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ABSFRACT

The occurrence of five species of Endogonacese previously unreported from Florida s
noted and seven sew species (six in Glomues) are deseribed. Glomus aggregatum is the only
new species from Florida which forms sporocarps in and around roots and is similar in
appearance (o the previously described taxon G fuscicwlutiem. Glomus intraradices forms yel-
low-brown spores almost exclusively in the root. Glomes claroideum has hyaline 1o yeliow
spores which are smaller but similar in appearance to the previously described taxen .
clarum. Glomus feprotickum has relatively large white spores with & thip wall bearing a faint
reticulim, Spores of Glomus fecundisporum are gray-white, have two walls and are freguent-
Iy borne i clusters. Glomus fortuosum has a sinuous hyphal mantle covering the spore.
Gigaspora elbida has generally smaller spores with stightly thicker walls but is similar in
spore shape and color to the previously described taxon G, giganrea. A synoptic key to the
34 species of Endogonaceac described in Florida is included.

Key Words: taxenomy, symbiotic fungi, vesicular-arbuscular mycorrhizae.

Several new genera and species of recently described mycorrhizal fungi in the
Endogonaceae have been observed in Florida, However, these and several other
species have not been reported from Florida. In addition, several new species
have been found in Florida since a previous report in 1979 (12). The purpose of
this paper is to report first observations in Florida of two genera and five species
as well as describe six new Glomus species and a new species of Gigaspora in
the Endogonaceae.

FIRST REPCGRYS OF PREVIOUSLY DESCRIBED SPECIES

Acaulospora bireticulata Rothwell and Trappe (18) was recovered at one lo-
cation only i a aursery of tropical legumes on the campus of the University of
Florida, Spore measurements and the bireticulate wall pattern were similar o
those described by Rothwell and Trappe. Spores of this species were sparsely
associated with soit from around the roots of Centrosema pubescens L. No at-
tempt was made to establish pot cultures.

Acaulospora scrobiculata Trappe (38) was found in soil of unknown origin
near Daytona Beach, Florida, by C. Walker {Walker specimen No. 116), We
examined spores taken from this sample and agreed with Walker's determinations
but were unsuccessful in our attempts to establish a pot culture with this isolate
on soybean {Glveine max {1..) Merr.} or bahia grass {Paspalim notatum Flugge).

Acaulospora spinpse Walker and Trappe (21) was recovered from seil associ-
ated with the roots of St. Augustine grass [Stenctaphrum secundatum {(Wall)
Kuntzel from the Horticultural Farm, University of Florida, Gainesville. Spore
measurements and spore wall characteristics were similar o those described by
Walker and Trappe.

Entrophospora infreguens Ames and Schneider (2) was recovered from soil
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associated with Macroptilium sp. from the Agricultural Research Center at Ft.
Pierce, Florida, Azygospores were giobose, 98-130 um in diameter, orange-
brown to brown, and frequently attached to an empty vesicie. This isolate was
established in pot culture with bahia grass and sporulated abundantly. However,
these pot cultures contained other species of Endogonaceae and a pure pot culture
of E. infrequens was never established.

Complexipes moniliformis Walker (19) was recovered from sand pine [Pinus
clausa (Engelm.) Vasey} in northeast Florida near Green Cove Springs by E. L.
Bamard, Spore diameters ranged from 42 to 70 pm, somewhat smaller than the
minigmum listed by Walker (53 wm}. Spores were giobose, red brown, with spines
or papillae somewhat curved. Subtending hyphae were moniiform up to four
cells below the spore and attached to thick-walled, brown, nonseptate hyphae.
Some spores had two adiacent subtending hyphae.

DESCRIPTIONS OF NEW SPECIES

Six new species in the genus Glomus and one new species of Gigaspora were
found in Florda and are described for the first time,

Glemas intraradices Schenck & Smith, sp. nov. FiG. ja-d

Chlamydosporae singuiatae vel aggregatae in radict raro exteriore radici efformatae; sporae glo-
basae 40,5-190.5 um diam, raro subglobosae, 93-119 » 112131 wm diam: tunica sporarum 3-15 pm
crassa, lutea vel viridifusca; sporae cum ana vel duo, Fare quatior tunicae lamgnatae, spotae imma-
terae cum tenica separabilis, hyalinae, caducae, exteriore, -7 gm crassa; tunica sporarom ad funicas
hyphae subtendeatae terdent. Hyphae subtendentes 933 pm diam, tunicae 1.5.5.2 wm crassae, ad
sporem basem. Hyphae extramatrices 2-15 gm diam. Mycorthizae vesicar-arbusculares formans.

Sporocarps unknowsn. Chiamydospores formed singly or in clusters in the
root, rarely formed outside the roof: chlamydospores predominantly globose.,
(40.5-)98.5(~190.5y pm diam but frequently subgiobose 93-119 % 112-13]1 um
diam; spore walls 3—15 pm thick, vellow to gray-brows, appearing greenish brown
with transmitted lLight; spores with | or 2, occasionally up to 4 laminated walis
on larger spores; mnner walls darker than outer walls; on young spores an addi-
tional, hyaline, ephemeral outer wall (1--2 pm) which cccasionally extends down
the hyphal attachment 5-10 wm, generally separates from the inner wall(s} under
moderate pressure in sguash mounis. Spore contents globular, yellow to light
brown. Walls of the spore extending into the hyphal attachment forming an ap-
parent tubaeform flare at the juncture with the hyphal attachment; hyphal at-
tachment 9-33 um wide with a wall thickness of 1.5-5.2 um at the base of the
spore; hyphal attachment occasionally constricted 2-3 pm at the base of the
spore. Extramatrical hyphae varying from 2-15 um in diam. Forming fypical
vesicular-arbuscular mycorrhizae.

