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Note from Mark Siegwarth, Executive Director. .. 
When asked how I enjoy being the Director at the Boyce 
Thompson Arboretum, I used to reply that very few people 
have a chance to live their dreams and I am very fortunate for 
doing so. The next question was invariably about how would 
I change things at the Arboretum and I would reply that any 
changes would be in keeping with the Colonel's original 
vision. It took several months for me to realize that what 
I have done was embrace the Colonel's dream and make it 
my own. At a certain point, dreams, ideas or programs that 
withstand the test of time become institutions, something 
bigger than the person who started it or who presently works 
there. With 80 years behind it, the Arboretum has become 
an institution and I more of a steward, than someone trying 
to change its direction. 

In trying to come up with a short introduction to this issue 
of Desert Plants, I was surprised that the publication is 
currently celebrating 30 years. It also has become an 
institution and I would like to congratulate all those who 
have made that possible. In particular, Phil Upchurch who 
conceived the idea of Desert Plants, Frank Crosswhite, 
the first editor of Desert Plants, Bill Feldman, the Director 
of Boyce Thompson Arboretum and Margaret Norem the 
second and current editor. 

Having been a subscriber for many years, I looked forward 
to every issue because there was always a mixture of articles. 
Being a partnership with Boyce Thompson Arboretum and 
the University of Arizona, I could count on learning things, 
both in a macro and a micro sense. Detailed information on 
saguaros, the flora of the San Pedro riparian area or even 
the flora of Namibia has been featured in the last few years. 
I never knew what to expect as far as content, but I knew I 
would treasure each issue. 

As the new Director at Boyce Thompson Arboretum, I want 
to reinforce that partnership and help Dr. Norem bring a 
range of articles that will interest scholar and layman alike. 
The articles will keep you up to date on what the Arboretum 
has done, is doing and hopes to do as well what else is 
happening in the arid world. This is in keeping with the 
Colonel's original vision for the arboretum, which was to 
study the plants of arid lands and make the results available 
to the general public. Enjoy and I hope you treasure this and 
every issue. 

Volume 25, Number 1, June 2009 
Published by The University of Arizona for the 
Boyce Thompson Southwestern Arboretum 
37615 E. Highway 60 
Superior, AZ 85273 

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

The Boyce Thompson Southwestern Arboretum at Suprior, 
Arizona is cooperatively managed by the Arizona State 
Parks Board, Boyce Thompson Southwestern Arboretum, 
Inc., and The University of Arizona. 
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High Biodiversity in 
Association with the Common 
Baobab Tree 

Lyndsay Hellekson 
The University of Arizona 
School ofNatural Resources 
Biological Sciences East 
Tucson AZ 85721 

At first glance the common baobab tree does not seem that 
unusual. Upon further inspection one tree in Namibia proved 
that they can in fact be quite unique. In five days time, 248 
cavities were discovered in the tree, 4 gecko species turned 
out to be permanent residents, and 24 different bird species 
used the tree. The cavities housed 4 bird nests, 4 gecko nests 
(2 with egg shells), and a carnivore den, wasp nests, termite 
tracks, and countless spider webs. The study was too short 
in duration to make any sweeping conclusions, but it hints 
at the possibility that baobabs may be linked to high animal 
biodiversity. 

Introduction and Background 
The baobab tree is part of the Bombacaceae family which 
comprises 30 different genera of tree species. Four of 
these are classified as succulents including the genus of 
the baobabs, Adansonia (Baum 2004). The baobabs are 
regarded as the largest succulent plants in the world by most 
botanists. The genus comprises only 8 species, 6 of which 
are found only on the island of Madagascar. There is one 
species each on the continents of Africa and Australia. Long 
distance dispersal via the ocean may explain the presence of 
this unique tree in Australia and Africa (Baum 1998). 

The species of baobab monitored during this study is found 
in 32 African countries. There are an abundance of different 
names for the so-called 'common baobab' (Adansonia 
digitata). In English it is known as the Monkey Bread 
Tree, Tree of Life, Upside Down Tree, Sour-Gourd Tree, 
Lemonade Tree, and Dead Rat Tree. In other languages it is 
Kremetartboom (Afrikans); Isimuku, UmShimulu, IsiMuhu 
(Zulu); Ximuwu (Tsonga); Mowana (Tswana); Muvhuyu 
(Venda),just to name a few, but no matter what it was called, 
the trees were and are an important source of food, drink, 
and medicine to indigenous people. The hollow trunks of 
the trees can store water, the pithy bark can be used to make 
ropes and baskets, and the vitamin C rich pulp of the fruits 
can be used to make a lemonade-like drink and numerous 
traditional medicines. Lastly, the roasted seeds make a 
coffee-like blend that has been sold and used in trade for 
thousands of years (Pakenham 2005). 

Annually the trees produce enormous, carrion-scented 
flowers that last only a single day and are pollinated by 

fruit bats (Pakenham 2005). Once the fruits form they are 
important food sources for many animal species. Rosy
Faced Lovebirds (Agapornis roseicollis), Ruppell's Parrots 
(Poicephalus rueppellii), Vervet Monkeys ( Chlorocebus 
pygerythrus), and Yellow Baboons (Papio cynocephalus), 
are just a few of the many animals known to eat baobab 
fruits. 

Site Description 
The study area was near the campground at Epupa Falls, 
Namibia. More specifically, it was 1 km south of the Kunene 
River's banks on the border ofNamibia and Angola, in a dry 
ravine (map p. 4). The aspect of the study site was northeast 
with an azimuth of7 5 degrees, the slope was relatively gentle 
at 17 degrees and the GPS coordinates in map datum Nad83 
are Zone 33 South, 314678 Basting 8119576 Northing. The 
baobab itself was relatively small in comparison to those 
located closer to the river. Its circumference was 4 7 feet and 
the height was approximately 21 feet. However, four of the 
branches were over 3 feet in diameter, adding a great deal 
of surface area to the tree. 

The surrounding area's vegetation type is classified as 
arid savannah woodland. Savannas are most commonly 
defined as tropical seasonal ecosystems with a continuous 
herbaceous cover and a discontinuous cover of trees (Belsky 
1990). The arid savannah areas in Namibia are further 
broken into 3 more specific vegetation type classifications: 
bush veld, lowveld, and thorn veld. The study site falls within 
the thomveld. 

Adansonia digitata (LH) 
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Most of the thomveld woodland in Namibia is dominated by 
Mopane trees ( Colophospermum mopane ), although at least 
5 other deciduous tree species were identified in this study 
area (Table 1 ). Rat's tail grass (Sporobolus pyramidalis) 
and lovegrass (Eragrostis curvula) were the 2 dominant 
grasses in the area, which is generally considered to be a 
sign of overgrazing (Scholes and Archer 1997). There was 
an obvious presence of both goats and cattle in the vicinity. 
The Himba people living there depend on these animals for 
their livelihoods. 

Materials and Methods 
The fieldwork for this study was conducted from the 19th 
to the 23rd of June, 2008; primarily between 0700-1100 in 
the morning and 1730-2000 in the evening. The total man
hours involved was approximately 40, spread between 
4 individuals, often with 2 people working at the same 
time. The fieldwork consisted of 5 basic parts: 1) Cavity 
Inventory, 2) Leaf Litter Plots, 3) Bird Inventory, 4) Reptile 
Inventory, and 5) Small Mammal Trapping. 

Cavity Inventory 
The entire surface of the tree was meticulously searched 
for cavities. The minimum cavity depth was 2 em and the 
maximum cavity depth was 30 em. Anything deeper than 
30 em was simply marked >30. The diameter was also 
recorded and always corresponded with the maximum 
distance across the opening. Cavities were labeled as either 
a slit or round opening. Lastly, observers noted whether the 
cavity was occupied or not; and if possible which animal or 
insect species was using it. 

Cavities in the Baobab (LH) 
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Leaf Litter Plots 
During the leaf litter plots, every particle of litter was 
removed to see the ground below and to gather the organic 
material and weigh it. Due to time constraints only 2 plots 
were inventoried. One plot was on the ground directly below 
the tree's canopy and one was within the largest cavity of 
the tree. The plot on the ground was 1.0 m2

, while the plot 
in the tree was broken into 2 patches, one was basically a 
triangular half of a 50x25 cm2 and the other a 15x30 cm2 for 
a total surface area of 1.075 m2• Any insects, eggs, seeds, 
etc. that were seen were also recorded. 

Plot 1. Ground below branch (LH) 

Plot 2. Cavity in tree (LH) 

Bird Inventory 
The bird inventory required few materials: 1 Ox42 binoculars 
and a guidebook for Southern African Birds were used. 
The observers were positioned roughly 10 meters from 
the tree. Sightings were recorded only when the bird or 
birds landed in the tree. Birds that flew through the area 
were noted, but not counted. When a group landed in the 
tree, the number of sightings attributed was equal to the 
group size. Other than two male Cinnamon Breasted Rock 
Buntings, it was impossible to tell individual birds apart. 

Consequently the number of sightings per species, not the 
number of individuals of each species was recorded. Lastly, 
the dominant activity or behavior of the birds as well as the 
amount of time spent in the tree was recorded. 

Reptile Inventory 
The reptile inventory was purely observational and was 
not conducted in any systematic or consistent manner from 
day to day. Generally, the tree was searched in mid to late 
morning after the avian inventory was completed and then 
searched again both at dusk prior to setting small mammal 
traps, as well as a second search completed within an hour 
after dark. Binoculars and photo documentation were used 
to aid in the identification of the gecko and skink species 
seen. 

Small Mammal Trapping 
Sherman live traps were baited with fresh peanut butter 
and placed strategically around the study site. Three traps 
were set around the perimeter of the tree in places rodents 
would likely pass through and 2 traps were placed inside 
the largest cavity in the tree. Small mammal trapping was 
conducted for 3 consecutive nights and then discontinued 
due to both a lack of success in capturing anything and the 
presence of ants in the traps. As a result, this section will not 
appear in the results or discussion portions of this paper. 

Results and Discussion 
Cavity Inventory 
The photos depict a few of the 248 cavities detected in 
the baobab tree. In total, sixty-three percent of the cavities 
were occupied by an insect or animal species. Some of the 
cavities had signs of use from up to 5 different organisms, 
but the vast majority had only 1-2. Spider webs were the 
main sign of life and were found in forty percent of the 
cavities (n=99). 

Eight mud nests were noted. Two of these were avian and 
each one was very different in size indicating different bird 
species had nested inside the cavities. The other 4 could 
be used by geckos or another unknown animal species. 
There were also 2 stick nests, one was a very tiny cup, 
approximately 6-8 em diameter and one was quite large> 30 
em, but both seemed to be avian nests as well. 

Two gecko nests with eggs were located and 15 other cavities 
showed occupation, either through the presence of a gecko 
or indirectly through presence of feces. Turner's thick-toed 
geckos were recorded for 5 of the cavities, although during 
the actual inventory only 3 were seen. The other 2 geckos had 
been detected during the reptile inventory or by incidental 
observation. One Boulton's gecko was also seen exiting a 
cavity during this inventory. Lastly, an un-identifiable snake 
shed was found inside one of the trees cavities. 
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Leaf Litter 
In plot 1 completed on the ground below the tree, ground 
cover was split between 65 percent leaflitter and 35 percent 
rock cover. Rocks varied in size from 2 mm to 20 em. 
There was only trace bare soil and live vegetation. The few 
blades of grass were Eragrostis sp. (lovegrass). The total 
mass of the leaf litter was 200 grams, roughly 1.6 times as 
much as the leaf litter within plot 2 inside the large cavity. 
Beneath the leaf litter, there were 8 mopane tree seeds, 2 
sets of unknown insect wings, 2 live cockroaches, 2 spider 
exoskeletons, 2 spiders, 2 live beetles, and 3 ants. 

In plot 2 done inside the cavity, the rock particles ranged in 
size from 4 to 15 em. There were no tiny pieces of gravel 
like in plot 1. There was significantly more soil in this plot. 
The cavity was broken into 2 subplots. In subplot 1 it was 
split relatively evenly between soil and rock (50 percent I 
50 percent), while in the smaller subplot 2 (more exposed) 
there was 100 percent leaf litter cover over the soil. The 
soil was mostly made up of rotting chunks of wood and 
varied in depth from 2-6 em. The total mass of the leaf 
litter removed from both subplots was 125 grams. Only 
12 spider webs were seen versus 35 in plot 1, likely due 
to significantly less leaf litter present. There were 7 insect 
and 3 spider exoskeletons, 2 live caterpillars, 1 wasp nest, 1 
scorpion claw, 4 wings from unknown insects, 10 unknown 
tree seeds, 7 baobab tree seeds, 3 un-hatched and 4 hatched 
gecko eggs. One of the main differences between the plots 
is the much greater gecko use of the leaf litter within the 
cavity. This is perhaps also due to soil not rock below the 
leaflitter. In addition, there seemed to be more insects using 
the leaf litter on the ground. 

