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Margie and Molly at Mt. Lemmon (R. Unklesbay)
We end the year of climate extremes with two manuscripts on the
frost damage at Boyce Thompson Arboretum and at the Desert
Legume Program fields. Damage from the extended frost was
pronounced and many plants suffered. I procrastinated in dealing
with my "dead" plants and it paid off. Many actually came back but
others, if not dead, were beyond recovery. Besides procrastinating,
I was very discriminating in which plants I replaced. The experts
say this was a rare event for Tucson, Arizona. However, if it repeats
again this year, I will be replacing many more plants with heartier,
frost tolerant material.

As the year draws to a close I look back on the accomplishments in
2011. The trip to Svalbard to deposit seed from the Desert Legume
Program is a highlight. DELEP is preparing another shipment for
2012 but it probably won't be personally delivered. Another time, I
hope. I urge all of you to continue your support of Desert Plants, the
publication of Boyce Thompson Arboretum, the Desert Legume
Program, the research arm of the Arboretum and the Arboretum
itself. This support means more now than ever.

Dr. Taia performed an extensive study on Calligonum comosum
which is a widespread, nondescript shrub in the Saudi Arabian
deserts. His detailed analyses demonstrate interesting differences
in the same species in two different deserts. This type of study
helps plant scientists understand how plants cope with drought, a
topic of increasing importance.
At the other end of weather extremes is drought. The plants that
are grown in Rajasthan, India in the years of very low rainfall
deserve our attention and more research. As the earth warms up the
production of these drought hardy plants may become important
for more than subsistence farmers. It is vital to protect and study
this germplasm even though these are not mainstream crops.
The Desert Legume Program is actively collecting and increasing
the number of accessions in its collection as the director of the
Boyce Thompson Arboretum relates in his article about recent
collecting trips. Even after over twenty years of collecting, there
are plenty more legumes to add to our collection!

Pistachio in November at Boyce Thompson Arboretum
(M. Siegwarth)
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Abstract
Vegetative community structures and phenotypic variations within
Calligonum comosum L'Her communities growing in two different
locations in Saudi Arabia, NefudAl-Shakika andAl-Dahnaa, have
been studied. Eleven species have been recorded in both areas;
five of them were present in both locations. Ephedra elata and
Convolvulus lanatus were recorded in NefudAl-Shakika only, while
Heliotropium bacciferum, Cleome arabica, Dodonaea vis cosa and
Erodium gleurocophyllum were found in Al-Dahnaa only. The
Importance Values of the species recorded have been calculated
and cluster analyses of the studied quadrats have been conducted
using TWINSPAN. Vegetative morphological characteristics
showed great variation within Calligonum comosum collected
from the two locations. Floral morphological characteristics were
more stable, except for fruit color and hair which were different
in the Calligonum comosum plants grown in the two locations.
Epidermal stem secretions as well as mineral content varied in
response to change in location. ANOVA tests have been carried out
to evaluate the differences between the two areas. The variations in
these characteristics are discussed according to the differences in
climate, soil and water availability.
Key words: plant community, vegetative morphology, fruit
morphology, pollen grains, anatomy, mineral content, Al-Nefud,
Al-Dahnaa
Introduction
Calligonum comosum L'Her is a large perennial bush, found in
desert scrub and wasteland in much of the North African desert,
the desert sands of the Middle East and Pakistan and the sand
dunes in both central and eastern Arabia (Lipscombe 1984). This
species belongs to the family Polygonaceae and is characterized as
an evergreen shrub reaching up to 3 meters in height, but usually
occurring as a bush from 1 to 2 meters tall, reaching 2.5 meters in
Nefud Al-Shakika Desert (Taia and El-Etaby 2006). The stem is
woody, hard and white to grayish-white with swollen nodes and
long internodes. The plant is considered aphyllous as it appears
leafless. Calligonum comosum lacks a main trunk but has rigid,
lignified basal white branches, the upper young branches being
green and thin with very small caducous leaves (Chaudhary 1999).
The stiff, green branches produce an abundance of flowers in the
early spring (March and April). Flower pedicels are as long as or
longer than the perianth. The small, silvery-white sweet smelling
blooms are followed by hairy fruits which are yellow, yellowish
green, or shades of red (Chaudhary 1999). The fruits are covered by
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long hairs which arise from four vertical wing-like narrow ridges.
The plant has a long tap root which enables it to function as a sand
dune stabilizer (Zoghet and Al Alsheikh 1999). Al Khalifa eta!.
(2006) found that Calligonum comosum has thicker vessel walls
with long and narrow vessel elements and fibers, characteristics
that are adaptive to the hot deserts.
This plant has many uses by Bedouins; the woody stems are used
as firewood, hedges, groundcover, windbreaks and landscaping.
It plays an important role in the productivity and stability of the
desert environment (Farraj 1989). The long and far reaching
roots make it a good sand stabilizer and the sand is often heaped
around it in large hummocks (Vincent 1984). Its fresh flowers can
be eaten as they are high in sugar and nitrogenous components
(Survival-Appendix B 2002). The plant has been used by local
healers to treat stomach ailments; the stems and leaves are chewed
for curing toothache (Liu eta!. 2001). Its root exudate is used for
gum sores (Zoghet and AI Alsheikh 1999). Despite all of these
uses the expansion of rural areas may lead to its disappearance
in many places.
The objective of this paper is to elucidate the vegetative
community structures and phenotypic variations occurring in
Calligonum comosum L'Her in two separate deserts in Saudi
Arabia, Nefoud Al-Shakika and Al-Dahnaa. Both have different
soil characteristics and climatic conditions. The variations in
Calligonum comosum communities and the variations in the
phenotypic characteristics between members of Calligonum
comosum grown in the two deserts in response to climatic
conditions and water deficits are evaluated.
Locations and General Description
Al-Nefud Desert is located in the northern part of the Arabian
Peninsula at 28° 30' 00" N 41° 00' 00" E, occupying a great oval
depression. It is 290 km long and 225 km wide. The Nefud is
an erg, noted for its sudden violent winds which result in large
crescent-shaped dunes.
This desert has rain only once or twice a year. The first study
site is located in Nefud Al-Shakika south of Onyza City on the
Najd plateau. The Nefud Al-Shakika Desert is the section of the
Nefud located near Buraida and Onyza cities and characterized
by having calciferous, white soils (Wright 2007 and Map). The
Nefud is connected to the Rub al Khali by Al-Dahnaa arc, a
corridor of gravel plains and sand dunes containing iron oxide
which makes the soil red. The arc extends through the east of
the Najd plateau to west Al-Damam City. The second site is
located between Al-Riyadh City and Al-Damam (Map). Each of
these locations is dominated by Calligonum comosum L'Her and
other species such as Artemisia monosperma, Ephedra elata and
Haloxylon ammodendron.
Materials and Methods
Ten quadrats (lOxlO m) were made and visited monthly from
October 2005 to May 2007. Soil samples were collected at three
depths (surface, 10-35 em, 35-60 em) from both study locations
and analyzed using x-ray analyses. Vegetative parts of Calligonum
comosum were preserved in 95% ethyl alcohol for further studies.
The morphological and anatomical characteristics of the preserved
specimens were examined. Plants were collect~d from the two
regions in February 2007. Parts of the stem were taken from at
least 10 plants at each location. Flowers and fruits were collected
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in March and April of the same year. These specimens have been
subjected to the following investigations:
1. The external surface of stem parts have been examined using
stereo-microscopes.
2. More recently collected stem parts have been sectioned
transversely to examine the difference in internal structures.
3. Small pieces of the stems have been subjected to x-ray
analyses to determine the variations in mineral content within the
two locations.
4. Pollen grains and fruits have been microscopically examined
and measured.
5. The Importance Values (LV) of the most dominant species have
been calculated (Ludwig and Reynolds 1988).
6. The TWINSPAN technique (Hill 1979) was applied for
agglomerations of the studied quadrats in each area using the I. V
of the recorded species.
7. Relative equitability or relative evenness of the plant was
expressed according to the following diversity indice: Margalef
and Shannon species richness (Margalef 1958) and Pie lou's
evenness (Pielou 1977).
8. ANOVA tests have been conducted between the two studied
areas, as well as between the different quadrats in each area (SAS
1985) to evaluate the differences between them.
All the measurements are in centimeters except those for
pollen grains which are in microns. At least 10 plants were
measured. The fifth node and internode from the terminal bud
was measured. Measurements of the fruits included the hairs
covering it. Terminologies for anatomical characteristics are
those of Barthlott (1981) and for pollen grains are of Faegri
(1956). Climactic data including temperature and rainfall, have
been obtained from climate stations in both Al-Riyad, for those
of Al-Dahnaa desert, and Onyza, for those ofNefud Al-Shakika
desert.
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Results
Although the climate in both deserts is very arid, in Nefud AlShakika there is a rainy period in January, March and April (Fig.l)
and in Al-Dahnaa Desert, there is rainy period during December
(Fig. 2). The soil analyses showed that the soil in both areas is
slightly alkaline, sandy and low in salts and minerals as shown in
Tables 1 and 2. The soil in Nefud Al-Shakika has higher relative
humidity and is yellow while in Al-Dahnaa it has low relative
humidity and is red.
The clustering tree obtained after the application ofTWINSPAN
on the quadrats showed that in Nefud Al-Shakika the quadrats
occur in two groups at similarity index of 40; one of these groups
is further divided into two groups with a similarity index of
55 (Fig. 3). In Al-Dahna the studied quadrats occurred in two
categories with a similarity index of 40 (Fig. 4).
The results obtained from different samples showed no variation
throughout the study period and accordingly the means of the
measurements and the general appearance of the plants are
summarized in Tables 3, 4, 5 and 6 and illustrated in Figs.
5-7, and Photographs 1-3. In Table 3 we found eleven species
recorded, seven species present only in Nefud Al-Shakika and
nine in Al-Dahnaa. Five species were found in both deserts:
Calligonum comosum, Capparis deciduas, Panicum turgidum,
Elusine compressa and Dipterygium glaucum. Ephedra alata
and Convolvulus lanatus were found only in Nefud Al-Shakika,
while Heliotropium bacciferum, Cleome arabica, Dodonaea
viscosa and Erodium gleurocophyllum were found only in AlDahnaa desert (Fig. 5). Their frequencies, densities, covers and
Importance Values are listed in Table 3.
From Table 4 and Fig. 6, we notice that the height and width of
the plant differs between habitats. In NefudAl-Shakika, the plant
is taller in general but is smaller in width (Photograph la), while
in Al-Dahnaa the maximum height of the plant is less during
the same period while the mean of the width is slightly larger
(Photograph 1b). The stem color is grayish or grayish white
with inter-node length of 6.6 em in Nefud Al-Shakika but never
exceeds 4.5 em in Al-Dahnaa. The nodes are generally swollen
and reach 1.3 em in the first region and become slightly larger in
the second region. The variation in the measured morphological
characteristics is illustrated in Fig. 6.
The flowering time differs in the two sites, beginning in mid
February in Nefud Al-Shakika and is delayed about two weeks
in Al-Dahnaa. This is followed by fruiting which succeeds
flowering time by two weeks. The fruits are rectangular in
shape with four longitudinal rows of hairs. The length of the
fruit is about one em in both regions, but their colors differ. In
Nefud Al-Shakika, the fruit color is mostly yellow with a few
yellowish-pink (Photograph 2a), while in Al-Dahnaa the fruits
are mostly red with a few yellowish-pink (Photograph 2b). The
hairs covering the fruits are about 3mm in length in Nefud AlShakika and 5mm in length in Al-Dahnaa, and in both deserts
they have straight ends. The surface view of the fruit cells is
barely visible by the stereomicroscope because of the dense
hairs. The NefudAl-Shakika fruits appear elongated with straight
walls and longitudinal cutin striations on the upper walls. The
fruits are undifferentiated in Al-Dahnaa and completely covered
by needle-shaped wax secretions on the spaces between the hairs.
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Figure 2. Climactic sketch for Al-Dahnaa Desert during the
period from 1997- 2007