ErvyMmoroGy: Latin (imtra = within, radices = roots) referring to the almost
exclusive formation of chlamydospores by this species in the root.

Type: A pot culture of bahia grass initiated from a sample obtained from S.
Nemec, USDA Horticultural Research Laboratory, Orlando, Florida, which he
originally isolated from cigrus roots. Tyee OSC No. 40,255; 1soryres FH, FLAS
No. F52578,

DistriBuTION: This species Is one of the most common (flomus species oc-
curring in Florida. {t has been recovered from or associated with the roots and
soil of papaya {Carica papaya 1..) and tomato (Lycopersicon esculentum Mill.)
at Homestead; from tomato at the Agricuitural Research Center at Immokalee;
from celery [Apium graveolens (L.} var. dufce D} at Belle Glade; from citrus
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Fi1G. la—d. Glomus intraradices. a. Young chlamydospore with outer fragile wall broken, x400.
b. Chlamydospore showing the multiple wall and intact hyaline outer wall, x400. c. Base of mature
spore with the tubaeform flare on the hyphal attachment apparent, x1000. d. Root containing many
chlamydospores of G. intraradices, x60. F1G. e.f. Glomus aggregatum. e. Small sporocarp beside root,
%28. f. Individual spores, x400. FiG. g-i. Glomus fecundisporum. g. Chlamydospore broken to show
inner and outer wall, x400. h. Chlamydospores attached to hyphae and root, x56. i. Individual spore
with hyphae, x400.



80 MycoLocia

(Citrtes sp.), rhizoma peanut {Arachis glabrata Benth.), and Stylosanthes sp.
at the Agricultural Research Center at Ft. Pierce; from corn (Zea mays 1..), snap
bean (Phaseolus vulgaris L), and strawberry (Fragaria chiloensis Duch. var,
ananassa Bail.} at the Agricultural Research Center at Dover; from celery and
carrot {Daucus carota L., var. sativa DC) at Zellwood; from potato (Sofanum
tuberosum 1) at the Agricultural Research Center at Hastings; from barley
{(Hordeum vulgare L.}, ocats (Avena sativienn L.}, wheat (Triticum vulgare 1..)
and corn at the Agricultural Research and Education Center at Quincy.

Glomus intraradices s the only described species of Glomus which has yellow
to brown spores forming predominantly in the root. As individual spores are
rarely recovered in soil sievings, it is more frequently observed in fresh or stained
roots. The chlamydospore size range Is intermediate between G. fasciculatum
{Thax. sensu Gerd.} Gerd. & Trappe and G. clarum Nicol, & Schenck, distin-
guishing it from these two species which also form spores within roots. Individual
chiamydospores resemble (. aggregatum Schen. & Smith, G. efunicatum Beck.
& Gerd., and . macrocarpum Tol. & Tul. but can be distinguished from these
as well as other Glomus species by the tubaeform flare {FiG. ic) on the spore
walls where they join the subtending hyphal attachment and the outer ephemeral
wall which usually cracks under light pressure,

Glemus aggregatum Schenck & Smith, sp. nov. Frg, le-f

Chlamydosporae laxae gregaria vel in sporocarpis sine peridio efformatae; sporocarpl 660-
1800 = 330-1400 wm; primi exlernam radicem posterior vesiculae t sporae in radici efformates.
Sporocarpi hyalini vel luted, viridulo suffusi. Chlamydosporae bitunicatae, hvalinae vel lnteae, glo-
bosae, 50-91 um, vel subglobosae, obovatae, cylindricae, irregulares 6711 x 38-79 um. Tunicae
separabiles, Iuteae vel fulvae, 1.2-2.4 um crassae; tupica externa quam interne clariora et crassiora.
Hyphae sublendentes 4.8-12 um diam. poro non claadit; hyphae extramatrices 4.8-7.2 um diam.
Formans vesicular-arbusculares mycorrhizas,

Chlamydospores formed in loose clusters or in sporocarps without a peridiun;
carliest sporocarps forming outside the root. in as early as 60 da in pot culiure;
vesicles and spores in roots formed after 100 da, eventually developing into spo-
rocarps that rupture the root cortex and epidermss. Sporocarps of variable size
ranging from 060-1800 x 3301400 pm after five months in pot culture, Sporo-
carps hyaline to light yellow with a greenish tint in transmitted light, becoming
yvelfow with age. Chlamydospores globose, subglobose, obovate, cylindrical to
irregular; spore diam average (50.4-)72.5(-91.2) um when giobose and (67.2)87
{(~110.4) x {57.6-72(~79.2} pm when subglobose. Spores hyaline 10 vellow; spore
walls yellow to yellow-brown, varying from 1.2-2.4 um thick consisting of an
outer wall slightly thicker and lighter in color than the inner wall; walls separabie
with slight pressure and most apparent in stained preparations. Hyphae at the
point of spore atfachment 4.8-12 pm wide. Spore confents ¢confluent with hyphal
contents on young spores but separated from hyphae on older spores by inner
spore wall; pore not occluded by hyphal wall thickening. Hyphal attachment
straight or recurved sharply at the spore base. Most hyphae 4.8-7.2 pum diam.
Forming typical vesicular-arbuscular mycorrhizae.

