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

Margaret Norem, Ph.D., Editor 
2120 E. Allen Road 
Tucson, AZ 85719 
mnorem@ag.arizona.edu 

From the Editor. .. 
This diverse issue begins with an update from Lee Hughes on the 
Arizona Strip. Lee has been a regular contributor over the years 
and it is nice to know that his work continues past his retirement! 

Next, Xiaofang Wei and colleagues from Central State University 
in Ohio have provided a manuscript to stretch your mind. Tamarix 
has long been considered an invasive species with negative im
pacts in riparian ecosystems in the west. Through their study, they 
have demonstrated allometric equations can be utilized to assess 
aboveground biomass, essential for predicting the extent of a spe
cies invasiveness. 

The Boyce Thompson Arboretum supports the University of Ari
zona's Study Abroad in Namibia program that is open to students 
with an interest in international nature conservation, wildlife ecol
ogy, arid lands ecology and related fields. Students spend a sum
mer traveling from the coastal Namib Desert inland to waterfalls 
along the Kunene River. Manuscripts written by students on their 
research have been published in the past. I am very pleased to pub
lish the fascinating paper by Holly Bainbridge on the indigenous 
use ofmopane. A head's up, you will really value your teeth after 
reading this! 

The Desert Legume Program staff have had a busy season with 
several collecting trips to various parts of Arizona to attempt col
lecting seeds of legumes still missing from the collection. Season, 
rainfall and plain old luck make a difference in what they find to 
harvest. Matt Johnson reports on the outcome of their efforts. 

In addition to traveling in Arizona to collect seeds, Matt Johnson, 
accompanied by Boyce Thompson Director Mark Siegwarth, trav
eled to the People's Republic of China in May. Matt was invited 
to speak on Joshua trees at the Northeast Forestry University in 
Harbin, Heilongjiang Province. Mark has written of Calligonum, a 
plant that intrigued him during their trip. More will be reported on 
the trip in upcoming issues. 

Speaking oftraveling, I will be attending the International Legume 
Conference in Johannesburg, South Africa in January, 2013. I had 
the privilege to work in West Africa many years ago and am ex
cited to be returning to that continent. I will report back in the new 
year. 
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Monitoring Two Milk-vetches on 
the Arizona Strip 

Lee E. Hughes 
Bureau of Land Management 
(Retired ecologist) 
Santa Clara, Utah 84 7 65 
lee.e.hughes@gmail.com 

Introduction 
Monitoring studies on rare plants are necessary to determine fu
ture management practices. The plants are evaluated to determine 
whether man is having an effect on their populations. Is the ef
fect negative or positive? How much of the effect is weather re
lated? Can answers to these questions be teased out of the data? 
Some monitoring studies have revealed surprises regarding how 
plants survive over time in their environment and the effects of 
man and environment on them. Some impacts are direct such as 
rabbit depredation on Siler Pincushion Cactus (Pediocactus sileri 
(Engelm.) L.Benson (Hughes, 2009). A much more difficult prob
lem to ascertain from the monitoring studies is indirect effects. 
When drought occurs and livestock are present in a rare plant's 
habitat, is the competition between the livestock and rodents for 
forage driving rodents to eat the rare plant (vice cactus) due to 
shortages of other forage caused by livestock eating same? This 
cannot be determined as no monitoring study measures intent of a 
rodent (Hughes 2009). The surprises revealed to an observer dur
ing monitoring of plants, is equal to causal factors of changes in 
population numbers. Some plants can simply puzzle an observer. 

The Plants 
The two milk vetches to be discussed are the Holmgren milk-vetch 
Astragalus holmgreniorum Barneby (listed Endangered) and the 
Diamond Butte milk-vetch Astragalus toanus Jones var. scidulus 
Welsh and Atwood (Bureau of Land Management lists as Sensi
tive). The Holmgren is a prostrate plant, except for its flower stems 
which once burdened with seed pods become prostrate as well. 
The Diamond Butte milk-vetch is opposite of Holmgren in growth 
form being bushy and rush-like appearing similar to young rabbit 
brush (Chrysothamnus spp.). The main population is of Astraga
lus toanus var. toanus (vice scidulus) which grows 150 km -north 
of Diamond Butte, in Nevada, Idaho, Utah and sparsely in Oregon 
(Welsh, 1993). 

Monitoring Methods 
The Holmgren milk-vetch was the first to be monitored as it was a 
candidate for listing (as endangered) in the 1980s and was eventu
ally listed in the early 2000s. A plot was set up in 1989. Plants were 
tagged as adults (with flowers and seed pods) or seedlings. The 
plant is biennial and thus every two years the tags were removed 
and placed by another plant, as the plants originally tagged died. 
The plot was monitored from 1989 to 1999. After 1999 there were 
no more plants in the plot as they had all died out. It was not until 
2010 that 12 plants reappeared in the plot. 

As a result of the lessons learned in the traditional square or rectan
gular plots and tagging of plants, a different method of monitoring 

was adopted. As the plant seems to disappear for periods of time, 
transects were run in the habitat and a population was located with 
a hand held geographical plotting system. The population was des
ignated as a polygon and the plants in the polygon were counted. 
A map with the polygons was produced and the number of plants 
found in each polygon was noted. This served as the record for the 
year's monitoring of that plant. 

Holmgren milk-vetch in bloom (L. Hughes) 

The Diamond Butte milk-vetch occurs in two populations in very 
small numbers. The two small populations are counted where 
found in the two locales. Within the two locales, the milk-vetches 
die out and reappear in later years in a different location. The most 
milk-vetches counted has been ten. Sometimes, it's all in one pop
ulation or in both populations combined (Table 2). 

Diamond Butte milk-vetch in bloom (L. Hughes) 
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Results 
The Holmgren milk-vetch data from 1989 to 2007 are presented 
in June 2009 Desert Plants (Volume 25, Number 1) page 34. The 
data from to 2008 to present are shown in Table One. 

The count transects and polygons were in the same or near same 
locations each year, though in some polygons the plants did not 
appear, as is discussed above. The weather patterns during 2009-
2012 were mostly wet winters or springs, which favors Holmgren 
milk-vetch. However this also favors African mustard (Malcomia 
africana) in some years. 2005 was a wet year and this mustard ap
peared to out-compete Holmgren milk-vetch for soil moisture, as 
the mustard was very dense. The milk-vetch failed to develop seed 
pods or where a few pods occurred, they were in very small quanti
ties. It has been stated that this mustard and the :filaree (Erodium 
circutarium) are indirect threats to this milk-vetch (Van Buren and 
Harper, 2003). However in 2009-2012, in the section 31 transects, 
the mustards were in small quantities and failed to have a visible 
effect on the milk-vetch. The winter of2012 was dry and the milk
vetch plants appeared smaller in size than when wetter winters oc
cured, yet they were numerous due to a wet spring. 

The population counts for the Diamond Butte milk-vetch's two 
populations are shown in Table 2. This plant has a small popula
tion. As the data in Table 2 show, either one or both populations 
do not appear for years. It does not seem to be moisture regimes 
ruling the appearances. They show in dry years and wet years 
somewhat independent of moisture amounts. Adequate moisture is 
surely needed, but properly timed moisture will stimulate growth 
of plants. Population Two, for example, had a good show in 2012 
during a dry spring. The long period of no visual sightings of the 
vetch from 2001 to 2009 was also a long dry spell with below 
average rainfall. However, it showed up in Population One in 
2009 with similar precipitation levels as the previous six years. In 
2010 the winter and spring precipitation was above average and 
the number of plants counted was ten, a high to that point. Even 
though the population of this milk-vetch is very small, the plants 
grow to robust sizes with numerous seed pods. 

Diamond Butte milk-vetch with seed pods (L. Hughes) 

Discussion 
The data and observations demonstrate that the above milk
vetches can be absent for long periods of time and then reappear, 
indicating that the seeds are able to withstand long periods of dor
mancy or that some other process is at work. I had begun to feel, 
wrongly, that Population Two of the Diamond Butte milk-vetch 
disappeared from the site. With both taxa, the monitor cannot be 
hasty in determining if the milk-vetches are extinct from the site. 
Continuous monitoring revealed a surprise. My annual check of 
Population Two of the Diamond Butte milk-vetch and my old plot 
of the Holmgren milk-vetch revealed the plant stands, tall and 
robust, in the case of the Diamond Butte milk-vetch, and boldly 
prostrate in the case of Holmgren milk-vetch. 
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TABLE ONE 
Holmgren Milk-Vetch Section 31 Count Transects. Percent of Normal Winter and Spring Precipitation 
(Lizard Rain Gauge) • 

Year Number of Plants Winter Percent of Aver- Spring Percent of Aver-
age Precipitation age Precipitation 

2009 209 104% 28% 

2010 278 188 150 

2011 386 127 51 

2012 476 55 143 

TABLE TWO 
Diamond Butte Milk-Vetch Count Transects and Percent of Normal Precipitation Data (Marchant Tank Rain 
Gauge on the Arizona Strip) October 1 to September 30 (Water Year) 

Year or Population Population Precipitation Precipitation Precipitation Precipitation 
years One## of Two## of Fall Avg Winter Avg Spring Avg SummerAvg 

Plants Plants 

1999 2 8 No data(nd) No data No data No data 

2000 1 6 nd nd nd nd 

2001-2008 0 0 60* 68* 56* 81* 

2009 7 0 91 84 56 55 

2010 10 0 14 167 138 29 

2011 5 1 198 91 110 94 

2012 5 5 99 56 42 No data 
*Average ram fall for the 2003-2008 time penod. 
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Allometric Equations for Predicting 
Above-ground Biomass of Tamarix in 
the Lower Colorado River Basin 

Xiaofang Weia, Subramania I. Sritharana, Ramanitharan 
Kandiaha, John Osterbergb 
a Central State University, 1400 Brush Row Road Wilberforce 
OH45384 , , 

h The United States Bureau of Reclamation, Denver, CO 80225 
xwei@centralstate.edu. 

