabilization 

and does well in coastal areas (Whibley 1980). The plants are effective in stabilizing sand and for windbreaks (NAS 1980). It 

is fast growing and in plantations can yield 1.5–10 m3/ha per year though the wood is of low quality (NAS 1980). The plants 

coppice readily. The foliage is suitable for livestock fodder. NAS (1980) reports that fresh and dried foliage of A. saligna is used 

as supplementary feed for goats and sheep, and that crushed seeds have been fed to sheep without problems. An acidic gum 

(27% uronic acid) is exuded from damaged stems and may have potential as an ingredient in acidic foods (NAS 1979; NAS 

1980).

Acacia stenophylla A. Cunningham ex Bentham, London J. Bot. 1:366. 1842. * Black wattle, river cooba, shoestring acacia 

[From Greek steno, narrow and phyllum, leaf] Cultivated and rarely adventive

Trees, bushy, to 20 m. Stems slender, mostly pendulous; bark dark gray or black, rough and furrowed; twigs round, not zig-

zagged, glabrous to puberulent, dark purple, slightly resinous; prickles absent. Leaves (phyllodes) alternate; flat, linear, mar-

gins similar, straight to curved, usually glabrous, 150–400 × 2–10 mm; striate with 8–22 obvious parallel veins; apex narrowly 

acuminate, apiculate, rarely hooked; gland solitary, 0–2 mm above the 1–4 mm pulvinus. Inflorescences densely flowered 

globose head 6–10 mm across, in pseudo-racemes of 2–6 heads, 3–10 mm, solitary in upper leaf axils; peduncles 6–14 mm. 

Flowers sessile, creamy white to pale yellow; calyx 0.9–1.6 mm, puberulent; corolla 2–3 mm, puberulent; filaments 3.5–5.0 

mm. Fruits 100–260 × 8–12 mm, straight, flattened, constricted between the seeds, leathery, glabrous, not resinous, dark 

brown; stipe 8–14 mm; apex acute. Seeds broadly elliptic, slightly flattened, 7–9 × 4–6 mm; aril yellow, very small.

 Flowering throughout year. Native to e Australia and rarely adventive in the United States including Arizona.

 Acacia stenophylla is frequently found along water courses as an understory plant beneath Eucalyptus camaldulensis and 

other species, and in seasonal swamps, typically in clay soils. It is recorded from all mainland states in Australia. This species 

has become weakly naturalized in disturbed sites in urban areas of Arizona and should be considered potentially invasive. An-

nual rainfall is 100–800 mm across its range (Thomson 1991).

 Despite its preference for wet areas in habitat, shoestring acacia is well-adapted to dry landscapes. It can be used as a back-

ground tree or planted against larger buildings where it is effective when planted in groups. The open canopy produces light, 

filtered shade. Shoestring acacia is long-lived. It tolerates a wide range of soils including saline soils. Flowering on cultivated 

plants in Tucson has been observed in April and from July–December. Hardiness varies from -6°– -9°C among plants grown in 

Tucson, though most material is hardy to -9°C. The trees produce some leaf litter and may produce root suckers. Scarified seeds 

germinate easily.

 The foliage of A. stenophylla is palatable to livestock (Cunningham et al 1992). The wood is hard, heavy and polishes well 

(Cunningham et al 1992). Thomson (1991) indicates that the seeds may have some potential as a source for human food.
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Acacia tetragonophylla F. Mueller, Fragm. 4:3. 1863. * Dead finish, prickly wattle [From Greek tetra, four, gonia, an angle, 

and phyllum, leaf] Cultivated

Straggly shrubs or small trees, erect to spreading, to 5 m. Stems slender, spreading; bark gray, smooth or becoming rough 

and slightly fissured at base of large trunks; twigs round, not zig-zagged, glabrous, dark purple, not resinous; prickles absent. 

Leaves (phyllodes) clustered on short spur branches, alternate on new growth; round and 5–7 ridged in cross section, linear-

subulate, margins similar, straight, glabrous, 10–60 × 0.8–1.2 mm; parallel veins; apex acuminate, sharp-pointed; gland usually 

absent. Inflorescences densely flowered globose heads 6–9 mm across, 1– 5 in leaf axil; peduncles 8– 25 mm. Flowers sessile, 

yellow; calyx of separate sepals, 0.6–1.3 mm, glabrous; corolla 1.5–2.2 mm, lobes glabrous; filaments 3–4 mm. Fruits 50–110 

× 4–5 mm, twisted and coiled, flattened, constricted between the seeds, leathery, glabrous, not resinous, dark reddish brown; 

stipe 2–6 mm; apex acuminate. Seeds elliptic to oblong, flattened, 4–6 × 2–4 mm; aril bright yellow, encircling the seed.