ErvymoroGy: Latin {aggregarum = grouped) referring to the clustered ar-
rangement of the spores in the sporocarp.

Tyre; From a pot cualture obtained from roots of Carrizo citrange (Citrus
sinensis X Poncirus trifofiaia) collected at Adam’s Citrus Nursery near Haines
City. Cultures maintained and increased in pot cultures of bahia grass, Tvre OSC
No. 40,254; ssorypes FH; FLAS No. F32574,
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Disrrisution: This species is known only from a single collection from citrus
at the Adam’s Citrus Nursery near Haines City, Florida. It has been maintained
“in bahia grass pot culture for I8 months and retfains s original appearance and
characteristics.

Glomus aggregatum most resembles G. fosciculatum, but it can be distin-
guished from G. fasciculatum by #s thinner spore walls, lighter colored spores
with a distinct green tint and separable inner and oster wall,

Giomus fecundisporum Schenck & Smith, sp. nov. Fig. 1g-i

Chiamydosporae singulatim vel gregatim in solo efformatae, globosae 60135 um diam, longae
vel formae irregulares 83150 x 107.207 wm diam, Tunica sporarum subhyalina vel fulva, 1.5-7.5
{~13} wmn crassa; tunica exteriore el interiore infer se aeguales; funica exteriore cum presso fevi
rampens, primo glabra deinde cum humo. Spora immatura subhyalina, matura grisecla. Apertura pori
614 pm diam, sporarzm tunicis claudit. Hyphae subtendentes 7-22 pm diam, tunicae 0.5-2 um
crassae. Hyphae extramatrices 12-22 pgm diam, asperuiae vel 4.5-9 um diam glabrac. Formans my-
corrhizas sed sine vesiculis vel arbusculis,

Sporocarps unknown; chlamydospores formed singly or 1n loose clusters in
the soil and frequently enmeshed and bound to plant roots in profuse hyphae.
Chiamydospores globose, (60-3107(—-133) um diam, elongate 1o irregular spores
83150 > 107207 wm in diam. Spore wall sub-hyaline to light yellow on young
spores becoming yellow-brown to dark brown or black and laminated when ma-
ture, §.5-7.5¢-13) um wide, averaging 4.5 um; spore wall smooth on young spores
but ¢n mature spores surface frequently roughened with adhering debris; spores
consisting of inner and outer walls of approximately equal thickness which can
be separated under pressure. Spore contents sub-hyaline in young spores, gray-
white when mature; contents and walls on immature spores frequently collapsing
in stained specimens. Spore subtending hyphae 7-22 pum, averaging 15 pm diam
with thin walls (§.5-2 um); pore opening 6—14 pm becoming occluded by spore
wall on old spores. Extramatrical hyphae frequently 12-22 wm diam with the
outer surface roughened with portions of sloughed wall fragments and adhering
debris; narrow, thin-walled hyphae ¢4.5-8 um diam} with smooth walls. Forming
mycorrhizal associations with plant roots but not forming typical vesicles or ar-
buscules; coiling hyphae formed in outer cortical cells with hyphal walls becoming
indistinct and weakly staining with trypan blue after growth through 2 to 3 cortical
cells; hyphal contents freguently enlarging to 8l cell lumen.

ErysmoiLocy: Latin{(fecundum = fertile; sporum = spore) referring to the pro-
lific production of spores by this species.

Tyre: Spores from a bahia grass pot culture obtained from soif around soyhean
roots on the Agronomy Farm, University of Florida, Gainesville. Tyeg OSC No.
40,250, 1soTyees FH; FLAS No., F52579.

DistrisuTION: Collected from soybean rhizosphere soil on the Agronomy
Farm, Usiversity of Florida, Gainesvilie, and identified in a sample of spores
from molasses grass (Melines minutiflora Beauv.) collected by . M. Chaves,
Vigosa, Minas Gerais, BRAZIL.

Glomus fecundisporum is a hyaline to dirty-white spored species with spores
frequentiy borne in clusters. The spores of . fecundisporum are generally larger
than G, pallidum Hall (9) and are never formed in sporocarps as described for G,
pallidum. The walls of G. fecundisporum are generally thinner than G. claroideum
Schen. & Smith and (. clarum and are never formed in the roots like G. clarum.
Chlamydospores of G. fecundisporum are generally smalier and do not have an
alveolate reticulum like spores of G. leptotichum Schen. & Smith.
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FiG. 2a, b. Glomus tortuosum. a. Chlamydospore covered by mantle of convoluted hyphae. b.
Two chlamydospores adhering to each other by the mantle. (All figs. x 112.) FiG. c—e. Glomus
leptotichum. c. A single chlamydospore and hyphal attachment, x112. d. Two chlamydospores with
walls showing the typical faint reticulation associated with them., x56. e. Intercalary extramatrical
vesicle, x112. Fi. f. Glomus claroideum. A single chlamydospore with hyphal attachment, x200.
F1G. g. Gigaspora albida. Azygospore with bulbous hyphal attachment, x28.