Avian Inventory 
During four mornings of observation, 22 avian species were 
seen using the tree and three others flew through without 
landing. These are listed in Table 2 page 9. The table lists all 
of the species that landed in the tree as well as several that 
were seen flying overhead. 

There were 722 minutes of observation during the study, for 
an average of 181 minutes per day. There were 77 sightings 
in the tree, although the number of individual birds that 
used the tree is probably much less, since there were many 
repeat visits by some individuals. CBRB and RFL are the 
two species with the most sightings, followed by the Black
Chested Prinias. The prinias were only seen once, but they 
were traveling and feeding as a flock. The lovebirds usually 
just stopped very briefly (always less than 5 minutes) and 
called, while the CBRBs sang for up to an hour at a time 
from the very top of the baobab's branches. The researchers 
believe that there were only 2 individual CBRB 's that 
continually used the tree. They are likely overrepresented 
in terms of species abundance, but in terms of time spent 
in the tree, this species far surpassed all others. The two 
CBRBs together account for 91 minutes of the observation 
time or 12 percent. 

The two most common behaviors for all bird species were 
calling and looking around; however, two southern Yellow
billed hornbills and two Ruppell's parrots were seen early in 
the morning roosting in the tree. There was also an unknown 
passerine species that came in at dusk on 2 of the 4 nights to 
roost in bushes next to the tree. No animals were observed 
feeding in the tree, likely due to the fact that all but 2 of 
the fruits had been eaten already and the tree had already 
dropped its leaves for the dry season (winter). 

Yellow-billed hornbill (LH) 

Reptile Inventory 
Three gecko species were seen on the tree or inside the 
cavities of the baobab during the study: 1) Barnard's day 
gecko (Rhoptropus barnardi), 2) Turner's thick-toed gecko 
(Pachydactylus turneri), and 3) Boulton's day gecko 
(Rhoptropus boultoni boultoni). The day before the official 
study began, all 3 of the gecko species, numbering 15-
20 individuals, mostly Boulton's day geckos were seen 
during a brief visual examination as the class hiked past. 
The presence of the geckos was the primary reason this 
particular study was chosen. 

The total observation time for reptiles was 318 minutes 
and there were 32 total gecko detections. Like the avian 
observations, the true number of individuals may be lower. 
However, the geckos did not move large distances and each 
used only a very small portion of the tree's surface area, so 
the observers avoided double-counting when possible. The 
Boulton's account for fifty percent (n= 16), the Barnard's for 
thirty-four percent (n=11), and the Turner's thick-toed (TIT 
gecko) for sixteen percent (n=5) of total detections. 

The nocturnal TTT geckos predictably occupied the same 
cavities the majority of the time. The TTT geckos were 
never observed outside of the cavities at the study site. 
Perhaps if the surveys had been done later in the night, 
instead of twenty minutes after dusk, the results would have 
been different. On several occasions a cavity that had been 
occupied in the daytime would be empty at night, but it is 
impossible to say whether the geckos moved to another 
cavity, moved deeper into the same cavity, or were outside 
feeding. Several cavities were > 30 em deep and there was 
ample opportunity to avoid detection. 
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Turner's thick-toed gecko in baobab cavity (T. Edwards) 

Although not seen in the tree, an Ovambo Tree Skink 
(Mabuya binotata) and a Spotted Sandveld Lizard (Nucras 
intertexta) were seen moving through the leaf litter. In 
addition, Bradfield's day geckos (Lygodactylus bradfieldii), 
Common Ground Agamas (Agama aculeata aculeata), and 
Namibian Rock Agamas (Agama planiceps) were seen 
within 500 meters of the study area. The first two were 
found along the banks of the river, but one RockAgama was 
seen in very close proximity to the site in similar habitat. 
These results show a wide diversity of reptiles considering 
the time frame. A summer survey would likely yield even 
more species. 

Conclusions 
Although the duration of this study was extremely short 
and the time of year was not ideal, the baobab tree clearly 
hosts a vast array of insect and animal species. Its' cavities 
provide important nesting habitat for several bird and gecko 
species. Additionally, when the fruits are fresh it is also an 
important food source for mammals species, an area that 
was left untouched in this particular study. A follow-up 
study during the summer would be ideal. 

Table 1. Tree species growing near the baobab 

Common Name 

White-stem Corkwood 

Feather-leaved Corkwood 

Poison Bottle Tree 

Flame-thorn Acacia 

Camel-thorn Acacia 
Mopane Tree 

Boulton's day gecko (T. Edwards) 
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Scientific N arne 

Commiphora tenuipetiolata 

Commiphora kraeuseliana 

Adenium boehmianum 

Acacia ataxacantha 

Acacia erioloba 
Colophospermum mopane 
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Figure 1. Proportion of sightings that can be attributed to each avian species. 

Percentage of Sightings per A '\rian Species 

• Southern Yellow- oAfrican Mourning 
billed H ornb ill 6% Dove 3o/o • Black-chested Pri nia 

9% 

DC ape Turtle Dove 4% 

•Short-toed Rock 
Thmsh 5% 

•Ru~)pell's Pa-rot 3% 

o Rosy-faced Lovebird 
23% 

DAfrican Mourning Dove 

OF amiliar Chat 

Chestnut Weaver 6% 

Rock Bunting 17°/o 

OF aniliar Chef 1% 

Purple Roller 11o 
• Pale-winged sta-ling 

1% 

B Biack-chested Prinia DC ape Tur11e Dove 

Laughing D ove 0 M eve's Starling 

DRed-Eyed Bulbul DRasy-faced Lovebird 

Southern Grey- h ea de d Spar row a S o uth ern Yell cw- bi lied Horn bill 

DUnknown Pas serine 2 DU ri<nown Passerine 3 

Epupa Falls, Namibia (T. Edwards) 

0 C hestnut Weaver 

• P a I~ winged Starling 

aR uppelrs Parrot 

OU ri<nown Dove Sp. 

DU ri<nown Passerine 4 



Hellekson Baobab 

Table 2. Avian species that landed in the tree as well as several that were seen flying overhead. 

Common Name 

African Mourning Dove 

Bearded Woodpecker 

Black-chested Prinia 

Blue Waxbill 

Cape Turtle Dove 

Chestnut Weaver 

Cinnamon-Breasted Rock Bunting 

Familiar Chat 

Laughing Dove 

Meve's Starling 

Pale-winged Starling 

Purple Roller 

Red-Eyed Bulbul 

Rosy-faced Lovebird 

Rock Kestrels 

Ruppell's Parrot 

Short-toed Rock Thrush 

S. Grey-headed Sparrow 

S. Yellow-billed Hornbill 

Unknown Dove Sp. 

Unknown Passerine 1 

Unknown Passerine 2 

Unknown Passerine 3 

Unknown Passerine 4 

Yellow-billed Oxpecker 

Scientific Name or Description 

Streptopelia decipiens 

Dendopicus namaquas- Not a positive ID 

Prinia flavicans 

Uraeginthus angolensis - 1 observed flying, did not land 

Streptopelia capicola 

Ploceus rubiginosus 

Emberiza tahapisi 

Cercomela familiaris 

Streptopelia senegalensis 

Lamprotornis mevesii 

Onychognathus nabouroup 

Coracius naevis 

Pictnonotus nigricans 

Agapornis roseicollis 

Fa/co rupicolis- 2observed flying, did not land 

Poicephalus rueppellii 

Manticola brevipes 

Passer diffusus 

Tockus leucomelas 

Seen at dusk, very poor visual 

Landed very briefly, could not identify 

Landed very briefly, could not identify 

Landed very briefly, could not identify 

Landed very briefly, could not identify 

Buphagus africanus - observed flying overhead 

Study Abroad in Namibia 

Lyndsey Hellekson participated in the University of Arizona 
Study Abroad program in Namibia in the summer of 2008. 
This program is ongoing and open to students with an interest 
in international nature conservation, wildlife ecology, arid 
lands ecology or related fields. Dr. Hans-Werner Herrmann 
heads up this program in which participants visit the true 
coastal Namib desert and a cline of arid and semiarid 
habitats which extend from the west coast to the east inland. 
Students also travel to waterfalls along the Kunene River. 

# Sightings 

2 

7 

0 

3 

5 

13 

1 

2 

3 

2 

18 

0 

2 

4 

5 

2 

1 

1 

1 

1 

0 

Namibia has one of the best developed infrastructures for 
tourism in Africa and has a large number of campgrounds 
and good roads. A stable political situation and long 
established nature conservation programs allow visitors to 
fully experience African ecosystems, as well as the local 
people and their cultures. For further information go to 
www.studyabroad.arizona.edu Gobabeb Research Station, Namibia 

9 
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Cultivation of Carnegiea 
gigantea from Seeds: a 
Journey in Desert Ecology 

Enrico Ceotto 
CRA-CIN Research Center for Industrial Crops 
Via di Corticella, 133 
40128 Bologna, Italy 
enrico.ceotto@entecra.it 

Introduction 
The saguaro ( Carnegiea gigantea [Eng elm.] Britton and 
Rose) is a tall, columnar cactus that occurs in much of the 
Sonoran Desert, extending throughout southern Arizona, 
USA, and Western Sonora, Mexico. The white blossom of 
the saguaro is the state flower of Arizona. The saguaro has 
been used by Pima and Tohono O'odham Indians, primarily 
for the edible fruits, but also for building materials and tool 
production. Moreover, archeological evidence indicates that 
the Hohokam used saguaro wine for etching objects over 
1,000 years ago. The saguaro has been largely used by the 
entertainment industry as a landscape emblem for western 
films and cartoons (Nobel, 1988). 

In 1933, to protect the forest of giant, multi-branched 
saguaros that was present at the base of the Rincon 
Mountains, President Herbert Hoover proclaimed the 
Saguaro National Monument near Tucson, Arizona (now 
a National Park). Unfortunately, this saguaro population 
experienced a progressive decline over the following 50 
years. This has stimulated many research and monitoring 
activities that attempt to understand the reasons for the 
dramatic decline. As a consequence of the studies devoted 
to saguaro environmental biology, this species has become 
one of the most intensively studied, non-agricultural plants 
of the world (McAulife, 1993). Despite the abundance 
of literature regarding the ecology of saguaro, little was 
reported about saguaro cultivation. The scope of this 
article is to disseminate methods and secrets, for successful 
saguaro cultivation from seeds, learned from 20 years of 
experience. Cultivating saguaros throughout their juvenile 
stage is an intriguing activity, because juvenile plants make 
excellent home, garden, and office plants for many years, 
even in climates unfavourable for the species. In addition, it 
also provides the opportunity to discover some inner secrets 
of desert ecology. This discussion is limited to the phases of 
cultivation starting from seed germination until the juvenile 
stage of 40-50 em, a period during which the plant can 
be cultivated in pots. According to Steenbergh and Lowe 
(1976) seedlings refers to plants less than one year old, 
juveniles are plants over 1 year old that have not reached 
flowering size, and adults are flowering plants, generally 
over 2 m in height. 