 Flowering Apr–Jun. Native to southern half of Australia.

 Acacia tetragonophylla is widespread in arid habitats on a variety of soil types in Australia where it has been recorded 

from all mainland states except Victoria. It grows in regions that receive 125–300 mm of yearly rainfall (Whibley 1980). The 

fascicled phyllodes of older stems are unique among species of Acacia cultivated in Arizona. Nodulation is reported for A. 

tetragonophylla (Allen & Allen 1981).

 With its stiff, sharp-tipped phyllodes and shrubby habit, dead finish makes an effective barrier. It can also be planted as 

an informal screen and makes a distinctive specimen plant. The dark green foliage contrasts nicely with the yellow flowers. 

Established plants are drought tolerant but grow slowly without supplemental irrigation. The plants require well-drained soil. 

Cultivated plants in Tucson have been observed to flower from January–May and in November. Dead finish is hardy to ca. 

-6°C. Freeze-damaged plants recover slowly. This species is moderately salt-tolerant (Simmons 1981). The sharp-tipped phyl-

lodes are a limitation when selecting a planting site. Litter is minimal. Dead finish is easily grown from scarified seeds.

 Acacia tetragonophylla can be planted as a windbreak and for soil stabilization (Whibley 1980; Cunningham et al 1992). 

The foliage is considered an important livestock browse during drought in some regions (Cunningham et al 1992; Orchard 

and Wilson 2001). The seeds have been ground for food (Urban 1990). Devitt (1991) indicates that green and ripe seeds were 

used for food and that root grubs were eaten. Orchard and Wilson (2001) report that the phyllodes and root bark are used by 

Aboriginal people in Northern Territory to treat skin lesions and warts, and for bandaging fractured bones, and the bark is used 

to treat coughs in Western Australia. The wood is red brown, heavy and durable, and is aromatic when freshly cut (Simmons 

1981), though the small diameter limits its use.

taxa with potential for cultivation

Additional taxa of Acacia have been introduced into Arizona horticulture but are generally not available from commercial 

sources. New introductions are likely to become available over time. All of the following species have evergreen phyllodes 

and are native to Australia. They are rarely available in Arizona, though some are likely to become more widely planted in the 

future.

Acacia brachybotrya Bentham, gray mulga, forms a rounded shrub to 3 m tall, is unarmed, and has gray green oblanceolate 

to obovate phyllodes. The flowers are yellow, in rounded heads. Gray mulga is hardy to -7°C.

Acacia cyclops A. Cunningham ex G. Don, western coastal wattle, is an unarmed, rounded shrub or tree up to 6 m tall. The 

phyllodes are narrowly oblong to narrowly obovate. Yellow flowers are produced in globular heads. Hardy to ca. –6°C.

Acacia notabilis F. Mueller, notable wattle, forms a rounded to spreading, unarmed shrub to 3 m tall. The gray green phyllodes 

are oblong-lanecolate, and yellow flowers are produced in rounded heads. Hardy to ca. -7°C.

Acacia papyrocarpa Bentham, western myall, typically forms an unarmed, multiple-stemmed, umbrella-shaped shrub or tree 

to 7 m tall. The phyllodes are linear and silver green. Yellow flowers are produced in round heads. Cultivated plants in Arizona 

appear to be hardy to at least -9°C.
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Acacia pruinocarpa Tindale, gidgee, forms a tidy, unarmed, low-branched tree 5–10 m tall, or sometimes a multiple-stemmed 

shrub with relatively thick twigs. The gray bark and linear to oblong, blue green phyllodes are attractive. The rounded flower 

heads are bright yellow. Gidgee is hardy to ca. -6°C.

Acacia trachycarpa E. Pritzel, is an unarmed shrub or tree to 6 m tall with linear, sharp-tipped phyllodes. Yellow flowers are 

produced in cylindrical spikes. Hardy to ca. -5°C.

Acacia trineura F. Mueller, three-nerved wattle, forms a rounded, unarmed shrub or small tree to 5 m tall. The phyllodes are 

narrowly obovate or oblanceolate and dark gray green. Rounded flower heads are yellow. Hardy to -9°C.

Acacia victoriae Bentham, Victoria wattle, bramble wattle, is a shrub or small tree to 5 m tall, with blue green to yellow green 

linear to lanecolate or elliptical phyllodes and short, paired stipular spines at the nodes. The flowers are cream colored and are 

produced in masses of rounded heads. Victoria wattle is hardy to -7°C.
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Introduction 
An intergovernmental agreement was signed on August 26, 

2008 between the Arizona Department of  Transportation 
(ADOT) and Boyce Thompson Arboretum (BTA) for the 
Arizona Hedgehog Project. The project was to transplant 
individuals of  the Arizona hedgehog cactus (Echinocereus 
triglochidiatus var. arizonicus or AHC) from the US Highway 
60 ADOT project area to Boyce Thompson Arboretum and 
conduct a 5-year research study on the AHC to learn more 
about how to increase success of  future salvage efforts. 

