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ABSTRACT

A new species of the arbuscular mycorrhizal fungus, Glomus, isolated
from contaminated pot cultures of other glomalean fungi is described. The
fungus, named G. bagyarajii, produces abundant bright yellow to yellow
brown spores, (36-)100.8(-125) um, with four wall layers in two groups.
Group A consists of an outer, hyaline evanescent wall layer, (0.5-)3.0 (-
3.5) pm thick and an inner yellow to yellow brown laminated layer, (1.6-
)3.6 (-4.0) um thick. Group B consists of an outer hyaline unit wall layer,
(0.5-)1.0(-1.6) pm thick and an inner hyaline, membranous wall layer,

(0. 25)0 5(-1.0) pm thick. Reacnon of wall layers to Melzers’s regent is
negative. Subtending hypha hyaline to pale yellow cylindrical or funnel-
shaped (0.7-)10.8(-14.0) um wide at the spore base. Germination is by
regrowth of the subtending hypha.

INTRODUCTION
Glomalean taxonomy is still in the formative stages of exploration and
documentation of fungal diversity because very few areas of the world
have been extensively sampled for indigenous species (Morton, 1993).

Only few arbuscular mycorrhizal (AM) species have been described from
India (Gerdemann and Bakshi, 1976; Mukherji et al., 1983).

Description of AM fungi is mainly based on the morphological
characteristics of spores and sporocarps formed in soil (Morton, 1988;
Walker, 1992). Spore wall charactenst;cs are now recognized as the most
important criteria in dehxmtmg AM ﬁmgal species (Walker, 1983;
Morton, 1988; Mehrotra and Baljal 1994), but are dependent on the
clarification of spore development (Walker 1992) and reactions to
different mountants and.fixatives (Spain, 1990). Studies on the changes in
wall characters w1th spore or sporocarp development may improve
definition of these characters (Giovannetti ef al., 1991); Franke and
Morton, 1994). In addmon it has been found that anomalies in
interpretation of spore characterlstlcs can be avmded if colour, wall and
germination characteristics are studied first in water and then in other
mountants (Spam 1990 Walker 1992) Ultrastructural studies of spore
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morphology and the process of spore reproduction may be vsed 1o clarify

the ohservations made with light niicroscope (Maia ¢ af,, 1994). Inclusion
of cerlain key characteristics of intraradical stoctures of arhuscular
mycorrhiza, ag an additional criteria to identifyr AM fungi has alas been
supzested (Morton and Bentivenga, 1994), b phenotypic features of
such structures have been found to be affected by host species {Brundrett
and Kendrick, 1990). . .

The aim of this paper is to deseribe an unreporied specizs of Glomus
which produces abundant soil-borne spores in pot cultures, The spocics
was abserved as a fiequant contamirait in pot cultures of AM fungi
isolated from rtvegetaiu] coil mine spoils.

- MATE R]ALS AND METHODS

Pni Culiure

Spores of the modescribed species of Glomis were extracted by wel
sieving and decanting (Gerdemann and Nicolson, 1963} from
contaminated pet cultores of AM fungi isolated from revegetated coal
mine spoils. Fow morphologically identical spares of the fungus wers
sclected, surface-sterilized and placed singly oo the roots of sterile corn
{Zea mays L) seedlings. Inoculated seed)ings were regularly observed for
spore germination and infection of roots under a dissecting microscope.
Infectcd scedlings were trunzplanicd to antoclaved pots conjaming
steribized sandsy-loam soil and sand mixre (1:1 vy} as the growth
medium Pois were kepl in a preenhouse al 25-307C with 13 hr
photoperiod. Plants were warersd daily rocording to the requirement. Pot
cultures were harvested sequentially from 4% to 249 week after
tansplanting to study the lifc eycle of tho hmgus and 1ts spgrc
developmeént.

Measurement of mycorrhizal stryctures

Pot cultures were finally harvesterd after 24 weeks, Roots were elcarsd in
10% {wiv) KOH solation at 90°C and stained with 0.05% (w/v} acid
fuchsin in lacto-ghreerol, Stained root pieces were examined under light
micrescope for measurement of mycomhizal strociures. Spores and

aparacarps, extracted from soll were mounted in watet, polyvinyl aleohol!