Outline of saguaro ecology 
The key strategies of saguaro adaptation to arid environments 
can be summarized as follows: 
i) the saguaro, like other cacti, keeps its stomata open 
primarily during the night, when water losses are negligible, 
and assimilates carbon dioxide (COz) which is temporarily 
converted into malic acid. During the daytime, the saguaro 
tends to close its stomata, and to use the CO that is 
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progressively released within the plant to produce sugars. 
This photosynthetic pathway is termed Crassulacean 
Acid Metabolism or CAM and results in very little water 
consumption (Nobel, 1988); 

ii) this species has a potential life-span of about three 
centuries and an average life-span of 150-17 5 years (Pierson 
and Turner, 1998); 

iii) flowering, the reproductive stage, begins when the 
plant is about 2.1 m tall and fifty years old (Steenbergh and 
Lowe, 1969). Each adult produces thousands of tiny seeds 
annually for many decades (Steenbergh and Lowe, 1977). 
The number of branches is influenced by the severity of 
drought conditions; vigorous individuals normally develop 
10-20 branches where annual rainfall is relatively abundant, 
whilst in the driest locations the plants may never develop 
branches. The ecological function of branches is to increase 
the number of flowers, and therefore of seeds produced by 
the plant (Bowers, 2003); 

iv) saguaro cohorts establish periodically (i.e. 10-30 % 
of the years) when a favorable combination of climatic 
and microhabitat conditions are met. The microhabitat 
conditions necessary for saguaro establishment 
predominantly occur beneath a canopy of shrubs or small 
trees, the so-called "nurse plants". Plants of different 
sizes and shapes can nurse saguaro; the leguminous tree 
Cercidium microphyllum; the dense, small shrub Ambrosia 
deltoidea, and the open canopied shrub Larrea tridentata 
(Drezner, 2006). Basically, nurse plants protect the juvenile 
saguaros against excessive evaporation, extreme heat and 
cold, animal predation and mechanical injury (Steenbergh 
and Lowe, 1977). Favourable microhabitat conditions may 
occur among rocks which typically concentrate and prolong 
availability of soil moisture. Moreover, during cold winter 
nights, nocturnal re-radiation from sun exposed rocks 
moderates the intensity and duration of low temperatures. 
(Steenbergh and Lowe, 1977); 

v) in the long term, the recurrent occurrence of fatal freezing 
events, leads to substantial fluctuation of saguaro populations 
in number, size and age (Steenbergh and Lowe, 1977). 

The seeds 
The adult saguaro annually produces many tiny black 
seeds of approximately 1.5 mm length (Fig. 1). Using a 
precision balance, I estimated an average weight of 1.54 mg 
(i.e. 1.087 g = 705 seeds). It seems incredible that such an 
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enormous plant grows from such a small seed. The saguaro 
begins its reproductive stage at age 50 -75 years and live1s on 
average 150 -175 years. Each saguaro fruit contains about 
2000 -2005 seeds. With an average production of 200 fruits 
per year, a healthy saguaro can produce about 40 million 
viable seeds during its 1 00-year reproductive life span. In 
order to assure the maintenance of a saguaro population, at 
least one of these seeds must germinate and survive, during 
that period, until the age at which it becomes a reproducing 
member of the population (Steenbergh and Lowe, 1977). 
The survival strategy for saguaro populations is therefore 
clear: producing a huge amount of tiny seeds in order to 
assure that at least a few of them can survive. In harsh 
arid environments, producing fewer larger seeds, is not a 
good strategy since in some years, no seeds may survive. 

Figure 1. Saguaro seeds (EC) 

Germination requirements 
The germination of viable saguaro seeds requires that a set 
of conditions be met: 

i) well drained soil 
ii) prolonged exposure to moisture 
iii) presence of light 
iv) propertemperature 

The choice of a well-drained substrate is crucial for seed 
germination and seedling establishment, which is indeed the 
most critical period in the life of the species. The saguaro 
cannot establish on soils containing relatively high fractions 
of clay and silt (Steenbergh and Lowe, 1977). Saturated soils 
high in clay and silt have low oxygen content. This facilitates 
attacks by fungi and bacteria on the soft tissue of the 
saguaro seedlings, resulting in death. To avoid this, use peat 
as a substrate for germination and seedling establishment. 
Peat is a superior substrate owing to its substantial water 
storage coupled with remarkable air content. Peat is easily 
available commercially and inexpensive; it is also available 
in compressed diskettes expandable by watering. 

Sandy soils can be used as well, since they are characterized 
by excellent water drainage and air circulation. However 
seedlings in sand require more frequent watering. A 
cautionary remark, several soils appear to be sandy when 
dry, but indeed contain a relevant fraction of silt, thus are 
unsuited for saguaro seed germination and establishment. 
As a rule of thumb, if the soil becomes sticky when soaked, 
it shouldn't be used as a germination substrate. Be aware 
that the "pure sand", commonly sold as a building material, 
is a poor substrate because it contains too few nutrients. 
It appears that germination occurs faster in peat than in 
sandy soils. One possible explanation is that humic acids, 
abundant in peat, may act as a detergent for substances that 
inhibit seed germination; one alternative explanation lies on 
the better water availability assured by peat. 

The so-called "cactus soils" available commercially 
are a mixture of peat and volcanic sands, hence a good 
compromise, albeit they usually cost much more than peat. 
Conversely, potting soils for flowers and garden plants 
shouldn't be used, because they often contain a portion of 
added clay. 

Pots of different sizes and shapes can be used, providing they 
have a drainage hole. Flat and shallow pots are preferable, 
however, because they can host many seedlings. Pots for 
bonsai are well suited although relatively expensive. 

It is important to emphasize that germination, and the first 
year of seedling cultivation should be carried out indoors. 
Prolonged exposure to moisture after sowing (i.e. misting 
conditions) are imperative for both seed germination and 
survival. Misting can be assured by covering the pot with a 
transparent plastic cover. A plastic cover is more practical 
than a plastic bag because it allows for easier inspection 
of the pots and also provides more aeration. Usually, 
germination takes place in 10 to 14 days at 20 °C and in just 3 
to 5 days at 30 °C. The ideal period for sowing is from March 
until September. During fall and winter periods the growth of 
seedlings is normally stunted due to lack of sunlight. 

Gravel and small rocks on soil surfaces are decorative and 
appealing and utilized to slow water evaporation from the 
soil surface. While this is an advantage in sandy soils with 
little water storage (Fig. 2), it can be a problem in peat, a 
substrate with substantial water storage. 

Sowing operations 
It is convenient to soak the soil before sowing. I suggest 
using a pencil, or other sharply pointed tool, for making 
holes in the soil for each individual seed. The seeds should 
be buried at a depth not exceeding their length (i.e. about 
1-2 mm depth). Well aerated soils permit some light to 
reach the seeds, providing they are not buried too deeply. 
In order to avoid crowding, it is wise to leave a distance of 
about 2 em between each hole. Put one seed in each hole, 
then, gently cover the seeds. Although time consuming, this 
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Figure 2. Small rocks on the surface among saguaro seed
lings can improve water storage of sandy soils by prevent
ing water evaporation (EC). 

method of planting results in high rates of seed germination 
and survival, with little or no competition between the 
seedlings. Attempts to distribute the tiny seeds evenly on 
the soil surface and cover them with a supposedly uniform 
thin layer of soil, leads to lack of uniformity in plant 
distribution. 

Care of seedlings 
As soon as the first seeds start germinating, remove the 
plastic cover. Too much moisture may favour the attack 
of fungi and bacteria that damage seedlings. However, 
during their first two weeks saguaro seedlings are not 
drought resistant, so they should receive frequent watering. 
It is important to find a compromise between providing 
enough water and preventing over watering. Water should 
be applied only when the soil surface begins to desiccate. 
Only a fraction of the seeds will germinate at the outset, 
but subsequent irrigations will lead to germination of more 
seeds (Fig. 3). Some outstanding saguaro seeds (i.e. less 
than 1 %) may germinate one year after sowing (Fig. 4). The 
variability of seed germination periods is a key adaptation 
strategy for desert plants (Leopold, 1972). In fact, every 
time there is adequate rainfall, more seeds will germinate. 

Figure 3. Saguaro seedlings ranging from one day to two 
weeks of age are growing on peat soil. Subsequent watering 
resulted in germination of new seeds (EC). 

Figure 4. The arrow indicates a saguaro seed that germi
nated on sandy soil one year after sowing (EC). 

The best location for the seedlings is a window ledge (not 
southern exposure). Bear in mind that you are attempting to 
reproduce the micro-environment found beneath the canopy 
of a nurse plant, which means diffuse light, and little or no 
direct sun. Ideally, your seedlings should receive about 
half an hour of direct sunlight per day, preferably early 
morning or late afternoon. On the other hand, if seedlings 
are allowed to receive merely diffuse light, they tend to 
develop delicate, soft tissue that could be easily damaged 
by insects, fungi or bacteria. At the age of about four weeks 
the seedlings have the appearance of miniature cacti. As 
soon as the seedlings develop a set of real spines (Fig. 
5) they can withstand relatively long periods of drought. 
When your seedlings reach the age of 6-8 weeks you can 
leave your home, or office, for vacation or business without 
worries about irrigation. This is one reason why cacti 
make excellent apartment plants. However, survival is one 
thing, but growth is quite another. Despite the widely-held 
belief that "cacti should receive only one tablespoon of 
water per month", in order to achieve satisfactory growth, 
seedlings and juvenile plants should be irrigated generously 

Figure 5. A uniform stand of saguaro seedlings at the age 
of two months has well developed first spines and can with
stand periods of drought (EC). 
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throughout the growing season, normally from March until 
October. On the contrary, it is very important to keep the soil 
completely dry during fall and winter. It is during the cold 
season that too much water can easily damage the cacti. 

In order to support growth, the saguaro seedlings can be 
fertilized about once a month during the growing period. 
Be aware that you should fertilize with parsimony, because 
the nutrient requirements for saguaro seedlings are quite 
modest. In fact, saguaro is well adapted to natural desert 
environments with little availability of nutrients. Use 
water soluble fertilizers for house plants, containing a 
mixture of nitrogen (N), phosphorous (P), potassium (K) 
and microelements. This fulfills the needs of every plant in 
every soil, and is quite practical because it does not leave 
undesired solid residues on the soil surface. In protected 
environments, under good watering and nutritional 
conditions, saguaro plants may reach 2.5 -3.0 em height at 
the age of one year (Fig. 6); some outstanding plants may 
reach the height of about 5-7 em at the age two years (Fig. 
7). In contrast, but not in contradiction, Steenbergh and 
Lowe (1976) documented that saguaro seedlings in the wild 
reach 0.7 and 1.0 em height at the age of 13 months and 26 
months, respectively. 

Figure 6. A saguaro seedling at the age of one year (EC). 

Care of juvenile plants 
In their second year, juvenile saguaros can be gradually 
exposed to more direct sunlight, and eventually moved 
outdoors during the growing period. Nevertheless, if the 
objective is to achieve fast growing plants, they should be 
kept indoors. It is important to stress that an abrupt move 
to full sun may result in epidermal burning. Moreover, it 
is important to consider that the extent of sun exposure 
has a profound effect on the general appearance. As a 
general rule, plants fully exposed to direct sunlight grow 
slowly, develop long and robust spines, a thick epidermis 
and overall a "wild" appearance. On the contrary, plants 
growing in shade tend to grow faster, develop soft and short 
spines, and an overall "gentle" appearance (Fig. 8). 

Figure 7. Saguaro juvenile plant at the age of two years, 
grown indoors (EC). 

As far as soils are concerned, juvenile plants are much more 
adaptable than seedlings. Although heavy textured, clay 
soils, should always be avoided, juvenile plants can adapt 
to many kinds of soils, providing that the pot provides good 
drainage. 

Figure 8. Left: A juvenile saguaro exposed to direct sun
light developed long and robust spines and an overall "wild" 
appearance. Right: A juvenile saguaro grown indoors with 
diffuse sunlight, developed soft and short spines, and an 
overall "gentle" appearance (EC). 

Transplantation 
As soon as the plants start competing with each other for 
available space, usually about the end of the first year, 
they should be transplanted. Since transplantation causes 
inevitable root damage, transplanting should be done with 
the soil completely dry. After transplanting it is better to 
wait a few days before watering. Transplanting during the 
winter is ideal; since the plants are resting they can even be 
kept uprooted for months without any damage. At the age 
of one year the spines are developed, so the plants should 
be handled carefully. 
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For aesthetic and practical reasons, cacti are often cultivated 
in small pots. In their natural environment saguaros extend 
their root systems a distance corresponding to the plant 
height enabling them to collect rainfall from a relatively 
large area. It is important to compensate for the small area 
in a pot with frequent irrigations. 

Over wintering 
If you grow saguaros in locations where the temperatures 
goes below 0 °C frequently, it is necessary to bring your 
plants indoors during the winter (approximately November 
to April)(Fig. 9). A greenhouse is ideal but plants can be 
kept in a heated environment but not close to radiators. 
Apply no water, or very small amounts, during the winter. 

In mild climates, where it freezes occasionally but thaws 
during the day, saguaros can be kept outdoors during the 
winter. However, even in their native environments, it is 
important to avoid northern exposures and shaded areas. 
Ideally, cultivate the plants in the vicinity of a sunny exposed 
brick wall. A south-facing wall can effectively protect your 
plant against cold winds and also provide some heating 
from nocturnal re-radiation of the sun received during the 
day (Fig. 1 0). 

