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Abstract:  Two species of arbuscular mycorrhizal fun-
g, Glowus elerpewn and G hulenwm, are described
and the description of (. spurcem is emended. All
species produce spores singly in soil. Glomus elur-
rewm spores are hyaline or white to cream, usually
irregular (40 > 60 to 140 X 160 pm diam) and more
rarcly globose (40-140 wm diam). The spore wall
consists of two adherent permanent hyaline layers,
neither of which reacts in Melzer's reagent. The oul-
er layer is thin (<1.2 pm), and the inner layer is
finely laminate. Spores of G futeum are glohose to
subglohose, 60<180 wm diam and pale yellow 1o dark
yellow with a brownish tint. The spore wall consists
of four layers, the two outer layers often degrading
at maturity. The outer layer is mucilaginous and
stains pinkish-red in Melzer's reagent. The second
layer is hyaline and semirigid. Rigid, pale vellow 1o
brownish yellow laminae comprise the third layer.
Mature spores exhibit a fourth layer that is thin, flex-
ible and may separate from the laminate layer under
pressure. Both species were idendfied from pot cul-
tures established with soil and root fragments from a
semiarid giant sacaton (Sporobolus wrightif) grassland
and subsequently cultured on sudangrass, Serghum
sudanense. Both species formed arbuscular mycorrhi-
zae In pot cultures with corn { Zea mays) as the host,

Key Words:  arid, classification, Glomales, semiar-
id, taxomomy, vesicular-arbuscular mycorrhizae, Zy-
EOIMYCeles

INTRODUCTTON

In several studies of mycorrhizal fungal communities
along rivers and streams of southeastern Arizona, two
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undescribed species were found associated with Sfro-
rabolus wrightii Monro ex Scribn., a perennial tall-
grass of southwestern North America, The species
from Arizona grouped with reference isolates of un-
described species in the International Culture Col-
lection of Arbuscular and Vesicular-Arbuscular My-
corrhizal Fungi (INVAM) and, therefore, represent
true phylogenetically delimited species (Morton et al
1993). We describe these species, Glomus sburnewm
and G hutewm, based on developmental patterns and
morphological properties of mature spores as de-
fined for the genus Glomus by Morton (1996) and
Sviirmer and Morton {1997,

MATERIALS AND METHODS

Samples consisting of soil and root fragments were collected
from the base of giant sacaton, S, weightii. All samples were
transported in insulated carriers 1o laboratory facilites at
Arizona State University {ASU) and stored at 5.6 O A sub-
sample of 500 cm® from each sample was mived with #12
and #20 silica sand (1:1:1 v/ that had been autoelaved for
1 hoat 120 C, placed in grower’s pots (3 L) and overseeded
(60-110 sceds) with sudangrass, Sorghum sudanense (Fiper)
Staph. Cultures were maintained in a glasshowse at day and
night temperatres of 26 C and 15 © respectively with nat-
ural lighting of 1200 pmel m~* 571 After 14 wk, pot con-
tents were harvested and stored at 5.6 C untl examination.

Spores were separated from each pot culre sample by
wet sieving and decanting [ollowed by centrifugation in a
20-60% sucrose density gradient {Daniels and Skipper
1982). Spores of each morphotype were collected from trap
cultures an pipetted onto roots of 10=12 o old sorghum
[ Serghune bicofor L) seedlings which were then transplinted
inta 4 X 21 om cone-miners (Stuewe and Sons, Corvallis,
Oregon) and prown for 120 d in a growth room at West
Virginia University (WVU) with a temperawre range of 21-
28 C, 225 pmol m* 57! light intensity at pot level and a 14
h photeperiod.

OF the two species described in this paper; only mono-
specilic culwres of G slwerrewm were suceessfully estab-
lished, and these cultures were transplanted o 750 cm® dee-
pots (Stuewe and Sons, Corvallis, Oregon). Suclangrass (5,
sudanense) seed was sown into the surronncding soil and
grown for 4 mo to increase inoculum and verify purity. Cul-
tures of G frederon from other living accessions in INVAM
were grown for taxonomic study concurrently with those of
Ce efrrnenm using standardized methods (Morton et al
1995,

Morphological properties of spores from cach fungal spe-
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cies were examined and measured using a Nikon EGO0 In-
finity microscope equipped with differendal interference
contrast aptics. Selected images were captured using a Sony
CCD video camera and printed using a Tektronic Phaser
Model 450 dye-sublimation printer. Color versions of the
photographs in this paper can be viewed on INVAM s World
Wide Web site at hup:/ Sinvam.calwvo.edu,

Color of spores was determined under reflected light
from a two-branch fiber optie illuminator (color temp 3400
K) to co-illuminate spores ane 2 printed INVAM color chart
(available From JBM}. Colors on the chart are described
numerically as percentages of cyan, magenia, vellow, and
hlack.