Figure 1. Climactic sketch for Nefud Al-Shakika Desert
during the period from 1997- 2007
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Figure 4. Agglomerative clustering of the quadrats in Al-Dahnaa
using the TWINSPAN application.

90

50
40
30
20
10

I.CJ

(/l

~

Figure 3. Agglomerative clustering of the quadrats in
Nefud Al-Shakika using the TWINS PAN application
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Morphological characters

Figure 5. Importance Values (LV.) of the recorded species
in the two deserts.

Figure 6. Variations in the measured morphological
characters in the two deserts (Pl.L. = plant length, Pl. W. =
plant width, Int.L.= internode legth, Fr.L.= fruit length,
Fr.H.L.= fruit hair length, PoLL.= pollen grain length,
Pol.W.= pollen grain width, Col.L.= colpi length
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Calligonum comosum L'Her
la. Nefoud Al-Shakiki
lb. Al-Dahnaa

The anthers are connected to the filaments in a vertical position;
the epidermal cells of the anthers are diametric to the striated
epicuticular secretions. The pollen grains are symmetric, isopolar and perprolate in shape; they have three colpi which extend
longitudinally to reach near the poles (Photograph 3). Pollen
length and width as well as the colpi length do not differ greatly
between the two regions (Table 4). The pollen grains have rugate
exine ornamentation.
The stem is white or grayish; its texture is mealy in Nefud AlShakika, and scaly in Al-Dahnaa. Examination of the transverse
sections in the uppermost parts of the stem by light microscope
reveals that the epidermal cells are covered with a layer of cutin
which obviously differs in thickness in the two regions. The
epidermal cells are barrel-shaped with a layer of sub epidermal
cells composed of compact rectangular parenchyma cells without
intercellular spaces. The cortex is composed of three to six layers
of chlorenchyma cells. There are five to eight primary vascular
bundles with wide vessels and compressed phloem. Secondary
growth begins quickly in the stem becoming obvious with the
appearance of circular layers of secondary xylem and phloem.
Air chambers appear between the cortex and the secondary
phloem in the stems of Al-Dahnaa region only. The size of the
secondary phloem differs as well between the two regions which
is larger and more organized in Nefud Al-Shakika than in AlDahnaa. The type of secondary xylem differs also, as it appears

Fruits of Calligonum comosum
2a. NefudAl-Shakika
2b. AI Dahnaa

3. Pollen grain morphology of Calligonum comosum as shown by
SEM in Equatorial view.

L'Her
to be porous, with parenchyma cells in between the vessels in
Nefud Al-Shakika and is nonporous xylem in Al-Dahnaa. The
ray cells are rectangular in shape, continuous in Al-Dahnaa and
discontinuous in NefudAl-Shakika (Table 5).
The examination of the stem under the stereomicroscope reveals
that there is a wax layer over the stem surface, which is sparse
and needle-shaped in NefudAl-Shakika while it is condensed and
platelet- shaped inAl-Dahnaa. In both regions, there are areas in
the epidermis with elevated papillae.
Examination by x-ray reveals that the mineral content in the
tissues of the plant differs between the two regions. Sulfur and
potassium contents are noticeably higher in Calligonum comosum
growing in Nefud Al-Shakika; phosphorous, copper and zinc are
slightly higher in this region as well (Tables 6 and 7). In contrast,
magnesium, chlorine and calcium contents are much higher in
Al-Dahnaa and silicon is slightly higher (Fig. 7).
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Figure 7. Mineral contents in the stem of Calligonum comosum
in both sites
The diversity indices obtained in the quadrats show similarities
between the quadrates in each area (Tables 7 and 8). High F
and P values from Table 9 demonstrate that there are significant
differences between the two areas. In spite of the considerable
variation between the quadrats (as shown from the results of
ANOVA test Table 9) the individuals of Calligonum comosum
have fixed characteristics in each location.
Biodiversity Features in the Studied Deserts
The Al-Nefud Desert is characterized by specific fine sandy soils
in huge sand dunes where special climactic changes occur. The
ecoregion contains unique endemic plants and animals, making
these two sites distinct from other parts of Al-Nefud. In our study,
we recorded 11 endemic xerophytic species which are adapted to
these harsh ecological features; four are restricted toAl-Dahnaa site:
Heliotropium bacciferum, Cleo me arabica, Dodonaea viscosa and
Erodium gleurocophyllum. There are only two species endemic to
Nefud Al-Shakika: Ephedra alata and Convolvulus lanatus. This
poor vegetation may be due to the water deficit in the very fine soil
granules, the strong winds and scant rainfall. Accordingly, these
two sites have weak speciation and biodiversity.
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Discussion
The study of the effect of habitat on the phenotypic characteristics
of wild plants, or phenotypic plasticity, has been a matter
of interest for some time. Shaltout et al. (1989) found that
morphological characteristics, particularly leaf apices and
margins, in Thymelaea hirsuta (L.) Endl. growing along different
environmental gradients in the western Mediterranean region of
Egypt have been changed according to both aridity and CaC0 3
content of the soil. Taia and El-Olayan (2003) found that moisture
content, leaf characteristics, plant height and vital status can be
affected under different habitats. Meanwhile Taia and El-Ghanem
(2004) found that mineral content of the plants is also affected.
In Calligonum comosum the leaves are deciduous as soon as
the plant starts growing, thus, no change in leaves is observed.
According to our results, the vegetative characteristics most
affected by different habitats are plant height, width and color. The
color of flowers and fruits can also be affected. The main parts
of the flower as well as anther shape, ornamentation, filament
attachment and pollen grain characteristics are the same. This
indicates that floral characteristics are more stable than vegetative
ones. Tomlinson (1984) pointed out that the use of vegetative
morphological characteristics in higher plants is of more limited
use than morphological features of the sexual reproductive system
due to the innate conservatism of reproductive features. White
(1979) said that the plant body is made up of an indefinite number
of repeating units, which he called modules. These modules have
a greater diversity of function and the vegetative parts have a great
capacity for replication repair in contrast to flowers which have
a set of invariable functions. Taia and El-Ghanem (2004) found
that leaf characteristics can be used in systematics, while stem
characteristics are more variable. This may be due to the modular
system proposed by White (1979). Barthlott (1984) gave precise
micro-structural features of seed surfaces which provide valuable
taxonomic information. Tavakkoli et al. (2008) found that fruit
characteristics in Calligonum can be used to distinguish species.
In our work, fruit hairs can be considered as ecological variables.
Micro-structural characteristics are more valuable than fruit color
and size in studying ecological stresses. The presence of the multicellular appendages in four longitudinal rows is considered a
good taxonomical characteristic which is invariable in different
habitats. Cellular arrangement of inter appendages is stable in both
habitats; the only variable is the wax deposition which may be due
to ecological factors.
The internal structure of desert plants provides insight regarding
their adaptations to the environment. Lyshede ( 1977) studied the
structure of the epidermal and sub-epidermal cells ofbothAnabasis
articulata and Calligonum comosum and found that the epidermal
cell walls of the stem, in both species swelled rapidly during water
absorption and released the water slowly when dehydrated. Slatyer
(1967) reported the same phenomena in pine wood and termed it
hysteresis. In both desert regions, plant stems are covered with wax
depositions in addition to having cutinized epidermal cells. Both
features protect the plants from water loss. Only the stomata and
the lenticels permit water exchange. Meanwhile, Jonsson (1902)
noticed the presence of large amounts of mucilage in the epidermal
outer wall in Calligonum sp. Mucilage is able to absorb and store
water and may be another method for preventing water loss. The
long and narrow vessel elements with thicker walls mentioned by
AI Khalifa et al. (2006) enable the plant to absorb water and retain
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it for long periods. All of these anatomical characteristics, wax
deposition, cutinized epidermal cells and mucilage, in addition to
the morphological characteristics, indicate how well this species
has adapted to arid conditions. Adel Dheif et a/. (2009) noted a
species-dependent response to summer drought, as C. comosum
ended all phenophases in June before severe drought occurs.
The vegetative value of range plants has been studied by many
researchers. Oelberg (1956) examined the different factors
affecting the nutritional value of range forage. Heneidy (1987)
evaluated the nutrient content in range plants grown at the
Omayed region in Alexandria and Sharaf El-Din eta/. (1998)
studied the nutritional value of the raudhas plants in central Saudi
Arabia. They both found that, the nutritional value of any forage
depends on its content of energy-producing nutrients and nutrients
essential to growth. Sharaf El-Din et a/.(1998) found that the
evaluated species have low amounts ofN, P, K and Na but high
amounts ofCa, Mg and Mn. Taia and El-Ghanem (2004) evaluated
habitats during autumn, winter and spring and concluded that Fe,
Mn, K and Zn in the same species varies according to season.
In our results, the mineral content is generally low, except for
potassium which is moderate in the studied regions. In spite of
that, we notice that Mg, P, S, Cl and Ca contents varied between
the two regions. This indicates that mineral content is affected by
habitat and accordingly the nutritional value of the plant can be
affected. Abdel-Salam (1985) found that the ratio of Ca to Pis the
most important ratio in the animal diet; he claimed that the ideal
ratio is 2 to 3. In Calligonum comosum this ratio is more than
three in the El-Dahnaa region (6.59/2.06), and is less than two
in Nefud Al-Shakika (3.55/2.78) indicating that the nutritional
value of range plants varies with habitat.
From this work, we can conclude that Calligonum comosum
L'Her is well adapted to arid habitats, both morphologically
and anatomically. The morphological characteristics can be
altered according to environmental differences, but the floral
characteristics are more fixed. Anatomical characteristics,
especially those related to protection, are altered according to
environmental stress. Mineral content is affected by habitat as
well. Accordingly the nutritional value of the plant can change in
different habitats.
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Table 1. Physical characters of the soil in the two studied areas
~char