Figure 9. This juvenile saguaro is 18 years old and makes 
a good office plant during the winter period (EC). 

Figure 10. A sunny exposed brick wall may effectively pro
tect your saguaro during the winter (EC). 

A way forward 
Although adult saguaro plants are available commercially, 
saguaro is a protected species that shouldn't be removed 
from the native desert. Furthermore, the history of the 
saguaro population at the base of the Rincon Mountains 
provides evidence that this plant species may be 
dramatically endangered by climatic changes. Therefore, 
fostering saguaro cultivation from seeds may provide, in 
the long term, a strategic source of plants for gardening, for 
re-establishment in degraded desert areas and, eventually, 
for new establishment in areas with suitable climates. 
Climate scientists are convinced that in the future, extreme 
summer heat and drought will become the rule rather than 
the exception (Schiermeier 2008). This is likely to extend 
the area where saguaro can be cultivated successfully. 
Moreover, in many areas of the US and worldwide, the 
population pressure on freshwater supplies is increasingly 
high. In a world facing water-scarcity, fostering the spread 
of drought adapted plants for gardening can contribute to 
reducing water use by municipalities. Interestingly, Garvie 
(2006) highlighted that the atmospheric C02 embodied into 
the saguaro biomass, has a very long time of decay after the 
death of the plant. Consequently, the saguaro could provide 
a valuable contribution in enhancing carbon sequestration 
in arid areas. 

There is an Italian proverb stating "planting olive trees (Olea 
europea L.) is a legacy for your children and planting walnut 
trees (Juglans regia L.) for your grandchildren". Featuring 
this proverb, I would say that growing saguaros is a legacy 
for your grandchildren, and also makes a contribution in a 
water-scarce world. 
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Editors note ... Researchers in Arizona have determined that 
using peat as a growing medium for long term cultivation of 
saguaros can result in root death. 

:Ibis group of Arizona hedgehogs 
js 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! 

Ongoing research at Boyce Thompson Arboretum 
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Frank Crosswhite 
1940-2008 

Dr. Frank Crosswhite, 68, died on Friday, December 12, 
2008, at St. Luke's Hospital in Phoenix after a long illness. 
Frank was the first editor of Desert Plants and edited this 
journal from 1979 to 1992. During his tenure he produced 
thirty-two issues of Desert Plants. Frank not only edited the 
journal, he wrote lengthy editorials for almost every issue, 
wrote a plant of interest for the back page of most issues, 
and submitted fifteen manuscripts for publication in the 
journal. In addition to editing the journal he also supervised 
its production. 

Frank received his Ph.D. in botany from the University of 
Wisconsin and taught there prior to being hired at Boyce 
Thompson Arboretum as a faculty member of the University 
of Arizona in the position of Curator of Botany. He held 
this position for over 30 years. He was well known for his 
popular and informative tours as well as his scholarly work 
as an author and editor. Dr. Crosswhite was born September 
23, 1940 in Atchison, Kansas and moved to Arizona in 
1948. In 1961 he married Dr. Carol Chaney of Fallbrook, 
California. Carol worked side by side with Frank as Curator 
of Zoology at the Boyce Thompson Arboretum until their 
retirement. The couple had two sons, Marcus (Brenda) and 
Jason and one daughter, Katherine (Tim Beasely). Many of 
their manuscripts were jointly written. 

Frank Crosswhite was an expert on penstemons, a genus of 
plants found only in North America. Frank and Carol spent 
the early months of their marriage traveling the country and 
collecting penstemons. They worked together their entire 
careers, Carol's specialty in bees and wasps, complementing 
Frank's botanical expertise. 

In 1971 the couple moved to a house on the grounds of the 
Boyce Thompson Arboretum as residential teachers and 
remained there for thirty years. Frank grew plants for the 
plant sales, gave tours and participated in the development 
of the volunteer program. Frank was the first president and 
charter member of the Arizona Native Plant Society. As 
a taxonomist, he identified new plant species which bear 
his name and contributed to the development of several 
university herbaria. Frank wrote extensively about cacti 
and other succulents as well as desert ecology and history 
of botany. The cultural significance of native plants used 
by indigenous peoples of the American Southwest was a 
lifetime interest. 

The journal Desert Plants was first produced in 1979. In 
addition to being a botanist, Frank was an ethnobotanist. 
Many of his manuscripts were in depth coverage of all 
aspects of a plant be it Aloe vera and the Greeks or saguaro 

and the Tohono 0 'odham. The manuscripts were lengthy, 
ofte~ forty pages, thorough and very readable. 

In the initial issue of Desert Plants, Frank wrote an article 
about J.G. Lemmon titled, "J.G. Lemmon and Wife, Plant 
Explorers in Arizona, California and Nevada. Crosswhite 
chronicled the collecting adventures of this couple in the 
late 1800's and had to relate to their lives on many levels. 
He included the quote from Lemmon, "If plant collecting is 
a form of insanity, it is a mild and pleasant one ... " 

The third issue of Desert Plants, Volume 2(1) was written 
entirely by Crosswhite. The issue was titled The Annual 
Saguaro Harvest and Crop Cycle of the Papago with 
Reference to Ecology and Symbolism. This issue is one of 
only two Desert Plants that has been reprinted and copies 
are still in demand. 

Volume four of Desert Plants was also produced by Frank 
Crosswhite. This is no doubt the best known issue, titled 
Biotic Communities of the American Southwest - United 
States and Mexico. This issue was in fact a book and was 
reprinted as such many years later by the University of Utah 
Press. 

Our deepest sympathies to his wife Carol and the rest of his 
family and friends. 
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What is in aN arne? Legumes of 
Arizona - An Illustrated Flora 
and Reference 

Mark Siegwarth, Director 
Boyce Thompson Arboretum 
37615 E Highway 60 
Superior AZ 85273 

Kirsten Lake, Floristics Coordinator 
Desert Legume Program 
The University of Arizona 
Herring Hall, 1130 E South Campus Drive 
TucsonAZ 85721 

As the story goes, when Colonel Thompson came over 
the mountain ridge called Apache Leap, he was so taken 
by the view, he decided to build a house where he could 
escape the cold winters of New York at the base of Picket 
Post Mountain, just west of Superior Arizona. How this 
event came to impact the title of "Legumes of Arizona -An 
Illustrated Flora and Reference" is worthy of explanation. 

William Boyce Thompson circa 1925 

The Colonel had already done what most wealthy men of 
his age have done and donated a portion of his time and 
wealth to help mankind. In 1917, the Colonel funded and 

accompanied the Red Cross mission to Russia after the Czar 
was overthrown. The Colonel realized any change in the 
status of Russia as an ally during the war could change the 
eventual outcome. In addition to trying to keep Russia as 
an ally in the war, the Colonel and the Red Cross were also 
concerned with the hundreds of thousands of people on the 
verge of starvation (229). These experiences caused him to 
worry about the future of his own country. With projections 
that the population in the United States would reach 200 
million, he realized the question of a primary food supply 
was beyond the capacity of politicians and sociologists to 
answer (291). 

In 1924, the Boyce Thompson Institute for Plant Research 
in Yonkers, New York was dedicated in order to help feed, 
clothe and house the peoples of the world. His choice of 
plant research was not because Mr. Carnegie had cornered 
the market for libraries, but rather his experiences with the 
Red Cross after the Russian Revolution convinced him that 
no government could exist that did not feed its people (248). 
With the establishment of the Institute, the Colonel could 
now focus on his pursuits in Arizona. 

Picket Post was to be a winter home, where in his later years 
he could enjoy both the sunrise and sunset over the beautiful 
desert landscape. As with the construction of any home, 
eventually one's mind turns to landscaping. The Colonel 
at first was satisfied with adding stairs and walkways and 
keeping everything else in its natural state. After a month or 
so, his need for a project overtook him and he felt additional 
plantings were needed. His landscaping should be not only 
beautiful but instructive as well. Not content with just 
planting junipers, he would plant all the different junipers 
that grew in the Southwest (304). As with those times and 
even today in most home improvement projects, a small 
project slowly evolved into a much larger one. 

Po~t ou$<: .sJ,o,-tlr 
0 .f-Ie,.. c a ">'>? l~tion. 

fr-o-n+ v,·ew. 
Picket Post house from the east, 1934. 
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Picket Post House with early landscaping in place, 1934 

His desire to plant a few trees in this new climate led the 
Colonel to contact the University of Arizona. The University 
of Arizona had started out as a territorial school in 1885 
but was now a full fledged state school since Arizona's 
statehood in February 1912. Franklin Crider, the head of 
the Horticultural Department, came up to assist the Colonel 
and what started as an idea for a few trees became an idea 
for an arboretum of all the plants and trees of the Southwest 
(305). 

The Colonel, after meeting with other experts in the state, 
realized that something else needed to be done. His plant 
institute in Yonkers was pure science but in Arizona, it 
would be different. He said "too little has been done to 
bring together and study the plants of desert countries and 
make the results available to the public" (305). With that 
thought, he founded the Boyce Thompson Arboretum. Now, 
more than just plants of the Southwest were contemplated 
as plants from around the world were added to the list. 

Franklin Crider, head of the Horticulture Department at the University of Arizona, addresses a womens' group, 1928 
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Smith Building and green house, 1926. 

It is at this point where the title of our book begins to 
change. Normally, a scientific book would be entitled 
something like "Legumes of Arizona, a Flora". However, 
even though plant research was still on the Colonel's mind, 
in transforming his Arizona home into the most useful 
garden in the world, he made the mission of the Arboretum 
very different from the Insitute. Farmers, landscapers and 
homeowners alike should be made aware of the importance 
of plants and how to improve their landscapes as he had 
done. Therefore, in deference to his original dream for the 
arboretum, the words "and reference" were added to the 
title as this volume should be useful not only to the plant 
scientist or professional, but accessible and useful to anyone 
with an interest in the Legume Family in Arizona. 

Now that you have a better understanding of the title, you 
may wonder how Legumes of Arizona meets the Colonel's 
intent in establishing the Boyce Thompson Arboretum and 
why Legumes were picked in the first place. Arid and semi
arid lands account for approximately 50% of the Earth's 
terrestrial surface, and these areas contain a disproportionate 
share of the malnourished segment of the human population. 
In these areas, several thousand arid-land-adapted legumes 
have evolved over millions of years. These plants are, for 
the most part, little studied and little understood despite the 
fact that the Legume Family is one ofthe most economically 
and agriculturally important plant families in the world: It is 
the third largest family of flowering plants, and it is second 
only to the Grass Family (cereals, grains, etc.) in importance 
to humans. From protein-rich food plants such as peanuts, 
soy beans, lentils, peas, and beans, to forage plants such 
as medics and clovers, to medicinal/herbal plants such as 
sennas and vetches, to ornamental plants such as redbuds 
and wisterias, to poisonous plants such as locoweeds and 
crazyweeds, to the many species that host nitrogen-fixing 
bacteria in their roots, the Legume Family impacts almost 
every aspect of human existence. 

Legun1es of Arizona 

An Illustrated Flora and Reference 

Proposed cover for Legumes of Arizona 

Legumes of Arizona -An Illustrated Flora and Reference, 
which will include native, naturalized, and cultivated 
species, will be available both as a hard copy volume and 
an online database. Even though the information will be 
specific to Arizona, it will be applicable anywhere in the 
world that has relatively similar environmental conditions. 
For example, a legume crop that can be grown in southern 
Arizona could also be grown in various parts of Mexico, 
South America, Africa, Australia, Asia, etc. With a 
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comprehensive reference and database available, it will 
be possible to make more informed decisions about which 
legume species have significant potential for arid lands use 
and production. 

To make it accessible and more useful, the reference section 
will include past and potential future uses, illustrations and 
photographs and details on cultivation in addition to standard 
plant descriptions. The addition of a specific section on 
cultivated taxa will also make this volume more useful to 
the public as it will be a reference for all legumes found 
in Arizona but will not confuse the scholar by blending in 
native and cultivated legumes together. 

