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Introduction

The primary Sresses imposed on vegetation by arid environ-
qents are the lack of water and mineral nutrients (Fisher and
Turner 1978). The availability of relatively immobile mineral
qutrients, such as P, 18 lowered when soil water potentials
decrease (Olsen et al. 1961). This has been shown to result in
_ Podeficient plants as & result of drought stress, even when the
P supply is adequate for greater growth (Nelsen and Safir
1982). The hyphae of vesicular—arbuscular mycorrhizal
[VAM) fungi serve as extensions of the root systems and are
_ both physiologically and geometrically more effective organs
of absorption than the roots themselves (Trappe 1981). Thus,
VAM-fungal associations appear to be necessary for growth
nd survival of plants in deserts (Miller 1979; Reeves ef al.
1979). This role is apparently not restricted to P nutrition but
affects water utilization as well (Safir and Nelsen 1981).

The potential of VAM fungi to desensitize their host plants
{6 temporary water shortage and to improve water utilization
when water supply is inadequate (Sieverding 1981) is of prime
importance to agricultural practice under arid and semiarid
conditions. As VAM fungi have been shown to adapt to eda-
- phic factors (Lambert ef al. 1980), drought-resistant species of
penotypes may also exist, The purpose of this study was (o
collect VAM fungi from desert communities of diverse floristic
and cdaphic compositions for subsequent identification and
characterization, and to report on the identity and habitat of
host plants and their VAM-fungal endophytes.

Materials and methods

Studdy urea
: Perennial plants were surveyed for colonization by VAM fungi at
four sites in the Anza— Borrego Desert State Park, San Dicgo County,
{California. Site selection was hased on the floristic composition of the
Vegetation. the elevation, and the general soil characteristics. Sites
designated after the dominant plant genus. The Acacia and
near Mountain Palm Springs.

wntia sites were adjacent and tocated
i playa at slevations of 210 and

1 a sandy outwash plain and a
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perennial plants of 19 farnilies were surveyed for colonization by vesicu
an area characterized as arid to extremely arid. Soils at all sites were

very low in phosphorus and nitrogen and had a coarse sandy texture, The si
ized by VAM fungi (six species). The distribution of the VAM myeoflora was

{es auteurs relevérent la colonisation de plantes vivaces, appartenant
e sites au State Park du désert 4’ Anza-Borrego, Californie, région carac-

Is de chaque site avaient une teneur trés basse de phosphore et d’azote
ion floristique différait d'un site A Uautre. Toutes les plantes (38
gnons & VAM (six especes). La distribution de la mycoflore & VAM ne se faisait
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215 m, respectively. The Agave— Yucca site was at Box Canyon on a
sandy slope at an elevation of 820 m, The Chilopsis site was an
outwash at Yaqui Flat at an elevation of 450 m.

The area can be characterized as arid to extremely arid (Noy-Meir
1973). Rainfall varies with altitude and averages 130 mm annually at
Borrego Springs, California {elevation 200 m). Some locations may
receive only a trace of precipitation (wo instances of rain were re-
ported in the Mountain Palm Springs area in the 2 years preceding this
survey (September 1981). During the year of this study (1981), air
temperatures varied between the annual extremes of 48 and ¢
(high:low) and averaged 43 and 25°C (high:low) in the summer.

Vegetation assessnient

All perennial plants were counted in four gquadrats (each 30
% 50 m) selected at random at cach site. The density of plants of a
species at each site was based on the total area of the four quadrats
{1 ha). To avoid overemphasis of large density values owing to many
small plants in describing vegetational patterns, an additional param-
eter, “biovolume” (BV}, was computed as a measure of plant size.
This value was based on the generally spherical configuration of the
crowns of most plants encountered, and was calculated from the
estimated average radius of a sphere encompassing the foliage. Vol-
umes so calculated for individual plants of average size were multi-
plied by the density value to determine BV per hectare, Photosynthetic
activity was estimated by inspection. Plants whose aboveground parts
were entirely dry were adjudged inactive while green plants were
called active. Plants with leaves partially abscised or discolored were
classificd as having limited photosynthetic activity.