Clay
%

Mud
%

Sand
%

Tex

Col

RH

4.33

2.33

93.33

Sandy

Yel

4.66

1 Nefud

3.66

2.66

93.66

Sandy

Yel

4.12

2 Nefud

2.33

2.00

95.66

Sandy

Yel

3.55

3 Nefud

3.66

2.33

94.00

Sandy

Red

2.42

1 Dahnaa

3.33

2.33

94.33

Sandy

Red

2.11

2 Dahnaa

3.00

2.00

95.00

Sandy

Red

2.02

3 Dahnaa

,iLoc

RH=Relative Humidity, Col= Color, Tex= Texture, 1= Soil from the surface, 2=
Soil from 10-35 em depth, 3= Soil from 35-60cm depth
Table 2. Characters of the soil in the two studied areas

p

4SO

Cl

Mg

Fe

Na

K

3CaCO

Salt .Sol
(mlmos)

EC

PH

6.8

108

93

29

0.11

14.8

68

1.2

48.5

0.08

7.6

6.7

132

92

20

0.21

14.6

60

1.2

81.3

0.12

7.8

6.8

127

85

17

0.18

15

73

1.0

54.8

0.8

7.7

6.6

78

68

7.4

0.5

10.7

45

2.7

31.3

0.05

7.6

6.6

96

68

6.4

0.42

18.5

52

2.5

40.2

0.06

7.6

6.2

82

66

5.8

0.26

11

40

1.8

43.5

0.07

7.6

~char

.!Loc
1 Nefud
2 Nefud

3 Nefud
1 Dahnaa
2 Uahnaa

3 Dahnaa

Table 3. Species recorded in the two locations and their Importance Values (I.V.), covers, relative densitie!
and relative frequencies
~'req.

Ofo

Al-Dahnaa
Dens.
Cover
0
/o

I.V.

~'req.
0

/o

Nefud Al-Shakika
Dens.
Cover I.V.
Ofo

Sp.,i
Loc.~

No.

100

9.46

5

55.43

100

10.65

5

62.25

Calligonum comosum

1

100

29.65

2

57.53

40

8.79

1

23.67

Capparis deciduas

2

90

14.82

1

34.24

--

--

--

--

Heliotropium bacciferum

3

80

12.94

2

37.84

50

4.17

2

26.97

Panicum turgidum

4

90

12.4

1

31.83

100

40.28

1

68.16

Eleusine compressa

5

80

10.78

1

28.74

--

--

--

Cleome arabica

6

50

5.12

1

18.56

---

--

--

Dodonaea viscosa

7

60

4.04

2

25.96

--

--

--

---

Erodium gleurocophyllum

8

20

0.81

1

9.09

20

1.39

1

11.27

Dipterygium glaucum

9

--

--

--

--

100

28.24

5

79.64

Ephedra alata

10

--

--

--

--

40

6.48

27.28

Convolvulus lanatus
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Table 4. Morphological characterisics studied in Calligonum comosum L'Her (measurements in em)
Character I Region

Nefud AEl-Shakika

Al-Dahnaa

Plant length

93-236 (151.9)

85-142 (116.3)

Plant width

135-365 (230.9)

166-345 (276)

Stem color

Grayish white

Gray

Epidermal secretion

Fine granules

Scales

Inter-node length

2.6-6.6 (3.8)

2.0-4.5 (3.0)

Node width

0.2-1.3 (0.62)

0.3-1.6 (o.675)

Flowering time

Mid of February

Beginning of March

Fruiting time

End of February

MidofMarch

Fruit color

Yellow, few yellowish pink

Red, few yellowish pink

Fruit length

0.9-1.6 (1.2)

0.8-1.9 (1.5)

0.2-0.35 (0.28)

0.5-0.65 (0.52)

Longitudinal striations

Unobvious

Few

Dense

Wax shape on fruit cells

Granules

Needle-shape

Pollen grain shape

Perprolate

Perprolate

Pollen grain length

33.1-37.2 (35.3 Urn)

31.6-36.2 (34.4 Urn)

Pollen grain width

18.3-22.2 (20.1 Urn)

18.2-21.1 (19.0 Urn)

Tricolpate

Tricolpate

31.9-35.6 (34.2 Urn)

29.7-34.1 (32.6 Urn)

Fruit-hairs length
Cutin ornamentation on fruit cells
Wax secretions on fruit cells

Aperture type
Aperture length

Table 5. Anatomical characters studied in Calligonum comosum L'Her
Character I Region

Nefud Al-Shakika

Al-Dahnaa

Thin

Thick

Needle-shaped

Platelets

Mealy

Scaly

Barrel-shape

Barrel-shape

Present

Present

Number of cortex layers

3-5

3-6

Presence of air chambers

Absent

Present

5-8

5-7

Size of secondary phloem

More than ten layers

Less than seven layers

Type of secondary xylem

Porous

Nonporous

Cuticle thickness
Wax shape
Stem texture
Epidermal cell shape
Sub-epidermal cell

Number of vascular
hnnnlP."

Shape of radial cells

discontinuous,
reL La

1lar

Continuous, rectangular

L'Her
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Table 6. Mineral contents in Calligonum comosum L 'Her
Mineral I Region

Nefud AI-Shakika

Al-Dahnaa

Used Materials

Mg

2.95

7.03

MgO

Si

4.19

4.99

Quartz

p

2.78

2.06

GaP

s

6.04

2.60

FeS2

Cl

5.42

14.41

KCI

K

46.44

37.1

MAD

Ca

3.55

6.59

Wollas

Cu

15.35

13.4

Cu

Zn

13.27

11.83

Zn

Sum

100

100

Table 7. Diversity indices in NefudAl-Shakika

Species
Diversity

Species
Evenness

Species
richness
No. Individuals

No. Species

No. Quadrat

Shanonindex

Pielou index

Margalef
index

1.395

0.8668

1.188

29

5

11

1.579

0.8813

1.43

33

6

12

1.381

0.7709

1.765

17

6

13

1.306

0.9422

1.17

13

4

14

1.42

0.8823

1.314

21

5

15

1.264

0.9119

1.019

19

4

16

1.072

0.7733

1.17

13

4

17

0.8018

0.7298

0.6676

20

3

18

1.173

0.8461

0.944

24

4

19

1.259

0.9079

0.9102

27

4

20
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Table 8. Diversity indices in Al-Dahnaa
Species
richness

Species
Diversity

Species
Evenness

Shanon index

Pielou index

Margalef
index

1.801

0.8661

1.824

of.No
Individuals

of.No
Species

of.No
Quadrate

1.828

46

8

1

0.9372

1.471

59

7

2

1.656

0.9242

1.418

34

6

3

1.455

0.7475

1.534

50

7

4

1.649

0.9203

1.698

19

6

5

1.467

0.8189

1.535

26

6

6

1.844

0.9476

2.118

17

7

7

1.491

0.7169

1.808

48

8

8

1.129

0.8145

0.858

33

4

9

1.92

0.9232

1.703

61

8

10

Table 9. Variations between the two areas utilizing the ANOVA Test
Value P

FValue

Mean ot
Ou;;:UJwlllll' ::!i

uegree of
F'