Abstract 
Allometric equations are essential for quantitative study of 
aboveground biomass. The paper presents an effort in acquisition 
and validation of allometric equation for salt cedar (Tamarix spp.), 
a species that has been criticized for its invasion and negative im
pacts on the riparian ecosystem in the western United States. In 
the summers of 2009 and 2011, biomass destructive samplings 
were conducted to harvest and collect salt cedar samples at Cibola 
National Wildlife Refuge, Arizona. The allometric equations were 
developed by establishing the relationship between aboveground 
biomass with average basal diameter, tree height, and total basal 
area. The validity and the strength of the allometric models were 
examined with the adjusted coefficient of determination (r2

), stan
dard error of estimate (SSE), and Akaike Information Criterion 
(AIC). Total basal area was identified as the best predictor for salt 
cedar biomass, followed by tree height. Average basal diameter 
was a poor predictor. In linear equations, total basal area accounted 
for 78.4 percent of the total variation in aboveground biomass. In 
logarithmic equations, tree height and total basal area together ex
plained 87.7 percent and yielded the small AIC and SSE. These 
equations will advance the quantitative estimation of salt cedar 
biomass and provide useful information for studying evapotrans
piration, water consumption, and carbon storage. 

Key words: salt cedar (Tamarix); destructive sampling; Cibola Na
tional Wildlife Refuge 

Introduction 
In recent decades, salt cedar, an aggressive invasive species, has 
been under criticism for large water consumption and negative im
pacts on native riparian ecosystems in the western United States 
(Bailey et al. 2001, Stromberg et al. 2007, and Poff et al. 2011). 
Salt cedar was imported to the West in the early 19th century as 
an ornamental plant and to help control soil erosion. Salt cedar 
typically grows in moist areas of river corridors and catchments 
(Dahm et al. 2002, Whiteman 2006, and Shafroth et al. 201 0). It 
is a large shrub or small tree with numerous branches or stems 
extending from the ground (Allred 2002 and Watts et al. 2005). 
However, salt cedar is so well adapted to its environment that it 
has spread quickly, becoming one of the most notorious invad
ers in the west. Many researchers have attributed the competitive 
advantage of salt cedar to its stress tolerance, vigorous reproduc
tion, and deep root system. Being a xerohalophytic plant, salt 
cedar is aridity and salt tolerant (Arndt et al. 2004) allowing it 
to thrive in the arid, salty environments of the west. Salt cedar 
is also fire-resistant; after a wildfire, salt cedar comes back more 
quickly than the native species (Glenn & Nagler 2005, Shafroth et 
al. 2010). With its extensive and long taproots going down deep 

into the groundwater level (Stromberg et al. 2007 and Sookbirs
ingh et al. 201 0), salt cedar can "steal" water from and outgrow 
the native species. Moreover, by forming large, dense stands, salt 
cedar consumes much more water than the sparse native species. 
Water will be further lost through the active evapotranspiration of 
its leaves (Carman & Brotherson 1982 and Dahm et al. 2002). In 
a word, the widespread invasion of salt cedar is posing significant 
threats to the native riparian ecosystems in the arid western US, in 
terms of biodiversity reduction, soil erosion, stream flow change, 
water depletion, and flood and wildfire hazards (Bailey et al. 2001, 
Whitcraft et al. 2008, Shafroth et al. 2010 and Sookbirsingh et al. 
2010). Consequently, information regarding the distribution and 
abundance of salt cedar is imperative in support of the long term 
mission of restoring the native ecosystem. 

Aboveground biomass is defined as the amount of organic matter 
in living and dead plant material present above the soil surface 
(Brown & Lugo 1992 and Litton & Kauffman 2008), and serves 
as an indicator for the distribution and abundance of vegetation 
above the ground. The most accurate method of biomass estima
tion is through destructive sampling (Basuki et al. 2009), i.e., com
plete harvesting, in which trees within the plots are clean-cut, dried 
in an oven, and weighed to provide sample measurements of the 
weights (Brown 1997 and West 2003). Alternatively, allometric 
equations offer a non-destructive way for biomass estimation. Bio
mass is often considered as a function of tree diameter, height, and 
wood density (Ter-Mikaelian & Korzukhin 1997 and Chave et al. 
2005). Using allometric equations, biomass can be estimated from 
the relatively simple measurement of tree diameter and height, 
without having to cut, dry, or weigh the trees (Tietema 1993, Keith 
et al. 2000, Cleary et al. 2008 and Burquez et al. 2010). 

The rationale for salt cedar allometry study was the lack of allo
metric equations for salt cedar and the site-specific restriction in 
general for allometric equations. First, the lack of diameter-based 
allometric equations in literature is partially due to the irregular 
growth pattern of salt cedar; it tends to grow into dense stands 
with numerous intertwining stems protruding from the ground 
(Nagler et al. 2004 and Evangelista et al. 2007). Second, the only 
published equations from Evangelista et al. (2007) are based on 
canopy area and height, which, however, is not practical for our 
study because in our study area, salt cedars grow in thick closed 
canopies that cannot be separated to measure individual shrub 
canopies. Lastly, the allometric equations are site-specific (Mon
tagu et al. 2005); they differ with species, tree status, climate, soil, 
and terrain (Zianis & Menucuccini 2004). Further, equations from 
other sites cannot be used without validation with local field data. 
Hence, the objective of this study was to develop allometric equa
tions through biomass destructive sampling for salt cedar aboveg
round biomass prediction. 

This paper presents the effort of two destructive sampling field 
trips and the development of allometric equations for salt cedar. 
With the establishment of allometric equations, we can estimate 
salt cedar aboveground biomass, thereby, better understanding its 
distribution and abundance, potential carbon storage, and water 
consumption. Ultimately, the study will lead to alternative solu
tions to the widespread invasion of salt cedar. 



Methodology 
Study area 

Wei 

The study was conducted at the Cibola National Wildlife Refuge 
(Cibola thereafter) at the border of Arizona and California in the 
Lower Colorado River Basin (Fig. 1). The climate is moderate in 
winter and hot and dry in summer. Precipitation is sporadic and 
scant. It occurs mainly from July to September and December to 
February as a result of the Arizona monsoon (Nelson, 1986). Cibola 
is characterized with rolling desert ridges and washes for its land
scape. Flanking alongside the Colorado River, Cibola is endowed 
with several bodies of water (U.S. Fish and Wildlife Service 2006) 
and indigenous riparian species of arrow weed, mesquite, creosote 
bush, palo-verde, and cottonwood, providing food and shelter to 
numerous wildlife species. However, the equilibrium of Cibola 
was interrupted by the infestation of exotic salt cedar. A large area 
of Cibola has been occupied by salt cedar with native vegetation 
interspersed few and far between. Nevertheless, salt cedar does 
not present the same high-quality wildlife habitat as other native 
species (Stromberg et al. 2007 and Poff et al. 2011 ). In part, as a 
halophyte (Glenn & Nagler 2005 and Sookbirsingh et al. 2010), 
salt cedar heightens the soil salinity by shedding its salt-saturated 
leaves. Currently, a major endeavor of Cibola is to remove exotic 
salt cedar and restore native species. Methods like the introduc
tion of leaf beetles, mechanical removal, chemical herbicide, and 
controlled fire (Harms & Hiebert 2006, Whitcraft et al. 2008 and 
Shafroth et al. 201 0) have been employed to remove salt cedar. 

Legend 

• CleanCutSites 

- Water Body 

Vegetation 

0 2 4 8 

E~==3:==~~======31KM 

Imperial 

Biomass ofTamarix 
Data collection 

7 

In the summers of 2009 and 2011, we conducted two biomass de
structive sampling field trips at the study site. The first field trip 
took place in June 2009, when salt cedars were in full foliage, 
some flowering. Three sampling sites were chosen and sampled, 
Slytherine, Diablo, and Swamps covering areas of different stand 
density and growth status. Slytherine was the site of the highest 
density and old-growth trees; Diablo was the driest area with inter
mediate density; Swamps was the closest to the river channel with 
young trees and low density. Once a large homogenous salt cedar 
community was identified, a quartet (four-sided plot) was estab
lished. The shortest side of the plot must be longer than that of the 
mean height of the trees within the plot (Brown 1997). The size 
of the plot was chosen as five meters by five meters, considering 
that the average tree height in the sites was less than five meters. 
Prior to cutting the trees, we measured the coordinates of the four 
comers of the plot with a Trimble GeoTX GPS unit and recorded 
the tree status and terrain information within the site. Then, all 
trees within the sample plot were cut down at the bottom. After 
felling, the basal diameter at the ground level (Litton & Kauff
man 2008) and height for each stem were measured. The sampled 
tree was separated into parts of boles and foliage in consideration 
of the difference in moisture content. All the parts were carefully 
garnered and weighed to obtain the total fresh weight in the field. 
The subsamples of each tree part were collected and weighed in 
the field; then, they were packed and sent back to the laboratory 
for drying and determining the moisture content. The other parts 
were discarded in the field. Eleven trees were cut and sampled 

\ 

Figure 1. Cibola National Wildlife Refuge 
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from the three sampled sites during the first field trip. Back in the 
laboratory, the subsamples of the foliage and boles were dried in 
an oven at 60 to 80 degrees Celsius to a constant weight (Northup 
et al. 2005). The dry weight of each part of the sampled tree was 
computed by multiplying the fresh weight measured in the field 
with the dry/fresh weight ratio of the corresponding subsamples. 
The total dry weight of a tree was obtained by summing up the dry 
weight of all parts of the tree. Encouraged by the results from the 
first field trip, we conducted the second field trip in May, 2011, 
to collect more samples. The same procedure as the first field trip 
was followed for destructive sampling. Three sampling sites were 
clean-cut and a total of 15 individual trees were harvested. 

Biomass regression analyses 
Salt cedar allometry equations were investigated by regression 
analyses to establish the relationship between aboveground bio
mass and tree dimensions. 