VAM mycoflora

A representative specimen from cach perennial plant species. spa-
tally well-separated from adjacent plants, was celected at each of the
four sites. Roots of each plant were carefully freed of the surrounding
<oil to reach the depth where fine secondary or fertiary roots were
present free of the roat systemns of adjacent plants. Root fragments and
coil were collected from depth of 003 t© 0.6 m. The extent of
colonization of the oot specimens by VAM fungi was determined
according to Bethlenfalvay and Yoder (1981) and was classified as
light, medium, oF feavy, indicating the presence of VAM fungi in
/4, 172 o /2 0f the roots by leagth.

Sudan grass (Sorghum bicolor 1) was grown in pot cultures in 4
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‘TapLE 1. Flora of a sandy outwash plain (Acacia site) near Mountain Palm Springs,
Anza— Borrego Desert State Park, California

Flora ne BV" EPA°  FCY  VAM fungus (Glomus)

Chenopodiaceae

Atriplex pelycarpa 32 16.8 3 3 Sp. A
Compositae

Hymenoclea salsola 42 113 2 2 Sp. A
Labiatae

Hyptis emoryi 6 25.1 2 2 Sp. A
Leguminosae

Acacia greggii 84 180.2 2 3 Sp. A

Prosopis juliflora 4 16.8 2 2 Sp. A

Psorothamnus spinosa 20 28.7 1 1 Sp. A

“Density (plants per hectare}.
"Biovolume (cubic metres).

“Estimated photesynthetic activity (1, inactive; 2. limited: 3, active).
“Pungal colonization (1, lights 2, medium: 3, heavy).

sterile sand — perlite medium mixed with soil and root fragments from
cach desert plant as VAM-fungal inoculum. Plants were grown for
5 months. Spores were collected by wet sieving, mounted in water,
and classified according to Trappe (1982).
Soil characteristics

At each of the four sites, four soil samples were collected from
under plants, air dried, and separated into two fractions using a sieve
of 2-mm opening. The geometric mean diameter of the soil agglomer-
ates was calculated from the fraction smaller then 2 mm according to
Kemper and Chepil (1963). The moisture content of unseparated soil
at —1.5 MPa was measured gravimetrically according to Richards
(1965) using a 15-bar (1 bar = 100 kPa) ceramic plate extractor' (Soil
Moisture Equipment Co., Santa Barbara, CA). Available (NaHCO,-
extractable) P was determined according to Murphy and Riley (1962)
as modified by Watanabe and Olsen (1963), total P according to
Shelton and Harper (1941), and total N according to Bremner (1965).
The pH in water and the electrical conductivity of a 1:5 soil—water
suspension were determined according to Peach ( 1965) and Bower and
Wilcox (1963), respectively,

Results

The vegetation at the four sites was distinct in its species
composition, except for some marginal overlap (Tables [ —4).
All species were mycorrhizal, including Atriplex polycarpa
(Table 1), and Eriogonum fasciculatum and Eriogonum no-
dosum (Table 3), members of families not usually mycorrhizal
(Malloch er al. 1980). In most cases, the level of photo-
synthetic activity corresponded to the degree of VAM-fungal
colonization. The roots of cacti or of plants with green leaves
were heavily colonized by VAM fungi (Tables 1-4).

All VAM fungi were of the genus Glomus of the Endo-
gonaceae (Gerdemann and Trappe 1974): G. Sfasciculatum
(Thaxter sensu Gerd.) Gerd. & Trappe (Gerdemann and Trappe
1974), G. epigaeum Daniels & Trappe (Daniels and Trappe
1979}, G. mosseae (Nicol & Gerd.) Gerdemann and Trappe
(Gerdemann and Trappe 1974), and G intraradices Schenck &
Smith (Schenck and Smith 1982). This is the first report of .
epigaeum and G intraradices from a desert environment. Two
new species, sp. A (Acacia and Chilopsis sites) and sp. B,
(Opuntia site), were also found. Species A was characterized

'Reference to a specific company and (or) product is only for
purposes of information and does not imply approval or recommen-

by small (</1.2 mm) irregularly shaped sporocarps, and quf
(40—80 pm longest dimension) with two thin (composite
thickness 2—4 wm) pale-yellow walls and occluded hyphy
attachments of 6-10 pm diameter. The spores of speciey B Ha
many characteristics of the spores of G. fasciculatum, but we
distinct in having very thick walls with hyaline warts on the
surface. .