..1

sum or
0

Source or

~~ ~

Vii

li:ILIUII

0.373529

0.798893

0.059678

1

0.059678

Between groups

------------------

----------------

0.074701

102

7.619503

In groups

-----------

103

7.679181

Summation
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appeared to "melt" into piles of mush. Columnar cacti suffered
variable amounts of damage from frozen stem tips to death of most
stems or the entire plant. Though temperatures were comparable
to the 1978 freeze, damage to native plants was in general, less
severe. Minor stem damage was noted on both Parkinsonia
florida and P. microphylla near their upper elevational limits in
the Redington Pass area, east of Tucson. In this same area, many
Matthew B. Johnson
plants of Ferocactus wislizeni exhibited bleaching of the epidermis
Desert Legume Program
of the stem ribs on the east sides of the plants, likely a result of
The University of Arizona
desiccation and freezing due to the persistent strong winds. Some
saguaro cacti (Carnegiea gigantea) appear to have suffered fatal
2120 East Allen Road
damage as a result of the freeze and were observed to be rotting
Tucson,~ 85719
in
subsequent months. Many smaller saguaros in cold locations
mjohnson@ag.arizona.edu
and sites near the upper limit of their distribution had blackened
stem tips. It is too early to fully assess the damage to saguaro
The winter of2010- 2011 was cold and dry in southern Arizona. A populations but preliminary observations suggest that losses will
La Niiia weather pattern resulted in scant precipitation, especially .be minimal. Approximately 25 % of Mammillaria grahamii plants
after the first of the year, exacerbating drought conditions. Three were observed to die following the freeze at a location on the east
significant freeze events occurred during the winter. A major side of Tucson. The minimum temperature recorded at this site
freeze on four consecutive nights from February 2-6 was the most was -11.6° C (11° F).
severe freeze to visit much of southern Arizona since the freeze
of December 1978. The February 2011 freeze was the result of Damage among cultivated woody species around Tucson was
an arctic air mass that spread west from the southern Great Plains variable. In some areas and even within a single hedge, plants
across Texas and into Arizona. Unusually low temperatures lasting of oleander (Nerium oleander) ranged from no damage to severe
many hours, combined with high winds on the second night of the leaf and stem damage; individual eucalypts (Eucalyptus species)
freeze caused extensive damage to many exotic and some native exhibited extensive leaf burning, while adjacent trees of the
plants, as well as freezing water pipes. Freezing temperatures same species were essentially unscathed. Many palms exhibited
extended southward into Sonora and northern Sinaloa, Mexico, moderate to severe leaf damage, most conspicuously Canary
damaging native plants and crops. In contrast to the December Islands date palm (Phoenix canariensis), queen palm (Syagrus
1978 freeze which followed a warm, wet autumn with many plants romanzoffianum) and to a lesser extent Mexican fan palm
hydrated and not hardened off, the February 2011 freeze was (Washingtonia robusta), while California fan palm (Washingtonia
unusually late in the winter. The fall and winter had been quite filifera), Mediterranean fan palm (Chamaerops humilis) and most
dry, especially in southern Arizona, and most plants were dormant. date palms (Phoenix dactylifera) were undamaged. Extensive

Summary of the February 2011
Freeze and Effects on Plants in
DELEP's Tucson Fields

The minimum temperature recorded at The University of
Arizona Campus Agriculture Center (CAC), in Tucson, where
DELEP's main fields are located was -7.7° C (18° F). Boyce
Thompson Arboretum also recorded a low of -7.7° C with lower
temperatures in some areas on the grounds. Higher elevation
areas in southeastern Arizona and some parts of the Tucson area
experienced much lower temperatures. Steady winds on February
2 continued through the night and into February 3. For much of
this time winds were sustained between 32 kph (20 mph) and
48 kph (30 mph), with higher gusts. This negated the effects of
warm microclimates and drew any warmth from exposed plants
and surfaces. Exceptional wind chill readings were experienced in
much of the region. Temperatures in Tucson fell below freezing as
sunset approached on February 2 and did not rise above freezing
until noon the following day, with temperatures remaining below
-3.8°C (25° F) for up to twelve hours in many locations. The high
temperature on February 3 at the CAC was 3.3° C (38° F) and
temperatures again fell below freezing by sunset. Some valley
locations in southeastern Arizona remained below freezing for two
or more consecutive days. Even more severe conditions prevailed
eastward in parts of New Mexico and western Texas.
The February 2011 freeze caused widespread and often severe
or fatal damage to many landscape plants as well as some native
plants around the region. Succulents were particularly hard hit.
Arborescent prickly pears simply collapsed while many aloes

damage was noted on individual plants of African sumac (Rhus
lancea) and California pepper (Schinus molle). Canary Island pine
(Pinus canariensis) lost all of their needles but the trees recovered.
Citrus fared poorly with the greatest damage exhibited by more
tender varieties. A wide variety of shrubs were damaged and in
some cases killed. Among the exotic legumes used in landscapes,
most of the Australian sennas were extensively damaged or killed,
with Senna artemisioides subsp. filifolia exhibiting the least
damage. Only a few individuals of Acacia stenophylla showed
any foliar damage, however, almost all Acacia salicina suffered
extensive stem damage and in many cases were killed to the crown.
Some individual plants of this species were killed. This is the first
time that damage on Acacia aneura has been noted, with extensive
foliage bum on many plants. Acacia farnesiana around Tucson
exhibited variable degrees of damage from minor twig damage to
entire trees freezing to the base. Most Parkinsonia praecox fared
well with minor twig damage noted on only a few trees.
Plants at DELEP's Campus Agricultural Center (CAC) and West
Campus Agricultural Center (WCAC) fields are planted for a
variety of purposes including evaluation for tolerance to ambient
temperatures. Both fields are located in areas subject to cold air
drainage during typical winters and are among the colder locations
in the Tucson basin. During the February 2011 freeze, high winds
disrupted the normal settling of cold air in low valley locations,
and the temperatures were comparable to those experienced in
many areas of Tucson. Many plant species that have exhibited
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damage in previous freezes were damaged at least as severely and
in some cases more severely than in previous years. Other plants
showed less damage than in previous freezes and many plants
were undamaged.
The following plants in DELEP's Tucson CAC and WCAC fields
exhibited no damage as a result of the February 2011 freeze:
Acacia acuminata
Acacia aneura- one variety, with needle-like phyllodes has never
exhibited freeze damage with temperatures down to -9.4° C (15°
F). A second variety, with flattened, silvery, curved phyllodes was
not damaged at the WCAC field, however, plants that appear to
be this variety suffered extensive damage to phyllodes and some
stem damage in Tucson landscapes. This may reflect the genetic
diversity of the variety across its range with material from some
populations exhibiting greater cold-tolerance.
Acacia atramentaria
Acacia brachystachya
Acacia cambagei
Acacia caven
Acacia constricta
Acacia erioloba
Acacia greggii
Acacia haematoxylon
Acacia jennerae
Acacia karroo
Acacia mellifera subsp. detinens
Acacia millefolia - no stem damage was noted. This species
typically exhibits dieback to stem tips each winter but this does
not appear to be related to freeze damage.
Acacia neovernicosa
Acacia nysophylla
Acacia obtecta
Acacia occidentalis
Acacia oswaldii - no freeze damage was apparent, but most stems
on this plant have died from undetermined causes and it has low
vigor.
Acacia papyrocarpa
Acacia pendula
Acacia prainii
Acacia redo/ens
Acacia rigidula
Acacia rivalis
Acacia roemeriana
Acacia schaffneri
Acacia schottii
Acacia stenophylla
Acacia victoriae
Acacia wrightii
Amorpha fruticosa
Bauhinia lunarioides
Caesalpinia gilliesii
Caesalpinia paraguariensis
Caesalpinia sessilifolia
Calliandra eriophylla
Colutea istria
Eysenhardtia texana
Geoffroea decorticans
Havardia mexicana
Leucaena retusa

Mimosa aculeaticarpa var. biuncifera
Mimosa emoryana
Mimosa farinosa
Mimosa grahamii
Parkinsonia africana
Parkinsonia florida
Parkinsonia microphylla
Parkinsonia praecox subsp. praecox
Parkinsonia texana subsp. macra
Parkinsonia texana subsp. texana
Parkinsonia x 'Desert Museum'
Parkinsonia x sonorae
Prosopidastrum globosum
Prosopis chilensis
Prosopis glandulosa var. glandulosa
Prosopis glandulosa var. torreyana
Prosopis laevigata
Prosopis nigra
Prosopis pubescens
Prosopis reptans var. cinerascens
Prosopis velutina
Psorothamnus spinosus
Retama raetam
Senna aphylla
Senna artemisioides subsp. zygophylla
Senna wis lizeni
Freeze damage was noted on the following plants:
Acacia ampliceps -these plants were frozen to the base with stems
to 2.5 em (1 in) thick and 2 m (6.5 ft) tall killed. This species
freezes to the base in most winters and recovers the following
season.
Acacia angustissima vars. angus tissima and suffrutescens- plants
froze to the crowns with stems to 2.5 em (1 in) thick killed. These
plants typically suffer partial stem die-back from winter freezing
each year but recover vigorously the following season.
Acacia aroma- some outer twigs froze back to 15 em (6 in) from
the tips but most stems were undamaged.
Acacia berlandieri- some stems froze back to 30 em (1 ft) from
the tips but overall, damage was negligible.
Acacia borleae - stems were killed to 5 em (2 in) thick and up to
3m (10ft) back from the tips. Both plants are making a vigorous
recovery.
Acacia brevispica- the plant froze to the crown with stems to 1 em
thick killed. It is recovering.
Acacia cana - no stem damage was evident and only 10% of the
phyllodes were killed. The plant recovered rapidly.
Acacia citrinoviridis- both plants were killed with stems to 2.5 em
(1 in) thick. These previously much larger plants suffered severe
damage in the freeze of January 2007 and have exhibited low vigor
since.
Acacia coriacea - Plant froze to the base with stems to 1 em thick
killed. This plant has frozen to the ground in most winters and is
making a weak recovery.
Acacia craspedocarpa- the tips of 10-20% of the outer phyllodes
exhibited minor damage. This is the first time that any freeze
damage has been noted on this species at DELEP's Tucson fields.
Acacia crassifolia - the foliage was killed and many stems froze
back 2.5-15 em (1-6 in) from the tips. The plant is recovering.
Acacia difformis - extensive damage to phyllodes and most stems

DELEP Freeze
froze back to 15 em (6 in) from the tips. The plant had made a full
recovery by the end of summer 2011.
Acaciafarnesiana- some stems froze back to 30 em (1 ft) from
the tips. It is recovering.
Acacia fasciculifera- plants froze to the base with stems to 2.5 em
(1 in) killed. They are recovering.
Acacia.fleckii- stems were frozen to 1 em thick and up to 1.3 m (4
ft) from the tips. The plant is recovering.
Acaciafurcatispina- most outer twigs froze back to 15-45 em (618 in) from the tips.
Acacia galpinii- plant suffered severe damage with the main trunks
killed to 20 em (8 in) thick. It is exhibiting vigorous recovery, but
had not previously suffered such extensive damage.
Acacia gerrardii subsp. negevensis - many outer twigs froze back
to 30 em (1 ft) from the tips.
Acacia grandicornuta- this plant was killed with stems to 5 em (2
in) thick and 2m (6.5 ft) tall frozen. It had suffered severe damage
in most previous winters but had recovered vigorously each time.
Acacia grasbyi- the phyllodes were killed and many twigs froze
back to 3 em (1 ft) from the tips. It is exhibiting a healthy recovery.
Acacia harpophylla - most phyllodes were damaged and some
twigs froze back to 15 em (6 in) from the tips. The plant is
recovering.
Acacia hebeclada subsp. hebeclada- mostly undamaged but some
stems appeared to have been killed back to 30 em (1 ft) from the
tips.
Acacia hereroensis- stems to 2.5 em (1 in) thick and 2m (6.5 ft)
thick were killed. The plants are recovering vigorously.
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Acacia permixta (K. Coppola)
Acacia pyrifolia- Plant froze to the crown with stems to 3.75 em
(1.5 in) and 1 m (3.3 ft) tall killed. This species freezes to the
crown most winters and recovers the following season.
Acacia re.ficiens - plant exhibited minor damage with only a few
twigs frozen back to 15 em (6 in) from the tips.
Acacia rehmanniana- stems were killed back to 3.75 em (1.5 in)
thick and 1m (3.3 ft) from the tips. It is recovering well.
Acacia salicina - the plant at the CAC exhibited severe damage
with stems to 10 em (4 in) thick killed. Smaller root sprouts were
frozen to the base. Plants are recovering. Plants at the WCAC
suffered only minor damage to phyllodes.