Glomus leptotichum Schenck & Smith, sp. nov. Fi1G. 2c—-e

Chlamydosporae singulatae vel laxe gregaria in solo efformatae, globosae 48-262 um diam: sub-
globosae, ovatae vel formae irregulares 104-233 x 155-262 um. Contenta sporae globulae, primo alba
deinde vel cremea. Tunica sporarum singula, primo hyalina aetate albolutea vel fusca, 1.5-7.4(-10.5)
mm crassa, cum reticulata indistincta alveolata 0.5-1 pwm crassa in humo adherente. Hyphae subten-
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dentes 927 um diam ad sporam basem. Vesiculae extramatrices, leptodermae 2948 we diam, ter-
minatiter vel intercalares in hyphis efformatae. Hyphae extramatrices 7.5-18 pm diam, cum Ry phis
magnis frequens squarrosis, Formans mycosrhizas sine vesiculi vel arbuscul,

Sporocarps unknown; chlamydospores formed singly or in loose clusters in
the soil but frequently enmeshed and bound to roots in profuse hyphae. Chia-
mydospores globose, extremely variable in size, (48-3175(-262) pwm diam; subgl-
obose, ovate or irregular-shaped spores 104-233 x 155262 um; chiamydospores
with a single wall, hyaline in young spores, becoming light yeliow with age, 1.5~
7.4(-10.5) um thick, averaging 4.3 um; spore wall with an indistinct alveolate
reticulum of shallow ridges (0.5~1 um wide) which is most apparent on yousng
spores devoid of contents; spore wall with adhering debris on the cuter surface
especially at the hyphal attachment. Spore contents globular, predominantly
white to cream but hyaline in young spores and becoming yellow-white on older
spores; contents and walls of young spores frequently collapsing in the clearing
and staining process, Subfending hyphae 9-27 um diam at the spore attachment,
narrowing gradually with distance from the spore; hyphal wall continuous with
the spore wall; spore contents enclosed with a membrane which occasionally
buiges into the subtending hyphae: pore size 5-18 um usually 6-8 um; pore
occluded by the spore wall on old spores. Thin-walled extramatrical vesicles, 29-
48 pm diam, formed terminally or in an intercalary manner on hyphae; the distal
hyphae on intercalary vesicles frequently aborting, leaving a short vestigial pro-
Jection on the vesicle apex. Extramatrical hyphae 7.5~18 um diam. with the outer
surface of larger hyphae frequently roughened from portions of sloughed wall
fragments and adhering debris. Forming mycorrhizal associations with plant
roots, but not forming typical internal vesicles or arbuscles: ¢oiling hyphae
formed in outer cortical cells with hyphai walls becoming indistinct and only
weakly staining with trypan blue after growth through 2 to 3 cortical cells; hyphal
contents frequently enlarging to completely fll cell lumen.

EryMorLoGy: Latin (feprotichum == thin-walled) referring to the thin walls on
this large-spored Glomus species.

Tyre: From a pot culture of bahia grass derived from spores collected from
soil associated with corn roots near Live Qak, Florida. Type OSC No. 40,249;
sovyres FH; F1AS No, F35257s,

Distrirurtion: Collected from soil associated with roots of corn near Live
Oak, Florida; from around sweet gum (Liquidambar styraciflua 1..) roots in Ai-
ken, South Carolina, and from pear} millet [Pennisetum glaucum (L) R. Br.} in
Athens, Georgia.

Glomus leprotichum typically has large, white to cream-colored spores with
hyaline walls bearing a faint reticulum of ridges. Spores and extramatrical vesicles
are produced both terminally and in an intercalary manner. Because of its large
size and white to cream-colored spores it could possibly be confused with G.
lacteum Rose & Trappe (14), but G. leptotichum lacks the merging hyphae on the
attachment associated with G. lacteum. Glomus fecundisporum Schen. & Smith,
which G. leptotichum resembies somewhat, has generaily smaller spores with
veliow 1o brown walls, gray-white contents, and lacks a reticulum.

{Hdomus tortnesum Schenck & Smith, sp. nov, Figs, 24, b

Sporocarpia ignota. Chlamydosporse maturae luteae vel griscae com hyphis sinuosis appressis,
410 pm crassa, formans stratae ad 25 im crassudem, saepe cum humo adhacrente. Chlamydosporae
globosae, 120-210 um diam. vel subglobosae 94-180 x 112230 xm, excludens hyphis sinuosis ap-
pressis. Chiamydosporae immaturae, hyalinae, leptodermae, 0.4-1.5 pen, sine sinuosis Appressis.
Tumica sporarum singula, 0.5-2 gm crassa; hyphae subtendentes 9-20(-26) um diam ad SpOTam
basem. Formans mycorrhizas sed sine vesiculis vel arbuscndis.
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Sporocarps unkaown, Chiamydospores borne singly in soil but occasionally
adhering in pairs. Immature spores subhyaline without a mantle, thin-walled (0.4~
1.5 wm diam) and attached to extramatrical hyphae up to 500 pam long. Mature
spores yellow to dull gray-brown with a mantle of sinuous hyphae closely ap-
pressed to the spore and 8attened, 4-10 um wide, forming layers of hyphae on
the spore surface up to 25 pum thick; occasionally, mantle extends down the
hyphal attachment. Mantle hyphae hyaline when young, acquiring a brownish
pigment with age, and originating from swellings on the hyphal attachment 1020
um below the spore or arising from other hyphae adjacent to the spore. Mantle
frequently with adhering debris and soil particles. Chlamydospores largely glo-
bose, (120-)166(-210} wm diam, some subglobose 94180 x 112-230 um exclud-
ing the mantle; spores with a single, laminate, thin wall, 0.5-2 um diam; spore
contents globular but usually obscured by the mantle. Width of hyphal attachment
af the spore base 9-20(--26) wm. Extramatrical hyphae 2-11 um diam, hyaline {0
light vellow. Forming mycorrhizae on plants without typical vesicies or arbus-
cules; intraceliular hyphae lacking distinct walls and frequently enlarging fo fill
the lumen of cortical cells.