The general allometric model used to predict the total above 
ground biomass in individual tree is expressed in Equation 
(Brown 1997 and Chave et al. 2005): 

M = Fx (p x (rr, D2/4 x HI (Equation 1) 
Where, M is total aboveground biomass of the individual tree ex
pressed in oven-dried kilogram; D is the diameter in centimeter; 
H is tree height in meter; p is the wood density in gram per cubic 
centimeter; F is the form factor; and ~ is the coefficient. 

In practice, a natural logarithmic transformation is used to linear
ize data (Baskerville 1972, Niklas 2006, Litton & Kauffman 2008, 
and Basuki et al. 2009). Thus, Equation 1 can be rewritten in the 
logarithmic format in Equation 2: 

1n M = c + a 1n (D) + p 1n (H) Or 
1n M = c + a 1n (BA) + p 1n(H) (Equation 2) 
Where, BA is the basal area in square centimeters, and a and P are 
the coefficients. 

In this study, salt cedar was a shrub with multiple stems instead 
of a single bole tree. Since for shrub species, stem basal area from 
each stem is summed to compute total basal area (TBA) (Northup 
et al. 2005 and Cleary et al. 2008). TBA was used as a predica
tor variable for aboveground biomass prediction. Meanwhile, the 
average basal diameter was the average of the basal diameter from 
all the multiple stems. Stems with a diameter equal to or larger 
than 1 centimeter were included in the calculation of total basal 
area and average basal diameter. 

Using IBM SPSS Statistics software, the total aboveground bio
mass, the dependent variable, was correlated with the predictor 
variables of average basal diameter, tree height, and total basal 
area in regression analyses. The stepwise regressions were per
formed for all the variables and their log-transformed counterparts. 
In stepwise regression, variables were entered in sequence corre
sponding to their statistical significance to the regression model. 
If adding a variable improves the performance of the model, the 
variable would be included; otherwise, it would be excluded if not 
adding to the success of the model. 

Model selection 
To identify the best model for salt cedar allometric relationship, we 
analyzed the statistics of each regression model for the coefficient 
of determination (r2

), standard error of estimate (SEE), Akanke In
formation Criterion (AIC), and Correction Factor (CF). 

Coefficient of determination (r2
), the square of the correlation, tells 

what percentage of the total variation in a dependent variable is 
explained by the predictor variables, or how well the model fits the 
data. The larger the value of r2

, the better the regression model is 
(Mann 2001). We used the adjusted r2 value, as it is recommended 
for regression models with two or more independent variables 
(Sullivan 2007) because r2 can be artificially increased with the 
addition of more variables, while adjusted r2 punishes the model 
if incorporating more variables. It validates that the increased r2 

value is not the inflation from the additional variables (Mendenhall 
et al. 2006). 

adjusted r2- 1- ((n- 1)/n- k- 1))(1-r2
) (Equation 3) 

Where, n is the sample size, k is the number of independent vari
ables, and n-k-1 is called the degrees of freedom (d.f) of the regres
sion model. 

SEE, the standard error of estimate of a regression model, is an 
unbiased measure of the spread or variation of the observations 
around the regression line. SEE is calculated as the square root of 
the sum of the difference between the predicted dry weight and the 
measured dry weight divided by the degrees of freedom in Equa
tion 4 (Sullivan, 2007). 

SEE= ...fL, (~- :t;Y In - k- 1 (Equati<:n 4) 
Where Yi is the observed dry weight, ~ is the predicted dry weight, 
n is the sample size, and k is the number of independent variables. 
It accounts for the unexplained or "leftover" variance of the re
gression model (Mendenhall et al. 2006). The smaller the SSE, the 
better the regression model is (Arrest & Franklin 2007). 

Additionally, we used AIC as a criterion for regression model se
lection. AIC measures the amount of information lost in the spe
cific model, hence, the "best" model is the one with minimum AIC 
value (Chave et al. 2001, Burnham & Anderson 2002 and Basuki 
et al. 2009). Given nlk < 40 in this study, a bias adjustment was 
required for small sample size, expressed as AICc in Equation 5: 

AICc = n 1n(RSS/n) + 2k(n/n-k-1)) (Equation 5) 
Where n is the number of samples, k is the number of independent 
variables in the model, and RSS is the residual sums of the squares 
from the regression model. 

Since the logarithmic transformation tends to underestimate large 
values (Sprugel 1983), the CF should be applied to correct this 
bias prior to back-transformation (Northup et al. 2005 and Evan
gelista et al. 2007). CF is computed by Equation 6 (Sprugel1983): 

CF = exp(SEW/2) (Equation 6) 
Where, SEE is the standard error of estimate from the regression 
model. The poorer the model is, the larger the correction factor 
(Chave et al. 2005). The biomass estimate from the allometric 
equation is corrected by multiplying the CF for unbiased biomass 
estimation (Sprugel 1983 and Evangelista et al. 2007). 



Wei 
Collectively, adjusted r2, SSE, AIC, and CF should provide suf
ficient justification for the strength of the allometric regression 
models. 

Validity of linear regression model 
In order to verify the normality and collinearity of linear 
regression models, the residual statistics of the regression models 
were examined and interpreted in plots and diagrams. The 
standardized coefficient Beta measures the strength of the effect 
of each predictor variable on the dependent variable. The larger 
standardized coefficient beta (regardless of the sign) stands for 
a stronger effect of the predictor variable. The variance inflation 
factor (VIF) and the tolerance of collinearity are the indicators of 
pair correlation between the predictor variables. VIF is the reverse 
of tolerance. Low tolerance (less than 0.2) and high VIF (larger 
than 5) are the indications of high correlation. The skewness and 
kurtosis measuring the normality and symmetry were examined 
for the distribution of standardized residuals from the regression 
models. 

Results 
Aboveground biomass field samplings 
Based on the obtained dry/fresh weight ratio of the subsamples, the 
total oven-dry aboveground biomass was calculated for each tree, 
ranging from 1.03kg to 128.83kg. Among all subsamples, it was 
consistent that the foliage contained higher moisture content than 
the boles. The larger the tree, the smaller the foliage contributed to 
the total dry weight of the tree. The selection of sampled trees was 
a broad spectrum from small young trees to old-growth trees. The 
heights ranged from of 1.10 meters to 6.7 meters, and the basal 
diameters ranged from less than 1 centimeter to 19 centimeters. 

The ratios of total dry weight to total fresh weight were calcu
lated for each tree and averaged for all the trees within the same 
sampling site, achieving the average dry ratio for the site in Table 
1. The values varied over different sampling sites, but largely re
vealed the soil moisture content and stand growth status. We ob
served that trees sampled from Diablo, the hottest location, had 
the highest dry/fresh weight ratio; whereas, trees sampled from 
Swamps, near the river channel, had the lowest ratio. 

Average basal diameter vs. total basal area 
In mathematics, basal area is the square format of tree diameter. 
However, we delineated the mean of the basal diameter of all 
stems as the average basal diameter (AD) and the sum of the basal 
area of all stems as the total basal area (TBA). Their correlation 
was inspected and is presented in Table 2. A correlation value of 
0.314 indicated no significant correlation between total basal area 
and average diameter at the 0.01 level in a two-tailed test. On the 
contrary, tree height showed a significant correlation with the aver
age diameter (0.864). Table 3 displays the correlations among the 
three log-transformed predictor variables, where the basal diam
eter exhibits strong correlations with both total basal area (0.578) 
and tree height (0.732). 

Logarithmic regression model 
Table 4 and Table 5 demonstrate the results from regression 
analyses for logarithmic equations, along with r2

, SSE, and AIC. 
Model 1 explained 64.9% of the total variation of aboveground 
biomass. With the addition ofheight, Model2 explained 87.6% of 
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the variation. With the inclusion of all the three variables, Model 
3 accounted for 95.7% of the variation. Adding tree height thus 
improved r2 value by 22.3%, while adding the diameter only 
increased the r2 by 7.6%. SSE and AIC were the smallest for 
Model3. c 

Table 5 reveals that all predictor variables had a large t-value 
from the t-test statistic, thereby suggesting a significant linear 
relationship between the dependent variable and the predictor 
variables. All the p-values were less than 0.001, meaning that each 
predictor was substantial in predicting salt cedar biomass. For 
Model 2, total basal area exerted a bigger effect on the biomass 
estimate than tree height did, based on the larger standardized 
coefficient Beta values. No high correlation between predictor 
variables was detected given that Tolerance was 0.805 and VIF 
was 1.243. In AN OVA for linear regression model, the large F -test 
statistic further supported the linear relationship between the 
dependent and predictor variables. 

However, results from Model 3 are misleading. The VIFs 
were less than 5.0 and the tolerances were bigger than 0.2, not 
suggesting multicollinearity. However, we observed: 1) a negative 
relationship between diameter and total weight for Model3, which 
was contradictory to the general knowledge that the diameter 
is proportional to the total weight. 2) Based on standardized 
Coefficients Beta, the important predictor basal area height 
became less important and diameter was the least important. 3) 
As mentioned above, high correlations were presented between 
diameter and total basal area, as well as tree height. Together, we 
concluded that multicollinearity did exist in Model 3 and caused 
the inflated r2. 

Linear regression model 
The results from stepwise regression analyses are summarized in 
Table 6 and Table 7, along with r2

, SSE, and AIC for each linear 
c 

model. According to r2 in Table 6, Model 4 explained 78.4% of 
the total variation of aboveground biomass. Model 5 explained 
87.5% using both tree height and basal area. Model 6 accounted 
for 90.0% by using all three predictor variables. 

In Table 7, all predictor variables had a large t-value from the t-test 
statistic. Except for the diameter predictor in Model 3, all other 
predictors had p-values less than 0.001. Like Model3, we observed 
a negative relationship between diameter and total weight in 
Model6. Together with large p-value (0.017), large standard error 
(0.905), and smaller Tolerance (0.384) for diameter, we confirmed 
multicollinearity in the regression model. 

Briefly, we chose two models for salt cedar aboveground biomass 
estimate: Model4 in Equation 7 and Model 2 in Equation 8. For 
l<)g-transformed equations, CFs were calculated and incorporated 
in the biomass estimate, i.e., 1.122 for Model 7. 