Acacia hereroensis (K. Coppola)
Acacia kempeana- approximately 20% of the phyllodes had some
damage, but the plants were otherwise undamaged.
Acacia kirkii- stems froze back to 2.5 em (1 in) thick and up to 1.3
m (4ft) from the tips. The plants are recovering well.
Acacia nebrownii - this plant froze to the crown with stems to
2.5 em (1 in) thick killed. It is recovering vigorously but suffers
substantial freeze damage in most winters at the CAC site.
Acacia permixta - both plants froze to the crown with stems to 5
em (2 in) thick and up to 4.6 m (15 ft) tall killed. One plant died
and the other is slowly regrowing.
Acacia pruinocarpa - three plants at the CAC froze to the base
to stems 5 em (2 in) thick and up to 2 m (6.5 ft) tall. They are
recovering. Two larger plants at the WCAC had approximately
20% of the phyllodes damaged with only minor damage to a few
twigs that froze back up to 15 em (6 in) from the tips.

Acacia salicina (K. Coppola)
Acacia tetragonophylla - one plant froze to the base with stems to
10 em (4 in) killed. It is regrowing from the crown. A second plant
suffered severe damage with most stems killed to the base, however
two trunks survived with some twigs 5 mm thick remaining alive,
though all phyllodes were killed. ·
Acacia viscidula - minor freeze damage to phyllodes only. This
plant has gradually died back over several years and may be
nearing the end of its normal lifespan. One portion of the plant
remains alive but lacks vigor.
Albizia sinaloensis - this species froze to the crown with stems to
2.5 em (1 in) thick and 1.3 m (4 ft) tall killed. This plant freezes to
the ground in most winters but continues to resprout the following
year.
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Anadenanthera colubrina- stems were killed to 2.5 em (1 in) thick

in colder winters and recovers rapidly the following season.

and 2m (6.5 ft) from the tips. The plant is recovering vigorously.
Bauhinia carronii - plants defoliated and some twigs were frozen
back to 10 em (4 in) from the tips. This species has not suffered
significant freeze damage in over twelve years.
Bauhinia macranthera - minor damage to some twigs which froze
back to 10 em (4 in) from the tips.
Bolusanthus speciosus - plant froze to the base with stems to 2.5
em (1 in) thick and 1.3 m (4 ft) tall killed. The plant was recovering
vigorously during the summer of 2011. This plant freezes to the
base in most winters at the cold CAC field site.
Caesalpinia mexicana- stems to 3.75 em (1.5 in) thick were killed
with smaller plants frozen to the base. Recovery was evident.
Caesalpinia palmeri - most stems were undamaged with some
stems freezing back up to 15 em (6 in) from the tips.
Caesalpinia pulcherrima - plant typically freezes to the base in
most winters and recovers the following season.
Calliandra californica- plants froze to the base with stems to 0.5
em thick killed. Plants exhibited rapid recovery.
Coursetia glandulosa - most stems were killed to 2.5 em (1 in)
thick and up to 2.5 m (8ft) tall. Plants are recovering.
Desmodium cinerascens -this species dies back to the crown with
winter freezing each year but recovers the following season.
Havardia pallens- most stems froze back to 30 em (1ft) from the
tips. Plants recovered well.
Leucaena greggii- plant exhibited minor damage with some twigs
freezing back up to 15 em (6 in) from the tips.
Leucaena pulverulenta- stems to 10 em (4 in) thick were killed.
The plant is making a slow recovery due to limited irrigation and
a dry summer in 2011.
Lysiloma watsonii- plants froze to the base with stems to 10 em (4
in) thick killed. Vigorous recovery occurred in the summer.

Mimosa strigillosa - the stems of this trailing plant were

Lysiloma watsonii (K. Coppola)
Mimosa asperata - all stems froze to ground level. Plants
vigorously resprouted. This cold-sensitive species freezes back
substantially even in mild winters.
Mimosa distachya var. laxiflora- stems were killed to 3.75 em
(1.5 in) thick. Plants are recovering.
Mimosa dysocarpa- the stems froze back up to 45 em (1.5 ft) from
the tips. Plants recovered rapidly.
Mimosa ephedroides- outer stems froze back to 10 em (4 in) from
the tips but new growth quickly appeared with warm weather.
Mimosa malacophylla - this vine like species freezes to the crown

undamaged except for some die-back at the tips.
Olneya tesota - the foliage was frozen but no stem damage was
apparent.
Peltophorum africanum- stems were killed to 15 em (6 in) thick
and up to 6 m (20ft) tall. Plants were exhibiting vigorous growth in
2011. Plants were badly damaged during the January 2007 freeze
but have otherwise exhibited only minor freeze damage.

Peltophorum africanum (K. Coppola)
Piscidia mollis - plant froze to the base with stems to 10 em (4 in)
thick killed. Vigorous recovery occurred during the summer.

Schotia brachypetala- plant froze to the crown with stems to 1 em
killed. It is recovering well.

Senna artemisioides subsp. x artemisioides -most leaves were
killed and many stems froze back to 10 em (4 in) from the tips.
Plants recovered well.
Senna artemisioides subsp . .filifolia - some leaves and flowers on
individual stems were damaged, but adjacent leaves and flowers
did not show any damage.
Senna artemisioides subsp. petiolaris- one plant 2m (6.6 ft) tall
growing in an exposed situation was killed, while two smaller
plants growing beneath the canopy of a tree survived with only
phyllode damage. These plants have suffered severe freeze damage
in previous winters.
Senna costata - plants froze to the base with stems to 1 em thick
and 1.6 m (5 ft) tall killed. They made a healthy recovery. This
species freezes back to the base most winters.
Senna hirsuta var. glaberrima - the stems froze to the base. This
species dies back each winter.
Senna lindheimeriana - the stems froze to near the base but
vigorous new growth appeared in the spring of 2011.
Senna pallida - plants froze to the base with stems to 1 em killed.
This is typical in most winters and the plants recover the following
season.
Senna polyantha- most stems froze back to 30 em (1 ft) from
the tips. This species is seldom damaged most years and recovers
rapidly the following season if it is.
Tephrosia leiocarpa - plants typically freeze to the crown each
winter and recover the following year.
Zapoteca formosa var. schottii - all stems froze to the base.
This species is typically damaged in colder winters. Plants were
recovering during the 2011 growing season.

Famine Foods

Bhansali

17

Famine Foods of Rajasthan Desert
R. Raj Bhansali, Ph. D.
Central Arid Zone Research Institute
Jodhpur-342003, India
rikhab51 @gmail.com
Western Rajasthan experiences frequent droughts and famines.
Recurring droughts of varying intensity occur in the region. It has
faced more than 40 droughts in the last 50 years. Often drought
persists continuously for 3 to 6 years. Such prolonged droughts
put tremendous pressure on natural resources and lead to severe
scarcity of food, fodder and water. Such famines are called triple
famine (Tri-Kal). Agriculture is most severely affected due to a
lack of irrigation facilties.
Population Pressures
The Thar Desert is the most densely populated arid zone in the world
with 85 to 90 people per square kilometer (Figure 1). The desert is
characterized by low and unpredictable rainfall which varies from
about 100 to 400 mm per year, infertile sandy soil, deep and saline
groundwater, sparse vegetation, sandstorms and scorching heat.
The region faces extreme atmospheric temperatures ranging from
near freezing conditions in winter to above 50 degrees Celsius
in summer. Due to these adverse climactic conditions, perennial
vegetation in the region is limited and consists of a low number of
trees and shrubs. The increased populations of both human (400%)
and livestock (127%) populations during the last century has put
tremendous pressure on the land and the groundwater resources.
Moreover, the increased population has resulted in unsustainable
practices of overgrazing and over-harvesting of natural resources
including forests, pastures and water resources. The resilience of
the ecosystem is also affected by recurrent droughts. Therefore,
the impact of drought is felt much more severely in the arid region
compared to other parts of the country. Livelihoods of the pastoral
communities of Banner, Bikaner, Churn, Jaisalmer, Jalore and
Jodhpur districts of Rajasthan are highly insecure and vulnerable
from lack of food and fodder.
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Figure 1. India and area of drought (intemsindia.web.unc.edu)

Famine causes widespread scarcity of food and may apply to
any faunal species. This phenomenon is usually accompanied
or followed by regional malnutrition, starvation, epidemics, and
increased mortality (Fig 1). Population growth worsens the plight
of the peasantry. The migration of human and cattle populations
increases from Banner, Jaisalmer, Nagaur, Pali, Sirohi, and Churn,
which are usually affected by drought and famine. The severe
shortage of fodder also forces cattle breeders to move out of their
villages along with the animals in search of greener pastures.
Food from Mixed Farming System
In order to evade or minimize adverse conditions, some agricultural
practices have been developed by the desert dwellers that boost
crop production as well as fodder, fuel, fruit and timber. Their
centuries-old experiences, passed on from generation to generation,
have established a well contained system which accrues maximum
benefits by the integration of woody perennials in the mixed
farming system. This system is called "Traditional Agroforestry
System". Their ingenuity, according to climactic and edaphic
features has resulted in the selection of various suitable drought-