Currently in year three of this six year project, Legumes 
of Arizona - An Illustrated Flora and Reference should 
be available in 2012. We believe the Colonel would have 
heartily endorsed this project and hope that you will also. 
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Medicago lupulina (Lucretia Hamilton) 

Melilotus a/bus (Lucretia Hamilton) 
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ABSTRACT 
Native desert vegetation in Kuwait has been severely 
depleted due to both natural and anthropogenic factors and 
are facing the danger of extinction. Symbiotic rhizospheric 
microflora influences the growth of plant communities 
in different ecosystems. The objective of this study is to 
emphasize the enhancing effect of rhizospheric microbial 
inoculum on the growth of native desert plants. A shed house 
experiment was conducted using Nitraria retusa which was 
selected on the basis of its importance and potential for the 
revegetation of desert flora. The plant was propagated in 
three different soil treatments: soil with added rhizospheric 
inoculum (SI), soil with added amendment (SP) and soil 
with added rhizospheric inoculum and amendment (SIP). 
The growth performance of N. retusa in terms of shoot 
height and number of leaves was monitored on a monthly 
basis during 120 d experimental duration and compared 
with control soil treatment (SC) which was soil without any 
additions. The results clearly demonstrated the enhancing 
effect of rhizospheric microbial inoculum when combined 
with fertilizers in soil amended treatment (SIP) on the 
growth of N. retusa. Additionally, N. retusa in the inoculated 
treatment (SI) maintained a high survival rate during the 
experiment compared to other treatments. 
Keywords: Native desert plant; symbiotic microflora; 
growth performance. 

Introduction 
Arid regions are characterized by a set of climatic conditions 
which include a long dry and hot summer, with scarce, 
erratic, but torrential rainfalls. This climate, together with 
anthropogenic degrading activities, such as overgrazing, 
unregulated desert management, off-road driving, camping, 
and industrial practices are a major threat to the sustainability 
of the desert ecosystem in the state of Kuwait (AboEl
Nil, 1997; Brown, 2003; Khalaf, 1989). More seriously, 

aggressive damage was inflicted on the natural environment 
during the Iraqi invasion and the Gulf War (Karrar et al., 
1991 ). As a result of these natural and human factors, 
the native desert vegetation of Kuwait has been severely 
depleted and is facing the danger of extinction (Omar, 1991; 
Omar and Zaman, 1995; Omar et al., 2001; Omar et al., 
2006; Taha et al., 1988; Zaman, 1997). 

Conservation of native plants through biotechnological 
methods can play an important role in the rehabilitation 
of degraded desert. In order to maintain optimum soil 
conditions and allow maximum sustainable grazing capacity 
in Kuwait, it is vital to conserve and, where necessary, 
re-establish the natural vegetation, adapted to the local 
environmental conditions. 

Soil microbial communities are immersed in a framework 
of interactions that affect plant stability and soil quality 
especially in the rhizosphere zone. In the rhizosphere 
the symbiotic soil micro and macro-organisms such as 
bacteria, protozoa, nematodes, mites, small insects, and 
fungi (primarily vesicular-arbuscular mycorrhizae) interact 
as a complex web that is critical for energy and nutrient 
flow in plants ecosystems (Manske, 2002). Strategic 
and applied research has demonstrated that rhizospheric 
microbial activities are considered to be key tools that 
enhance sustainable and environmentally friendly practices 
between the soil and host plant (Barea, 2000; Barea et al., 
2002; Bowen and Rovira, 1999; Glick, 1995; Gryndler, 
2000; Kennedy, 1998; Linderman, 1992; Lynch, 1990; Toal 
et al., 2000). In addition, rhizospheric mycorrhizal fungi 
can enhance revegetation and help plants to thrive in arid 
conditions by increasing soil fertility as they alter nutrient 
cycling and supply (Nelson and Safir, 1982; Requena et 
al., 2001; Toro et al., 1997), improve soil aggregation in 
eroded soils (Caravaca et al., 2002), and reduce water 
stress (Auge', 2001). The rhizosphere is an important site 
of microbial activity in desert soils since it provides ample 
carbon substrate in an otherwise organic matter poor arid 
soil. Therefore, the rhizosphere effect is more pronounced 
in desert soil both qualitatively and quantitatively than other 
soils (Bhatnagar and Bhatnagar, 2005; Buyanovsky et al., 
1982; Yateem, et al., 2000). 

In recent years there has been a renewed interest in the use 
of rhizospheric and soil microflora which when applied 
to seeds, roots or tubers are able to colonize plant roots 
and stimulate plant growth and crop yield (Hoflich et al., 
1994; Jeon et al., 2003; Omar and Abdalla, 1994). The 
mechanisms of plant growth promotion by non-pathogenic, 
plant associated microorganisms have not been completely 
elucidated, but the important mechanisms include direct 
phytohormonal action, plant disease suppression and the 
enhancement of other plant beneficial microorganisms 
(Jeon et al., 2003). To date many studies on the inoculation 
of plant growth promoting rhizosphere microorganisms 
have focused on some economically important crops, while 
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only few considered wild flora as a research target (Bashan, 
1998; Glick, 1995; Jeon et al., 2003). 

The intent of this study is to emphasize the enhancing 
effect of rhizospheric microbial inoculum on the growth 
of native desert plants in Kuwait. Shed-house experiments 
were conducted to compare the growth performance of N 
retusa, a native desert plant species, using different soil 
treatments. 

Materials and Methods 
Climate and Soil Characteristics 
Kuwait is an arid country located in the northwestern 
comer of the Arabian Gulf. Its climate is characterized by 
a very hot summer and mild winter with limited rainfall. 
The desert soil is mostly sandy in nature, and it is alkaline 
soil with limited organic matter (<1 %), having very low 
content of plant nutrients and high amounts of calcareous 
materials. Soil water holding capacity is low (7%) with high 
infiltration rate (50-100 em/h) and high evaporation (3000 
mm) (Abdal et al., 2002). 

Plant Selection 
A perennial shrub, Nitraria retusa (local name: Ghardaq) was 
selected due to its importance as native grazing rangelands 
plant community and its ability to tolerate extreme adverse 
conditions such as drought and salinity. Additionally, 
this plant species was classified among forty important 
native plant species selected for the propagation and seed 
production at the Range and Animal Development Center, 
Al-Jouf, Saudi Arabia (ICARDA-APRP, 2002). In Kuwait, 
N retusa is under severe pressure from grazing animals and 
harsh climatic conditions (Sudhersan et al., 2003). 

N retusa belongs to the botanical family Zygophyllaceae. 
It grows along shallow sand hummocks on saline ground 
near the coastal areas. It is an important sand controller that 
is salt-tolerant and drought-resistant (Shaltout et al., 2003). 
It bears fleshy red fruits that are tasty produce a refreshing 
juice. Many wildlife forms feed on the fruits of this plant. The 
natural propagation of this species is through seeds. 

Soil Sampling and Analysis 
The starter soil was collected from an undisturbed area 
containing native vegetation including N. retusa selected 
for the study. Approximately, 40 kg of soil were collected 
from the area of the selected plant species site to a 30 em 
depth, placed in plastic bags and transferred promptly to 
the laboratory. Representative rhizosphere soil samples 20-
30 em deep associated with the roots of the selected plant 
were collected using either auger or shovel according to the 
methodology of rhizosphere soil collection and sampling as 
described by Wollum (1982). 

Microbiological analysis was carried out to determine the 
existing rhizospheric microbial populations in the collected 
rhizosphere soil samples. Total bacterial and fungal counts 

were determined using spreading technique standard 
method as described by Lorch et al. (1995). The counts 
were expressed as colony forming unit (CFU)/ g of soil. 
Nutrient agar (NA) medium (Difco) was used for bacterial 
enumeration of the analyzed samples. Plates were incubated 
aerobically at 3 7°C for 24-48 hrs, while potato dextrose agar 
(PDA) medium (Difco) was used to determine fungal counts 
in the tested samples and plates were incubated aerobically 
at 30°C for 3-4 days. 

Seed Collection and Germination 
Fresh seeds of N retusa were collected from different 
locations that represent the selected desert plant natural 
habitats in Kuwait. The selected locations are Agriculture 
Research Station in Sulaibiya, Shegayah, Sabhan and Doha 
areas. The collected seeds were cleaned and stored in dry 
paper bags at room temperature. Only seeds that contained 
healthy and filled embryo were selected for the study. 

The germination procedure was carried out at the seed 
germination laboratory in Agriculture and Aridland 
Department in Kuwait Institute for Scientific Research. The 
germination process was carried out at room temperature 
(25°C) using disposable Petri dishes lined with Whatmann 
filter paper (No.1, 9 em in diameter). The filter paper was 
moistened with 5 ml of distilled water prior to sowing. 
After sowing, Petri dishes were covered and sealed to avoid 
evaporation (Zaman et al., 2006). Four replicates each with 
25 seeds per plant were maintained. The seed was considered 
germinated when the radical protruded to a length of at least 
2 mm. The germination process was recorded daily until no 
seeds germinated for three consecutive days. 

Starter Rhizospheric Inoculum 
Ectomycorrhizal fungal inoculum was prepared under 
laboratory conditions. The roots, with the adhering 
rhizosphere soil, were cut into 1 to 2 em long segments, 
and then 2.5 g of segmented roots of the selected plant 
with adhering soil were placed in 100 ml Erlenmeyer flasks 
containing 25 ml of modified Melin-Norkrans medium. 
The medium constituted of the following (giL): 0.5 g of 
(NH4) 2HP04, 0.3 g of KHl0

4
, 0.14 g of MgS04 • 7H20, 

0.05 g ofCaCl
2 

• 6H
2
0, 0.025 g ofNaCl, 10 g ofn-glucose, 

0.001 g of glutamic acid, and 0.0001 g of thiamine. The pH 
of the medium was adjusted to 5.5 with 1 M HCL Flasks 
were incubated at 28°C for 17 d in absence of light and were 
shaken manually every 2 d to allow aeration. 

Bacterial inoculum was similarly prepared using plate 
count (PC) broth medium (Difco ). An amount of 20 g of 
segmented roots of N retusa with adhering soil were placed 
in 1000 ml Erlenmeyer flasks containing 500 ml of plate 
count broth medium. Flasks were incubated at 30°C for 8 d 
in an orbital shaker at 150 rpm. 

Experimental Design 
Soil treatments were prepared to assess the effect of 



Baroon et al. Nitraria retusa 23 

rhizospheric microbial inoculum on the growth of the 
selected native plants. The experiment was carried out in a 
shed house using a 4 x 1 x 10 factorial design as complete 
randomized block consisting of four treatments including the 
control, plant species and ten replicates in each treatment. 
Soil treatments were as follows: 
Soil with added inoculum (SI). 
Soil with added amendment (SP) 
Soil with added inoculum and amendment (SIP) 
Control soil with no inoculum o.r added amendment (SC ) 

Germinated seedlings of N. retusa were planted in ready-to
use 42 mm Jiffy-7 pellets (Jiffy International AS, Norway) 
made from sphagnum peat, lime and low ammonium 
fertilizer. Prior to use, Jiffy pellets were moistened with 
water and left overnight to allow expansion. After planting 
the germinated seeds, the pellets were sprayed with water 
once every 2-3 d. As the seeds exhibited successful growth 
(approximately 3 to 4 wks ), the pellets were carefully planted 
in the center of 18 x 20-cm round plastic pots (one seedling 
per pot) filled with 1kg soil. The inoculum was placed 5 
em below the soil surface and near the roots at the time the 
seedlings were transplanted in the pots of (SI) and (SIP) 
treatments. Each seedling received rhizospheric inoculum 
consisting of 100 ml of naturally abundant rhizospheric 
bacterial inoculum with densities of 108 CFU/ml, and 5 ml 
of ectomycorrhizal fungal inoculum. Soil amendment that 
contained N:P:K 21:21:21 with trace elements (Albatros 
Universal, Netherlands), was added to the seedlings that 
were planted in the treatments amended with fertilizer, (SP) 
and (SIP), at a rate of0.008 M per pot. Fresh irrigation water 
was applied once every 2 d to maintain proper moisture. 
The experimental duration was 120 d which represents the 
estimated time needed by the seedlings to grow and develop 
adequate lateral roots. Plant growth performance was 
monitored on a monthly basis by measuring plant height 
and recording leaf number. Observations of plant survival 
in different soil treatments were reported. 

Statistical analysis 
The collected data summanzmg the plants growth in 
different treatments and replica were statistically analyzed 
by applying 1-way analysis of variance (ANOVA) test for 
significance at P .:s._0.05. 