In addition, the project included the development of  
interpretive/educational materials including printed materials 
and signage to explain the project to the more than 75,000 
annual visitors who visit the Arboretum.  The transplant sites at 
the Arboretum offer an excellent opportunity for informing the 
general public, adults and children alike, about the importance 
of  conserving the Arizona hedgehog and other endangered 
species. 

Figure 1.  A flowering Arizona hedgehog from Year 3 of the study in  
April 2011.  All figures by Boyce Thompson Arboretum staff.

The Arizona 
Hedgehog Project
Mark D. Siegwarth
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As stated above, the Arizona Hedgehog project is comprised 
of  two distinct but overlapping parts: the physical movement 
of  the plants to Boyce Thompson Arboretum and an extended 
study of  transplantation success.  In brief, we first evaluated the 
plants in situ at the US Highway 60 ADOT project location, then 
removed the plants and transported them to BTA. Although 
there were to be two different plantings, fall and spring, delays 
and fewer than the expected number of  AHC needing salvage 
mandated that all plantings be done in the fall. Finally, we 
evaluated the success of  the transplants over a 5-year period. 
This was essentially an observational study. Germplasm was 
shared with other researchers, which will provide additional 
information. 

Arizona hedgehog description, pollination, and habitat
The Arizona hedgehog (Echinocereus triglochidiatus var. arizoni-

cus) has a dark green cylindroid stem with an average length of  
29.6 cm (11.6”), average stem diameter of  8.1 cm (3.2”), and 
mostly nine ribs on mature individuals. There are usually three 
central spines, and nine radial spines, less than 1.3 cm (0.5”.) in 
length (Baker 2006).  Based on stem height and diameter, the 
majority of  plants salvaged were mature specimens and sub-
stantial new growth was not expected.  The Arizona hedge-
hog cactus produces flowers in late April to mid-May and fruits 

from May to June (Arizona Game and Fish Department 1992). 
It is an obligate outcrosser that is pollinated by humming-

birds, carpenter bees, solitary bees, and honeybees (U.S. Forest 
Service 2004).  A pollination study done at Boyce Thompson 
Arboretum in April 2013, by Dr. Clare Aslan, Conservation Re-
search Scientist at the Arizona-Sonora Desert Museum, noted 
that the BTA plants were visited by a combination of  honey-
bees and hummingbirds, whereas the wild populations were 
visited by hummingbirds and native bees (pers. com.).

The preferred habitat of  the Arizona hedgehog cactus is on 
rock such as the Schultz Granite and Apache Leap Rhyodacite 
Tuff, both of  high silica and of  igneous origin. (U.S. Forest 
Service 2004). Other rock such as the Pinal Schist and Pioneer 
Formations can serve as additional habitats if  they are exposed 
near rhyodacite and granite formations (U.S. Forest Service 
1996). The elevation range is generally between 3,300 and 5,700 
feet. The geology of  the Arboretum is composed of  the Picket-
Post Rhyolite Tuff, a rock type almost identical in composition 
to the Apache Leap Rhyodacite Tuff  and hence viewed as an 
equally preferred habitat for the Arizona hedgehog cactus. Soils 
tested at the three planting sites at the Arboretum fall within 
the range of  the variations of  the soils tested at the salvage site.  

The population of  the endangered Arizona hedgehog cacti in 
the US Highway 60 ADOT project area grows on moderately 

Figure 2.  Two typical Arizona hedgehogs (Echinocereus triglochidiatus var. arizonicus), in situ, within the US Highway 60 ADOT project 
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Figure 3.  Most of the Arizona hedgehog plants were 
salvaged from the crevices of tightly wedged granite 
boulders and required delicate extrication. Steel pry 
bars, chisels, sledge hammers, hand trowels, and other 
heavy and light duty hand implements were needed 
to dismantle the surrounding rocks and boulders that 
firmly bound the roots.  Once freed, the hedgehogs 
were placed in stout burlap “slings” that cradled the 
plants securely while the crew negotiated the tricky 
footing down the often-steep slopes to the wating 
trucks below. 

steep slopes amongst granite boulders and outcrops in thick 
Interior chaparral vegetation about 15 miles east of  Boyce 
Thompson Arboretum at approximately 4,400 ft. elevation. By 
contrast, the Arboretum is located at 2,400 ft. elevation.