Species B occurred only at the Opuntia site (Table 2j an '
fasciculatum and G. intraradices occurred only at the Agave
Yucca site (Table 3). However, species A occurred in the desert
washes of both the Acacia and Chilopsis sites (Tables L and 4
(. mosseae at the Agave—Yucca and Chilopsis sites (Tabl
and 4), and G. epigaeum at the Opuntia and Agave—Yue
sites (Tables 2 and 3).

The soils at all four sites originated from acid—igneous rock
This was reflected in their coarse texture, with quartz as the
predominant mineral species. All soils had a light and'a dark
component. The dark particles were much less numerous a
consisted of mica at the Acacia and Opunria sites and of i
and amphiboles at the other two sites. Soil at the Agave~ Y
site was apparently subject to more intense weathering than
the other sites. Here, the relatively fine sand particles
heavy ferric sesquioxide coatings giving this soil a redd
appearance. Muscovite was also present at this site. The Chi
lopsis site was most diverse in terms of sample mineralogy. |
addition to mica, quartz, and feldspar, a large diversity of other
unidentified minerals were observed at the Agave — Yuce
Chilopsis sites. Fragmented mica particles were found witl
platelets separated by VAM-fungal hyphae and spores at 4l
sites (Fig. 1). o

The soil was moderately acid at the Agave— Yucca site.
pH was significantly lower than that of the other sites Wh h
were slightly alkaline (Table 5). The salt concentration it i
sites was 5 mS/m or lower (Table 5), values well betow th
levels which affect the growth of nonhalophytes (Levitt 198t
Bower and Wicox 1965). Soil-moisture content at —1.5 MP¢
was significantly higher at the Agave—Yucca site than the
Acacia and Opuntia sites (Table 5).

Both N and P concentrations were extremely low at all
sites (Table 6). The Acacia and Opuntia sites were lowes
available (NaHCO,-extractable) P and total N. The Ag

dution of the product o company by the United States Department of Yucca site was significantly higher in available P and lowet? The
sgriculture or the Canadian Journal of Botany nor eriticism of others total P than the other sites. The Chilopsis site was infermes 10t ra
which may also be suitable, in available P and highest in total N. rence
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TABLE 2. Flora of a sandy playa (Opuntia site} near Mountain Palm  Springs,
tt State Park, California”

Flora b BV EPA  FC  VAM fungus (Glomus)

Cactaceae

Echinocactus acanthodes { 0.5 3 3 epigaeum, sp. B

Echinocereus engelmannii 3! 0.1 3 3 epigaeum, sp. B

Opuntia acanthocarpa 65  58.81 3 3 epigaewn, sp. B

Opuntia bigelovii 184 964 3 3 epigaeum, sp. B
Compositae

Franseria dumosa g 0.3 2 2 epigaeum, sp. B

Hymenoclea salsola 4 1.1 1 I epigaeum, sp. B
Buphorbiaceae

Euphorbia polycarpa 820 1.2 { i epigaeum, sp. B
Fouquieriaceae

Fouquieria splendens 2 8.4 t i epigacum, sp. B
Leguminosae

Acacia greggii 4 2.1 3 3 epigaeum, sp. B

Cassia armaia 4 2.1 2 2 epigaeum, sp. B

Psorothamnus schottli g 129 3 2 epigaeum, sp. B
Zygophyllaceae

Larrea divaricata i 2.1 3 3 epigaewm, sp. B

« Abbreviations and units as in Table 1.

TapLe 3. Flora of a sandy slope (Agave—Yucca site) at Box Canyon, Anza— Borrego
State Desert Park, California”

s Abbreviations and units as in Table 1.