M = 0. 716 + 0.136 BA (Equation 7) Or, 

1n M= (-9.765 + 0.557 ln(BA) + 1.730 1n (H))*1.122 

(Equation 8) 

Residual statistics 
Descriptive statistics of standardized residuals from Model 2 and 
Model4 were diagnosed in Table 8.Anormal distribution possesses 
close to zero skewness and kurtosis values which were observed 
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for models 2 and 4. Residuals from Model 2 yielded a smaller 
skewness value than Model 4 did, meaning that residuals from 
Model 2 were more symmetric. A smaller kurtosis value in Model 
2 denoted that residuals clustered closer around the mean than that 
ofModel4. All the standard errors of skewness and kurtosis were 
less than 1, further confirming the normality of the residuals. 
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Figure 2a. Histogram of residuals for Model 2 

Mean= -2.24E-16 
Std. Oev. • 0.980 
N=26 

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 

Regression Standardized Residual of Model4 

Figure 2b. Histogram of residuals for Model4 

The histogram of the residuals (Fig. 2a) for Model 2 exhibits a 
normal distribution of the residuals and all values fall within two
standard deviations. The histogram of the residuals for Model 4 
(Fig. 2b) also takes a normal shape with all values within three
standard deviations. No outliers (beyond three standard deviations) 
were observed for either model in the histograms. The box plots of 
the residuals (Fig. 3) demonstrate greater symmetry for Model4 
than Model2; no outliners were observed. In the scatter plot of the 
standardized residuals against the standardized predicted values 
(Fig. 4), the residuals were evenly distributed around the standard 
line of zero with no discernible pattern or severe departure. Hence, 
the normality assumption of residuals was satisfied and the linear 
regression models were appropriate. 

- ~ 

- ...... 

Standardized Residual of Model 2 

24 
0 

Standardized Residual of Model 4 

Figure 3. Box plots of residuals demonstrate greater symmetry 
for Model 4 than Model 2. 

Discussion 
The wild growth pattern of salt cedar, the harsh arid environment, 
and the labor for the field work placed severe obstacles on destruc
tive sampling and made it a massive undertaking. Nevertheless, 
conducting destructive sampling for salt cedar was well worth
while. Leveraged with the established allometry, biomass predic
tion becomes more effective, but less expensive in comparison 
with destructive sampling. 

The two field trips were conducted during the leaves-on season in 
summer. It was crucial to include the foliage in salt cedar biomass 
estimation because foliage is an integral part of a tree and affects 
evapotranspiration and water usage of salt cedar. In this study, we 
observed higher moisture content of foliage than that of boles; foli
age contributed less to the total biomass with the increased stem 
diameter; the moisture content of the tree was the interplay of tree 
age, stand competition, proximity to water, and fire disturbance. 

Tree diameter measurement for salt cedar was discouraged by the 
growing pattern of salt cedar with multiple stems (Evangelista et 
al. 2007 and Nagler et al. 2005). Because the allometric equations 
based on canopy area and tree height were unsuitable for the situa
tion in Cibola, we performed the research with total basal diameter 
and tree height. 
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Figure 4a. 
In this study, we set out to construct an allometric equation be
tween aboveground biomass and tree diameter. On the contrary, 
the total basal area greatly outperformed the diameter in the re
gression model as a result of multiple stems of salt cedar. Diameter 
was diagnosed as not important, even coupled with basal area or 
tree height, and was therefore excluded in biomass prediction. The 
inclusion of tree height to basal area improved the performance (r2 

value) of the regression model by 22.3%. ANOVAhypothesis test
ing further verified that the allometric model with total basal area 
and tree height diameter was significantly better than the model 
with total basal area only. 

Even though the highest adjusted r2 value was obtained with all 
three parameters, we cannot claim it as the best model due to the 
presence of high pair correlation among the predictor variables 
and illogical negative relationship between biomass and diameter. 
This study did not factor wood density into the calculation of salt 
cedar biomass, in part because some literature argued that wood 
density did not affect allometric relationship between biomass 
and tree parameters (Montagu et al. 2005 and Litton & Kauffman 
2008) for a non-mixed species (Basuki et al. 2009). 

The equations should incorporate CF's in the back transformation 
for biomass estimate because logarithmic transformation entails 
a bias of less leveraging large values than small values (Sprugel 
1983, Chave et al., 2005, Bauski et al. 2009). Besides, the allo
metric models are site-specific as a response to local terrain, soil, 
climate, and disturbance (Montagu et al. 2005 and Northup et al. 
2005). They have not been validated outside of the study site; cau
tion should be taken when applied in other areas. Lastly, the equa
tions for biomass estimate are valid only for the range of the tree 
size of this study. 

Conclusion 
This paper presents the study of the acquisition and validation of 
allometric equation for salt cedar in the Lower Colorado River 
Basins. The outcome demonstrates that salt cedar aboveground 
biomass can be successfully predicted from basal area and height 
using allometric equation. Total basal area was the most important 
predictor for the biomass estimation, followed by tree height and 
average basal diameter. The study will fill the gap of diameter-
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Figure 4b. 
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based allometric equation for salt cedar biomass estimation and 
advance the knowledge of salt cedar allometry. It provides a valu
able alternative to biomass destructive sampling and serves as a 
good starting point for research on quantitative biomass measure
ment. 

Coupled with field survey measurement and remotely sensed im
agery, allometric equation will assist in the interpretation of salt 
cedar distribution and abundance, as well as the study of water 
consumption and carbon storage over large areas. Given the recent 
focus on renewable energy nationwide and the significant biofuel 
contained in aboveground biomass, converting invasive species 
into energy production presents a profitable potential for remov
ing invasive species like salt cedar. Hence, the study will not only 
assist in the monitoring, control, and removal of salt cedar in the 
western states, but make profits out of its widespread invasion. 

In the future, we would first like to investigate the volume-based 
allometric equations for salt cedar in Cibola and compare these 
with the diameter-based equations. Second, we would compare 
our equations with previously published equations from other ar
eas. Finally, we would proceed with salt cedar biomass estimation 
from satellite imagery using allometric equations and field mea
surement data. 
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Table 1. Average dry/fresh weight ratio of each clean-cut sampling site 

Destructive Year of Dry/Fresh Weight Site Location 
Sampling Site Sampling Ratio 

Site 1 2009 0.606 Swamps 

Site 2 2009 0.654 Slytherine 

Site 3 2009 0.838 Diablo 

Site 1 2011 0.688 Swamps 

Site 2 2011 0.821 Diablo 

Site 3 2011 0.672 Swamps 

Table 2. Correlation between the predictor variables of tree height, total basal area, total basal diameter, and 

average basal diameter 

Total Basal Total Basal Average Basal 

Height Area Diameter Diameter 

Height Pearson Correlation 0.467 0.098 0.864* 

Sig. (2-tailed) 0.016 0.633 0.000 

N 26 26 26 26 

Total Basal Pearson Correlation 0.467 0.882* 0.314 

Area Sig. (2-tai1ed) 0.016 0.000 0.118 

N 26 26 26 26 

Total Basal Pearson Correlation 0.098 0.882* -0.059 

Diameter Sig. (2-tailed) 0.633 0.000 0.773 

N 26 26 26 26 

Average Basal Pearson Correlation 0.864* 0.314 0.059 

Diameter Sig. (2-tailed) 0.000 0.118 0.773 

N 26 26 26 26 

*Correlation is significant at the 0.01 level (2-tailed). 
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Table 3. Correlation between the log-transformed predictor variables of tree height, total basal area, total basal 

diameter, and average basal diameter 

LNHeight LNBasal LNTD LNDiameter 

LNHeight Pearson Correlation 0.442 0.155 0.732* 

Sig. (2-tailed) 0.024 0.450 0.000 

N 26 26 26 26 

LNBasal Pearson Correlation 0.442 0.902* 0.578* 

Sig. (2-tailed) 0.024 0.000 0.002 

N 26 26 26 26 

LNTD Pearson Correlation 0.155 0.902* 1 0.195 

Sig. (2-tailed) 0.450 .000 0.339 

N 26 26 26 26 

LNDiameter Pearson Correlation 0.732* 0.578* 0.195 

Sig. (2-tailed) 0.000 .002 0.339 

N 26 26 26 26 
*Correlation is significant at the 0.01level (2-tailed). LNHeight, LNBasal, LNTD and LNDiameter are 

the log-transformed predictor variables of tree height, total basal area, total basal diameter, and average 

basal diameter, correspondingly. 

Table 4. Stepwise regression equation using the log-transformed predictor variables of total basal area, tree height, 

and average basal diameter 

# N Allometric Model Adj.? SSE AICc 

26 lnM = c + aln(BA) 0.649 0.806 -11.128 

2 26 In M = c + a ln(BA) + f3ln(H) 0.876 0.479 -36.966 

3 26 lnM = c + aln(BA) + f3ln(H) + A.ln(D) 0.957 0.283 -63.010 
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Table 5. Coefficients of stepwise regression equation using the log-transformed predictor variables of total basal 

area, tree height, and average basal diameter 

Unstandardized Standardized Collinearity Statistics 

Model Coefficients Coefficients 

B Std. Error Beta Sig. Tolerance VIF 

(Constant) -1.006 0.526 -1.913 0.068 

LNBasa1 0.780 0.114 0.814 6.870 0.000 1.000 1.000 

2 (Constant) -9.765 1.342 -7.275 0.000 

LNBasal 0.557 0.075 0.581 7.408 0.000 0.805 1.243 

LNHeight 1.730 0.258 0.527 6.710 0.000 0.805 1.243 

3 (Constant) -14.240 1.039 -13.700 0.000 

LNBasal 0.692 0.049 0.722 14.188 0.000 0.665 1.504 

LNHeight 2.597 0.200 0.790 12.961 0.000 0.463 2.158 

LNDiametr -0.898 0.135 -0.445 -6.643 0.000 0.384 2.607 

Table 6. Stepwise regression equation using the predictor variables of total basal area, tree height, and average 