lactic acid/glycerol (PVLG, Koske and Tessier, 1983}, mixture of PVLG
and Melzer's reagent (1:1 v'v) and mixture of PYLG and cotion-blue.
Spore colour was examined under a disseciing microscope on freshly
tollected spores immersed i water. Spore and wall dimensions were
measared on at least 100 spores mamicd in waler and PYLG.
Classification, wall deseriptions and tetmimology follow those suggested

by Morton and Benny (19900, Walker (1983, 19886), Berch and Koaske

(1986}, Morton (1986 and Barck (1987), Spelling of scientific names are
thoss sugzgested by Almeida (1989),
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Voucher specimens have been depusited in the Deparlment of Bolany,
Univerzity of Allahabad, Allshabad and Centre for Mycorrhlml Culnre
Collection (CMCC), New Delh, indta. :

Germination Studies

Spores of the undescribed AM Ffungal species, kept at 4°C for two
months, were surface - sterilized with [1.5% sodiom hypocKiorite for 3
min, followed by 200 ppm solution of streptomyein and washed three
times in sterile distilled water. Spores ware then transferrad to 1% water
agar platcs and incubatcd at 24°C. Gurminated sporcs werc staincd with
cotton blue and observed with light microscope.

Scanning Electron Microscopy

Beleeted spores of the AM fungus were f'mcd iny 3- 093 (wiv)
ghrtaraldehyde in 0. 02M phosphate buffer {pH 4} at 4°C for 24 hr,
dehydrated in graded ethanel scries, mounted on ar aluminum siuh with
colloidal silver paint, costed with gold and examined using a Leica
stercoscan 430 scanning electron microscope.

RESULSTS AND DISCUSSION

Spacia.s Dascription

Glomus bagyaraiii Mehmfm, sp. Nov. (Fig‘s.“]"-aj

Sporocarpia hypogea, sub-glohose vel irmegularia, (160-320(-480) X
(200-) 400{-640} pm, Peridium destitum, Sporae singulae in solum, :
lutenlo vel atbolntea, globosae, (36-) 100.8 (-125.2} um dia, sub- glﬁbns.ae

vel itregulares, (56-) 108 (-126) X (49-) 20 (-1(4.4) um efformatae;

Tunica sporae e stratis quargor in trmis duabus, Turma exietna (Gn:-up

, r’t} € siratis duahns (sn'ata & 2% unc evanesc:mn hyaling, {0, 5130 [-

3.5) pm crasso; secundo laminato, fulve ad aurmbruneam {1.6-) 3.6.¢-
4.0) pm crasso; torma interior (Group RB) e stratls duabus (strata 3 & 4%;
tertio rigide, hyalino, (0.5-) 1.0 (-1.6} pm crasso; quarto membranaceo,”
hyalino, (0.25-) 0.5(-1.03 pm crasso, Hyphae susienardes rectae vel '

- _curvatae, cvhudncae vel infuodibuliformis, (2. {J) 108 {-14, l{]} HITL dla-

Pnuualls arbusculare roycorrthizas.

Sp{:m-carps hypogeaus, sub-globose to magu]ar [ IﬁU -l 32{]( 480) X (ZGU—l

3 400{-640 pra. Peridium absent. Chlmnydnspme& formed singly ln soil,

vellow to ¥ellow brown in transmitted ]Jght globose, (36-) 100.8(-12532)
pm dia, sub-globose to Trregular-shaped, (36-) 108 (-126) X {49.) 90 (-
104 4} i, Spure lumen ¢owfent with many small hp:d elobules.

Spore wall structure of I‘u-ur layers in 2 geonps (A&R). Group A: wall

- luyer 1, evanescent, hyaline, {0.5-) 3.0 (-3.5) um thick, closcly adherent to

wall layer 2 int young spores, but separates in maturé spores; wall laver 2,
farninated, yellow o yellow brown, with 3-4 famginag, (1.6-) 2.6(-4.0) um
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thick, gencrgily thicker neat ifie poitt of atwehment. Group B wall tayer
A paj, hyelme ; £0.3-3 OL1E-1.60 @ thicks wall laver 4 mesbranouns,
hya.lu:m (0.25-) 0.5-1.8) pr tbick. .

Subhndmg hypm h}ﬁlme 10 [ﬁt"‘ yellaw, sicaight of Pecioved, Lyhnﬂrrml
of fonnol-shaped, (7.6-) 18.8 (-14.0) p wids at the spore biss. Wall of
sub‘m:lmg ia)'pha 1-1. 5 M i,ﬂ:lfk_ c\,untmuu-.ﬁ wuh :.p-mf tayers 2 and 3.