Figure 2. Famine victims (R.R. Bhansali)
hardy and multiple use species of trees and shrubs for sustainable
production under this system. Under adverse conditions i.e.,
droughts and famines, crops fail leading to a shortage of food and
fodder. Agroforestry provides 62% of the fodder, fuelwood and
timber requirements ofthe rural people. Average forage production
in the arid Rajasthan is only 44% of the fodder requirement of
stock leaving a gap of 56%.
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The integrated farming systems in arid western Rajasthan
represent a man-agricultUre-tree/shrub-livestock continuum and
each component is interdependent on the other. Today, crop lands
permit no more than subsistence living in normal years, and severe
shortage of food and fodder in sub-normal rainfall years.
To minimize the adverse effect of drought, mixed sowing of
various dryland crops (pearl millet, cluster bean, moth bean/mung
bean and sesame in an approximate ratio of 8:2:2:1) is a common
practice with the farmers in this region. The diversification of crops,
besides being more sustainable, could yield various products and
by-products to meet food and fodder requirements of the farmers.
In normal years of rainfall this system provides sustainable crops
and fodder production.
The most dominant agroforestry system in western Rajasthan is
Prosopis cineraria based which covers about 4 7% of the total
area. Ziziphus nummularia based agroforestry occupies about 28%
of the total area of western Rajasthan. Other systems involving
Acacia nilotica, Tecomella undulata and Acacia tortilis occupy
about 26% in combination. Thus adoption of the "Agroforestry
System" enables populations to evade the drought periods.
Realizing the importance of woody perennials in conserving
soil and increasing fertility, the farmers encourage the natural
regeneration and establishment of desirable trees and shrubs in
their fields. Presently, agroforestry has been conceived as the
sustainable land management system for agriculture, forestry and
animal husbandry practices on a long term basis for the benefit
of local populations in improving the desert economy and the
environmental conditions.
Food from Natural Plant Resources
The region is well known for its prudent traditional systems
of managing and conserving the limited natural resources by
classifying land resources into Agor (catchment area), Gouchar
(grassland) and Orans (sacred groves) for droughts and famines.
These are repositories of biodiversity and the source of multiple

products such as food, fodder, fuel wood, timber and non-timber
tree products. Famine food plants of the Thar Desert are a littleknown category of underutilized species. Vegetation comprises
a wide range of edible fruit bearing and food producing species
viz. Capparis decidua (Ker), Cordia dichotoma (Lasora), Ziziphus
mauritiana (Ber), Ziziphus nummularia (Bordi), Salvadora
oleoides (Jal), Acacia senegal (Kumat) and Prosopis cineraria
(Khejri) (Figure 3.).
These plants are sought out in times of famine and other conditions
of environmentally-induced food scarcity due to failure of the
monsoon. They are well adapted to some of the most extreme
weather conditions ofthe hot desert and represent a valuable source
of plant genetic material, for the development of new, affordable
food during droughts. In addition, these are some of the very few
famine food plants that have shown high nutrient values (Table 1).
The following are the drought hardy famine food plants of western
parts of Rajasthan (Table 2):
Acacia nilotica (Babul): Pods used as a vegetable; seeds fried and
eaten alone or mixed with jowar or bajra (millet) flour. Seeds are
eaten roasted or raw at the time of acute scarcity.
Acacia senegal (Kumat): Seeds fried and eaten separately or mixed
with jowar or bajra (millet). Used as a vegetable in Panchkuta
preparations.
Calligonum polygonoides (Phog): This is very common bush
growing on bare sand dunes of the desert. During the month of
February and March its buds are used by the local population with
buttermilk and salt. Flowers are believed to contain high amounts
of protein.
Capparis decidua (Ker): A very common thorny shrub or tree
of the desert found throughout the region, it contains edible red
berries. The unripe fruits are pickled and are also used as in curry.
Ker is a rich source of fiber, vitamin A and vitamin C.

Figure 3. Drought Tolerant Crops R.R. Bhansali
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Sorghum halpense (Baru): This plant can withstand long drought
and is therefore, considered a good famine plant for cattle feed.
Tribulus terrestris (Gokhru): Gokhru plants are annual herbs and
the spiny fruits are used during famine. Its hard seeds are stored
and ground into powder for baking bread or mixed with bajra.
Zizyphus nummularia (Bordi): A thorny bush that is very common
in dry open plains. It grows even in scanty rainfall. The fruits are
stored, ground and eaten during food scarcity. In winter, fruits are
dried, ground and sifted. The resulting powder is eaten as such or
mixed with jaggery. Fruits are known for their cooling effect. Fruits
are rich in protein, phosphorous, calcium, carotene and vitamin C.
Figure 4. Desert inhabitants who fight drought. (R. R. Bhansali)

Cenchrus bijlorous (Bhurat): Most widely grown grass of the
desert. During famine period this plant is used as emergency food.
The seeds are enclosed in a prickly husk. The seeds are ground
and baked into thick pearl millet sogra that is considered the most
nutritious food during a famine.
Citrullus colocynthis (Tumba): A perennial cucurbit grown on
sand dunes throughout the region of Jaisalmer and Barmer. Seeds
are washed with salt water many times to remove the bitterness,
then washed, dried and ground to make chapattis either solely or
mixed with pearl millet. Kankra, a delicious dish, is also prepared
by mixing seeds with bhurat flour during famine.
Citrullus lanatus (Matira): A watermelon of the desert grows in
the dry sand. Pulp of the fruit is eaten fresh. Seeds are dried and
made into flour which is then mixed with bajra to prepare chapattis.
The roasted seeds with salt are also eaten.
Cucumis ca/losus (Kachari): Very common throughout the area on
sand and farmland. The ripe fruits are eaten while unripe fruits are
used in curry. Available during famine and in normal times. Fruits
contain vitamin C.
Lasiurus hirsutus (Sewan): It is one of the· most common and
valuable fodder grasses of the desert. Seeds are collected, ground
and mixed with Bajra flour then baked into Sogra during famine
period. This is a rich source of vitamin A.
Prosopis cineraria (Khejri): Young green pods (Sangri), which are
used in curry. Mature pods contain sweet pulp and are eaten as
fruit. Bark ofKhejri is ground and mixed with flour to prepare rotis
during severe famine periods. Dried pods are eaten raw. Boiled
and dried pods are used in Panchkuta - a mixture of five fruits
and seeds (e.g. Acacia senegal, Capparis decidua, Cordia myxa,
Cucumis melo and Prosopis cineraria)- prepared in Marwarwhich are harvested semi-ripe, boiled, dried and stored for use in
times of famine. Leaves of lopped trees are used as fodder.
Salvadora oleiodes (Mitha Jal): This species represents an
evergreen shrub or small tree, found throughout the arid region.
Ripe fruits are eaten in bunches. Fruits ofMitha Jal are consumed
during drought periods to mitigate the deficiency of salts and other
essential electrolytes in the human body.

Utilization of these plants has been known for a long time. Dietary
uses of various plant parts such as fruits, nuts, seeds and leaves has
been documented from different parts of arid areas of Rajasthan. It
has been observed that different herbs, shrubs and trees are being
consumed and incorporated into their diet by the desert inhabitants
during drought periods. (Fig 4). These plants contain sufficient
amounts of carbohydrates, proteins, vitamins and minerals to meet
nutritional requirements of desert dwellers and their livestock.
The government is also planning to introduce legislation which
aims to ensure food security for 75% of rural households and
50% of urban areas for families below and above the poverty line.
Experts say that in case of drought in the future and the drop of
procurements below required levels, the government has to resort
to alternative means such as imports and encouraging utilization of
nonconventional food resources.
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T a ble 1 Nutntmna composition ofF amme ~oo d so f an"d zone *
Famine Foods

Carbohydrate

Protein

Fat

Fiber

Vitamin-C

Calcium

Iron

(g)

(g)

(g)

(g)

(mg)

(mg)

(mg)

Bordi (F)

4.7

-

-

-

85

-

0.6

Ker (F)

1.8

8.6

20

12.3

7.8

55

0.7

56.0

23.2

2.0

20

523.0

414.0

0.4

-

-

6.0

8.0

-

-

Khejri (F)
Kumat (S)

15.0

-

-

-

Mitha Pilu (F)