Results 
Enumeration of Rhizosphere Microbial Populations 
Microbiological examination of rhizospheric soil samples 
around the roots of the selected native plants indicated 
numbers of naturally indigenous bacterial and fungal 
populations in the arid soil environment. The numbers of the 
detected viable aerobic bacterial counts ranged from 104 to 
105 CFU/g of soil, while, the detected fungal counts ranged 
from 102 to 104 CFU/g of soil. There was a slight variation 
in the detected bacterial and fungal populations between 
the different sampling locations. This was attributed to the 
nature of soil and abundance of naturally existing plants. 

Plant Growth 
In the first month, there was no significant difference in 
the growth performance of N retusa as the plant exhibited 
similar growth in all four soil treatments including the 
control. However, the difference was more distinct in 
the months following transplanting as illustrated in Figs. 
2, (a, b, c, d). Inoculum addition in SI treatment had no 
significant effect on N retusa shoot growth, especially when 
compared to the control treatment during the transplanting 
period. However, in SIP treatment, where the rhizospheric 
microbial inoculum was combined with soil amendments, 
effective growth parameters with respect to shoot height 
and leaf numbers were observed. Upon comparing SIP 
treatment with SP treatment, which only differs in the 
added rhizospheric inoculum, it was noticed that the growth 
performance was significantly higher in SIP compared to SP 
treatment. Additionally, the survival of N retusa after four 
months varied with the different treatments. While the plant 
maintained a 1 00% survival in SI soil treatment during the 
experiment duration, it was noticed that the survival rate 
decreased with the experiment duration in all other soil 
treatments from 100% to 80% in SIP treatment and 70% in 
SP and SC treatments. 

Discussion 
Populations of aerobic bacteria in deserts were literally 
reported to vary from <10 to 107, while fungal populations 
as viable propagules were lower due to the low levels of 
fungal sporulation in arid regions (Stutz and Morton, 1996), 
and ranged from nil to 103 (Bhatnagar and Bhatnagar, 2005). 
Desert soil samples of Kuwait revealed that the viable 
bacterial and fungal counts were within the reported world 
values (Yateem et al., 2000). However, microflora numbers 
and community structure in the Kuwaiti desert varied with 
seasonal changes in temperature. Additionally, the Gulf 
environmental crises and oil spill locations had severely 
affected the rhizosphere environment of desert plants 
(Radwan et al., 1998; Radwan et al., 2000; Radwan et al., 
2004; Radwan, 2008; Yateem et al., 2007; Yateem et al., 
2008). The detected microbial counts in the rhizosphere soil 
samples of the tested plant species suggest the presence of 
weakened rhizospheric root symbiosis which is contingent 
on active rhizospheric microbial communities in the soil 
(Allen and Allen, 1990). 

In this study, the effect of rhizospheric microbial inoculum 
on N retusa growth was clearly demonstrated in SIP 
treatment in which the inoculum was combined with soil 
amendment and fertilizer. However, the addition of microbial 
inoculum alone did not produce a pronounced effect on the 
growth performance of N. retusa in terms of shoot height 
and leaf number in treatment SI but rather maintained 
a constant growth of a healthy plant with I 00% survival 
rate. This finding is very important as the revegetation of 
native desert plants depend basically on their survival in 
their environment and the rhizospheric microbial inoculum 
clearly facilitated this issue. 
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The microbial inoculum in this study was prepared from 
the rhizospheric microbial communities associated with N 
retusa that was added after being enriched as a consortium. 
The rhizosphere soil contains a balanced spectrum of 
microorganisms that occupies 5-20% of the root surface 
and most colonization occurs in the area of maximum root 
exudation (Suslow, 1982). However, at an early stage of 
root development it does seem possible to manipulate this 
balance, in order to promote plant growth by inoculating 
with selected rhizospheric microorganisms instead of 
microbial consortium (Hoflich et al., 1994). In this context, 
the symbiotic rhizospheric strains recovered from the 
experimental selected desert areas can be considered 
'ecotypes' as nominated by Jeffries and Barea (2000), 
which are physiologically and genetically adapted to the 
environment of the desertification-threatened ecosystems. 

Conclusions 
This shed house experiment examined the effect of 
rhizospheric microbial inoculum as a growth enhancer of N 
retusa. N retusa is one of the most important native plants 
for revegetation purposes in the desert ofKuwait. Regardless 
of its limited effect on the growth of N. retusa shoots, 
the application of rhizospheric microbial inocula clearly 
demonstrated a positive effect on the plant's survival. 

According to the results of this study it was concluded that 
the introduction of symbiotically indigenous rhizospheric
plant associations could be a successful biotechnological 
tool to promote the recovery of degraded ecosystems. The 
findings of this study did not only broaden the knowledge of 
rhizosphere microbial interaction with the selected plant but 
also may contribute to the issue of a better implementation 
of rehabilitation plans. Prospectively, further field 
investigations are strongly recommended to be carried out 
to support and prove this conclusion. 
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Monitoring Update on 
Five Listed Plants and 
One Candidate Species 
on the Arizona Strip 

Lee E. Hughes 
Ecologist 
Bureau of Land Management 
Arizona Strip Field Office 
345 E Riverside Drive 
St. George, Utah 84 770 

Introduction 
The Arizona Strip District of the Bureau of Land 
Management (BLM) has five federally listed plants and one 
candidate species. All six have established plots/transects 
that are monitored every year. Three of the plants discussed 
in this paper have had articles written on them in Desert 
Plants in the recent past. They are Pediocactus peeblesianus 
var. .fickeiseniae, Volume 12(1) June 1996, Jones Cyclad, 
Volume 13(1) June 1997 and Brady Pincushion Cactus, 
Volume 21(2) December 2005. As the Brady Pincushion 
Cactus was given a thorough treatment in 2005, most of its 
data won't be repeated in this article. 

The listed-as-threatened Siler Pincushion Cactus 
Pediocactus sileri (Engelm.) L. Benson, has been managed 
under an implemented Habitat Management Plan (HMP) 
since 1987 (BLM 1987). The Siler Pincushion grows in the 
broad Moenkopi soil formation that ranges from St. George, 
Utah to the Kaibab Plateau in northern Arizona. It grows 
specifically on the Middle Red and Shnabkaib members 
of that formation. There are about 7000 acres of occupied 
habitat (BLM, 2006). HMP actions completed by 1990 
were monitoring, placing off-road vehicle closure signs 
around Warner Ridge in the Utah portion of the habitat, 
constructing a 200 acre exclosure fence in the Fort Pearce 
part of Arizona, and placing four raptor poles in the Atkin 
Well/Lost Spring Mountain area. Later in the 1990s, the 
Fort Pearce Area of Environmental Concern (ACEC) was 
created and then signed with off road vehicle management 
signs. A volunteer patrol program, to inform dirt bikers and 
four wheelers proper use of the Warner Ridge (UT) and Fort 
Pierce (AZ) area, was started in 1998, and lasted until2008. 
Under the Washington County (UT) Habitat Conservation 
Plan, in the mid 2000's ten miles offence were built around 
the Warner Ridge Siler Pincushion cactus and Dwarf Bear
claw poppy habitat. The Utah Nature Conservancy fenced 
their properties on the White Dome in Utah in 2007-8. This 
was done to protect Siler Pincushion Cactus and Dwarf 
Bear-claw Poppy from off highway vehicles. The HMP 
for Siler pincushion cactus, which is classed by height 
for monitoring, set healthy long-term desired size-class 

Pediocactus sileri 

objectives at 20 percent each for the height classes of 0-4.9 
em, 5-8.9 em, 8-12.9 em, 12-16.9 em, and 17+ em. 

The listed-as-endangered Brady Pincushion cactus, 
Pediocactus bradyi L. Benson, has been managed under 
an HMP since 1986 and under the Marble Canyon Area of 
Critical Environmental Concern (ACEC) Management Plan 
since 1994. It grows along the Marble Canyon rim and its 
tributary canyon rims of the Colorado River. This plan has 
been aggressively implemented with emphasis on off-road 
activity and livestock watering facilities. Due to accessible 
terrain along the Marble Canyon rim, signs, rock barriers, 
and fences have been put in place to prevent driving in 
certain areas and explain why it is forbidden. Interagency 
law enforcement has helped achieve compliance with off 
road vehicle activity restrictions. Livestock water has been 
relocated to prevent heavy livestock activity on the canyon 
rims. Brady Pincushion cactus is classed by width for 
monitoring, rather than height. The objective for a healthy 
width size for all four plots of the cactus is an average of 
70 percent in the 0-15 mm size class and 30 percent in the 
15-30+ mm size class, after favorable moisture periods. 
One plot, Badger Creek, since establishment, has not had 
livestock influences on it. The other three are subject to 
livestock use (BLM 1994). Currently, the Grand Canyon 
Trust runs cattle on the allotments with Brady Pincushion 
Cactus. They run about one-half the usual number of cattle 
that were run on the allotments in the past. 

Pediocactus bradyi 
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The candidate species is the Pediocactus peeblesianus var. 
.fickeiseniae (hereafter referred to as Fick). A candidate 
species for federal protections is: "taxa for which the 
US.Fish and Wildlife Service has sufficient information on 
vulnerability and threats to support a proposal to list them 
as threatened or endangered'(Hughes, 1996). It is managed 
under the policy ofthe BLM to prevent any candidate species 
from becoming listed. Other than an informal monitoring 
program, there is no plan to manage this species. 

Pediocactus peeblesianus var. .fickeiseniae 

The listed-as-threatened Welsh's Milkweed, Asclepias 
welshii N & P Holmgren, is managed under a recovery plan 
implemented in 1992 (U.S. Fish and Wildlife Service 1992). 
This tall large-leafed plant occurs in a widespread manner 
throughout the Paria Canyon-Vermilion Cliffs Wilderness on 
the Arizona Strip. The wilderness designation contributes to 
the physical protection of the plant by not allowing off-road 
vehicle access and other non-wilderness values. It grows in 
sand dunes. 

Asclepias welshii 

The listed-as-threatened Jones Cyclad (Cycladenia humilis 
Benth. var. jonesii Welsh & Atwood) in Arizona is currently 
under a recently authored Recovery Outline (USFWS, 
2008). The Jones cyclad grows in the Chinle Formation 
(BLM 2008) and has fleshy, big leaves and a violet flower. 
The flowers develop into follicles, a long slender seed pod. 
(See Two Rare Plants of the Arizona Strip in the June 1997 
Desert Plants, Volume 13(1) for further information) This 
plant occurs on steep slopes and it appears little threatened 
by livestock and off-road vehicles. The area is remote and 
blocked by private land and it draws little attention from 
the public. Since completion of the Arizona Strip Resource 
Management Plan (RMP), the habitat of this plant is under 
an ACEC (BLM 2008). 

Cycladenia humilis 

The recently listed-as-endangered, Holmgren Milkvetch, 
Astragalus holmgreniorium, occurs on a small area on state 
and public land on the Arizona Strip. This plant's leaves 
lay fiat or prostrate on the ground, except the flower stems 
which are upright, but lay flat after the heavy triangular seed 
pods develop. It has a recently completed recovery plan to 
guide its recovery (USFWS, 2006). Holmgren Milkvetch is 
also managed under a small ACEC designated in the 2008 
Arizona Strip BLM RMP. 

Methods of Study 
The Fick, Brady and Siler Pincushion cacti are monitored in 
square or rectangular plots. The plot sizes for the Fick are 
10 m by 10 m. The Siler Pincushion has plots ranging from 
just under an ~ acre to about 3 acres. Plot locations were 
selected using the following criteria: the plants to be studied 
are present in reasonable quantities, access is easy, and the 
location is in an area that shows the effects of land uses and 
man-induced mortality causes. 
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Astragalus holmgreniorium 

All Fick, Brady and Siler Pincushions are mapped and 
tagged in each plot. The Siler Pincushion cactus height is 
measured from the base of the plant to the tip of the spines 
at the top of the cactus. For Fick and the Brady Pincushion, 
the width is measured, rather than height. The three cacti 
are also evaluated for fruit production and mortalities and 
causes thereof(BLM 1987, 1994). 

Welsh's Milkweed is monitored by charting (GPS) the plants 
on a map of the sand dune plot. The stems of milkweed are 
counted at each location, and then marked on the map. The 
number of plant stems, the number of stems with seed pods, 
and the number of seedlings are noted. Plants are widely 
scattered and are easy to count (BLM 2008). 