?ﬁl‘f b E}t sp-u:‘é ba:.d 23 l5 pm l.\-]de {aﬂ:ihd-!d by Eoaved septum of by
the innEraiost membiagons wall Taver. Reaction of wall layers v Melzer's
;-e..m-mt ﬂnﬁrmiw ‘Wnll ]ilghr 1,3 &: 4 can e cikjlg dcl!:.'ﬁ'led when stained
with ¢htfoa-blye 7

Disi nbuimn unﬁ hah:ini

"E'-:- dﬂ‘tr.‘ G, ba;,b m.;u is ]umu.u ﬁ‘om Tndm Oﬂgm of speres of G
bﬁg’vafq-'a'i i Ubkhaen. Chemical prideies 6F e a0l wers pH-T 7;
am;am‘;r 45 mgmg ﬂt}D wf. ~3 s mg!"kg

M:r-:orrhlml u‘ssgcm‘liuns 5'.2 Themorad )
G hegyirgii forred arboscular mytc-nhual mucmht}n'i in put voflnes
with Zeer mays V- Larcoind Reacnc by (Ll ) de "Wt andd C'p-m.l'imr
a:c.ﬁﬂ.r ix L. This H‘hmﬁ alsn ﬁlmmd m.m.rﬂ.d'cal 5;m‘s ' :

St rea il
Etymulﬂg]r G e il i it
1‘-»31&1:6 aiftr D J Bagj‘afajii -II'{ r::‘ug:aitn}ﬁ nfh:‘; :a-ntnbuham t3 the
i’ dd a::f m:,.,arrhimi ﬂ:sea.:‘ti L :

-Specimens émmméd

ooty % indis, tlt;'-mm_m ﬂ? Bo{any; Unm:mtv of ARahzbad.
Allghatad. From pof editures fCiuhuw Ho. 55- iﬁ; it Zeo mays L.
Fsotype; itj-dla E)cpmlieﬂ i Ceptre for hﬁztﬂﬂh#?_ﬂ} Culrure Collestion
L), Ta:ﬁ Encfé}? Kesc.‘h.‘: Inﬂm&ﬂ Hv:'-ﬂ I'chih India {Culture Mo
JLM 1319)

PRl

'M'f::urflumi Fumrulleﬁ uﬁd Mﬁrphuil:fg'r
il strontl afker l{a-'.sp]mllqg, ravebirbizsl mfc‘mo'a was 55% in com

plants. Infraradicat hj.rphae were hyahing, (3.5-15.4(-7.2) pro. Spores
foemed fuside the roots wae globosz, aﬂ;gs‘.uhcs:: pe tregalar-shepod, (72-)
10¥ X 42 (-5 f} pois, Extrainarrical h}}:lhdq were Joealine to pale yelikow,
{‘!j-] i “*g-m &7 pny wide Two otk after wanspluing, mmc.mpn

WEE pmdw:ed i pot owltunes ghg lj Svpomﬂ in srhamcar]:-f. W -
ohézpved in Biod, sages G 1#&.‘-}{'-10[?!3*:&1 {1} yery Yotng spoces wine

Wrvukitte, with o wall dsyers, wall layet' |, evanescent, foughened, 025
5 poi ahick (FiE. 3F and willl leyer 2 untt. smoetR0.5-1.0 pro thick, (i}

Yalng speres were pair yelhny to yellaw, ith thiee wall Tayers; wall

faysy | byading, evabescemt, 8520 g thick; wall Jayer 2 lamipaied. 1.6-
3.0 pmthick aid walt dayer 3 ecit, 2502 pm thick, which may
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Figures 1-3. Scanning electron micrographs of Glomus
bagyaraijii.

Figure 1. A sporocarp. 1
Scale bar = 54 uym. |

Figure 2. A spore I
with funnel-shaped
hyphal attachment. |
Scale bar = 26 pm.

Figure 3. A young
spore with sloughed off
wall layer (arrow). Note

the roughness of the
evanescent layer.
Scale bar =26 pym, |

sometimes appear as membranous layer (Fig.5); (i) mature spores were
vellow to vellow brown, with four distinct wall layers; wall laver |
evanescent, 2.5-3.0 um thick (Fig. 4); wall layer 2 laminated, 3-3.6 um

thick: wall layer 3 unit, 0.5-1.0 pm thick; wall layer 4 membranous, 0.25-
0.5 um thick (Fig 6 & 8). In Gigaspora spp.. where direct spore
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Figures 4-8. Light micrographs of the spore wall structure of
G. bagyoraijii.