Project Description and Methodology
The original agreement called for the AHC to be salvaged 

from the construction area during the spring months. 50% of  
the plants would be immediately planted at Boyce Thompson 
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Arboretum. The remaining 50% would be held back in a nurs-
ery area to be transplanted at what would be considered to be 
the best planting time in the fall. This would allow a 5-year 
assessment of  transplanting success at two different times of  
the year.  Both groups would be planted in a total of  three lo-
cations on the Arboretum grounds and monitored during the 
length of  the study. However, because of  delays in the signing 
of  the agreement, the springtime salvage of  these plants was 
not possible. 

A total of  79 plants in need of  salvage were identified and 
mapped by ADOT.  In June 2008, Arboretum staff  evaluated 
each of  these plants in situ and gave each an accession number. 
Evaluation criteria included photographs, locality data, sun/
shade exposure, plant size, associated plants, and soil charac-
teristics, particularly with respect to the presence or absence 
of  granite rocks, boulders, and outcrops. Several months later, 
after a reassessment of  the project area by ADOT engineers, 
the proposed construction footprint was reduced in size, de-
creasing the total number of  impacted plants to less than half  
this number. On October 14 and 15, 2008, 31 of  the original 
79 plants were removed and transported to Boyce Thompson 

Arboretum by staff  and volunteers.  Soil samples were also col-
lected from about a dozen of  the in situ locations.

Nearly all of  the AHC plants were associated in some way 
with granite outcrops and/or granite boulders and rocks that 
populated the construction area; in fact, many of  the plants 
grew directly out of  cracks and crevices formed by the gra-
nitic formations. This required a careful dismantling of  the en-
compassing granite in order to extricate the plants with as little 
harm to the roots and plant as possible. While most plants were 
in some way associated with granite, sun and shade exposure 
were more equally divided. The shade was generally partial, cast 
in the morning or afternoon by large evergreen shrubs. All of  
these associations and microclimates were recorded during the 
evaluation process by way of  staff  notes or photographs or 
both, including the marking of  each hedgehog’s directional ori-
entation. 

Despite the best of  intentions, unavoidable damage to some 
of  the plants occurred during removal or transport.  Most com-
monly, larger multi-headed plants separated into several smaller 
clumps with roots still attached; plant division was sometimes 
done intentionally while being processed at BTA if  it was nec-

Figure 4.  Above:  An Arboretum staff member inspects and processes bareroot Arizona 
hedgehogs that were salvaged on October 14, 15, 2008. The orange flagging and metal 
tags were placed on these plants by staff during a mid-June 2008 reconnaisance that eval-
uated 79 plants in situ that were in the path of construction. Ultimately, after the reduction 
of the construction footprint by ADOT engineers, this number was reduced to the 31 plants 
that were actually salvaged.  Right:  There was a wide range of sizes from small plants with 
a single stem to massive plants with as many as 23 separate heads (stems). 
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essary to prepare a specimen for planting. Broken, marred, and 
wounded heads were also casualties, particularly from the rigors 
of  the digging process. Once transported to the Arboretum, 
the bare root plants were stored on a nursery table under 50% 
shade for approximately two weeks. Damaged roots of  the bare
rooted plants were cut back to healthy tissue; healthy roots were 
pruned to 6 – 8” in length. All but twenty of  the plants were 
treated with Bordeaux powder and Hormex #3 rooting hor-
mone, then potted directly into one gallon pots containing a 
porous soil mix. They were placed outside under a lath shade 
structure where the survival rate over a four year period was 
nearly 100%. 

Approximately 15 separate pieces of  damaged heads were-
stored for a month under the copious shade of  a large spread-
ing native mesquite in the nursery area, then cut back into 

healthy tissue and allowed to callus over for another two weeks. 
Half  the cuts were treated with Hormex #3 rooting powder 
and other half  received no treatment. All were potted into one 
gallon containers with a porous soil mix and placed in a propa-
gation greenhouse. High humidity and unintentional overwa-
tering lead to the rotting of  about half  of  these plants. After 
a year, they were moved outside under a lath shade structure 
where the survival rate increased to nearly 100%. 

Because of  the agreement signing delay that prevented salvag-
ing and planting in the spring, and because of  the reduction in 
the number of  plants to be salvaged, the original planting plan 
was modified. Four treatments were devised that compared the 
survival of  the AHC grown in shade and sun, with and without 
granite boulders. Shade was included as a variable not only be-
cause half  of  the plants in their original locations were shaded 

Table 1.  Measurements and notes recorded before salvage of the AHC at the Highway 60 ADOT project site.  
Supplemental “longhand” descriptions and notes, and GPS coordinates are not included in this table. 