basal diameter 

# N Allometric Model Adj. ,J SSE AICc 

4 26 M = c+a(BA) 0.784 14.502 139.148 

5 26 M = c + a(BA) + f3(H) 0.875 11.058 126.297 

6 26 M = c + a(BA) + f3(H) +A.( D) 0.900 9.900 121.960 

15 
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Table 7. Coefficients of stepwise regression equation using the predictor variables of total basal area, tree height, 

and average basal diameter 

Unstandardized Standardized Collinearity 

Coefficients Coefficients Statistics 

Model B Std. Error Beta l!.. Tolerance VIF 

(Constant) 0.716 3.749 0.191 0.850 

Total Basal Area 0.136 0.014 0.891 9.590 0.000 1.000 1.000 

2 (Constant) -18.804 5.387 -3.491 0.002 

Total Basal Area 0.112 0.012 0.731 9.125 0.000 0.782 1.279 

Height 0.078 0.018 0.342 4.275 0.000 0.782 1.279 

3 (Constant) -29.312 6.306 -4.649 0.000 

Total Basal Area 0.106 0.011 0.693 9.466 0.000 0.750 1.332 

Height 0.148 0.031 0.647 4.692 0.000 0.211 4.734 

Average Diameter -2.342 0.905 -0.332 -2.587 0.017 0.244 4.107 

Table 8. Statistics of predictor variables in regression models 

Standardized Statistic of Statistic of 

Residual Model2 Model4 

N 26 26 
Minimum -1.708 -2.191 
Maximum 1.866 2.696 
Mean 0.000 0.000 
Std. Deviation 0.959 0.980 
Skewness Statistic -0.169 0.332 

Std. Error 0.456 0.456 
Kurtosis Statistic -0.579 -1.668 

Std. Error 0.887 0.887 
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Autumn is the Season for Seeds 
- DELEPIBTA Seed Collecting 
Trips in 2012 

Matthew B. Johnson 
Desert Legume Program 
The University of Arizona/Boyce Thompson 
Arboretum 
2120 East Allen Road 
Tucson,~ 85719 
mjohnson@ag.arizona.edu 

As the heat of the Arizona summer begins to wane and the monsoon 
is win?ing down, summer-flowering legume fruits are ripening, 
heraldmg the advent of the autumn seed collecting season. Thanks 
to generous rains in many areas of southern and eastern Arizona 
during the summer of2012, prospects appeared good for collecting 
seeds from a variety oflegume species. With vehicles loaded down 
with camping gear, plant presses, envelopes and seed bags, GPS 
units, collecting permits and various books to aid in identifying 
plants, intrepid staff members and volunteers from DELEP and 
BTA set out on a series of seed collecting trips around the state. 
Goals of these trips included collecting seeds of native Arizona 
leg~es that are ~ot yet present in the seed bank, and making 
additional collections of species already in the seed bank but 
from localities where we have not previously collected. Detailed 
information is recorded on each collection site for later entry into a 
database. Herbarium voucher specimens are collected to verify the 

identity of the plants from which the seeds are collected. These are 
deposited at the University of Arizona herbarium with duplicates 
sent to the Arizona State University herbarium. When collecting 
seeds we are careful to avoid damaging the plants and take only 
a small fraction of the seeds that are available in order to avoid 
negatively impacting a plant population. 

For the first trip, from September 1 7-19, we headed for the 
Chiricahua Mountains in the far southeastern part of Cochise 
County. The Chiricahuas are an extensive mountain range with a 
rich flora that includes many species of legumes that have wider 
distributions in Mexico and reach the northern limits of their 
ranges in southeastern Arizona. Chihuahuan desertscrub and 
grassland communities occur at the base of the Chiricahuas while 
the southernmost spruce-fir forests in North America are found 
on the highest peaks in the range. Many of the mountain ranges 
in. Arizona including the Chiricahuas, have experienced large 
wlldfires over the past decade, due in part to the prolonged drought 
that has gripped the region. In some areas, extensive damage to 
the vegetation was apparent with all of the trees killed. In many 
other areas, the fire had burned through low on the ground sparing 
most of the trees, while reducing the fuel load and helping to cycle 
nutrients back into the soil. It was heartening to see the vigorous 
regrowth present in many burned areas. The monsoon rains had 
arrived late in the Chiricahuas this year. The vegetation was lush, 
but many plants were still flowering and had green fruits that were 
not fully developed. We based our operations out of the American 
Museum of Natural History's Southwest Research Station 
(SWRS). The SWRS is a favorite destination for biologists and 
ot?ers. interested in natural history the world over. Participants on 
th1s tnp were BTA staff members Cathy Babcock, Tammy Knight, 
Lacey Pacheco, Jeff Payne, and from DELEP, Matt Johnson. 
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Rustler Park burned in Horshoe 2 fire in 2011 (T. Knight) 
On the way from Tucson to the Chiricahuas, we stopped to check 
a 1936 record of Pomariajamesii near Dragoon. Cathy promptly 
located several plants growing within 100 feet of where we had 
stopped. This population has obviously found a location to its liking 
and has persisted through the intervening years. The plants had not 
flowered or fruited recently, but it was worthwhile to have verified 
that they were still there. We continued on to the SWRS, arriving 
just in time for dinner. The following morning after breakfast and a 
brief look at some of the native legumes growing near the SWRS, 
we were off towards the high country. At a stop a short distance 
west of the SWRS, we explored along a creek that was flowing 
from the recent rains. The vegetation is oak-pine-juniper woodland 
with a diverse understory of shrubs and herbaceous plants. Among 
the legume species we found were Amorpha fruticosa, Calliandra 
humilis, Dalea sp., Desmodium batocaulon, Desmodium grahamii, 
Melilotus officina/is (naturalized), Mimosa biuncifera, Phaseolus 
maculatus, Rhynchosia senna var. texana and Vicia pulchella. No 
ripe seeds were available but this site illustrates the diversity of 
legumes that can be found in a small area. Further on, we found 
some seeds on Indigofera sphaerocarpa that grew in an extensive 
population along the road. 

We were treated to spectacular displays of wildflowers. We recorded 
GPS coordinates for several plants including two species of Dalea, 
for a later return trip. After lunch at Rustler Park in the shade of the 
mixed-conifer forest, we set out to see what was growing here. We 
found seeds on Trifolium and Vicia pulchella, and had an encounter 
with a curious deer that showed no concern for our presence. We 
also found a species of Lupinus but this had flowered and seeded 
earlier in the year. One of the interesting plants found here is Iris 

missouriensis. This is the only native iris in the southwestern 
U.S., and has beautiful blue flowers. The plants were abundantly 
seeded and a small seed sample was collected for evaluation at 
BTA. On our return trip, we traveled through the small settlement 
of Paradise and then headed for Portal. Small plants of at least 
two Desmodium species carpeted the sides of the road in many 
places. Along a south-facing limestone slope, we found ripe seeds 
on Acacia constricta. This hot, dry exposure had many plants 
characteristic of the Chihuahuan Desert. Before departing for home 
on Wednesday morning, we scouted another area near the SWRS. 
Among the legumes that we found were Chamaecrista nictitans 
var. mensa/is, Clitoria mariana, Cologania angustifolia, Coursetia 
caribea var. sericea, Crotalaria pumila, at least two species of 
Dalea, four species of Desmodium, Indigofera sphaerocarpa, 
Mimosa biuncifera, Phaseolus acutifolius, Rynchosia senna var. 
texana and Senna hirsuta var. glaberrima. 

For our second trip, from September 25-27, we converged in 
force on Lyman Lake State Park, located north of Springerville, 
in southern Apache County. We visited this area twice in 2011 and 
had found a number oflegumes with seeds, and others that had not 
yet ripened their fruits. This time our group included BTA/DELEP 
director Mark Siegwarth, BTA staff members Cathy Babcock, 
Lorrie Polley and Kim Stone, volunteer Marceline Vandewater, 
and from DELEP, Matt Johnson, Kirsten Lake and her canine 
friend, Peeka. Upon arrival, we scouted areas where we had seen 
legumes the previous year. The following morning, we set out to 
visit several localities where particular species we were seeking 
had been recorded. The first site, near Greer, was at over 8200 
feet elevation in a Ponderosa pine forest. We located a few plants 
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Vicia pulchella (T. Knight) 

Chamaecrista nictitans var. mensa/is (T. Knight) 

Phaseolus maculatus (T. Knight) 

Mimosa biuncifera (T. Knight) 

Cologania angustifolia (T. Knight) 

Dalea formosa (T. Knight) 

Indigofera sphaerocarpa (T. Knight) 
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of two of the species that we were looking for, a Lathyrus and a 
Lupinus, but these did not have seeds. However, we did find four 
species of Astragalus, all likely new for the DELEP seed bank, 
with abundant ripe fruits. This is an oft repeated experience when 
collecting seeds, where a target species is not found or lacks seeds, 
while other, unexpected species provide abundant seeds. 

Next we drove to a site south of Springerville that we had 
visited the previous year. This is a small canyon with pinyon
juniper woodland on the basalt-strewn slopes and a stream lined 
with thickets of shrubby willows in the canyon bottom. At this 
location a variety of legumes including two species of Astragalus, 
Calliandra humilis var. reticulata, Glycyrrhiza lepidota and Vicia 
americana occurred. This year, we found ripe fruits on both of 
the Astragalus species, which were still flowering during our 2011 
visit. We were also able to collect additional seeds from the large 
population of Glycyrrhiza. This New World licorice has distinctive, 
bur-like fruits. The species is uncommon in Arizona, but abundant 
at this site where it spreads by stems arising from the roots. After 
checking another location without finding either species reported 
from that site, we continued south towards Alpine. A stop at a gully 
revealed several non-fruiting legumes and an abundant Trifolium 
species that had substantial quantities of seeds. West of Alpine 
are extensive areas of high elevation forests and meadows. Some 
areas had suffered damage from recent fires but much of the forest 
was healthy. We located two Trifolium species as the daylight was 
fading, and enjoyed a few wild raspberries. As we headed back to 
the highway in the gathering dusk, we passed a herd of elk grazing 
in a meadow, escorted by two males with impressive antlers. 