76.0

6.0

2.0

2.0

-

1. Podaxis pistillaris (B)

2.3

21.0

12.2

-

2. Phellorinia inquinans (B)

9.0

23.0

-

12.6

-

Desert Mushrooms

-

(per 100 g fresh weight basis)
F=Fruits, S=Seeds, B=Body

Table 2 Famine Foods of Rajasthan Desert
Plant
Type

Botanical name

Regional
Name

Plant parts used
as
Famine Food

Crop/plant used
for mixed Food

Trees

Acacia nilotica

Babul

Pods, Seeds

Flour of Sorghum and
Pearl Millet

Acacia senegal

Kumat

Seeds

Prosopis cineraria

Khejri

Immature and Mature
pods

Salvadora oleiodes
Capparis decidua

Mitha Jal
Ker

Fruits
Immature and Mature
Fruits

Zizyphus nummularia

Bordi

Fruits

Calligonum polygonoides
Citrullus colocynthis

Phog
Tumba

Flower buds
Seeds

Pearl millet

Citrullus lanatus

Matira

Fruits and seeds

Pearl millet

Cucumis callosus

Kachari

Immature and Mature
Fruits

Tribulus terrestris
Cenchrus biflorous

Gokhru
Bhurat

Seeds
Seeds

Pearl millet
Pearl millet

Sewan
Khumbhi

Seeds
Body

Pearl millet
Vegetables

Maru Khumbhi

Body

Vegetables

Shrubs

Creepers

Grasses

Flour of Sorghum and
Pearl Millet
Panchkuta- a mixture
of five fruits

Panchkuta

Panchkuta

Lasiurus hirsutus
Mushroom

Desert mushroom, Podaxis
pistillaris
Phellorinia ~p
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Project Introduction
The high desert region of northern Pinal County, Arizona, including the areas surrounding Superior, are basin and range regions of
semi-closed valleys that include the Queen Creek watershed and
its tributaries. The region has a hot and dry climate very similar to
the metropolitan Phoenix area, albeit 3-5° F cooler due to slightly higher elevation. As Queen Creek traverses this basin flowing
westward, its 10 mile upper basin length is within the close reaches
of Superior, and the valley is enclosed by various mountain ranges
that extend upwards to 5000 feet in elevation to the north, east,
and south over a relatively short distance. A remarkable feature
to the south is Picket Post Mountain, reaching 4500 feet within a
few miles of the park (Figure 1). As a consequence of this altitude
change, along with the semi-closed property of the drainage basin,
it is hypothesized that the local topology forms cold air drainage
patterns during still, cold nights of the late fall, winter and early
spring seasons (Geiger 1950, Clements 2003).
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domesticated varieties widely used for arid landscaping (Phoenix
Desert Nursery 2011 ).
On February 4 and 5, 2011 a hard freeze event took place in central
and southeastern Arizona, causing record setting low temperatures
throughout the region as recorded by the United States National Oceanic and Atmospheric Administration (NOAA 2011 ). As
shown in Figure 2, the subsequent temperature charts from MesaGateway reflect each night's freezing events, with temperatures
in urban areas in the mid 20's (Weather Underground, 2011). The
coldest freeze temperature occurred on Friday, February 5 before
sunrise, with the arboretum's own weather station registering even
lower temperatures of 18.9° F (Carter 2011).
During this freeze event that repeated at least two days, an extensive amount of damage was noted at the Boyce Thompson Arboretum, particularly in the evergreen-type Australian exhibit area. The
trees showed visible signs of leaf and stem damage, with many varieties of eucalyptus and acacia suffering the most clearly notable
injuries and mortality. The local effects of topography are already
well known by the park horticulturist to create microclimates within the park property. However, no clear pattern of plant damage
emerged from this freeze. Instead, arbitrary disbursement of injury
and mortality of plants was noted throughout the park. This project
study attempts to describe correlations for the geographic pattern
of damage and mortality to these freeze affected plants.

Phase I Field: Base map Creation and Collection of Elevation
Data
Several sources of information were compiled to determine the
physical and cultural characteristics of the site. Using the federal
government's Public Land Survey Information System (United
States Bureau of Land Management (BLM) 2010) the section lines
and subdivisions were plotted and mapped. In addition, the new
property purchase of2008 was added using ArcMap's COGO feature for this metes and bound survey of the Picketpost House and
surrounding property for the eastern portions of the park (Appendix A). Metadata for the property were added to the property shape
files, and transmitted to Boyce Thompson Arboretum on June 7,
2011. Finally, a transportation and trails, hydrography, and public
exhibit region maps were also created for use as a base map in this
project. USGS 7 1/2' topographic maps and vendor supplied aerial
photos (ESRl base map collection) and field global positioning
satellite (GPS) collected data helped complete these three types
of base maps.

Figure 1

Through this catastrophic freezing event, the variables for analysis
require knowing where elevation changes occur, so that potential
cold ponding areas can be identified. Disparate regions can then be
compared to the damaged plant areas with statistical tests. A precision survey of elevation and topographic elements was undertaken
to identify cold air pooling and terrain/vegetative shaded areas that
contribute to cold air exposures.

Located near Superior is the subject area of this study- Boyce
Thompson Arboretum, an adjunct facility of the University of Arizona. The arboretum is approximately 3 miles west of Superior, at
the confluence of Queen Creek and Silver King Wash. It is home
to publicly exhibited desert plants and collections sampled from
worldwide contributions of arid lands research, and also includes

In order to collect this precision elevation data, a global positioning system (GPS) survey was made on the property to supplement
the existing 1/3" second Digital Elevation Model that was obtained
for the region (United States Geological Survey (USGS), 2011).
Using a Trimble GeoXT, the GPS technology is capable, with the
correct antenna and differential correction, to place distances less
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than a meter. Because the Boyce Thompson Arboretum property
is 600 acres, elevation survey points that overlap freeze damaged
areas will replace and enhance detail of the DEM elevation file in
certain areas of interest (Appendix B). The area of interest (AOI)
and scope of the microclimate areas are limited to the immediate
region of sensitive species damage (around 40 acres near the visitor center, offices and research area).
Field work for elevation data was performed on May 11, 13 and
16 of 2011, but it quickly became clear that the quality of collected
data was highly variable, dependent on the number of satellites in
the sky during the survey. In addition, canopy from the eucalyptus
and other large trees presented reception issues for the GPS instrument. Quality issues presented an ongoing problem requiring
quality control and discard of erroneous measurements. To help
remedy the issue, several test calibration sites were selected on
these trips to measure a known on-site position with aerial photographs in order to perform a quality check with each field visit. As
a quality threshold (as reported by the instrument), measurements
that exceeded a 3 foot elevation accuracy were discarded unless no
other measurement was available within 50 feet. After this quality
control procedure, the elevation data were compiled and fitted into
new topographic elevation contours (see Appendix B for USGS
and survey data point locations with contour map).

Phase II Field: Plant Damage Assessment
Field work for assessment of vegetation was performed on May
18, 21, 23, and 30th to find the affected plant species and local
regional differences for each type of plant. A plant database was
developed during May and June that included plant damage pictures, elevation, and latitude/longitude (see Appendix C) consisting of younger plants less than 20 feet in height and younger than
10-12 years.

Book Leaf Mallee frost damage
were also found in areas adjacent to the lower elevation Queen
Creek stream bed, including the Demonstration Garden area. Notably, the higher regions of the park (5-10 meters higher) did not
suffer the same amount of damage to identical species of plants
(Appendix E). Descriptions of tree and shrub species in the study
area adversely affected are included in Table 1 below. Larger adult
ghost gum trees ( > 10-12 years) were found in the eucalyptus forest exhibit, but data were not collected for this study. Larger adult
eucalyptus trees with lower branch damage did occur at the park
but injury was limited, a strong sign that the diameter at breast
height (DBH) and plant age should be considered alongside these
environmental factors in future work.

Rating of damage was made on a visible scale ranging from light
damage (25%) to moderate (50%) to heavy and mortality (75%,
100%) based on amount of stem and leaf damage involved. The
Book Leaf Mallee pictured here was rated at 100% damage, and
was later removed by park staff in June 2011 from the Australian
Exhibit near the Pavilion building.

Phase ill Field: Insolation and Shading Data Collection
Beyond the damage to vegetation that could be attributed to elevation change, some areas of the park showed a damage disparity
within a scale range of only a few meters. Occasionally the differing amounts of damage to the same species was found in plants immediately next to each other. The explanations for this phenomena
need to be more extensive than through the single effect of cold
air pooling, as aerial photographs allude to visual differences by
showing that plants in the open sun appeared to have less damage
than those in shaded conditions.

Indeed, much of the damage was within the Australian Exhibit
area, a lower elevation area of the park, home to some of the most
tender species including the Book Leaf Mallee. Damaged plants

During the visit, it was also noted that younger plants were sometimes intentionally shaded from the hot summer sun, as the shade
also supplementally allows passive frost protection during the

BotanlcSJ .

e

24

Desert Plants

winter months (Stamps 1994, Snyder 2000). Further, it is often
advantageous to use ground cover to reduce radiation loss (Snyder 2000) to protect from frost. While these techniques offer some
protection from radiative frosts at or slightly below the frost level
temperatures commonly found in the region, it is more evident that
the regional severe cold was a result of advection of cold air from
frontal activity (NOAA). Both advective and radiative freezing
can cause plant damage, but the processes for radiative frost and
advective freezes are different. It is assumed here that Arizona was
enduring a cold weather event due to advective polar air intrusion
into the eastern Arizona region, subject to cold air drainage density
movement from topography in still air (Johnson 2000). Important
to this discussion, polar air cold pools triggered by advective processes can sometimes last multiple days, until mixing conditions
allow the inversion to abate (Zhong et a!. 2001 ).
Without a mechanism to displace the settled cold air, it is hypothesized that cold would have persisted in the lower elevation regions
of the park during the daylight hours ofFebruary 4th. The cold snap
continued overnight and into the early morning hours of February
5th (Weather Underground 2011 ). In a freezing weather scenario,
the incoming solar radiation energy on a micro-scale could have
a substantial impact in mitigating injury to cold-sensitive plants
over the two day period, since higher energy areas of the ground
could warm the plants before the next overnight freeze. Ultimately,
the lower elevation damage along Queen Creek may have resulted
from exposure time to the cold air pool, possibly only tempered by
localized sun insolation during the daylight hours.
To determine if incoming solar radiation indeed makes a difference
to the mortality and injury of the Australian plants, this study used
a new method of insolation data collection with an augmented reality (AR) application for field survey. The Ajnaware Sun Seeker
application uses the gyro, compass and camera of a mobile device
to calculate the sun tracking on any given day of the year - thus
allowing a shading calculation and incoming energy amount to be
determined for each plant.
Given that insolation numbers were approximately 4.2 Kw/m2/
Day for this location (United States Department of Energy 1991)
in February, a total day's energy of the sun is distributed in a curve
based on the angle and shade presented for each hour of the day.
Using this technique, the shading amounts present in the photographs can be derived, with a total energy figure given for the entire day in terms of total insolation energy. As an example (Table
2), the February 12:00 noon - 1:00 hour contains approximately
15% of the day's sun energy based on sun angle. If this plant were
shaded by an obstacle such as a mountain or taller tree for the
hour, then that hourly amount is subtracted from the daily amount
possible (4.20 - 0.63 kw/m2). For each hour per plant, sun angle
position is calculated to prepare an energy grid summary for each
location. Furthermore, the calculation allows for the shading value
to be either full or a partial percentage, to consider types of insolation inconsistencies common when shaded by another tree or
opaque obstructions. Calculated plant insolation energy numbers
for the plant database are found in Appendix C.
Regression and Correlation Analysis of Topography and Shading Effects
The combination of advective cooling and topographic effect like

ly caused pools of denser cold air, with gradual winds from the east
and southeast forcing colder air into the valleys of Pinal and Maricopa Counties. Figure 3 shows these areas in this elevation model
for the the 3 to 4 mile area surrounding Boyce Thompson Arboretum, with drainage and lower elevation green contour shades
gently sloping towards the west (Google Earth 2010, USGS 2011).
Observation graphs of similar effects of elevation changes over a
relatively short distance allow comparisons on the local scale with
Superior Queen Creek Valley. In a recent study, a traverse of 5 kilometers with 150 meter differences in elevation can produce 5°C
(9°F) changes in temperature (Smith eta!. 2010).
Within the smaller scale area of Boyce Thompson Arboretum,
plants suffering different levels of damage, collected from different elevations, were compared regionally using regression and
correlation. These correlations can help determine if differences
in campus-scale elevation changes can also produce measurable
temperature gradients. Populations of younger ghost gums and all
curly mallees were representative plants for multiple regions that
cross elevation lines. The Pearson's Correlation test was attempted
on these multi-region plants that were located at different heights,
along with a simple regression model (Appendix D).
Results from these statistical techniques showed a strong negative
correlation between damage and altitude, meaning increases in altitude decrease the potential for plant damage. Even though direct
temperature measurements would make a better independent variable, the indirect measurement correlations of damage as indirect
measurement for 36 ghost gum and curly mallee plants provided a
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Date and Time
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Kwh/m 2
(Daylight Hours)