Whaole spores were collected, washed and stored in 0.055%
sodinm azide at 4 C for preservation. Permanent slides were
prepared by mounting spoves in polywinyl-lactic acid-glye-
erin (Koske ancd Tessier 1983) alone and 1:1 (v/v) with Mel-
zer's reagent, Vouchers are deposited in INVAM; at ASL
Oregon State University (O3C), Corvallis, Oregon; and Far-
low Herbarium (FH), Harvard University, Cambridge, Mas-
sachusetts.

To examine mycorrhizal morphology, two Zea meys L.
seeds were placed in actively growing deepots of G, ebur-
newm AZA20A, G fefenar SAL112, and G sparcam WB125
cultures and maintained at WYL under conditions de-
scribed above, Roots of corn plants were removed after G0
anc 90 o and stained in G05% direet blue using the pro-
cedure of Koske and Gemma { 1988),

TAMOMNOMY

Glenmues sprerewm is a similar to one of the new species,
G eburnewm. Spores more closely resemble those of
. eburiewm than the protologue would suggest and
a formal emendation therefore is necessary for an
accuraie comparison,

Glomus spurcum PleifTer, Walker et Bloss emend. Kennedy,
Stz et Morton Fics, 1-4

Spores formed singly in soll; usually globose 1o subglo-
bose, rarely irregular; white when newly formed with clear
centers {Fic. 1), becoming pale yellow-hrown with more
opaque contents with age or after prolonged storage.
Amongst seven isolates from three continents, spores
showed o much greater size range (40-120 pm) than de-
scribed by Pleiffer et al (1996). Spore populations of three
isnlates in cultare (INVAM accessions AZA2008, CUTE6, and
SCIH1) did not exceed 80 pm dinm, whereas those of other
isolates (INVAM accessions FIABRT, NBI02A, NB10GA, and
TX144) produced less than 20% of spores smaller than 80
pm. Spore wall consists of two adherent hyaline Tayers (Fics,
2—4), The outer layer (1) is as described by Pleiffer et al
(1996): hyaline, <1 pm thick, flexible, and frequently sep-
arating {sometimes completely) from the remainder of the
spore wall (Fic. 2}, Since this outer layer does not react in
Melzer's reagent, spores are unlikely 1o have a mucilagen-
ous coating as described: rather it s an accumulation of
organic matter. A mucilagenons laver is found on spores of
many Clomes species, and it can be detected unmistakably

in Melzer's reagent, where it [J.rn-rh,l:'u.li 1 p:lhr 1o clark dex-
trinoid reaction, depending on thickness (see Fios. 17, 27).
Peiffer et al (1996) deseribe two additional “walls™ (lavers
in this paper), whereas we detected only one in all isolates
examined, This layer (2) is laminae and is flexible enough
to produce numerous folds on its imoer surface when ro-
ken and pressure applied (Fes. 20 3), These folds could
easily be misinterpreted as a thin flexible membranous lay-
er, but no phenotype could be discerned which indicated a
distinet structure. Mo part of the laminate layer reacted in
Melzer's reagent. Subtending hyphae were [ound on less
than 5% of spores on any slide. As described by Pleiffer et
al (1996), i is straight and thin-walled (< 1 pm thick), and
continuous with the outer lver of the spore wall (Fia, 4).
There is no gradual thinning of the spore w hyphal wall,
as is commeon in spores of most Glomus species. The lmni-
nate layer of the spore wall abruptly thins at the spore base
1o the extent that there is no visual evidence that it contin-
ues as an inner layer of the hyphal wall,

Collections examined. UNITED STATES, ARIZONA: Uni-
versity of Arizona pot culture, M. Pleiffer INVAM Vouch-
er #8349, 23 Jun 1990, Cochise County. From lower flood-
plain terrace, 17 Jun 1998, f Stz and [ Kennedy, TNVAM
culture AZS200. TEXAS: Near Tornillo, 30 May 1982, f
Stutz and O, Martie, INVAM culwre TXIS9. 50OUTH CAR-
OLINA: Huntington State Park beach dune, 31 Jul 1998, 8,
Thomeas, INVAM culure SCESL, HAWAIL Island of Kavai,
7 Mar 1994, £ Koshe, INVAM culwre 4567, CUBA. Siee
unknown, 9 Oct 1995, K, Herrera, INVAM cultare ©0U77 240,
NAMIBIA. Dune transect, 4 Jun 1995, O Kiopatek, INVAM
cultures NB10O2A, NBIOGA.