Matt Johnson and Marceline Vandewater survey Astragalus site 
west of Springerville. (K. Stone) 

The following morning we made collections of Hoffmannseggia 
glauca, hog potato, at Lyman Lake State Park. This species is 
somewhat of a weed around the campground. When we were 
here in 2011, the plants were still flowering and had abundant 
green fruits, but none were ripe. This year, most fruits were ripe 
and many were falling from the plants. While collecting the 
Hoffmannseggia, Mark found a superficially similar looking plant 
but with the remnant of a tightly coiled fruit. This was obviously 
not one ofthe Hoffmannseggia plants. Moments later, Kirsten came 
across another similar plant with abundant maturing fruits. This 
was the elusive Pomaria jamesii that we had seen in southeastern 
Arizona the previous week. A short time later, as we returned to the 
cabins where we had stayed, Mark found another plant of Pomaria 
jamesii just outside of the restroom building. A search revealed 
more plants including several in flower and with ripe fruits. These 
plants are sufficiently cryptic that we had been walking past them 
for two days without noticing them! 

The elusive Pomaria jamesii, Lyman Lake State Park (K. Stone) 

For our third trip, from October 1-3, we set our sights on Graham 
County to explore the Pinalefio Mountains. The group, with Mark 
Siegwarth, Cathy Babcock, Jeff Payne, Lorrie Polley, Kim Stone, 
volunteers Martha Johnson and Gary Selinger, and Matt Johnson 
met at Roper Lake State Park, just south of Safford. Rains had been 
generous and the desert was carpeted with ephemeral plants, many 
still in flower. A hike along the nature trail revealed few legumes in 
fruit. The desert vegetation is dominated by Larrea tridentata with 
Acacia constricta, Acacia greggii and Prosopis velutina being the 
most conspicuous legumes. Some of the Acacia constricta had 
produced quantities of fruits so we made a collection from this 
species. 

The following morning, we set off for the Pinalefio Mountains 
which rise more than 7000 feet above the surrounding desert. Mt. 
Graham, at 10,713 feet elevation, is the highest point in Arizona 
south of the Mogollon Rim. Though the Pinalefio's had also 
suffered from a major wildfire, much of the forest remained intact. 

The Swift Trail rises quickly from the desert lowlands through 
grassland, oak woodland, pine-oak woodland and pine forest to 
mixed-conifer forest. The highest elevations of the range support 
spruce-fir forest. These diverse plant communities support many 
species of legumes. Plants of Vicia pulchella greeted us along the 
road and provided us with a collection of seeds. A Lupinus species 
did not have any fruits. After lunch in a mountain meadow, we 
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Small arroyo, Roper Lake State Park (K. Stone) 

Desert vegetation, Roper Lake State Park (K. Stone) 

located a diminutive Trifolium species growing in a narrow band 
between the open meadow and the deep shade of the spruce and 
fir trees. The tiny fruits of this clover were often obscured by other 
plants and required considerable diligence on hands and knees to 
locate them. Exploring a nearby area of pine and fir forest turned 
up Thermopsis montana. These plants flower in the late spring 
and early summer, and the fruits were already gone this year. We 
recorded GPS coordinates for a future visit. Further on, a species of 
Lathyrus was locally abundant along the roadside. Like a number 
of legumes, the fruits of this species are elastically dehiscent, 
quickly shattering and releasing their seeds as they dry and coil, 
making it a challenge to collect significant numbers of seeds. 
Near Riggs Lake, we found an abundantly seeded Lotus species, 
as well as more Lathyrus and Vicia pulchella. As we drove back 
along the road that hugs the side of the range, vistas opened up to 
reveal sweeping panoramas of southeastern Arizona with distant 
mountain ranges, inspiring thoughts of the botanical treasures that 
grow in their canyons and on their slopes. 

On Wednesday morning we set out to explore an area northeast 
of Safford that Martha and Gary had previously visited. This 
rocky desert area supports low vegetation dominated by Larrea 
tridentata. Here we found the widespread blue palo verde, 
Parkinsonia florida, of the Sonoran Desert growing as a shrub to 
only five feet tall. The species is at the limit of its range here and 
all of the plants had suffered from the severe freeze of February 
2011 with considerable die-back to their stems and with some 
plants killed outright. Senna covesii is abundant and had produced 
a bumper crop of seeds this year. A surprising find at this site was 
the Arizona queen of the night, Peniocereus greggii. Jeff located 
the first plant, with a bright red fruit, growing in a creosote bush. 
A search revealed a total of 15 plants in an area of less than 
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Vicia pulchella (K. Stone) 

Queen of the night, Peniocereus greggii growing in a creosote 
bush (K. Stone) 

two acres. We undoubtedly missed many others, as this species 
is extremely well camouflaged and difficult to spot when not in 
fruit. This was an unexpected location to find this species due to 
the rocky soil. It typically grows in deep alluvial soils. We made 
another collection of Acacia constricta on our way back to the 
highway. As the company parted ways, we all took satisfaction in 
a successful and enjoyable adventure that yielded abundant seeds 
for both DELEP and BTA. 

Since we were too early for many species in the Chiricahua 
Mountains in September, a second trip was made there from 
October 22-24. Cathy Babcock, Patti Baynham, Tammy Knight, 
Lacey Pacheco and Jeff Payne joined me for this expedition. Our 
timing was perfect with many legumes bearing abundant ripe fruits. 
After arriving at the Southwest Research Station, we set out to a 
nearby area in search of seeds. We were rewarded with collections 
of Desmodium arizonicum, Desmodium batocaulon, Desmodium 
grahamii and Desmodium rosei as well as Coursetia caribea var. 
sericea. Extensive populations of butterfly pea, Clitoria mariana, 
in this area were almost completely devoid of seeds in spite of their 
lush appearance. 

The next day we were joined by SWRS staff members Elaine 
Moisan and Frank Insana, who volunteered to spend the day with 
us. We headed into the high country, stopping to make another 
collection of Desmodium batocaulon. While there, Patti, who had 
gone further up the slope than the rest of the group, came across a 
large population of Tephrosia thurberi with abundant fruits. Below 
Onion Saddle we relocated a population of a small annual Dalea 
species that had been flowering in September. This time the plants 
were drying and laden with ripe fruits. Seeds were collected from a 
species of Trifolium at Barfoot and Elaine then led us to a population 
of purple locoweed, Oxytropis lambertii. This species would make 
an attractive addition to gardens as a perennial wildflower, but 
has been implicated in livestock poisoning. A special treat was 
seeing a baby twin-spotted rattlesnake, Crotalus pricei, which 
Elaine found as it was crossing the road. This diminutive, high 
elevation rattlesnake is found in the U.S. only in the mountains of 
southeastern Arizona. In an extensive burned area at Onion Saddle, 
we found more Oxytropis as well as hundreds of huge plants of 
Vicia pulchella still bearing fruits. We were also able to collect 
some seeds of Dalea albiflora at this location. On our way back 
down the mountain we came across Dalea versicolor. Many of the 
plants were still in flower, but some stems had ripe fruits. As we 
set out on our homeward journey, we found a large population of 
Clitoria mariana. With diligent searching, we were able to make 
a modest collection of seeds of this species. In this area we also 
found seeds of Mimosa grahamii and Desmodium psilophyllum. 

The final tally of new species from these trips will not be known 
until all ofthe herbarium specimens can be identified this winter, but 
we have made significant progress towards our goal of collecting 
seeds of those native Arizona species not yet represented in the 
DELEP seed bank. Seeds of numerous plants were also collected 
for BTA and will be grown on to add to their living collections. The 
herbarium voucher specimens will add to the knowledge about the 
distribution of these species in Arizona. 

I extend my sincere appreciation to Mark Siegwarth for his strong 
support of these trips and to each of the BTA and DELEP staff 
members and the volunteers who made the success of these trips 
possible, and to the staffs at the Southwest Research Station, Lym 
an Lake and Roper Lake State Parks. 
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Abstract 
The ability of people to adapt to limited resources is particularly 
remarkable in areas dominated by only one plant species. In the 
case of one indigenous people of northwestern Namibia, the Him
ba, often the only readily available plant material is that of the 
mopane ( Colophospermum mopane) due to harsh soil and weather 
conditions. By interviewing various Himba in seven different 
compounds located around Epupa Falls, Namibia, I was able to 
grasp the wide usage and cultural importance of mopane. They 
use nearly every part of this tree for various purposes spanning 
from construction to pain relief clearly showing the Himba's abil
ity to maximize its potential. From personal interaction, it was 
clear that not only is the mopane ingrained into their daily lifestyle, 
but also into the Himba culture, as the basis of religious commu
nication with the afterlife. Additionally, based on observation of 
the area, the cultural importance of mopane for the Himba may 
unintentionally protect it, given the close relationship between the 
people and the tree. Based on its myriad of uses, mopane plays an 
important role in the preservation of a traditional culture that is at 
the brink of modernization. 