Jones Cyclad is monitored in two 10 m x 10 m plots. All 
ramets are counted. In the past those with follicles were 
counted separately but this was discontinued. Ramets are 
stems that emerge from the plant's rhizome (a type of 
underground stem). Follicles are a long, narrow, dry seed 
pod that opens along a single side. These plots occur on 
very steep slopes with fragile soils. Observers are prevented 
from marking each ramet, as working in the plot would 
destroy the plants. Counts are done during each visit until 
two consecutive counts of the same population in the plot 
come within a small difference of each other (BLM 2008). 

The Holmgren Milkvetch is monitored by counting it in 
transects. It is noted whether it has flowered and fruited. 
The plant has had plots and transects placed on it in the 
late 1980s and 1990s. But, the populations seems to die 
out at these locations after a few years and then the plot 
or transects have to be moved to where the plants occur in 
the Virgin Limestone member of the Moenkopi Formation. 
Currently, populations are mapped and adult plants counted 
in the mapped area. 

Results 
The size structure information given in Tables 1-2 
demonstrates that Siler Pincushion cactus shifted in the 
1990s to a large proportion of small cactus (young) from 
a predominantly larger size class in the 1980s. All plots, 
except Warner Ridge, for Siler Pincushion then met the 
HMP objective for the 0-4.9 em height class, which is to be 
at least 20 percent of the plot population in the 1990s. This 
was thought a good indicator because enough small and 
young plants were emerging into the population to sustain 
the same. All Siler Pincushion plots, except Warner Ridge, 
in the 1990s, surpassed the 20 percent mark of tagged 
cactus for the 0-4.9 em height class. Then after 1998, the 
total number of Siler Pincushion begins to drop in all plots, 
especially on the east portion of its range in the Johnson 
Spring area, where the 0-4.9 em cactus totally dominated. 
For some reason, the larger cactus group never developed at 
Johnson Spring. The Scm to 17 em cactus are the big seed 
producers. So, the Johnson Spring cactus failed to meet 
the objective for the larger sized cactus. A big die off from 
1998 to 2008 of the 0-4.9 em cactus occurred, leaving a 
few small cactus. Larger cactus, it appears are the key to 
sustainability, not just young small cactus. The other plots 
had good development of the larger cactus. Their numbers 
are down, but not close to extinction in any area, as is the 
case with Johnson Spring plot. Cause of mortality data (See 
Figure I) reveals that the overwhelming majority of deaths 
of this cactus are from natural causes, mostly just dying 
in place due to drought, old age, rabbits and insects. This 
continues a pattern reported by the BLM (1991 & 2006). 

Siler Pincushion eaten from the top down by a rabbit 

The Fick cactus has shown the shift in size classes from 
larger cactus in the 1980s to smaller ones in the 1990s, when 
the Dutchman plot had a large amount of germination. But, 
as Tables 3 and 4 show, the size classes changed in all plots 
at different times. The Dutchman plot has now collapsed 
back to 23 cactus, where it had over 200 in the 1990s. 
The plots on Clayhole, Sunshine Ridge and North Canyon 
which were way down in numbers in the 1990s are now 
quite high in number of cactus. Well timed precipitation in 



30 Desert Plants 

the right quantities results in increasing numbers of cactus. 
This cactus is rare but it occurs in small numbers in few 
locations over an extensive range. 

The Jones Cyclad (Table 5) has been monitored since 
1993. Little change occurs with this population except 
for the number of ramets. The higher number of ramets 
probably results from well timed precipitation. A lower 
number occurs in drought years. Plot #1 is on a south-facing 
aspect and has had consistently lower numbers than in the 
1990s. Plot #2 is on a north-facing slope and has numbers 
consistent with the wet 1990's number oframets during the 
two wet years in the 2000s. The plant generally develops 
only a few follicles in any one year and observations by 
Sipes and Tepedino (1995) and Spence (1994) have shown 
that little to no sexual reproduction occurs in this plant. The 
plant population occupies in the same and similar amount 
of acreage year to year. 

The Welsh's Milkweed plot (Table 6) in the Coyote Buttes 
area of the Paria Canyon-Vermilion Cliffs Wilderness is 
on a large dune. The milkweed, like all plants, has higher 
and lower numbers in accordance with precipitation. This 
plant reproduces sexually. By monitoring later in the fall, 
seedlings can be observed. Welsh's milkweed has shown a 
severe drop in population from 5 66 stems in the 1990s to 14 
stems in 2008. Another population in the Thousand Pockets 
area showed a similar large reduction from 166 in 1992 to 
23 plants in 2007. Both of these plot areas have little to no 
direct human impacts. Thousand Pockets is very remote and 
seldom visited by livestock or man. 

The Holmgren Milkvetch has a small presence in Arizona 
on Arizona State Land and the BLM lands just south of St. 
George, UT. This plant was monitored from 1989 to 1999 in 
a plot (Table 7). The plant dropped from 283 plants in 1992 
down to 43, in 1995. Then there were no plants in 1996-7. 
There were 50 seedlings in 1998. After that, there have been 
no more plants in the plot. Holmgren Milkvetch has been 
found in different locations in the habitat in small numbers 
and then they too disappear. There is no active permanent 
plot as of now in Arizona. When the plant is found it is 
mapped and counted. In the spring of 2009, a total of about 
90 adult plants were located and mapped on public land. 
Several plants were observed on state land, also. 

Discussion 
Do some of the above results that indicate success of the 
planned actions prescribed in the management plans? Have 
actions such as putting up the raptor poles in the Siler 
pincushion habitat, where rabbits and others harvest the 
cactus, had any visible or documentable effect yet? Has 
fencing been successful in keeping off-road activity out of 
habitat? 

Raptor Poles 
Four raptor poles were placed in the Atkin Well allotment 
as part of the Siler pincushion cactus HMP to allow rap tors 
more opportunity to prey on rabbits, which were consuming 
the Siler pincushion cactus. The poles were placed near a 
dense population of cacti at Atkin Well, where the high 
rabbit depredation took place. The data from the Atkin Well 
Exclosure shows cactus mortality from rabbit depredation 
before pole placement was 16, 22, and 15 in 1985, 86, and 
87 respectively. After the 1989 pole placement it dropped 
to 1 and 0 on all years except 1997 when it jumped to 16 
but dropped the next year to 0 till 2003 and then 2 were 
found eaten (BLM, 2006). The drop in cactus depredation 
by rabbits could have been facilitated by the pole placement 
and the subsequent raptor use of the poles. Rabbit bones have 
been found at the base of the poles, along with other animal 
and bird bones. There could be other factors affecting that 
depredation activity, such as population cycles of rabbits. 

Livestock Trampling 
One livestock exclusion area and corresponding livestock 
use areas have been established for Siler Pincushion cactus. 
The Siler Pincushion Atkin Well plots, where one plot is 
in an exclosure and one is outside the exclosure under 
livestock influence, have been followed since 1985. To 
the early 2000 's, there was more young cactus outside the 
exclosure subject to trampling than in the exclosure (see 
Table 1-2). However, in 2008 there was a large reduction 
of cactus in the plot outside the exclosure. Drought seems 
the cause as elsewhere on the habitat. Young cactus and 
some of the older larger ones were found dead in place, not 
stepped on or trampled. Overall, from 1986 to 2005,4 cacti 
at two of the plots (Yellowstone and Atkin Well) have been 
killed by trampling (BLM 2006). 

Welsh's milkweed occurs in an area not used by livestock on 
the Paria Plateau; however, milkweed is not palatable forage 
and is not used by cattle. The annually monitored population 
occurs near the Wave, a popular hiking destination; however, 
the trail to the Wave does not go through the sand dune. 

The Pick Cactus occurs under livestock grazing at all four 
monitoring locations. The cactus has had a small number of 
mortalities at each of the plots. The studies show 11 cacti 
have died as a result of trampling between 1986-2008 
(BLM, 2008). 

Jones cyclad grows on the side slopes of two canyons just 
west of the Kaibab Paiute Indian Reservation. The area 
is inaccessible to livestock in most places. In the years of 
monitoring, no cattle have been observed in the habitat. 

The Holmgren Milkvetch is subject to livestock use in its 
current federal habitat in Arizona. The livestock use occurs 
in the winter in Arizona and the livestock are gone by the 
time the plant emerges in early spring. 
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Fences 
Fences have been built in the Siler Pincushion cactus/Dwarf 
Bear Poppy habitat in Utah and an estimated 10 miles 
was put in place in the mid 2000's. This has proven very 
effective in keeping off-road activity out of the habitat. The 
Warner Ridge plot occurs in the now protected area which 
was suffering heavy off road activity. So, the protective 
effects can be measured on the cactus in the near future. The 
200 acre exclosure fence built in the Fort Pearce area of the 
Arizona Strip in 1990 was done in anticipation of dirt bike 
use increasing in that area, as more areas grew off limits 
to dirt bikes in Utah. That has happened and considerable 
activity occurs along the north end of the fence where 
trespassing dirt bikes bump up against the fence, which has 
so far kept the dirt bikers out of the dense population. 

Conclusion 
The objectives and planned actions of the management plans 
for the listed cactus were generally to assure that enough 
reproduction was occurring to sustain a healthy population 
level. The Siler Pincushion cactus populations shifted to 
the smaller, younger cactus in four of the six plot areas in 
the 1990s, however, with the drier 2000's the population 
shifted back to the larger cactus. Young small cactus are 
more vulnerable to death caused by drought. This is what 
occurred in the two Johnson Spring monitoring plots. They 
have been and are still being dominated by the small young 
cactus even though large numbers died over recent years, 
and the population collapsed. This cactus had met the size 
class objectives in all plots for the 0-4.9 mm class of the 
1987 HMP, with the exception of the Warner Ridge Plot. 
The Warner Ridge Plot was and is dominated by large cactus 
and they have been sustained in the drought. It was learned 
that the large cactus (5 em and larger) are needed in good 
quantities for populations to survive drought. The young 
small cactus are needed, but the long lived large cactus are 
what pull a population through drought bottlenecks. 

The Fick cactus has varied through the years with whatever 
precipitation regime is in effect. Like the other Pediocactus, 
the population was low for small young cactus in the 1980s 
and then in the 1990s there was an increase in small young 
cactus, especially at the Dutchman Plot (See Tables 3&4) 
which had an episodic germination year in the mid 1990s, 
much like that reported in the Desert Plants of December 
2005 for the Brady Pincushion at Badger Creek in the mid-
1990s. Then, in the 2000s, the Dutchman Plot collapsed 
back to its 1980's level. The North Canyon Fick plot, 
however, like its neighboring Brady Pincushion plots on 
North Canyon (See Desert Plants December 2005) has had 
some of its highest numbers since monitoring has begun. 
It appears some well-timed rains benefitted the Brady and 
Fick in the North Canyon Rims in the 2000's. 

Welsh's milkweed had high numbers at the Wave study plot 
in the Paria Vermilion Cliffs Wilderness Area in 1990 with 
566 plants counted, then it dropped to 68 plants in 1996 
and then to 14 in 2008. This small population appears to 
be headed for extinction. Brent Palmer predicted the same 
in 1992 'that Welsh s Milkweed is an invader species that 
moves into disturbed areas on the dunes and gives way to 
other species as they increase. This same condition also 
exists on the Paria site, where the only plants present were 
growing on open dunes with little other vegetation. We 
believe that the populations in these two plots and the Paria 
site will continue to decline if present conditions persist 
(Palmer, 1992)'. This seems to explain the loss of plants, 
for now, in Thousand Pockets and the Wave study plot in 
the Paria Plateau. 

Jones Cyclad appears not to reproduce sexually, and 
monitoring the number of ramets (stems) emerging seems 
the only indicator of trend. Judging from the numbers 
shown in Table 5, the number of ramets remains at strong 
levels during wet years, with fewer showing in dry years. 
Plot # 1 shows an overall reduction in the drier years as 
compared to the Plot #2 which is on a north slope. 