Acc. num Stems Size (in.) Ave. stem Ave. stem Exposure Notes
dia (in.) height (in.)

2008.202 20 22 x12 3.5 9 east facing
2008.204 1 2 east facing
2008.205 1 2 east facing
2008.206 2 1.75 3.5 east facing
2008.207 23 20 x 16 2.25 8 west facing
2008.216 9 17 x 12 3 8 se facing 1- 5" stem, 1 - 2 1/2" stem
2008.217 6 3.5 5 se facing along highway
2008.218 24 3.5 10 se facing
2008.219 1 2.5 6 west facing along fence line
2008.220 3 7 x 5 2.5 5 east facing nice symmetrical clump
2008.221 13 19 x 14 3 7 east facing in rock
2008.222 2 3 x 6 2.5 east facing
2008.223 1 2.5 3 east facing easy digging
2008.239 3 3 6 se facing
2008.240 27 18 x 24 2 4
2008.241 3 8 x 3 2.5 3 diggable
2008.242 18 3 8 shade in rock, appears eaten and re-grown
2008.243 3 3 9 north facing in rock
2008.244 9 3.5 8 full shade shade of Cercocarpus, diggable
2008.245 1 3 7 in rock
2008.247 4 3 7 south facing in shade of Juniper
2008.248 4 9 x 10 2.5 8 south facing wedged in rock
2008.251 3 1.5 2 south facing in rock
2008.256 4 3.5 12 level full exp. in rock
2008.257 6 3.5 10 three tiny stems about 2" high
2008.264 2 4 15 east facing in rock
2008.265 5 7 east facing
2008.276 1 3 10 south facing big "lunker"
2008.279 10 16 x 16 2.75 5 south facing in rock
2008.280 1 3.5 12 south facing diggable, pups around main stem

under Cercocarpus
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part of  the day by nearby shrubs, but also to help temper the 
warmer environment created by the 2,000 ft. elevation differ-
ence between the salvage site (4,400 ft.) and the Arboretum 
(2,400 ft.). Granite rocks and boulders were used because of  
their near-ubiquitous association with the salvaged plants in 
their native habitat (in situ) and the opionin of  Arboretum staff  
that they might play an important role  in increasing long-term 
survival. The boulders, rocks, and accompanying decomposed 
granite were gathered from the salvage site and applied to the 
surface of  the two boulder treatments. The ex situ plots at the 
Arboretum were located on level ground, so the slope, aspect, 
and drainage of  the in situ locations could not be replicated.

Twenty of  the bare root plants were selected and divided into 
four treatments, T1, T2, T3, and T4, with five plants per treat-
ment. The locations of  the three ex situ sites for the four treat-
ments were determined by the Arboretum’s collection commit-
tee and horticultural staff  based on soil type, visibility from the 
trail for interpretive purposes, and exposure to sun or shade. As 
previously stated, this was an observational study, so little or no 
supplemental irrigation was given once the plants were in place. 

On November 5, 2008, the day of  planting the treatments, 

the roots of  each plant were treated with the same protocol as 
those that were potted: roots were pruned to 6 - 8” and treated 
with both Bordeaux powder and Hormex #3. Staff  regularly 
monitored the plots, recording plant condition, growth, flow-
ering, and fruiting. One dead plant was replaced in 2009 and 
another in 2010, both from plants acquired from two other 
unrelated salvage locations; otherwise, all plants in the four 
treatments were the same as those planted in 2008. An exten-
sive photographic record of  approximately 2,000 photos was 
compiled from 2008 - 2013. The treatments were surrounded 
by stout hardware cloth to exclude herbivores and wayward 
hiking boots. See Figures 7 and 8. 

The potted AHC plants and rooted cuttings in the Arbo-
retum’s plant nursery were monitored and cared for until 20 
of  them were planted in March 2012 as part of  the WestLand 
Resource/Resolution Copper Mining Company study (WR/
RCM). In addition, a total of  1,000 seeds were planted in 20 
different plots. This location is an area of  similar habitat and 
elevation to the orginal AHC salvage area. As our original opin-
ion was that the fall was the best time to plant the AHC, this 
gave the salvaged cactus the best chance of  survival.  With the 

These endangered Arizona 
hedgehog cacti (Echinocereus 
triglochidiatus var. arizonicus) were 
growing on steep slopes between 
granite boulders 15 miles east of 
here at 4,400 feet elevation (the 
Arboretum is 2,400 feet). Road 
construction along Highway 60 
required removal of these 
hedgehogs in October 2008. 

A five-year study funded by 
the Arizona Department of 
Transportation (ADOT) will help 
us learn more about how to best 
save and care for other plants of 
this endangered species if, in the 
future, they need to be rescued 
from harm’s way. 