ErymorLoGY: Latin {fortucsum = winding) referring (o the winding pattern of
hyphae in the spore mastle.

Tyee: From a bahia grass pot culture derived from spores originally obtained
from arcund soybean roots at the Agricultural Research Center, Live Oak, Flor-
ida. Tyee OSC No. 40,251; 1soryees FH; FLAS No. F32573,

Distrisurion: Kanown only from soil around soybean roots located at the
Agricultural Research Center, Live Oak, Florida.

Glomus rortuosum is distinctive among Glomus species in having a mantle of
sinucus hyphae covering each spore, Only . convolutum Gerd. & Trappe has
been described as having a mantle of intertwined hyphae but this species is only
known from sporocarps collected from snow banks. Sclerocystis sinuosa Gerd.
& Bakshi also has sinuous hyphae surrounding the spores but the sporocarpic
nature of this species would readily differentiate it from G. fortuosum. The manile
of G. tortuosum can be confused with the peridium on chiamydospores of 6.
masseae (Nicol. & Gerd.) Gerd. & Trappe and . monosporum but can easily be
distinguished from these species under the microscope by the sinuous nature of
the mantle on G rortuosum.

Giomus clareidenm Schenck & Smith, sp. nov. Fig. 2§

Chlamydosporae singulae in solo vel radice efformatae; sporae globosae, 76-180 pm diam. vel
subglobosae 59-126 x 72..145 pan; tunica sporarum una vel duabus stratis formata, hyalinae vel
alboluteae, glabro-tenicatae, saepe cum humo adberente. Contentae sporarum giobulosae, hyalinae
vel alboluteae; hyphae subtendentes 7.5-15 um diam ad sporam basem, ramosae 50-130 um sub
spora. Mycorrhizae vesicular-arbuscular formans.

Sporocarps unknowsn; chlamvdospores formed singly or in loose clusters in
the soil and infrequently as single spores in the root. Chlamydospores globose
{(70-1130¢-180) pm diam; occasionally subglobose to irregular; 59-126 x 72-145
w; spore wall (4.5-37.6(-10.5) pm consisting of 1 or 2 walls with the outer wall
laminate and usually thicker than the inner wall, spore walis hyaline 1o yeilow,
becoming velow-brown with age; outer spore wall smooth but frequently with
soil particles or debris adhering. Spore contents globular, hyaline fo light vellow,
refained by a membrane on voung spores amd occluded by spore walls on older
spores. Spore subtending hyphae 7.5-15 um diam at the spore attachment; walls
of subtending hypha on young spores 3.0-3.5 pm thick and 1.5-3.0 um thick on
older spores at the point of attachment, usually abruptly tapering below the spore;
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considerable branching of subtending hyphae usually occurs 50-150 gm below
the spore. Extramatrical hyphae 3-14 um diam with hyaline fo yellow walls
usually 1.5-3 pm thick. Forming typical vesicular-arbuscular mycorrhizae with
piant roots.

ETyMoLoGy: Latin {clarum = clear, oideum = like) referring to its similar ap-
pearance to Glomus clarum, a hyaline-spored Glomus species.,

TypE: From seil arcund soybean roots collected at the Agricuitural Research
and Education Center near Sanford, Florida, in July 1976 and maintained in bahia
grass pot culture at the University of Florida, Gainesville. Tyre O8C No. 40,252;
150TYPES FH: FLAS No. F52578.

DistrisutioN: This species is only known from two locations. It was origi-
nally recovered from soif around soybean (Glvcine max) roots at the Agricultural
Research and Education Center, University of Florida, Sanford, Florida. It was
also observed as a conmaminant in pot cultures of VA mycorrhizal fungi of H. D,
Skipper from Clemson, Scouth Carolina. The original isolate from soybean has
been established on bahia grass {(Paspalum, notarumy and been maintained for
several years, '

Glomus claroidenum is mostsifilar to Glomus clarwm in appearance but canbe
separated from it by its'generally smaller spores, thinner wails and production of
abundant extramatrical spores. Glomus claroideum forms chlamydospores only
rarely within the root, whereas G. clarum rarely produces them outside the root.
Other Glomus species producing white or hyaline spores have either thinner walis
{G. albidum Walker & Rhodes (2()1, have more than one hyphal strand on the
attachment [G. lactewm Rose & Trappe (1)1, or are of smaller diameter {G. pal-
tidum Hall (%)L

Gigaspora albida Schenck & Smith, sp. nov. Fia. 2g

Azygosporae singulatae in solo efformatae, albae viridulae suffusae: globosae, 143-33((-350) um
diam, raro ellipsoideae, 132252 « 234250 pwm; tunica sporarum, 412 o crassae, cum -6 funicae;
tunica exteriore tenui, laevis, 1-2 mm crassa cum presso levi rumpens; funicae interore, 2-3, rarp 4—
5 tunicae inseparabiles, Tubis germinationis mnicam prope basim penetrantibus. Azygospore cum
suspensore bulbose uno. hyaline vel futeo, 2450 pxm diam. Vesiculae exframatrices hyalinae vel lutet,
tusbinatae. obovatae, vel clavatae, 1736 um diam, in fasciculis 5-14 in hyphis complexis ortae in
humo efformatae; vesiculae apicis echinulatae. Formans arbusculares mycorrhizas.