Injured Brady Pincushion Cactus that are malformed 
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Holmgren Milkvetch is a plant of much concern throughout 
its habitat as the development of St George, UT continues 
near and in the habitat. If not the development, it's the 
activities surrounding developments such as off-road 
activity, target shooting, too much blue mustard and other 
such problems that pose threats to this plant, which our 
studies demonstrate, is a plant that is struggling. 
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Table 1. 2008 Pediocactus sileri- Siler Pincushion Demographic Plots 

Plot 1- 5-8.9 9-12.9 13-16.9 17+ Total 
4.9cm 

Atkin Well Exclosure 10 21 3 4 1 39 

Atkin Well Outside 5 5 7 1 3 21 

Yellowstone 18 34 26 4 0 82 
Johnson East 1 1 1 0 0 3 
Johnson West 3 1 0 0 0 4 
Warner Ridge 5 24 29 27 18 103 

Table 2. 1985-1989 to 1997/1998, respectively, Pediocactus sileri Demographic Plots 

Plot 1-4.9cm 5-8.9 9-12.9 13-16-9 17+ Total 

Atkin Well Exclosure 6-19 17-0 23-11 20-0 12-0 78-30 

Atkin Well Outside 16-42 31-8 31-18 15-3 4-2 96-73 

Yellowstone 11-79 42-44 36-8 9-0 12-0 96-131 
Johnson East 10-27 S-4 1-0 0 0 16-31 
Johnson West 29-18 10-8 0-1 0-1 0 39-28 
Warner Ridge 8-18 28-39 35-59 34-16 25-3 130-135 

Table 3. 2008. Pediocactus peeblesianus var. fickeiseniae- Fick Cactus 

Location Width Class 
1-15mm 16-30mm Total 

Dutchman 2 21 23 
Clayhole 8 32 40 
Sunshine 8 17 25 
North Canyon 1 32 33 

Table 4. 1986-1997/1998 respectively. Pediocactus peeblesianus var. fickeiseniae- Fick Cactus 

Location Width Class 
1-15mm 16-30mm 31+mm Total 

Dutchman 9-55 10-66 2-1 21-122 
Clayhole 1-2 16-12 5-2 22-16 
Sunshine 0-1 6-4 2-1 8-6 
North Canyon 5-17 S-9 4-0 14-26 
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Table 5. Cycladenia humifis var. jonesii Table 6. Asclepias welshii 

Plot Year Plants with Total Year Number of Number of Seed 
Follicles Plants Stems pods 

1 1993 14 194 
2 1993 53 206 1989 240 Not observed 
2 1994 0 220 
1 1995 67 168 
2 1995 146 245 1990 566 Not observed 

1 1996 3 204 
2 1996 0 268 1993 152 Not observed 

1 1997 4 230 
2 1997 16 325 1995 143 32 
1 1998 11 139 
2 1998 11 304 1996 68 96 
1 1999 44 150 
2 1999 93 220 

Stems w/pods Seedlings 
1 2000 Not tallied 105 
2 2000 69 
1 2001 121 1997 121 45 4 

2 2001 255-316 
2002 0 1998 169 55 7 

1 2003 51 
2 2003 291 1999 172 67 11 
1 2004 38 
2 2004 199 

2000 103 26 1 
1 2005 46 
2 2005 240 
1 2006 31 2002 40 NR 0 

2 2006 147 
2007 0 2003 50 NR 0 

2004 40 NR 1 

2005 41 NR 0 

2007 40 In Season 

2008 14 1 1 

Table 7. Astragalus holmgreniorium 

Year Adults Plants Plants Seedlings 
w/ flowers w/seedpods 

1988 117 Not counted 5 Not counted 
1989 135 17 15 10 
1990 0 0 0 0 
1991 74 0 0 0 
1992 283 Not counted 13 Not counted 
1993 plot total 179 142 18 so 
1994 subplot 38 2 0 41 
1995 plot total 43 40 2 19 
1996 plot 0 0 0 0 
1997 plot 0 0 0 0 
1998 plot 1 0 1 51 
2004 sec 31 0 0 0 60+ 
count transect 
2005 sec 31 35 35 2 5 

count transect 
2006 sec 31 0 0 0 0 
count transect 
2007 sec 31 0 0 0 0 
count transect 
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How to Photograph Desert 
Plants and Flowers 

Joanne West 
10482 La Palma Avenue 
Gold Canyon AZ 
( 480) 982-7980 
jwest4u@qwest.net 
www.jwestphotography.com 

To better comprehend how to photograph desert plants and 
flowers begin by asking yourself why you are making the 
photo. Documenting a species for information purposes, 
capturing a moment of inspiration, accenting a landscape or 
even creating an abstract expression of details each requires 
a different approach, specific lens and lighting choices (Fig. 
1 &2). 

Figure 1. An artistic feel was created by choosing a ground 
level view and setting a wide lens aperture of F2.8. A soft 
background resulted, bringing all the attention to the one 
Mexican poppy. 

Unless your objective is singularly focused, its best to carry 
a small selection of camera gear suitable for most plant 
and flower photography. It's tempting to haul a bag full 
of gadgets and various lenses, however, minimizing what I 
carry helps me to be more flexible and decisive in the field. 
Fidgeting with your equipment can interfere with your 
artistic vision and limit your chances of capturing photos. 
Some of the best images are often made spontaneously. 
Nature has a way of presenting opportunities to those who 
are most prepared (Fig. 3). 

Digital SLR's and advanced point and shoot cameras 
are ideal for photos of plants and flowers. They usually 

Figure 2. Arizona spring desert is captured by using a 
moderate zoom lens, mid-morning when wildflowers are 
open and camera turned vertically to include the saguaro 
cactus. 

Figure 3. While photographing the patterns of penstemon 
flowers with an 80-200mm zoom lens on a tripod with ball 
head, I was able to respond quickly when this hummingbird 
flew into my scene. 

feature a moderate zoom lens along with close-up or macro 
capabilities, a flash that can be varied in power, and the 
option of overriding the auto exposure settings. 



36 Desert Plants 

Figure 4. A telephoto with wide aperture setting created a 
nice lavender background by softening the blooming sage 
and bringing the attention to Lantana flowers and butterfly. 

If you are using long heavier lenses you may need to bring 
along a tripod to steady your motion and keep the photos 
from blurring. I recommend a ball head on the tripod so 
you can quickly manipulate your camera in many directions 
and make slight adjustments with ease. Many newer digital 
cameras offer image stabilization which counter balances 
your movement to minimize motion blurring. However if 
you are shooting in very low light, extremely magnified, or 
wanting to shoot at very small apertures you may still find 
the need for a tripod. Using the tripod also allows you to 
compose your image, step away from the camera to "groom 
the shot", move a piece of branch or litter and then come 
back to the same composition. It is sometimes worth the 
extra effort to carry it. 

I like to use a longer telephoto, 200mm or 300mm, for 
isolating certain aspects of plants and flowers that I find 
intriguing. I also like to use zoom lenses at the wider 
apertures F2.8 or F4 thus creating limited depth of field, 
blurring the background and giving more importance to 
my subject. When you are photographing flowers, often 
hummingbirds and butterflies will grace your photos - yet 
another reason to lug a long lens along (Fig. 4). 

If you have a macro lens or close-up filter, bring it for 
close-up photos. Some point and shoots have a setting for 
macro work. You will want to learn how to set your camera 
using this feature and practice with it. Plants and flowers 
offer fascinating details for those who take the time to look 
Fig. 5). As artist Georgia O'Keeffe brilliantly expressed, 
"Nobody sees a flower ... really ... it is so small it takes 
time ... we haven ~ time and to see takes time ... like to have a 
friend takes time. " 

Figure 5. Extreme close-up of sunflower center 

Lens choice depends on the type of photo you wish to 
make. Choosing the correct lens is crucial to bringing your 
vision to life. For instance, if you are documenting for 
informational purposes choose a lens that is not wide angle 
or too long of a telephoto. Since you will want to keep the 
plant or flower realistic, scale is very important. A zoom in 
the 50mm to 1 05mm range or a 60mm macro lens would be 
most appropriate. 

Wide-angle lenses in the 16mm to 24mm range may distort 
a :flower or plant if you get too close, however in certain 
instances they are quite useful. I often use a wide angle 
when photographing fields of flowers or a landscape where 
I want to create a strong foreground with visual interest. 
(Fig. 6) When using the lens for this purpose an F-stop 
that provides good depth of field such as F16 or F22 is 
required. If you are using auto modes selecting Landscape 
will give you a good depth of field and keep everything in 
focus. Conversely some photographers use wide angles to 
get extra close to foreground objects exaggerating their size 
thus enhancing their artistic expression. 

Natural lighting is often best. Overcast conditions can 
be perfect as there are no shadows or overly sunlit bright 
spots. The details of the species can be documented quite 
accurately. Sometimes heavy shade can result in bluish 
colorcast. If you are shooting digital try setting your color 
balance to shade, which will increase the warmth in your 
photo. Remember to put the setting back to auto when you 
move to different lighting situation. Be wary of situations 
where there is spotted sunlight as this usually creates 
difficult metering and may result in the light areas being 
washed out (Fig. 7). 

Flash can add extra brilliance and "pop" the colors if it 
doesn't overpower the ambient light. Built in flashes can 
overdo it and spoil the mood. If possible, use a separate 
flash unit or power-down your on-camera flash to prevent 
harsh shadows or washed out light areas. Experiment with 
different settings, with and without the flash (Fig. 8). 
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Figure 6. The use of a wide-angle lens at F16 taken from low level gives impression of more flowers and accents the 
landscape. Superstition Mountains with Chuparosa flowers, Lost Dutchman State Park, Arizona. 

Figure 7a. Overcast lighting can work to your advantage as 
with these cactus blossoms in a rock crevice. 

Backlighting is a very effective way to add an artistic 
dimension to plants and flowers. Combined with fill-in flash 
it creates a sense of depth. Set your camera exposure for the 
brightest sunlit area in the photo so it does not wash out, by 
simply using the auto-exposure lock (Fig. 9). 

Figure 7b. Saguaro cactus blossoms with full sunlight. 

Reflectors can also be of use in the field - providing it's 
not too windy. There is a tool you can purchase that clips 
to your tripod, which will hold the reflector and allow you 
to flex it to exact position needed to throw a spray of light. 
They are especially handy when the light is coming from 
behind the subject and you want to bounce it back into the 
foreground. 
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Figure 8. High desert flowers with landscape with fill flash at dusk (a) and with no fill flash at dusk (b). 

Another important aspect of plant and flower photography 
is composition. In addition to focusing on the plants and 
flowers, you will want everything that is in the frame of the 
photo to add to the beauty of the image. 

Pay special attention to the foreground and background. 
Try to eliminate extraneous items such as highlighted 
bright spots on shiny leaves or out of focus branches from 
the frame. A slight change in your angle or zooming in can 
greatly enhance your composition (Fig. 1 0). 

Often carefully exposing for a sunlit flower or brightly lit 
plant will result in black or very dark background. This 
results in a very clean shot that centers attention on your 
subject (Fig.l1 ). 

Figure 9. Back light creates unique effect on cactus blossoms. 

Another technique used to obtain this effect is to place a 
piece of dark colored non-reflective fabric behind and 
around the base of the subject. Be certain to expose for the 
plant and not the dark fabric. Try bracketing, that is shooting 
under what the exposure reading gives a few stops and over 
as well. With digital you can see right away what exposure 
works best (Fig. 12). 

When you are engrossed in making photos its easy to forget 
your surroundings. Remember in the desert environment 
there are little creatures that live under rocks and leaves. 
For survival, their skin and fur often blends in with the 
plants so be careful not to step on them or get too close 
to the venomous ones. Cactus and other prickly plants are 
interesting to photograph but give them respect as well. 
Watch not only where you step but also where you place 
your camera bag. Getting close offers great perspective 
but rve had my share of hitchhikers and spent a few days 
picking out cactus thorns. Be especially wary of the cholla 
cactus - sometimes referred to as jumping cactus for good 
reason (Fig. 13). 

To create photos that are uniquely yours, take your time and 
stay with the plant that attracts you. Often while moving 
around the subject and trying various lighting and exposure 
settings you may see something unique that was not what 
initially attracted you. Returning at a different time of day 
or slightly later in the season can often reward you with 
a better photo. It is looking at things for a long time that 
ripens you and gives you a deeper understanding. -Vincent 
Van Gogh 
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Figure lOa. Night-blooming Cereus cactus taken from low 
angle to show more blue sky and get distracting background 
plants out of the composition. 

Figure 1 Ob. Saguaro cactus blossoms with bee taken from 
3ft stepladder. 

Figure 11. Sunlit cactus blossom, exposure was made for the bright flower and background stayed dark. 
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Figure 12a. Placing black fabric behind plant. Figure 12b. Rain Lily with black fabric background. 

Figure 13. Saguaro cactus framed through cholla cactus 

All photos taken by Joanne West, copyrightjwestphotography.com 2009 