Glomus eburneum Kennedy, Stutz et Morton, sp.
now. Fios, 5-13
Mycorrhizas arbusculares formans. Sporae singulatac el

formatae; hyalinae vel chburneas; globosae 40-1400 pm in

diam vel irregolares 40 2 GO=140 X 160 wm in diam. Parics

Sporis stratis duobus: stratum exterius hyalinis, <<1-1.2 pm

crassum; steatum interius laminare, flexibilis, hyalinis, 1.2-

3.8 pm crassum. Hypha subtendentes 3-6.5 pm in diam;

sepium recurvatus, 1-2 pm erassuwm, 1-10 pm sub spora.
Spores formed singly in soil; mostly irregular, 40

60 to 140 * 160 pm diam; more rarvely globose, 40-

140 pm diam (mean = 83 pm, n = 160) (Fie. BA);

bright white when newly formed (Fic, 6), becoming

a pale vory color (0-0-10-0) in old spores or those

stored for long periods, less frequently hyaline, The

spore wall consists of two adherent hyaline layvers

(Fias. 7-9). The outer layer (1) is << 1-1.2 jum thick,

semiflexible, and usually remains intact long after the

spore has matured. The inner layer (2) also is semi-
flexible (forming folds in broken spores) and finely
laminate, 1.2-3.8 pm thick (mean = 2.3 pm, n =

87). Neither layer reacts in Melzer's reagent. At the

point of attachment to the spore, the subtending hy-

pha (Fics. 7, 9 is cylindrical to slightly flared, 3.0-

6.5 pm (mean = 4.9 pm, n = 40). In mature spores,
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Fias. I-4.  Glomus spurewan (accession HASGTA), Whele spores in water; broken spores in PVLG and Melzer's reagent
(1:1 w/vl All micrographs of mounted spores were taken using differential interference conurast optics. 1. Whaole spores in
water are consislently globose or subglobose in shape and have transparent centers duc to fusion of oil globules. 2. Spore
wall with separating outer hyaline layer (1) from the semiflexible inner laminate laver (2). The subtending hypha (sh) stays
with the outer layer. 3. Spore with outer layer (1) more adherent to the inmer laminate laver (2) which is spreading to
varying degrees with dilferentially applied pressure, and an attached subtending hypha (sh). 4. Spore showing continuity
between the outer spore wall layer (1) and the only visible layer of the subtending hypha (sh). Note absence of the inner
spore wall laiver {2) along the length of the hypha. Bars: 1 = 100 pm; 2-4 = 10 pm.

a recurved septum, 1.0-2.0 pm thick, forms from a
continuation of the laminate layver of the spore wall,
positioned 1.0-10 wm in the hyphal lumen. The sub-
tending hyphal wall consists of a continuation of both
lavers of the spore wall to the septum, where it is 1.0=
2.0 pm thick, afier which it consists of only the outer
laver of the spore wall and is <<1.0 pm thick.
Mycorrhizae. Fungal structures are detectable in
roots, but are often hard 10 see because of variable
staining intensity in direct blue, Densely branched
arbuscules are darkest and become less visible as they
senesce (Fies, 14, 1. Arbuscules develop predomi-
nantly from intracellular spread of hyphace. Coiled
hyphae, many of which are clustered near entry
points, are 3.0=10 pm wide (Fic, 12) and often are
localized within cortical cells. Straight hyphae are
20-5.0 pm in width and wvsually stain lightly (Fie.
13). No vesicle formation was observed in corn roots

from 4month-old pot cultures, even after plant se-
nescence. This mycorrhizal morphology is not typical
tor most Glomus species, but is shared by a few spe-
cies in both Glemaus and Areawlospore, namely G, o
ewltum, G. gerdemannii, A, gerdemannii/G. leptoti-
chur, and A, frafpei (Morton et al 1997, Morton un-
publ). Glamas spureim was described as forming sim-
ilar mycorrhizae on Plantago laneeoluta (Pleiffer e al
1996). but its mycorrhizae on corn appear to be
more typical (continuous overlapping infection units,
darkly staining arbuscules and hyphae) except for
higher frequencies of intraradical hyphal coiling. Pu-
rity of the test isolate of G. sfuream (NB125) was not
verified because the parent culture died, so compar-
isons among other cultured isolates are needed o
define the conserved phenotype.