February
1 Hour Potential

Sat, Feb 5, 2011 7:00

0.00

0.11

Sat, Feb 5, 2011 8:00

0.00

0.21

Sat, Feb 5, 2011 9:00

0.00

0.42

Sat, Feb 5, 2011 10:00

0.11

0.42

Sat, Feb 5, 2011 11 :00

0.63

0.63

Sat, Feb 5, 2011 12:00

0.16

0.63

Sat, Feb 5, 2011 13:00

0.00

0.63

Sat, Feb 5, 2011 14:00

0.21

0.42

Sat, Feb 5, 2011 15:00

0.42

0.42

Sat, Feb 5, 2011 16:00

0.11

0.21

Sat, Feb 5, 2011 17:00

0.05

0.11

Total Daily Energy (Kwh/m2 /Day)

1.68

4.20

Table 2. Insolation Calculation for Plant ID#21 February 2011
strong relationship to elevation, implying a cold pool had indeed
formed. The multi-region stratified species population (McGrew
and Monroe 2000) of the two Australian species were significant
at the 99% confidence level. In this case, the difference of 5 to 7
meters height between the lower Queen Creek Valley and the hillside footings appear likely to indicate significant changes in temperature, as correlated by tree damage assessment (Appendix E).
Nonetheless, an absence of sun energy during the daylight hours
was likely to be a second contributing reason for damage. For populations of species found within only one elevation region, such
as the Australian species Mulga and Bookleaf Mallee, visible differences in damage were found in the field data that could not be
explained by elevation differences alone. The differences of insolation energy were compared instead to the visible plant damage
using a Pearson Correlation and a simple logarithmic regression
(Appendix D). Results also showed a strong negative correlation
at the 99% confidence level, meaning that additional sun energy
to these plants during a multi-day advective freeze will likely produce less plant damage, independent of the elevation temperature
contributions of a cold air pool.
Capstone Project Conclusion
Given these variations of terrain and shade, and their likely contributions to plant damage, cold air exposure times could be mitigated to some degree by mapping the cool air drainage, winter shading patterns, hillside facing, and elevation of the park botanical
regions. For park botanists, a recognition of these areas, combined
with susceptible lists of species, may help mitigate the effects
caused by large-scale freezing events. Moreover, cold-tolerant
species such as the mulga tree are likely to be less susceptible to
extended cold air damage and are appropriate for the lower elevations, but sensitive bookleaf mallee plants may need to be located

higher in elevation or given additional sunlight opportunity during
the winter months.
Early spring freeze events such as these are economically devastating to an arboretum. Even though indirect measurement through
damage assessments may indicate cold pools and sun energy differences, direct measurements of temperatures in various areas of
the park would be preferable. Additional temperature monitoring
in the lower elevations, along Queen Creek on both east and west
sides of the public areas is recommended. Furthermore, local sun
calculations provided by augmented reality tools provide useful
information that can assist in planting considerations for sensitive species, not only for summer protective shading, but also to
help determine the sun insolation factors for future severe freezing
events.
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Figure 3. View towards southwest centering on Picketpost Mountain with USGS 113" DEM Contours
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Elevation Data Processing for Study Area Contours
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3ook Leaf Mallee -Eucalyptus krueseana
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Curly Mallee -Eucalyptus gillii
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Elevation Energy
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Boyce Thompson Arboretum and
Desert Legume Program's Search for
the Wild Astragalus
Mark Siegwarth
Boyce Thompson Arboretum
37615 Highway 60
Superior, Arizona 85173
msiegwar@cals.arizona.edu
The Boyce Thompson Arboretum/University of Arizona Desert
Legume program (DELEP) is achieving national and international
recognition for its seed bank. Portions of the DELEP seed bank
are being backed up at the National Center for Genetic Resources
Preservation in Fort Collins, Colorado and the Svalbard Global
Seed Vault in Norway. DELEP's collection is now listed on the
Botanic Gardens International database, which further raises
its visibility and access to researchers. In analyzing DELEP's
holdings, there are approximately 187 native taxa to Arizona either
not represented or with insufficient seed to distribute. Excluding
the 90 Astragalus taxa, collecting the remaining taxa for seed
banking efforts and herbarium vouchers in support of the Legumes
ofArizona- An Illustrated Flora and Reference project is a priority
over the next several years.

Mountains, we felt compelled to drive the additional 20 miles and
search for this species. Sadly, the Wallow Fire was burning and we
diverted to Homolovi State Park and the southern part of the Great
Basin Desert. The outlines of the Wallow Fire encircled the known
range of A. nutriosensis and it was difficult to monitor the Wallow
Fire and not wonder how this rare plant was faring.
The Great Basin Desert, not being as diverse as the Sonoran,
allowed us to settle in and not be bombarded by a wealth of
species. In fact, as far as Fabaceae, the invasive Alhagi camelorum
or Camelthorn from Central Asia was everywhere and growing up
through the asphalt road in many places. It is easy to collect but
not a new species for DELEP nor on our targeted list of Arizona
Legumes. Other legume species were identified but it was too
early to collect seed.
Then a shout went up that a species of Astragalus was found with
seed pods. According to the Guidelines for Seed Collecting from
the Center for Plant Conservation, no seeds could be collected until
many other plants of the same species had been identified. The
hunt for Astragalus was on. By the end of the day, two different
species had been identified with a sufficient population in seed
for us to collect. Our crew of 5 seed gatherers were hooked on
Astragalus. However, Parryella filifolia with its scent of lemon
furniture polish made us vow to return soon.

As Arizona has roughly 370 legume species, one may wonder why
DELEP with its 1,359 species from around the world is missing
so many from Arizona. First of all, due to the variety of habitats
in Arizona, some of the taxa are not necessarily from the desert
or arid lands and were not initially targeted for the collection.
However, with the research being done for the Legumes ofArizona
- An Illustrated Flora and Reference, it now makes it important
to collect seeds and herbarium vouchers whether they are from
an arid area or not. Secondly, 90 of the taxa are from the genus
Astragalus, which can be very hard to differentiate and gather.
The variation of the Arizona landscape makes seed collecting a
challenge as the best time to collect seeds varies by species and can
be anywhere from April through October. The timing of rainfall
also makes the timing of seed collecting more an art than a science.
Excluding Astragalus from the targeted list makes for a fairly
manageable number to focus on and reduces many of the
identification problems associated with finding plants in the wild.
However, in practice, it is difficult to ignore this fascinating genus.
Astragalus is considered the largest genus of vascular plants in
the world, with over 2,500 species according to the Astragalus
website maintained at the University of Arizona. It is a world so
large, that many avoid it as it seems impossible to actually master
such a large subject.
Our first expedition was planned for June to Lyman Lake State
Park and was to focus on gathering seed from Lathyrus eucosmos,
Lathyrus laetivirens, Lathyrus lanswertii, Trifolium mucronatum
and Vicia americana. However, the siren song of Astragalus
nutriosensis was hard to ignore. A rare and endangered species,
known from only a few locations near Nutrioso Creek in the White

Alhagi camelorum (M Siegwarth)

Collecting Astragalus sp. seed (M. Siegwarth)

Astragalus

Siegwarth
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In July, we were able to travel to Lyman Lake State Park and search
for our original targeted list, but concerns about the A. nutriosensis
and the Wallow Fire made us schedule some additional time to
search for it. Although several species on our list were identified,
such as Desmanthus cooleyi, only Astragalus came through with
seed pods to collect. Once more, two different species were
gathered but five or six different species were identified. On this
trip, our team had grown to eight enthusiasts, and again, Astragalus
won their hearts. Close relatives, such as Ho.ffmannseggia and
Dalea tried to draw our attention but the diversity of Astragalus
continued to fascinate us.
Our last trip came in September and we believed we could do both
parks in the same time period, since we had already identified
flowering populations and could easily just go back and gather
the seed pods. Although 10 species were gathered, three of them
were Astragalus. Three other species of Astraglus were found
but not yet in seed so were marked for a future trip. The elusive
A. nutriosensis remained hidden from our searches. After three
seed collecting trips, 14 accessions were added to the DELEP
collection, half of them Astragalus. The only species collected on
our original list was Vicia americana. In short, collecting seeds is
more difficult than it sounds but also much more fun.
If this article has piqued your interest in Astragalus, the University
of Arizona website http://loco.biosci.arizona.edu/astragalus/
astragalus_home.htm has more information. Contact Boyce
Thompson Arboretum to see how you can join the hunt for the
wild Astragalus and other species from the Fabaceae family.

Astragalus sp. (M. Siegwarth)

Astragalus sp. (M. Siegwarth)

Astragalus sp. (M. Siegwarth)

Astragalus sp. (M. Siegwarth)

Ho.ffmannseggia sp. (K Stone)

Astragalus sp. (M. Siegwarth)
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Homolovi State Park, Arizona (M. Siegwarth)

Lyman Lake State Park, Arizona (M. Siegwarth)