E N D A N G E R E D

Arizona Hedgehog Rescue 

This group of Arizona hedgehogs 
is planted among granite boulders 
(collected from the rescue site) in 
a manner similar to how they were 
growing in their native habitat. 
To your right is another group of 
hedgehogs planted without granite 
boulders. How important are the 
boulders to the long-term health 
and survival of these hedgehogs? 
The five-year study will help 
answer this and other questions. 

The fencing keeps out javelinas 
which, believe it or not, find these 
spiny hedgehogs to be a tasty treat!

Figure 5.  This sign was created and displayed for the public as an interpretive/educational component of the project.

34 Desert Plants 30(1)  2014



Westland Study, we can gather the observational data necessary 
to determine whether the spring or fall is the best time to plant 
the AHC.

Results
Although approximately 10 plants and rooted cuttings are 

still maintained in the greenhouse and an additional 20 plants 
and rooted cuttings were transplanted into the wild in March 
2012, this data concerns only the original 20 plants placed on 
the Arboretum grounds in four different treatments in Novem-
ber 2008.  Although a 90% survival rate after 3 years is admi-
rable, the ultimate 5-year survival rate of  75% may be the result 
of  other factors such as the drought and freezes.

Year 1 - On December 31, 2009, all 20 plants were still alive.  
Three plants (2008.207, 2008.242, and 2008.257) did have heads 

die and one plant (2008.256) had two heads yellowing.  
Year 2 - An inventory in October 2010, shows all plants are 

still alive but the same four plants remain struggling.
Year 3 - Two plants (2008.245 and 2008.257) were lost and 

three (2008.207, 2008.242 and 2008.256) plants remained strug-
gling.  

Year 4 - three plants (2008.242, 2008.256, and 2008.EXA) 
were lost and 2008.207 remained struggling.

Year 5 - 2008.207 further decline but still alive.

                          Continued pg 38

2009                                                            2013                                                            2011                                                            2010                                                          

2008.202

2008.221

2008.247

2008.242

Figure 6.  The four AHC plants selected for this photo comparison from 2009 - 2013 were chosen to give a representative sampling of indi-
vidual plants over the 5-year study which ended in October 2013. With the exception of 2008.242 (shown here) and four other plants that 
died, 75% of the plants from the original 2008 planting were still alive in 2012. None of the plants showed any measurable growth over the 
study period. 
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TREATMENT 1 Planted with rocks collected from removal 
site
2008.217 - 6 heads
2008.221 - 13 heads
2008.244 - 15 heads
2008.245 - 4 heads 
2008.276 - 6 heads

TREATMENT 2 Planted without rocks
2008.242 - 23 heads 
2008.248 - 8 heads
2008.247 - 4 heads
2008.264 - 2 heads
2008.281 - 2 heads

TREATMENT 3 Planted with rocks collected from removal 
site with shade
2008.239 - 4 heads
2008.207 - 11 heads
2008.257 - 4 heads
2008.280 - 1 head
2008.282 - 3 heads

TREATMENT 4 Planted without rocks with shade
2008.202 - 23 heads
2008.243 - 5 heads
2008.256 - 5 heads. 
2008.265 - 4 heads
2008.279 - 12 heads

Figure 7.  These photographs of the four treatments were taken on November 5, 2008, the day that planting was completed. Sturdy hard-
ware cloth surrounds each treatment to protect the plants from herbivores, particularly from the potential ravages of javelina. Below:  The 
table below shows the number of heads present on each accessioned plant at initial planting. 

Treatment 1 Treatment 2

Treatment 3 Treatment 4
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TREATMENT 1 Planted with rocks collected from removal 
site
2008.217 - 6 heads
2008.221 - 13 heads
2008.244 - 15 heads
2008.245 - 4 heads good (10/10) dead (6/11)
2008.276 - 6 heads

TREATMENT 2 Planted without rocks
2008.242 - 23 heads. Five dead (12/31/09) begins to deterio-
rate (6/29/11)  half  dead (12/11) dead (01/12)
2008.248 - 8 heads
2008.247 - 4 heads
2008.264 - 2 heads
2008.T80 ((replaced 2008.281)- 2 heads

TREATMENT 3 Planted with rocks collected from removal 
site with shade
2008.239 - 4 heads
2008.207 - 19 heads. Two are very small. One is dead 
(12/31/09) half  dead (10/11) 
2008.257 - 5 heads. Four dead, one alive (12/31/09) Dead 
(1/1/11)
2008.280 - 2 heads
2008.EXA - (replaced 2008.282) 3 heads.  One head died 
(12/11) dead (10/12)

TREATMENT 4 Planted without rocks with shade
2008.202 - 23 heads
2008.243 - 5 heads
2008.256 - 5 heads. Two very unhealthy - yellow/brown 
(12/31/09) still struggling (10/11) dead (10/12)
2008.265 - 4 heads
2008.279 - 12 heads

Treatment 1 Treatment 2

Treatment 3 Treatment 4

Figure 8.  These photographs of the four treatments were taken in August 2013, near the end of the study period. The table below contains 
notes about these plants. 
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Table 2.  This table reflects the fruits harvested and the seeds processed during a 
particularly good year for flower and fruit production in 2011. 