Discussion

The distribution of Y AM-fun al species at the four sites was
gal 5

not random. Site preference was demonstrated by the oceur-

fence of some of the species at one site only, while none of th

€

Flora D BY EPA FC  VAM fungus (Glomus)

Agavaceae

Agave deserti 172 308 3 3 mosseae, epigaeum

Yucca schidigera 65 248 3 2 mosseae, intraradices
Cactaceae

Fehinocactus acanthodes 4 2.1 3 3 mosseae, intraradices

Opuntia basilaris 3 0.1 3 3 maosseae

Opuntia echinocarpa 48 £.3 3 3 mosseae, epigaeum
Compositae

Brickellia frutescens 6 0.2 i 1 mosseae, fasciculatum

Guthierezzia sarothrae 1371 58 3 3 mosseae, fasciculatum

Lepidospartum squarmatian 24 127 { | mosseae, fasciculatum,

intraradices

Cupressaceae

Juniperus californicus 13 11.8 3 3 maosseqe, epigaeum
Ephedraceae

Ephedra californica 10 [ 3 3 mosseae, fasciculatum

Ephedra viridis 17 8.9 3 3 mosseqe, fasciculatum,

epigaeum

Graminae

Hilaria rigida 163 184 { ! mosseae
Kramertaceae

Krameria grayi 3 0.3 2 i mossede

Krameria parvifolia 18 2.0 pi 2 mosseae
Leguminosae

Acacia greggii 6 215 3 3 maosseae, infraradices
Polygonaceae

Eriogonum fasciculatim 80 21.5 2 2 mosseae, epigaeun

Eriogonum nodosum 2 0.2 2 t mosseae
Rhamnaceae

Simmondsia chinensis 3 6.4 2 3 mosseae
Zygophyllaceae

Larrea divaricatd ) 7.2 i 2 mosseae

species were found at more than two sites. The data were not
sufficient to establish causal relationships between the condi-
tions prevailing at a site and the composition of its VAM
mycoflora, but the vegetational, edaphic, and climatic (precip-
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TabLE 4. Flora of a sandy wash

(Chilopsis site) at Yagui Flat,
Desert State Park, California”

CAN,J. BOT.
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pusd

Anza-- Borrego

Flora D BY

Bignoniaceae

Chilopsis linearis 40 5656
Capparidaceae

Isomeris arborea 17 8.9
Leguminosae

Prosopis juliflora 4 .8

Psorothamnus spinosa 8 I.s
Loasaceae

Petalonix thurbert 3 0.1
Tamaricaceae

Tamarix pentandra | 4.2

EPA FC  VAM fungus (Glomus)
3 3 mossede, sp. A
2 2 mosseae
3 2 mossede
3 3 mosseae, sp. A
2 2 mosseae, sp. A
2 2 mosseae, sp. A ignmnett

“Abbreviations and units as in Table 1.

F16. t. Hyphae and spores of a vesicular—arbuscular mycorrhizal fungus which have penctrated the cleavage planes of a mica partit:lé:

itation) factors available suggest patterns which are of inferest
in the study of VAM-fungal adaptation.

A relationship between the occurrence of VAM fungi and the
distribution of vegetation was apparent at the Acacia and Opun-
tia sites. These sites were adjacent and alike in edaphic and
climatic characterisitics, but differed in their vegetational com-
position. This difference was reflected in the distinet VAM
mycoflora of the sites. Although VAM fungi showed no host
specificity (Tinker 1978) by colonizing all plants at all sites, the
occurrence of different VAM-fungal species at these two sites
may have been influenced by host preference (Mosse 1973).
Such a capability of plants to selectively influence VAM-
fungal colonization has been demonstrated in agricultural \itw
ations (Schenck and Kinloch 1980). However. the diversity iy
the floristic composition of the vegetation and the relative uni-
formity of the VAM mycoflora at all sites indicated that host
effects may be only one of the mechanisms which determine
YVAM-fungal species distribution. The Agave —Yucca site was
different from the others in its edaphic characteristics and in 4
greater incidence of precipitation. The VAM mycotlora at this

g *,t(,} wh
% p;:z‘m;m»