HOLOTYPE., UNITED STATES. ARIZONA: Cochise
County (Sect.31, T225, RIDE), 10 Oct 1997, L Stz and L.
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Fios, 649, Glomus ebwrnewm reference accession AZ420A, Whaole spores were photographed in water; broken spores were
mounted in PYLG anless otherwize stated. All micrographs of mounted spores were taken using differental interference
contrast optics, 6. Whaole spores in water are variable, obovoid or “tear-drop™ in shape. Spores are bright white when eontents
are dense and opaqgue. 7. Spore in Melzer's reagent; spore wall consisting of two hyaline layers, the outer Lyver (1) persistent
even in aged spoves and the inner laver (2) finely laminate. In the subtending hypha (sh), spore wall laver 2 forms a septum
and layer 1 continues as part of the hyphal wall, 8, Spore wall layers {1, 2) form folds in crushed spores indicating some
Hlexibility. 9. Subtending hypha (sh) showing continuity of hyphal wall layers and spore wall lavers. The sepium is formed

from the laminate spore wall layer (2). Bars: 6 = 100 pm; 79 = 5 pm.
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Fics, 10-13.  Mycorrhizae of Glomus eburnenm AZ420A in roots of 2month-old Zea mays seedlings, stained with 0.05%
direct blue and mounted in PYLG. 10, Arbuscules with variable staining intensity. 11. Darkly stained arbuscule with dense
branches, and lightly stained arbuscule after senencence, with only the wunk hypha persisting. 12, Arbuscules (arb) and
coiled intracellular hyphae (hyp). 15, Spatial distribution of arbuscules (arb) and hyphae (hyp) in a mycorrhiza. Bars: 10 =

5 opmn; 11=15 = 10 pm.

Kennedy, rom INVAM culture AZ4204. Deposition at OSC
of preserved spores in sodinum azide and broken spores
mounted permanently on a glass slide. PARATYPE. MEXI-
CO, Lacatecas. 20 Dec 1994, F Dawies, INVAM cultoure
MX%16A. Deposited au FH., CULTOTYPE. INVAM culwre
AZ420A.

Chher malerials examimed, MAMIBIA. From a dune tran-
sect, 10 Jul 1992, €. Kiopatek, INVAM slide #1823, UNITED
STATES. ARIZONA: Cochise County. From lower flood-
plain terrace, 10 Oct 1997, [ Stfz and L. Rennedy, INVAM
culture AZ414A. Cochise County (Sect. 4, T248, R2ZE).
From upper and lower Hoodplain terraces, 9 and 25 Mar
1997, I. Kennedy and R. Tiller; ASU slides PB-H 38 and PB-
€ 7. respectively. Santa Cruz County. From sacaton grass-
land near O Donnell Creek, 2 Jul 1997, L. Kennedy and K.
Tillew; ASU slide AR-B 97, Quitobaquito Springs (31°56'N,
115°01°W). From a ciénega, 11 Jan 1995, ] Stutz, 5. Hosier
and € Martin, ASU slide 1240W WEST VIRGINIA: Mingo
Co. near Logan, revegetated coal stip mine site, 26 Sep
1996, K Heldreth, INVAM culture WV216E.

Etymology. Latin, eburnewm, refers 1o the opagque
bright white color of spores in reflected light.

Distribution and habitat. This species appears to be

found in predominately arid and semiarid habitats,
but was recovered from a revegetated coal mine site
in West Virginia. Spores of G. eburneum were associ-
ated with roots of giant sacaton, Sp. wrighté, a native
species of grass found only along rivers and streams
of the semiarid regions of southwestern North Amer-
ica, Spores were found in soil and pot cultures from
giant sacaton growing in near monoculture on upper
floodplain terraces and from sacaton growing on low-
er floodplain terraces with a cottonwood ( Populus fre-
mondii Wats.) overstory along the San Pedro River in
Arizona. Soils were typically alkaline (pH 7.8-8.2),
with low organic mater (1.2-2.9%), low phosphorus
(6=29 mg kg "), and low EC (1-2.8 dS/m). Soil tex-
tures of lower floodplain terraces were loam or silty
loam and upper terrace soils were silty clay. This spe-
cies also was found in samples from a giant sacaton
grassland along O'Donnell Creek, Arizona; in cul-
tures from soil and root fragments of screwbean mes-
quite { Prosofis frubescens Benth ) growing in soil with
low organic matter (1%) and low P (3 mg kg') a



Reprinted with permission from Kennedy, L. J., Stutz, J. C. and Morton, J. B. Glomus eburneum and G. luteum, two new species of arbuscular mycorrhizal fungi, with emendation of G.

spurcum. that was published in Mycologia 91(6), 1999. ©The Mycological Society of America.

1088 MyCoLOGIA

Quitobaquito Springs, Arizona, in Organ Pipe Na-
tional Monument, from a semiarid region (details
unknown) near Zacatecas, Mexico; and from a dune
transect in the Namib desert. Spores of G. eburneum
were identified in soil and root fragments from a re-
vegetated coal strip mine in Mingo County, West Vir-
ginia. Flora of the site included Trifolium pratensel.,
Trifolium refrens L. and Festuca elatior L.