Azypospores formed singly in the soil, dull white with a light greenish-yeliow
tint; mostly spherical 143-330(-350) um diam, averaging 265 um, occasionally
ellipsoidal, 232-.252 x 234250 wm; spore walls continuous, except for an oc-
chuded pore, from 4-12 pwm thick, with 1 (on young spores) to 6 walls; outer wall
thin, smooth, 1-2 wm thick, readily cracking under light pressure; usually 2 or
3 but occasionally 4 to 5 inner walls, inseparable, of varying thickness. Germ
tebes produced directly through the spore wall near the bulbous suspensor with-
out forming an enclosed compartment separating it from the spore contents.
Azygospore attached to a single, hvaline to yellow, butbous suspensor, (24-)36
(--30) wm attached to septate hyphae with fine hyphal branches. Extramatrical ves-
icles hyaline to yellow, turbinate, obovate, or clavate, {17-)25(-36) um diam
formed 11 clusters of 5 o 14 on coiled hyphae in the soil; vesicle apex echinulate
with spines 2.5-10 um long; spines frequently septate and occasionally bifurcate.
Forming arbuscular mycorrhizae.

EryMmoroGy: Latin {albida = whitish} referring to the color of the azvgo-

spores.
Tyeg: From a bahia grass pot culture originally obtained from spores asso-
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ciated with soybean soil on the Agronomy Farm, University of Florida, Gaines-
ville. Tyee OSC No. 40,253; 1sorvees FH; FLAS No. F52575,
© DbistrisuTioN: Coliected from Coastal bermzzda grass iCvnodon dactylon (L)
Pers. var. coasiafl by R. E. Garrett and soybean soil on the Agronomy Farm,
University of Florida, Gainesville and tomato from the Agncu]mrai Research
Center, Immokalee, Florida,

Gigaspora albida can be separated from G. gigantea (Nicol. & Gerd.) Gerd.
& Trappe by its generally smaller spores and very light tint of green. The outer
thin wall of G. albida readily separates or cracks under pressure, a characteristic
typical of (7. gigantea, but the inner wall is thicker than G. gigantea, and fre-
quently is composed of several inseparabie walls, a characteristic more like G.
margarita. The consistency of this species in pot cuiture over several years and
its occurrence on several different plant species at different locations in Florida
Justifies this description of a new species, in the authors’ opinions.

SYNOPTIC KEY TO FLORIDA ENDOGONACEAE

The following key congains zll 34 species recorded from Florida and, in ad-
dition, four Gigaspora species not known to oceur in Florida, &. aurigloba Hall,
G. gilmorei Trappe & Gerd., G. calospora (Nicol. & Gerd.) Gerd. & Trappe, and
G. coralloidea Trappe, Gerd. & Ho. To use the key effectively, several mature
spores of each specimen to be determined shouid be available and, most preferably,
spores and root material from an actively growing pot culture. Several species are
difficult fo separate, e.g., Gigaspora gigantea from G. albida; also Glomus etuni-
catum, G. macrocarpum, G. fecundisporum, and G. claroideum from each other.
For separation of these species, the original or other descriptions shouid be con-
sulted, For unfamiliar terms in the body of the key, consult Snell and Dick (16) or
some other glossary of mycological terminology.

To use the key, first determine the genus using the diagrams i Fig. 3. Each
genus is depicted by drawings of representative spore types with several stages
in the development of spores for Acaulospora and Entrophospora shown. Some
of the variability in appearances of spores and other structures are shown for
each genus except Complexipes which is monotypic and relatively uniform.

The following comments regarding the genera of Endogonaceae included in
F1aG. 3 are made to clarify differences among the genera. The azygosporic genera
all produce spores singly in the soil. Gigaspora species have a suspensor cell
{swollen hyphal tip) that is attached to the spore vertically or horizontally. Infre-
quently, the suspensor cell is broken away from the azygospore and these spores
may resemble mature azygospores of Acawlospora which usually are found with-
out any attachment. On a few Gigaspore species the suspensor cell may be
narrow or hyaline and for this reason mistaken for a simple hyphal attachment
such as found on chlamydospores in the genus Glomus. Thin-walled vesicles
{extramatrical vesicles) are produced singly or in loose clasters on coiled hyphae
in the soll by Gigaspora species but these are of little diagnostic value except in
pure pot cultures of a single species,

Species in the genus Acaulospora produce spores on tapering, swolien hyphae
ferminating in a vesicle. Remnants of the hyphae or vesicle may be associated
with azygospores of Acaulospora species but most frequently mature spores lack
any attachment. Many times the laterally attached hyphae will persist and such
spores can be mistaken for Glomus spores with a recurved hyphal attachment,

Spores in the genus Entrophospora are formed on swolien hyphae terminating
in & vesicle, but the spore is formed within the hypha not lateraily as in the genus
Acaulospora. Because of their similarity, azygospores of these two genera must
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Fi. 3. Diagrammatic drawings of typical spores of six genera in the Endogonaceae, Drawings
are to be used to determine genus of unknown spores before proceeding to body of the synoptic key
for species delermination. Spore sizes are not to scale.

be examined carefully to distinguish them. The mature azygospore of Entro-
phospora often resembles a Glomus species when the hyphal attachment remains
and the vesicle is lost.