Ta

Rose 19

ar impr
advantag
76, 8
Allen It
sofls und
snhancec

site was distinet in its relative diversity and was dominated b
G. mosseae which colonized all plants at the site. Glon
mosseae also occurred at the Chilopsis site which showed 8t
ilarities with the Agave— Yucca site in soil texture, avai Juble F’
moisture levels, and precipitation patterns. A preference ¢ anges
G. mosseae for these conditions may explain its distribution photosyn
No such explanation can be offered for the cooccurrente ffﬁmi')nst{
G. epigaeum at the Agave—Yucca and Opuntia sites, Whic Johnson
were different in vegetation, uidphx@ conditions, and rainfai Agricy
patterns, The occurrence of species A in the two desert wis the prope
{Acacia and Chilopsis sites) may be linked to a tolerane€ 0 ment (Tr
preference for, periodic abrasion as a result of running water 1
sand at those sites. ‘

One can conclude that a complex interaction of factors {f%ii}
man 1983; Lambert e al. 1980) is responsible for the distrib
tion of the VAM mycoﬁma at these sites. That such distib

main fac

Wire my

tional patterns vary with the elimatic and edaphic environi! We g
as well as with land use, has been rm:ﬂgnizcd‘ hut-causa ? {wim
relationships are poorly understood (Abbott and Rebson i

Information is particularly lacking from desert environine



.5 Soil characteristics at four sites in the Colorado Desert of
southern California®

Site

Soil o ‘
garas ;m {L s Acacia Opuntia Agave—VYucca  Chilopsis
HW 7.4a 7.5a 6.0b 7.3a
p 226 3.7¢ 1.2a 5.0d

682a 486 b 370be 331c¢
2.5a 2.5a 34b 2.9ab

axymbers followed by the same letter were not significantly diffevent (7 < 0.05) by
tiple range test.
i conductivity (ECYy was measured in a 103 soil—water \u&pcnwm

y .
mean diameter (GMID) was calculated as GMD = ((\ $ W, log ¥, }

o

Creomeine
P W, | where W, is the aggregate mass in the fraction with an average diameter 1.
O ! fondc e :

‘f‘\’Eoismm content (MCY was determined at 1.5 MPa and represents soil water at
i permanent wilting point for most plants,

TapLe 6. Phosphorus and nitrogen concentrations (mi-
crograms per gram of soil) at four sites in the Colorado
Desert of southern California”

Phosphorus
Nitrogen
Site Available Total (total)
Acacia 1.da 1994 93a
Opuntia 1.5a 218« I51ab
Agave—Yucca 4. 5¢ 1316 235hb¢
Chilopsis 3.1b 218a S10¢

“Numbers followed by the same letter in one column are not signifi-
cantly differept (F < 0.05) by Tukey’s multiple test.

Rose 1981; Trappe [981). where VAM fungi may be of partic-
alar importance to the vegetation by imparting special adaptive
‘dvamaf@cx‘ for the survival to their bosts (Williams and Aldon
1976). Such advantages are the increased uptake of P and water

(Allen | ‘,}82, Nelsen and Saphir 1982) by VAM plants. In the
soils under consideration these uptake processes may be further
thanced by the role of VAM fungi in weathering mica
{Fig. 1. This process may resulf in an important increase in the
a:apacity of soils rich in mica to retain water and to provide
futrients for uptake by microorganisms (Berthelin and Leyval
1982) and VAM fungi. As the availability of water is one of the
main factors controlling CO. exchange (Farqubar and Sharkey
1982), it would be of interest to establish whether VAM col-
snization levels vary with precipitation patterns as a result of
thanges in photosynthate availability. A relationship between
?hotm;mhests and the extent of VAM colonization has been
demonstrated elsewhere (Bethlenfalvay and Pacovsky 1983;
Johnson er al. 1982) and is suggested by the present findings.

Agricultural applications of mycorrhizal research requires
the proper selection of VAM fungi for both host and environ-

- ment (Trappe 1982). An elucidation of the factors which con-
ol VAM-fungal distribution in natural environments (Mosse
ftal 1981) s a necessary step towards fulfillment of this
Tequirement,
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