Species of arbuscular mycorrhizal fungi associated
with G. eburneum from the sites in Arizona and the
Namib deserts include Acaulospora trappei Ames &
Linderman; G. infraradices Schenck & Smith; G. maos-
seae (Nicol, & Gerd.) Gerd. & Trappe; . microaggre-
gatum Roske, Gemma & Olexia; G. spurcum; G. oc
cultum, and several undescribed species. Glomus fu-
teum (described below) was also associated with G.
eburnewm in the Arizona sites. Species associated with
G. eburneum in the West Virginia mine soil included
G. aggregatum Schenck & Smith emend. Koske; G
brasilianum Spain & Miranda; G. darum Nicolson &
Schenck; G. claroideum Schenck & Smith; G, intrar-
adices Schenck & Smith; G, luteuwm; A, morrowiae
Spain & Schenck; and several undescribed Glomus
species.

Discussion. Glomus eburneum bears some similarity
to some other white/hyaline-spored Glomus species,
G albidum Walker & Rhodes, G. oceultum Walker,
and (. viscosum Nicolson under a dissecting micro-
scope, but sufficient features exist to separate them.
Spores of G eccultum (INVAM reference isolate
CL700) are as variable in shape as G. eburneum, but
spore contents rarely are dense so spores mostly are
bright hyaline, regardless of age. Spore wall structure
of G. eccultum also is distinctive, with three lavers of
nearly equal thickness that sometimes separate to
varying degrees (Morton 1985) rather than wwo tight-
ly adherent layers of unequal thickness as found in
spores of G, ebwrneum. The subtending hypha of G.
oceuftum rarely is occluded with a recurved septum,
which is evident in many spores of G. eburneum.

Spores of G, viscosum are hyaline, but differ from
G. ebwrneuwm by forming in small loose aggregates
rather than singly. Spore wall soructure is of similar
organization (two layers), but the outer layer is thick-
er, more plastic, and separates more readily from the
laminate layer (Walker et al 1995), Glomus viscosum
also has a persistent subtending hypha, but it does
not form a prominent septum from the laminate lay-
er of the spore wall, as does G, eburneuwm.

No live culture of G. albidum was available for com-
parison, and the paratype material at OSC contains
spores resembling G. intraradices. Matwre G. albidum
spores stain dull orange to yellow and juvenile spores
are pink to orange-red in Melzer's reagent (Walker
and Rhodes 1981), whereas (. eburnenwm spores show

no reaction. Spores of G. albidum are usually sealed
by collapse of the subtending hyphae (Walker and
Ehodes, 1981). If a seprum is present in the subtend-
ing hypha of G. albidum, it is found 5=20 pm distal
from the hyphal pore (Walker and Rhodes 1981), a
distance which occurs infrequently in G. eburnewm.

Spores of G. eburneum most closely resemble those
of G. spurcum under dissecting and compound mi-
croscopes. To complicate matters, both species often
are found together, at least in arid and semiarid plant
communities of Arizona, Texas, and Mexico, Spores
could be separated for production of monospecific
cultures under a dissecting microscope using two cri-
teria: (i) consistently globose for G. spurcum and ob-
ovoid to teardrop shaped for G. eburneum and (ii)
transparent with a fused central oil globule for .
spureum and bright white with dense, opague con-
tents for G. eburneum. These differences were most
dramatic in actively growing cultures; with age, spores
lost their brightness and contents of both species
were highly variable in appearance. Under a com-
pound microscope, differences in spore wall struc-
ture are not distinctive in lightly broken spores. Both
species have a spore wall with two hyaline layers, the
outer layer much thinner than the inner laminate
layer. Spores of G. spurcum tend to have more of an
organic matter coating, but this feawre is highly var-
iable and thus of linle diagnostic value. Differences
are in properties of the layers, and these become ev-
ident only in heavily crushed spores. In these spores,
the outer layer of G. spurcum often separates from
the laminate layer (sometimes completely), whereas
it remains adherent in G. ebwrnewm. The laminate
layer in s spurcum is much more flexible than that
of G. eburneuwm, often spreading in regions where
most pressure was applied and forming abundant
folds on the inner surface (Fics, 5, 4). The laminate
laver of G. eburnewm is not bricde, but it lacks the
plasticity of the same layer in G. spurcum spores
(Fics, 7-9). The most dramatic difference between
species is in the structural transition from spore to
subtending hyphal wall. Spores of G. spurcum rarely
show the subtending hypha because the hyphal wall
is a continuation of the thin outer laver of the spore
will, which often separates, and there is no structural
support provided by continuation of the thicker lam-
inate layer into the hypha (Fic. 4). In contrast, the
subtending hyphal wall of G. eburneum thins more
gradually from the spore base because it is mainly a
continuation of the laminate layer of the spore wall
(Fis. 7, 9). It also has a robust septum at variable
distances from the spore (Fis, 7), two traits which
result in retention of the subtending hypha on most
broken spores.
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Fics. 14219, Glamus lutewm reference accession SA112. Whole spores were photographed in water; broken spores were
maounted in PYLG and Melzer's reagent (1:1 v/v). All micrographs were taken using differential interference contrast optics,
14. Whole spores in water. 15, Juvenile spore with a spore wall consisting only of an outer layer (1), staining pinkish-red in
Melzer's reagent, and carly stages of an inner layer (2). Wall lavers of subtending hypha (sh) are continuous with spore wall
lavers. 16. A more differentiated juvenile spore shows partial degradation of the outer spore wall layer (1) and thickening
of the hyaline inner layer (2) with added sublayers, or laminae, Wall layers of subtending hypha (sh) show similar changes
in differentiation. 17. Spore with three distinet layers (1, 2, 3) of spore wall that continue into the wall of the subtending
hypha (sh). 18. A mature spore in which the innermost thin flexible layer (4) has been synthesized and remains attached
to the subtending hyphal wall and septum. The outer layer (1) has sloughed, the second layer (2) is partially degraded, and
the third vellow-brown layer (3) is finely laminate. A septum (sep) has formed from laminate layer in the lumen of the
subtending hypha (sh). 19. Mawre spore with all four spore wall layers visible: the outermost hyaline layer (1) mostly
degraded, the second hyaline layer (2) sull intact, the third layer (3) finely laminate and rigid, and the innermost layer (4)
thin, flexible and still attached to the spore wall in the region of the septum of the subtending hypha. Bars: 14 = 100 pm;
15-19 = 10 pm.
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Fros, 20=25,  Mycorrhizae of Glomus futeiom SA112 in roots of Zea mays, stained with 0.05% direct blue 20. Arbuscules o