Figure 4. A mature |
spore with remnants i
of the outermast wali |
layer {1). Scale bar = #§
30 pm.

Figure 5. A crushed
spore revealing the | &8
laminated (2) and unit | BN
(3) wall layers. Scale
bar = 20 ym.

Figure 6. A spore
with laminated |
(2), unit (3) and |
membranous (4) |
wall layers. Scale
bar = 20 pm.

germination like Glomus spp. occurs, spore development proceeds in a
linear sequence divided into 3 stages: stage | - initial spore expansion
coupled with differentiation of twe thin layers of almost equal thickness;
stage 2 - laminae added to the innermest layer; stage 3 — papillate layer
differentiated on the inner surface of the laminae followed by the
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Figure 7. A rup- o
tured spore wall B
with evanescent, [

laminated and unit
wall layers. Scale :

bar =20 pm. ey

Figure 8. A mature
spore with lami-
nated (2), unit (3)
and membranous |
{4) wall layers. Note
the occlusion of the
pore at the point of |
hyphal attachment.

emergence of germ tube (Bentivenga and Morton, 1993). From the
present study, it appears that the wall differentiation in Glomus spp. also
takes place in three stages of spore development.

Very young spores of G. bagyarajii were hyaling, as has also been
observed for spores of G. ambisporwm Smith & Schenck (Smith &
Schenck, 1985). G. coromatum Giovannetti, Avio & Salutini (Glovannetti
et al., 1991), G. intraradix Schenck & Smith (Chabot et al, 1992) and
Entrophospora kentinensis (Wu ef al., 1995). This indicates that most
Glomus spp., if not all (e.g., G fasciculatum, Walker & Koske, 1987),
follow the same sequence of change in spore colour during early stages of
spores development. It appears that the age of the spore is of decisive
significance to the value of spore colour as a character for identification
of AM fungal species.

Germination in G. bagyarajii occurred by the regrowth of the subtending
hypha, as has also been reported in most Glomus spp. (Sequeira et al.,
1985); Meier and Charvat, 1992; Giovannetti et al,, 1991).

Ultrastructural study of G. bagyarajii spores showed that: (i) shape of the
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. R subtending bypha near the spore base is ejther cylindrical or funnel-
SRR I_-_; . ]mpcﬂ (i) ﬂ:c outerinost evanescent wall layer is roughened; and (i) no
. cimamemamm 15 pmsmt on the spore surface.

'-T “ .-

" ,Spnre& of G hagyalajukcm be distinguished from other Glomus Epp by

" their bnght }i‘v.:ll;rw 10 yellow brown colonr. Young spores of <7
bagywa_,m rﬁsmﬂata i‘hﬁ§e formed by G. fascicwlatum (Thaxter) Gerd &

© Trappe émend. Wa]ket & Kaosks in hmfmg yvellow spores and 3 wall

layers. Spun:s -nf' G bag;.ram_]n hﬂﬁewer p;nﬂscﬁs an outerrinst evanescent
wall layer and tha wall la'vm do. net stam Iv{g:izzr 5 reagent. Tn addition,
tratars spc:res of G ﬁggrarq.ru peiseﬁs 4,%11 layers. Young spores ﬂf G.
bagvarajii might akso bé. cug;ﬁlssd m’rh those of G etunicatum,
paﬂmul,arly when the innevmast wall lﬂ;mr in'the former ix closely
“adherent o the laminated laver, However, the two species ean be readily
{hsungu]shed by the pragence of 4 wall layers iz mature spores of (7
bagyarafii The spore dolowr and wall characteristics of G, bagyargili are
almast similar to ﬂm& -n[ & manther Howelor, Sieverding & Schenck, but
differs in hmﬂnﬂ {1} $porocarp, (i) smaller spm'e d!ameter. dnd (iif)
mncm'm-sl rrﬁ':mbmnous vfall hy’cr.,,,'; o

S

* This and t)-fhcr studies {Frm]}cc ﬂnd Mnrtnn 1994 Giovimnet] et al.,
1991; Bt;ulnenpa and Morjon, 3 1'3'5'5] hzw:: shﬁwn that within a ::mnpmate
spore wall, phenotypically -jxsrmnt J@yﬁls @r& fﬂrmﬂd during the process ol
. spure I‘mmauon Aa"ﬁd{zumml stuﬂjes vn ihe mor Vphalogucal and ontogenelic
e events In spores ate Fuqilregd fm‘ Jmpmvmg the Jse of wall characteristics
' ' in identification of AM fimgi.

.
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