Figure 9.  Top:  2008.221 with each arm digitally 
numbered. Above:  A fruit from the same acces-
sion with labeled seed packet. 

Accession # Treatment Collected Head # Fruits per acc. REF Final Good Seed Count
2008.202 4 6/22/2011 11 6 6/30/2011 360
2008.202 4 6/22/2011 18 6/30/2011 608
2008.202 4 6/22/2011 22 6/30/2011 950
2008.202 4 6/28/2011 18 6/30/2011 337
2008.202 4 6/22/2011 2 385
2008.217 1 6/28/2011 1 6 6/29/2011 53
2008.217 1 6/28/2011 5 6/29/2011 212
2008.217 1 6/28/2011 6 6/29/2011 184
2008.221 1 6/22/2011 11 13 6/30/2011 625
2008.221 1 6/22/2011 6 6/30/2011 1178
2008.221 1 6/30/2011 4 382
2008.221 1 6/22/2011 12 6/29/2011 1184
2008.221 1 6/22/2011 2 6/30/2011 529
2008.221 1 6/28/2011 5 6/29/2011 289
2008.221 1 6/30/2011 1 853
2008.221 1 6/22/2011 9 6/30/2011 188
2008.239 3 6/22/2011 3 5 6/30/2011 939
2008.239 3 6/22/2011 2 6/30/2011 420
2008.239 3 6/28/2011 2 6/29/2011 94
2008.239 3 6/22/2011 1 6/30/2011 68
2008.244 1 6/28/2011 8 7 6/29/2011 72
2008.244 1 6/28/2011 12 6/29/2011 769
2008.244 1 6/28/2011 7 6/29/2011 855
2008.244 1 6/28/2011 11 6/29/2011 140
2008.244 1 6/28/2011 9 6/30/2011 902
2008.244 1 6/28/2011 4 6/28/2011 144
2008.247 2 6/28/2011 1 2 6/30/2011 444
2008.247 2 6/28/2011 2 6/29/2011 658
2008.248 2 6/22/2011 2 4 6/30/2011 622
2008.248 1 6/28/2011 2 6/29/2011 585
2008.248 2 6/22/2011 7 6/29/2011 682
2008.248 2 8/.22.-11 7 6/29/2011 385
2008.264 2 6/28/2011 1 4 6/30/2011 770
2008.264 2 6/28/2011 2 6/29/2011 534
2008.265 4 6/22/2011 4 3 6/30/2011 623
2008.265 4 6/30/2011 4 325
2008.276 1 6/28/2011 6 6 6/29/2011 216
2008.276 1 6/28/2011 5 6/30/2011 1051
2008.276 1 6/28/2011 5 6/29/2011 1081
2008.279 4 6/22/2011 10 1 247
2008.280 3 6/28/2011 2 1 6/29/2011 884
2011.001 3 6/28/2011 5 5 6/29/2011 623
2001.??? 3 6/22/2011 2 ? 6/29/2011 1466

Total 23916

       Surviving          Thriving

1 100% 80%

2 100% 80%

3 90% 75%

4 75% 70%

5 75% 70%

A zero mortality rate after 2 years of  being transplanted 
on the grounds of  the Arboretum is an enviable success rate, 
even with a few of  the plants struggling.  As a plant was lost 

from each of  the 4 treatments, no conclusions can be made in 
regards to the best treatment.  With or without shade and rocks 
did not appear to be a factor.

It is important to note that rainfall at the Arboretum was 
significantly below historic averages in 2011 and 2012, and two 
abnormally heavy freezes occurred in February of  2011 and 
2013.  Whether the plants could have recovered without these 
events is impossible to tell.  Because of  the observational design 
of  this study, plants received only occasional manual watering 
with no regular irrigation. As almost all the plants that died 
struggled from the beginning, it does indicate that if  proper 
care is given to the removal, pre-treatment, and transplanting 
procedures, a high degree of  success can be achieved.  If  the 
plants are damaged in the transplanting process, long term 

Table 3.  Total percentage of plants surviving and thriving across all 
four treatments through 2013. 
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recovery may be doubtful.
Although no fruit set in 2013, June 2011 was a banner year 

for the AHC bearing fruit.  A total of  63 fruits were collected 
and over 23,000 seeds harvested.  This is an average of  379 
seeds per fruit, which far exceeds the 100 seeds per fruit esti-
mated by the Arizona Game and Fish Department in 1992.  