various ages, all staining darkly, Bar = 10 pm. 21. Distribution of arbuscules in the root cortex. Ba

vesicle (ves) and arbuscules (arb) in the root cortex. Bar 15 pm. 23. Coiled intracellular hyphae (hyp), usually mos

frequent near entry points. Bar = 15 pm.

Glomus luteum Kennedy, Stute et Morton, sp. now.
Fios. 5, 14-23

Myveorrhizas vesicular-arbusculares formans, Sporae sin-
gulatae efformatae; lutea; globosae vel subglobosae, Gi=180
pim in diam, Paries sporus stratis quatuor; siramm exierius
hvalings, 1350 pm erassum, in solutione Melzen roseoles-
cens; stratum secundus hvalings, 1.3-65 pm crassum; stra-
tum tribus lamelliforme, 2.5=10 wm crassum, luteus; stra-
tum interius fexibilis, <05 pm crassum, Hypha subtenden-
tes 0=19 pm in diam.

Spores formed singly in soil; globose to subglobo-
se; BO=180 pm diam (mean = 109 pm, n = 160)
(Fii. 5B); becoming pale yellow (0-0-20-0) o dark
vellow with a brownish tint (O-10-60-00), Spores have
a thin halo under reflected light when all lavers are
present (Fiee. 14). The spore wall consists of four phe-
notypically discrete layers: the outer two layers de-
grading following maturation, a permanent pigment-
ed laminate layer, and an innermost laver separating
to resemble an endospore. Only the outer two layers
are evident during early development (Fics, 15, 16).
The outer layer (1) is mucilaginous and stains pink-
ish-red (0-40-20-0) in Melzer's reagent when intact.

LFLy

10 wm. 22, A rar

This layer degrades and sloughs unevenly, thus varie:
in thickness {1.53-5.0 pm, n = 7). even on the same
spore. The second laver (2) is hvaline, semirigid, 1.3
6.5 pm thick (mean = 2.5 pm, n = 154), produce:
no reaction in Melzer's reagent, and also degrade:
and sloughs to varying degrees on developing spore:
(Fios. 18, 19). A third layer (3) forms de novo si
multanecusly in both the spore and subtending hy
phal wall, thickening by synthesis of finely adheren
.'i.lll}iﬂ.}'i_‘l'h. {or laminae), Emlt' vellow [(0-0-20-0) w
brownish yellow (0-10-6040) at matarity, 2.5-10 pn
thick (mean = 5.5 pm, n = 150} (Fii17). The in
nermost laver to form (4) is thin, <0.5 pm, and @
flexible enough to form folds and wrinkles in broker
spores (Fics, 18, 19), This laver may separate com
pletely from the spore wall in broken spores, but i
often remains attached in the region of the septun
occluding the hyphal lumen (Fics. 18, 19). The sub
tending hypha of G, futenm often is broken off at the
spore wall and thus may be difficult to detect. Wher
present, it is cylindrical o slightly flared, 9.0=1% pn
wide at the spore. A septum formed from the pig
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Ficss, 24-27.  Spores af two fungal species similar 1o G hatewm. Whole spores were photographed in water; broken spores
were mounted in PYLG and Melzer’s reagent (1:1 v/v). 24, Whole spores of (. claroidenem reference accession SC1RG. Bar
= 100 pm. 25, Broken mature spore of G clarmidenm SC186. The ower layers (1, 2) of the spore wall are mostly degraded.
The third layer (3) is laminate and pigmented. The thin innermost layer (4) s still avached to the sulnending hyphae (sh)