Introduction 
Northwestern Namibia, known as Kaokoland or the Kunene Re
gion, is classified as a mopane savanna; low lying grasslands with 
a dominant tree population of mopane ( Colophospermum mopane) 
(Chidumayo & Gumbo 201 0). Mopane savanna covers a large 
area, extending from southwestern Angola and into Namibia as far 
south as Brandberg Mountain, the highest peak in Namibia (Hogan 
& McGinley 2008). Poor soil conditions and annual rainfall be
tween 60mm and 200mm make mopane the dominant plant life in 
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certain areas (Hogan & McGinley 2008). The highest biodiversity 
in the region occurs around water resources, of which the only 
permanent river is the Kunene along the Namibia-Angola border 
(Hogan & McGinley 2008). The most numerous native people of 
this area with a population of less than 30,000, the Himba, rely 
heavily on this tree as one of their few and valuable resources (Le
sieur 2010). For the Himba, livestock is the primary and often 
sole source of income (Barnett & Hume 2012), but the domestic 
material used in many cases is mopane. Their traditional lifestyle 
is being threatened by some aspects of modernization, such as the 
potential damming of the Kunene River (Lang 2007). However, 
with a growing tourism industry, there is incentive to maintain 
traditional practices, including the use of mopane both for prac
tical and religious reasons (Lesieur 2010). The mopane tree is 
integrated into most aspects of Himba life, from the base of every 
architectural structure to the medium for communication with their 
ancestors (Malan 1995). This strong relationship between Himba 
and mopane reflects an ancient culture that has survived civil war, 
unfavorable climate conditions, and now, modernization. 
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Methods 
With very sparse literature on the Himba, let alone the Himba's 
use of mopane, my primary method for gathering information 
was direct observation and interaction with indigenous peoples 
located around Epupa Falls, Namibia. From June 20 through 
June 23, 2012 daily excursions from base camp at Epupa Falls 
to compounds were made by a group of seven students, two Uni
versity of Arizona professors, and one translator. Our translator, 
Anita, was raised in the area in a traditional Himba manner, and 
was familiar and friendly with the locals. One of the few Himba 
fluent in English, she translated our questions into Otjihimba, the 
primary language of the Himba. Each student asked a series of 
questions regarding their interest of study, in my case, mopane use 
and significance. My questions were directed at better understand
ing of the practical use and the cultural significance of mopane to 
the Himba. In total, we visited five Himba compounds, and one 
each of Zemba and Hakaona. The Zemba and Hakaona people 
are closely related to the Himba (Malan 1995), and although their 
manner of dress is apparently different, their use of mopane is the 
same. Each compound typically consists of a family unit; a man, 
his wives and children, and occasionally his parents or unmarried 
siblings. Additionally, the size of the compound, numbers of trees 
within the compound, and any other notable features were taken 
into consideration. Both males and females are active participants 
in the use ofmopane, therefore any adult at a compoundwas well 
suited and able to answer questions based on personal experience. 
The eldest male and his wife or wives answered our questions. At 
two compounds the lead male had recently passed away, leaving 
only the women to answer questions. In total, 24 people answered 
questions, and all were knowledgeable and experienced with tradi
tional mopane use. The enthusiasm with which the Himba people 
speak about mopane clearly illustrates this plant as something of 
central importance to every aspect of life. 

Results 
The most significant role of Colophospermum mopane in Himba 
culture is in traditional religious communication with ancestors. 
Himba spirituality is centered on a ritual fire at each compound. 
Mopane is a particularly dense wood, making it good for fuel
ing fires. Located at the heart of a Himba compound between 
the central goat pen and entrance to the main hut, this fire is re
ferred to as "okuruwo" in the native Otjihimba language and is 
created using two special fire sticks made of mopane known as 
"ozondume"(Malan 1995). The fire is fueled only by mopane 
wood and kept continuously burning by moving the embers into 
the main hut at night, and then re-feeding it in the morning using 
a pile of mopane wood kept within the confines of the compound. 
Allowing the fire to bum out is extremely taboo, as it is said to 
offend the ancestors of the family. In Himba religion, there is a hi
erarchy of ancestors gaining in importance by distance back on the 
family tree, and then topped by the creator (Malan 1995). In order 
to pray, a Himba will rub crushed mopane onto his or her forehead 
by the ritual fire and speak to his or her most recently deceased 
family member, who would in tum communicate up the hierarchy 
to the creator. Through burning mopane, Himba make requests to 
their ancestors, who in tum will ask god or "Mukuru", for such 
gifts as fertile cattle or plentiful rain (Barnett & Hume 2012). Our 
translator, Anita, recalled to me asking her ancestors for goats as a 
source of income. 

Cattle are an important part of not only Himba economy, but also 
of Himba religious ceremonies. When speaking with the Himba, 
I noticed their enthusiasm for mopane was only topped by their 

enthusiasm for cattle. On the rare occasions deserving of a cattle 
slaughter, mopane plays a critical role in every aspect of the pro
cess. First, the young men given the role of slaughtering the cow, 
will rub crushed mopane leaves onto their foreheads for good luck 
from their ancestors. The cattle are slaughtered by the fire within 
the compound in order to honor the ancestors. Next, they will 
chop down a mopane tree and place it on the ritual fire to cook 
the meat and add flavor by coating it with dried mopane leaves. 
Lastly, the excess meat will be hung in a standing mopane tree 
within the compound to be dried and then stored. The events in 
a Himba's life that usually warrant this procedure are marriage 
or a naming ceremony for a child. In other smaller celebrations a 
goat would be slaughtered rather than a cow. Additionally, if an 
important person is sick, such as the head of a compound, cattle 
may be slaughtered in order to contact the ancestors for help. One 
Himba man, brother to the owner of the second largest compound 
in the region, compared mopane to the Christian bible, stressing its 
absolute importance to Himba religious practice. It both connects 
people to their family members who have passed away, and brings 
people together to keep traditional Himba practices alive. 

The only circumstance in which the holy fire is allowed to bum 
out is when the father of a compound dies. A Himba compound 
is usually comprised of a single family, a man, his wives and their 
children. Upon the death of the man, the ritual fire in his compound 
is put out until the time that his eldest son or younger brother is 
prepared to take his place. At that time, all ashes are removed from 
the fire pit, a fresh mopane stump is added, and the fire is relit us
ing the ritual sticks. The sticks are passed down to the new head 
of the compound and kept with him at all times. Two compounds 
we visited had recently experienced the death of the father and had 
yet to replace him. In both cases, the man's widows spoke to us, 
as the eldest son was away tending to the cattle and not old enough 
for the responsibility of running the compound. However, he still 
was in possession of the ritual fire sticks and brought them out 
with him to the pasture. In addition, young Himba wear a thick 
necklace made of mopane wrapped in electrical wire, which is to 
be removed once his or her parents die. The dead are buried in 
designated graveyards, which are separated from compounds and 
have well-preserved plant life, shown in figure 1. The gravesites 
are not cleared of trees as in the western tradition, but mopane 
are integrated into the monument. If a man or woman who owns 
cattle dies, his or her cattle are killed. The meat is not eaten, but 
given away to non-Himbas, and the skulls of the cattle are impaled 
onto mopane trees at the gravesite. The number of cattle skulls 
on a grave is directly proportional to the wealth of the person who 
passed away. Rocks are pilled on top of the buried person to pre
vent new mopane growth on top of the body, however there is a 
large, established mopane at the head of every grave. This clearly 
illustrates the high level of integration of mopane into Himba life 
and continuing into death. 

Without sufficient access to modem medical care, the Himba 
stretch their resources to fill many medicinal roles. At every one 
of the compounds, the people reported its use as a general remedy 
for any sort of stomach problem. The mopane leaves are ground 
up using two stones, as illustrated in figure 2. The paste is then 
boiled in water to create a tea. The woman in figure 2 additionally 
described the use of mopane in regards to the birth of a child. After 
giving birth, a Himba woman is instructed to drink the mopane leaf 
tea to cleanse out her system. The mashed up leaves are applied to 
the baby's belly button in order to make the umbilical cord stump 
fall off. At four of the compounds, Himba also detailed 
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Figure 1. Gravesite with mopane tree (H. Bainbridge) 

Figure 2. Mopane leaves are ground up using two stones. 
(H Bainbridge) 

the use of leaves in place of a gauze bandage to absorb blood and 
promote clotting at a wound site, and are also thought to relieve 
pain (Malan 1995). One case of its use in this manner reported 
by a Himba man is for snakebites. Mopane leaves are chewed up 
until all that is left is the white fibers, which are then spat out onto 
the wound and rubbed in. A similar method is used for the cer
emonial circumcision of pre-pubescent boys, applying chewed up 
fibers to the wound. Another important coming-of-age procedure 
is the removal of the front four bottom incisors when a child is 
between the ages of 10 and 12 (Malan 1995). A sliver ofmopane 
is wedged against the tooth and then hit with a heavy object. Hot 
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coals are then used to press shut the open wounds, and chewed mo
pane fibers are added on top to pacify bleeding. Colophospermum 
mopane is used across the board in Himba life for minor health 
issues and there is clearly dependence on this tree for home rem
edies. By continuing to use these techniques in the modem day, 
the Himba are preserving cultural practices that date back to the 
earliest settlements of the Kunene region. 

The aspect in which mopane is most obviously dominant in Himba 
society is in the architecture of a compound. Every shelter is cre
ated on a base of mopane wood, usually cleared from the area in
side the confines of the compound. The trees inside the compound 
appear to be nearly enough to sustain the initial construction; the 
number of cleared trees was minimal in the case of the average 
sized compound with three or four sleeping huts. Not all of the 
mopane trees inside of the compound are cut down however; usu
ally some are left for hanging storage, shade, easy leaf collection, 
or as the base for a structure. The largest compound we visited, 
second largest in the region to the chief, had an astonishing 22 
mopane trees and 12 structures inside of its walls. In figure 3, 
the small hut used to pen in baby goats while the mother is being 
milked is comprised of mopane trunks situated in a cone shape 
around a living mopane tree. This enclosure is standard through
out Himba compounds, along with a circular inner goat pen, a main 
hut, a hut for each wife, numerous storage shelters, and an outer 
fence. Both fences are made of vertically placed mopane trunks 
woven together with both mopane and branches from various Ter
minalia trees. The living huts are circular with either rounded or 
triangular roofs, built on a base of mopane trunks, then covered 
with a mixture of fat and mud for insulation. Both women and 
men are active participants in the construction of huts. Men build 

Figure 3. Small hut used to pen in baby goats while mother is 
milked (H. Bainbridge) 
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the central hut and fencing, while each wife builds her own hut. 
The storage shelters come in a myriad of shapes and sizes made to 
suit the needs of the item being stored, but all based on mopane. In 
figure 4, a Himba woman is seated in front of one of these storage 
shelters meant for non-food items. These storage shelters are cre
ated in a box shape to allow for additional hanging storage on the 
protruding mopane trunks at the sides, and flat storage on the top 
of the building. Similarly, the living mopane within the compound 
are used to hang pots, cans, dry clothes, and even meat for preser
vation. For storable food items, a cone shaped hut approximately 
0.8m tall is elevated on mopane trunks above the ground to keep 
belongings out of the reach of goats. Clearly, the architectural uses 
of mopane show the absolute dependence of the Himba on their 
primary wood resource. 