Chlamydospores in the genus Glomus can occur singly or in tight clusters
{sporocarps) which may or may not be covered with a hyphal peridium. The
hyphal attachmesnt is either confluent with or firmly attached to the spore wall
with only a small pore opening {0 the spore contenis. Some species form extra-
matrical, smooth-walled vesicles.

Species in the genus Sclerocystis always form sporocarps i which the chla-
mydospores are radially arranged around a ceniral hyphal plexus. They may or
may not have a hyphal peridium covering the spores. A cross section through the
sporocarp readily reveals the radial arrangement of chlamydospores and distin-
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guishes them from (Glomus sporocarps which usually have spores arranged ran-
domiy.

Chlamydospores of the genus Complexipes are produced singly on swollen
monilioid cells.

After determining the genus for the specimen to be identified, proceed to the
appropriate Key to determine the species. Select a character in the key that is
associated with the species to be identified. Write down the species pumbers
listed in the key for that characteristic. Then select another characteristic in the
key associated with the species to be identified and also record the species num-
bers having that characteristic. Cross out the species numbers not listed for both
characters. Then proceed to another characteristic and also cross out all aumbers
not in common with the second characteristic. Proceed in this fashion until all
the characters dispiayed by the specimen species have been exhausted in the key.
Only one or a few species numbers shouid then remain. Citations to detailed
descriptions are Hsted after each species in the key and may have to be consulted
to differentiate morphologically similar species. Other keys to the Endogonaceae
which may be helpful in identifying unknown species are listed in citations 4, 7,
10, 12,

SYNOPTIC KEY

List of genera and species.—Species numbers are those used in the key 10 in-
dicate species and species description numbers refer to references in the Liter-
ature Cited,

Species
description

GIGASPORA SPECIES

1. (7. afbida Schenck & Smith
2. G. aurigloba Hall 2
3 G calospora (Nicol, & Gerd.y Gerd. & Trappe 7. 1t
4. G coralioiden Frappe, Gerd. & Ho I ¥
5. €. gigantea (Nicol. & Gerd.} Gerd. & Trappe 7, i}
6. . gitmorei Trappe & Gerd. i
7. G, gregaria Schenck & Nicol B2
8. (7. heterogama (Nicol, & Gerd.) Gerd. & Trappe 11, 12
@, (7. margarita Becker & Hall 4, 12
{6 . nigra Redhead . 12, 13
P (G peliucida Nicol. & Schenck 12
12, 7. rosea Nicol. & Schenck | ¥
ACAULOSPORA SPECIES
13, 4. birericuiata Rothwell & Trappe i5
14, 4. gerdemanni Schenck & Nicol. B2
15. A. faevis Gerd. & Trappe ' A ¥
16, A. scrobicuiata Trappe 18
17. A. spinosa Walker & Trappe 21
18, AL frappel Ames & Linderman 1
GEOMUS SPECIES
19, & aggregarwm Schenck & Smith 12
8. G. claraidesm Schenck & Smith
2i. (. clarem Nicol, & Schenck 12
22, (7. etunicarum Becker & Gerd, 3
23, . fascicwlarwm (Thax, sensu Gerd) Gerd. & Trappe 5.7 47
24, 6. fecundisporum Scheack & Smith
25, G fulvam (B. & B Trappe & Gerd. 7012, 1%
26, G, geosporum (Nicol, & Gerd.} Walker 1.1

27. & intraradices Schenck & Smith
28, G lepratichuen Schenck & Smith
26, . macrocarpam Tl & Fol. 7. 17
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3, GLomicrocarpum Tul & Tul,
3. G mosseae {Nicol, & Gerd.} Gerd. & Trappe
32, &G, renuis (Greernall} Hall
33, . rortuosion Scheack & Smith

SCLEROUYSTIS SPECIES
34, 5. coremivides B. & B.
35, 8. rubiformis Gerd. & Trappe
36, 8. sinuosa Gerd. & Bakshi

OFTHER GENERA

¥ Entrophospora infrequens {Hally Ames & Schneid,
38, Complexipes moniliformis Walker

GIGASPORA

SPORE COLOR
Hyaline: 3, &, i1
Subhvaline to fight yellow: 1,3, 5, 6,9, 11, 12
Yellow to light brows: 2, 5
Brown: 4, 7, 8
Black: 19
Greenish ting 1, 3
Pink ting: 12

SPORE SURFACE
Smooth: 1,2,3.5.6,9, 11,12
Pitsed: 10
Projections: 4, 7, 8

SPORE SIZE (DiaM)

50200 g 1,2, 3. 5.8, 10, 12
200.250 me 1,2, 3, 5,6, 8,11, 12
250400 g 1,2, 3,4, 5.6, 7.8, 9,40, 12
400-600 am: 2.3, 4,5, 7.9, 19

=600 pm: 5, 10

SPORE WALLS
Separable outer wall: 1, 5,6, 11
Walis 2, inseparable: 7, 8, 1}
Walt 1, may be laminated: 2. 3, 4, 9, 12
Wall thickness