B 5 JLIm. ., Whole SPOres of G elarum reference accession BRI4TA. Bar

= 200 pm. 27. Broken mature spore of O

darum BRI4TA. The outer layer (1) of the spore wall is partially degraded and shows a darkly dexininoid reaction 1o Melzer's

reagent. The second layer (2) is hivaline, rigid and p-(-rs-.iulrn'l. A thin, laminate laver (3) is present in mature spores. Bar

I pm

mented laminate layer (3} of the spore wall layer of-
ten occludes spore contents (Fic., 18)

Mycorrhizae. Within cortical cells of corn, mycor-
rhizal colonization is casily detected because struc-
tures stain darkly in direct blue, Arbuscules consist
of trunks 1.5=4.0 wm wide with branch hyphae usu-
ally thinning incrementally (Fros, 20, 21). Vesicles
formed infrequently in corn roots after three months
(Fic. 22}, |,|:i14'.||1_1.- :'|,|i|;m|ri:|, 32 % 75 lm to 50 X 495
pin diam. Hyphae at entry paints usually are coiled,
2,0-5.0 pm in width (Fic.. 23). Hyphae in the root
cortices are of similar width when growing straight
and parallel to the root axis, or 4.0-9.0 pm wide
when forming coils distributed in localized pawches
imost from entry points).

HOLOTYPE. CANADA, SASKATCHEWAN: 10 Jun 1997,
L. Xawvier, INVAM culture A 712, Deposition at O8C of pre-
served spores in sodium aride and broken spores mounted
permanently on a glass slide. ISOTYPE. INVAM culture

84112 Deposited at FH. CULTOTYPE. INVAM culiure
SALI2

(Hher materinls ecamingd. UNITED KINGDOM. Origin
unknown, 17 Feh, 1995, R Francs, University of Sheflield,
INVAM culiure UKT 74, UNITED STATES. WEST VIRGIN-
LA: Near Jane Lew. From 24yr-old stand of Trifolium pratense
unider 5|,l|li.1...|l;||r|:|. I-I- H:'I'l IH';I-L f .‘fr.-r.l'rrn. INVAM culture
WVELS. Mingo County, near Logan. From mixed vegetation
at a coal strip mine site (see G, eburneum, above), 26 Sep
1906, K Heldrath, INVAM culture WY2 1A, ARIZONA: Co-
chise County, near Sierra Vista. From Sp. wrghtii on upper
and lower floodplain wrraces, 10 Oct 1997, [ Stutz and L,
Kennedy, INVAM cultures AZF420A and AZ4T48. Cochise
County, near Cascabel. From Sp. wrnightin on lower ol
plain terrace, 22 Apr 1997, L. Kennedy and R, Tille, ASU
slide Br-B 72 CANADA. SASKEATCHEWAN: See Talukdar
and Germida (1993%a). From wheat ( Trficum aestivum L. oy,
Ratepwa), 10 Nov 1992, N, Talukdar, INVAM culiure SA 704

Etymology. Latin, lutewm, refers to the bright yellow
color of many spores under reflected light,
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Distribution and habiial, Glomus luteum has been
found in arid to semiarid habitats in Arizona and
Canada, but also occurs in mesic sites in West Virgin-
ia. It also was obtained in culture from a site of un-
known properties in the United Kingdom.

Talukdar and Germida {1993a) isolated . futewm
from six sites cropped to wheat (T aestivum) in Sas-
katchewan. Soil at one site (Outlook), the source of
INVAM accession SA101, was slightly alkaline, pH 7.6,
with 2.1% organic matter and 10 mg kg ! available
phosphorus. Talukdar and Germida (1993b) cul-
tured various isolates of G. lhuteum on 7. mays, 5. bi-
colow; 8. sudanense, and Lens esculienta L. Associated
AM fungal species included Acaulospora denticulata
Sieverding & Toro, Gigaspora decipiens Hall & Abbott,
Glomus fasiculatum (Thaxter) Gerd. & Trappe
emend. Walker & Koske, . etunicatum Becker &
Gerdemann, . maosseae, and one undescribed spe-
Cles,