BTA and Westland Resources have had success germinating 
seeds under controlled conditions.  No progress has been noted 
as to the 1,000 seeds planted in 20 different plots by Westland 
Resources in March 2012.  The seeds were watered monthly for 
the first 6 months.  Westland Resources also seeded other areas 
6 months after the transplant and those have not shown signs 
of  germinating, either.  

Conclusions
With a 100% survival rate after two years, 90% after three 

years and 75% after five years, it appears well worthwhile to 
transplant the AHC.  This is especially true if  one considers 
that other factors may have contributed to the demise of  the 
five AHC lost at BTA.  This is further reinforced by the RCM/
Westland Project which is showing a 100% survival rate with 
the 20 plants and rooted cuttings from BTA planted in March 
2012.  Although the seed does germinate under controlled 
conditions, germination in the wild has yet to be noted which 
further indicates the desirability of  transplanting actual plants 
or cuttings to ensure restoration is achieved. Preliminary results 
of  the Carlotta Mine transplant effort suggest that healthy 
plants that were transplanted had an 80% survival rate after two 
years. (Steve Viert, Cedar Creek Associates; Personal Commu
nication, December 14, 2006). 

With the exception of  accessions 2008.242, 2008.245, 
2008.256, 2008.257 and 2008.EXA dying, all other plants appear 
to have done well, whether protected by a native mesquite tree, 

in the open, or nestled among the rocks, though little or no 
new growth has occurred.  Although this was an observational 
study, the AHC appears to do well at lower elevations and grows 
normally amongst rocks salvaged from the area.  

Due to these successes, future salvage efforts appear to be 
more than warranted.  With the given quantity of  seed gath-
ered and the success of  growing the AHC at lower elevations, 
consideration may be given to introducing the AHC to the 
horticultural trade.  Although this may be viable, current legal 
restrictions may provide an impediment to this option.  

To further this option, BTA will transplant some rooted 
cuttings and seedlings into the Arboretum’s Demonstration 
Garden.  If  the major objective is mitigation, then this is an 
additional methodology that may result in a chance of  survival 
ex situ.  While we may desire to place these and other salvage 
plants into settings that are similar to the natural settings from 
which they come, it may very well be that a typical botanical 
garden setting, i.e., a structured, contrived, tended garden, may 
offer an additional chance of  survival.

Editor’s note: On September 9, 2014, Boyce Thompson 
Arboretum entered into an another agreement with ADOT to 
salvage and conduct a five-year study of  the Arizona hedge-
hog cactus. The  study will supply additional information on 
methods of  salvage, transplantation, and modes of  reproduc-
tion and growth. This new agreement will allow the Arboretum 
to build upon and further refine the knowledge that it acquired 
from 2008 - 2013.  
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The legume family, Fabaceae or Leguminosae, is one 
of  the most economically and agriculturally important 
plant families in the world.  It includes plants which 
provide protein-rich food, livestock forage, medicine, 
dyes, and herbs. The family also includes a variety of  
ornamental plants, and many species host nitrogen-
fixing bacteria in their roots. These plants are particu-
larly significant in Arizona as many species are adapted 
to arid lands, and desert-adapted plants will become 
increasingly important as water issues of  the state 
become more critical. Despite the family’s significance, 
there is currently no comprehensive reference to these 
plants for Arizona. 
In order to meet this need, Boyce Thompson Arbo-

retum initiated work on a reference to these plants in 
Arizona, Legumes of  Arizona: An Illustrated Flora and 
Reference. When completed, the project will provide an 
up-to-date, scientific description of  all native, natural-
ized, and cultivated legumes in Arizona. It will include 
written descriptions, identification keys, distribu-
tion maps, photographs, and illustrations. It will also 
provide users with a tool for understanding the history 
and potential of  Arizona legumes through discussions 
of  ethnobotany, potential uses, and cultivation. Legumes 
of  Arizona: An Illustrated Flora and Reference will become a 
valuable reference for land managers, farmers, ranchers, 
conservationists, gardeners, and others with an interest 
in the natural history of  Arizona. 

The project has been made possible by a grant from the Wallace Research Foundation as well as the support of  a variety 
of  institutions and individuals, including the Art Institute (Arizona-Sonora Desert Museum), Sonoran Desert Florilegium 
Program, the Denver Botanic Garden’s art program, and the Arizona Native Plant Society. 

 

Scheduled for publication in 2015.

The Legumes of Arizona: 
An Illustrated Flora and Reference