Figure 4. Storage shelter constucted of mopane wood for non
food storage (H. Bainbridge) 

Conclusion 
The many uses of Colophospermum mopane by the indigenous 
people of the Kunene Region of northwestern Namibia show not 
only the flexibility of the material, but also of the people. The 
Himba have adapted a single plant species to provide shelter, 
medicine, and cultural identity in a place where access to modem 
means are not yet available. As their society modernizes through 
increasing tourism and governmental recognition, the preservation 
of most aspects of traditional life will be at a crossroads, either 
to be preserved for future generations or lost and only remain in 
literature. As long as the Himba remain in the Epupa Falls area, 
mopane will be a valuable resource to them and although it may 
lose some pertinence, it will still remain as a dominating cultural 
factor. A possible means for growth for the Himba would be diver
sifying their economy by branching out from just selling cattle to 

utilize mopane as a product. This has the potential to be empower
ing for the Himba, but also can have negative repercussions due to 
over harvesting. The ideal course of action to turn the many uses 
of mopahe- into profitable ends for the Himba would be to ease 
into economizing mopane while maintaining its critical role as a 
religious figure. The Himba people's enthusiasm and openness in 
regards to answering questions about mopane made learning about 
their culture very easy. Further studies into the legitimacy of the 
medicinal use of mopane and marketability of mopane as building 
materials would greatly benefit the people of this area. Furthering 
detail in Himba ethnobotany would be possible through viewing 
religious use in practice or comparison to other tribes' use in a 
mopane savanna. 
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The Svalbard Global Seed Vault opened in February 2008. The 
concept of the vault is to ensure genetic diversity of the world's 
food crops. The facility is entirely underground except for the en
trance. Seeds from around the world have been shipped to Sval
bard two to three times a year since the vault opened. 

In October 2012, more than 25,000 seed samples from 17 different 
countries arrived in Svalbard for storage in the seed vault. This lat
est seed shipment from Brazil, Burundi, Chile, Mali and Mongo
lia, among other countries, brought the total number of seed types 
in the vault to more than three quarters of a million. 

Among the boxes of seed deposited in October was a lone box of 
66 accessions of desert legume seeds from the Desert Legume Pro
gram. In 2011, the Desert Legume Program became the third U.S. 
organization to deposit seed in the Svalbard Global Seed Vault. 
Seventy-six accessions were included in the first deposit. The new 
deposit represents all new accessions to the vault. 

Contributions to the vault must be food crops, food for aboriginal 
populations, or have definite uses for humankind. Since all of the 
DELEP accessions are from non-cultivated species, it is necessary 
to document the potential or historic use for each accession. 

All accessions contributed to the Svalbard Global Seed Vault must 
be backed up in a second seed bank. All DELEP material sent to 
Svalbard is also backed up at the National Center for Genetic Re
sources Preservation in Fort Collins, Colorado. DELEP staff will 
soon begin planning which accessions to include in the 2013 de
posit to Svalbard. 

DELEP Box Number 2 on shelf in the Svalbard 
Global Seed Vault (Ola Westengen, NordGen) 

Simon Jepp ofNordGen unloads seed contributions at the 
Svalbard Global Seed Vault. (Paul Hermansen) 

Seed shipments from around the world are being taken into the 
vault (Paul Hermansen) 

Ola Westengen and Svalbard staff deliver seed boxes to the Svalbard Global Seed 
Vault. (Paul Hermansen) 
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Desert Plants 

Often one's adventures start at home. This spring, my neighbors 
and I have been commiserating about a particular weed that over 
the last five years has started to thrive in our front yards despite 
our best efforts to eradicate it. The plant was identified by Boyce 
Thompson Arboretum staff as Eriogonum dejlexum or Skeleton 
weed, a member of the Buckwheat or Polygonaceae family. 
Mark Dimmitt of the Arizona Sonora Desert Museum describes 
the genus Eriogonum on their website: 
"Species in this genus vary in growth form from herbaceous 
annuals and perennials to woody shrubs. Most of the 
approximately 1 00 species in the Sonoran Desert region can be 
readily recognized by their general appearance. The herbaceous 
species are called skeleton weeds. Their basal rosettes of leaves 
are rather inconspicuous, but their inflorescences are distinctive. 
One to several of them arise from the basal rosette and branch 
profusely, often trifurcately, from a few inches to 2 feet (60 em) 
tall. The flowering stems are leafless or nearly so, and bear tiny 
flowers at each node. Then they dry out and persist as skeletons 
for a year or more. Each of the 20 or so desert species has distinct 
skeletal forms, several of which are very attractive and are used in 
dried arrangements." 

I then consulted the Flora ofNorthAmerica (FNA) for more detail. 
"As presently circumscribed, Eriogonum is one of the larger 
genera in the flora area, being exceeded in numbers of species only 
by Carex (ca. 480), Astragalus (ca. 350), and Penstemon (ca. 250). 
As a native North American genus, Eriogonum (ca. 250) is second 
only to Penstemon .. .. Some of the species tend to be weedy, and 
some of the annual species are aggressively so." The FNA also 
states, "Species of Eriogonum have long been regarded as among 
the most difficult in North America to distinguish." (page 222.) 

Further reading gave me pause as to how aggressively I should be 
removing this plant from my yard. The FNA also states Eriogonum 
deflexum is an important source of small seed for birds. The 
desert metalmark butterfly (Apodemia mormo deserti) is found in 
association with E. deflexum (page 395). 

Skeleton weed (Eriogonum deflexum) growing in a Phoenix, Arizona landscape. (M. Siegwarth) 
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After having discussed the "Desert Legume Program's Search 
for the Wild Astragalus" in Desert Plants Volume 27 Number 2, 
I had apparently stumbled on another difficult and prolific genus. 
Having spent so much time with Eriogonum in my front yard, 
I thought it might make a nice article for Desert Plants but the 
article would have to wait. At the end of May, 2012, Matt Johnson 
of our Desert Legume Program and I had the opportunity to visit 
the People's Republic of China. After traveling 17,400 air miles 
and over 1,250 miles by car, the most fascinating plant I saw 
was the genus Calligonum, another member of the Buckwheat or 
Polygonaceae family. 

I was first introduced to the Fire Bush or Calligonum comosum 
when visiting the Gurbantunggut Desert, the largest fixed 
and semi-fixed desert in China. The Gurbantunggut Desert is 
characterized by a predominant coverage of lichen-dominated 
biological soil crusts (page 30) and the most noticeable plant is 
the Haloyxylon Tree (page 30). It was only after visiting Turpan 
Eremophytes Botanical Garden, part of the Chinese Academy 
of Science (CAS) Xinjiang Institute of Ecology and Geography 
(page 32) that I realized how special the genus Calligonum is. The 
Chinese are conducting intriguing research on the conservation 
and use of Calligonum for the stability of desert ecosystems. I 
highly recommend an article from the 3rd Global Botanical Garden 
Conference by Tan Yong and Pan Borong (2012) for further study. 
There are 35 species of Calligonum, of which 23 are in China. 
Eight species are endemic to China. The variety of Calligonum 
seeds and their profusion made us speculate as to whether this 
genus would be appropriate for an exhibit at Boyce Thompson 
Arboretum. Upon my return from the People's Republic of 
China, I attempted additional research on the World Wide Web. 
My attempts revealed that of the 13,500 websites listed, there 
is little information available on the genus Calligonum. One of 
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the few articles was in Desert Plants Volume 27 Number 2 (Taia 
& Moussa). A Wikipedia article mentioned that a species of 
Calligonum occurred in North America. Although there was no 
mention of this in the Flora of North America (2005) or the Flora 
of Arizona by Kearney and Peebles (1960), I did find mention of 
a Calligonum species in the Flora of the Sonoran Desert Volume 
1 (Wiggins 1964). On page 446, Calligonum canescens Pursh, 
(1814) is listed as a synonym for Atriplex canescens (Pursh) Nutt, 
subsp. canescens (1818). The Atriplex, in the Chenopodiaceae 
family, is an erect shrub to 2.5 m high that is found in dry alkaline 
soils. As you can see from the accompanying pictures (page 31 ), 
I can understand Mr. Pursh's classification due to the superficial 
similarity of the fruits. However, the history of A triplex canescens 
or the four wing salt bush and botanizing in the early 1800s merits 
its own article in Desert Plants. 

In thinking about Calligonum for Boyce Thompson Arboretum, 
I consulted the FNA for information regarding other non-native 
genera already in North America. There are four non-native genera 
of Polygonaceae: Emex, Fagopyrum, Muehlenbeckia, and Rheum 
in North America. The genus Fagopyrum, which contains two 
species, common and green buckwheat, has been cultivated in the 
People's Republic of China back to 4600 BP and is widely cultivated 
in North America. The two species of Em ex are on the United States 
federal noxious weeds list. The two species of Muehlenbeckia are 
cultivated as ornamentals. Finally, there is Rheum rhabarbarum or 
garden rhubarb. We frequently field questions at Boyce Thompson 
Arboretum about Rumex hymenosepalus or wild-rhubarb (page 31) 
which is a completely different genus and native to North America. 
As with many families, Polygonaceae ranges from noxious weeds 
to major crops, ornamental to vegetable garden candidates. This is 
a family worthy of further study. 

Fire Bush ( Calligonum comosum) growing in the Gurbantunggut Desert (M. Siegwarth) 
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Haloxylon Tree in the Gurbantunggut Desert (M. Siegwarth) 

Lichen dominated biological soil crusts in the Gurbantunggut 
Desert (M. Siegwarth) 

Calligonum with drifts of ripe fruits at Turpan Eremophytes Botanical Garden (M. Siegwarth) 
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Rumex hymenosepalus (M. Siegwarth) 
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Dr. Zhang and Mark Siegwarth at entrance to Turpan Eremophytes Botanical Garden. (M. Johnson) 