Glomus tutewm was cultured from rhizosphere soil
of giant sacaton at two sites along the San Pedro Riv-
er in southeasiern Arizona. Near Sierra Vista, Arizo-
na, on upper and lower floodplain terraces, INVAM
cultures AZ420A and AZ414B, soils were silty loam to
silty clay, alkaline (pH 7.8-8.2), low in organic matter
(1.2-2.9%), and low in EC (1-2.8 d5/m), with 620
mg kg ' available P. The second site was near Cas-
cabel, Arizona (Kennedy et al 1997), a sandy loam
soil, with pH of 8.0, 1.3% organic matter, and 6 mg
kg~! P. Associated AM fungal species were A. trappei;
A, delicata Walker, Pleiffer & Bloss; . eburneum: G,
macrocarpum;, and G. spureum and one undescribed
species.

In West Virginia, a culture containing G. fufeum
(INVAM accession WV944) was obtained from the
rhizosphere of 2yr-old red clover { Trifolium pratense)
in a cultivated field near Jane Lew. Soil was a loamy
sand, pH 5.9, with 13 mg kg ' P. The only associated
AM fungal species was G. oceultum. Glomus lutewm
spores (INVAM accession WV216A) were also found
in soil and root fragments of Festuca elatior, Trifolium
repens and Trifolium pratense hydroseeded onto a re-
vegetated coal strip mine site near Logan. This spe-
cies was one of eleven species of arbuscular mycor-
rhizal fungi present (see species composition from
site containing G. eburneum described above).

Discussion. Spores of G. luteum are within the size
and color range of many Glomus species, but they
most closely resemble those of G, darum and G. cla-
roidewm. In fact, the holotype of this species is iden-
tical to another accession from the same region
(SA101) that has been reported as G, clarum isolate
NT4 (Talukdar and Germida 1993a, b, Walley and
Germada 1996). To clearly establish the differences
between these species, spores from Saskatchewan iso-

lates (SA112, SA101), Arizona (AZ414B) and the
United Kingdom (UK134) were examined and com-
pared to spores of G. daroideum (INVAM accessions
AZZ25D, BRI147A, PL115, SCI186, SF119, UT171)
(Fics. 24, 25) and G carem (INVAM  cultures
AU402B, AZ151A, BRI147B, CLS83A, FL979A,
NCL12A) (Fics, 26, 27).

The outermost spore wall layer (1) of all three spe-
cies is mucilaginous (staining pale to dark reddish-
brown in Melzer's reagent), of similar thickness when
intact, and subject to degradation with age due o
decomposition by bacteria (Walley and Germida
1996). The Melzer's reaction is most darkly dextri-
noid in G. clarum spores (Fi. 27). The second spore
wall layer (2) is hyaline in all three species, but differs
in rigidity, width, and permanence. In both G. ela-
roideum (FIG. 25) and G. luteum (FiG;. 18) spores, this
layer degrades as spores age. However, it rarely per-
sists on spores of the former and often is present on
over 80% of spores in mature cultures of the latter,
probably because it is much thinner (0.6-2.0 pm) in
G. clavoidewm than in G, luteum (1.3-6.3 pm), In G.
clarum spores, the second layer is rigid (often break-
ing with only the slightest pressure), permanent, lam-
inate, and thickest (9=14.5 pm). Thickness and re-
tention of this layer gives spores of G. luteum a halo
appearance under reflected light (Fie. 14), which is
even more pronounced on spores of G. clarum (Fic,
26). The third layer (3) in all three species is lami-
nate and pigmented, varying from pale yellow to
brownish yellow in color. This layer is thickest in 6.
lutewm (mean = 5.0 pm) (Fic, 18, 19), of interme-
diate thickness in G. daroidenm (mean = 3.8 pm)
(FiG. 25), and thinnest in G. darym (mean = 2.5
pm) (Fic. 27). The greater thickness of this layer in
G. luteum accounts for the darker yellow appearance
of many spores in comparison to those of G. daro-
idewm. Similarly, thickness in G. clarum correlates
with spore color (<1 pm in white spores, =2 pm in
yellow spores). Spores of G. huteum and G, daroidewm
also have a thin flexible innermost layer (4) of the
spore wall (Fics. 19, 25) synonymous with a “mem-
branous wall™ (Walker 1983). Even though this layer
is thin and flexible, it is not homologous with flexible
nner walls in spores of Acaulospora, Entrophospora,
and Seutellospora species because it forms as part of
the spore wall rather than independent of it (Morton
et al 1995). This connection is evident in many bro-
ken spores of G. futewm and G. claroidewm, where 14
cither has a small projections indicating insertion
into the pore of the subtending hypha or it remains
attached to the spore wall where it is continuous with
the subtending hyphal wall.
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