<6 am: 1,3 5,89, 12

612 um; 1,2, 4,5,6.7, 8,9, 16, 11, 12
1218 ppx 2,4, 6,7, 9, 0
18-24 pmy 9, 10

SUSPENSOR CELL {DIAM}

1025 aon 1,03, 8,9, 1
2540 wm: 1, 3,6, 78,9, 11,12
4055 urme: §,2, 3.5, 78,9, 10
55T prm 2,4, 7,9, 10 :
85 gy 7,1

=85 pm! 10

Ansached to spore laterally: 8, H0
Attached 1o spore vertically: ALL SPECIES

EXTRAMATRICAL AUCESSORY VESICLES
Clustered: 1, 2,5, 6,7, 8,9, 10, 1, 12
Single: 3, 4, 5, 9, il
Coralloid: 4
Blunt projections (knobby): 2,3, 6,7, 8, 18, {]
Elongate projections {spinyy: 1, 2,4, 5,9, 12
Dhiam siopie vesicle

P28 pem: 102,03, 5,6, 7, 8,9, 10,1, 12
2540 e 1,2,3,4, 5,708,910, 11, 12
A-60 mm: 2,7

2

=6 pm:
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Vesicle color
Hyaline to pale yellow: 1, 2, 3. 5,6, 9, 12
Yellow brown: 3,4, 6,9, 1}
Brown: 4, 7, 8, 19, 1}
Dark brown: ¢

ACAULOSPORA

SPORE COLOR
Hyadine to light veliow: 17, 18
Shades of brown: _13, i4, 15, 16, 17

SPORE SURFACE
With spines or projections; 17
Cerebriform or wrinkled: 14
Reticulate: 13
Minutely pitted: 16
Smooth: 15, IR

SPORE SIZE {DiAM)
<HK) pm; IR
190200 g 13, 15, 16, 17
200300 prm: 14, 15, 16, 17
=300 e 15, 17

SPORE WALL CHARACTERISTICS
Separable outer wali: {4
Single wall: 18
Multiple wall: $3, 14, 15,16, 17
Wal shickness
<3 pm i3, 14, 15, {8
3.7 pr 15, 16, 17
=7 e 17

GLoMus

SPORE FORMATION
Spores in sporocarps: 19, 23, 25,29, 30, 3
Spores occurring singly in soil: ALL SPECIES EXCEPT 25
Spores predominantly in roots: 21, 23, 27

SPORE COLOR (MATURE)
Hyaline: 19, 26, 21, 23, 24, 28,34, 32
Subhvaline to white: 24, 28
Yellow: 19, 20, 21, 22, 23, 24, 25, 27, 29, 30, 31, 33
Brown: 22, 23, 25,27, 29,31, 13
Dark brown to black: 26

SPORE SUREACE
Covered with a mantle of sinsous hyphae: 33
Outer surface with fine reticulation: 28
QOuter spore wall with mucilage and with debris attached: 20, 22, 24, 28, 29

SPORE S$ZE {DIAM)
<15 g 32
255G g 23, 25,27, 28, 30
S0-10G peme: 19, 20, 21, 22, 23, 24, 25, 27, 28, 29, 3G, 33
F0-200 am: 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 31, 33
200250 w24, 24, 26, 28, 29, 31, 13
=250 w21, 26, 28, 31

SPORE WALL
Quter wall brittle, cracking under pressure: 19, 27, 28
Crater wall ephermeral 22
Wali distinctly multiple layered: 27
With 7 walls: 19, 20, 21, 22, 28, 29, 31
With 1 wail 200 27 24 2% 240 20 30 12 W
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Wali thickness

<3 pmm 19, 24, 25, 28, 30, 34, 32, 33
3.7 wm: 20, 22,23, 24, 25, 26, 27, 38,29, 30, 3}
Toed2 rm: 20, 20, 22, 23, 24, 26, 27, 28, 29
1220 e 28, 22, 23, 24, 26, 27. 29
=20 s 24

HYPHAL ATVACHMENT

FTubaeform at spore wall {x400): 27

Attachment frequently not present: 22

Attachment funnei-shaped below spore: 2%, 31

With hyphal walls tapering and becoming thinner with distance from the spore: 26

BYPHAE CHARACTERISTICS

Hyphae on root fine <3 um) with swellings up to 10 gm; 33
Hyphae with thin-walfled external vesicles present; 28, 3

SCLEROCYSTIS

SPOROCARP CHARACTERISTICS

Peridium lacking: 33
Peridium present; 34, 36
Peridium hyphae sinsous: 36
Peridium <20 pm: 36
Pesidism =20 pm: 34

Sporocarp (diam)

130250 pa: 33, 36

2503500 pem: 34, 35, 36

S00-600 m: 34, 35
=600 pmm; 35

SFORE CHARACTERISTICS

Spore length

2550 ura: 38, 36
50100 gem: 34, 35, 36
=100 pwm: 35, 36

Wall thickness

P.5-2.5 s 34, 36
2.5-4.06 um: 34, 35, 36
4.0-55 pm: 35, 36
5.5.7.0 um: 38
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INote on Glomus species, added in proof.—Although the genus Glomus has an
apparent masculine ending (2s), it is neuter, hence all species epithets should be
given neuter endings {personal communication, J. M. Trappe)].



