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Ten species of AMF belonging to four genera inaligdentrophospora colombiana, Glomus
manihotis, G. eburneum, G. aggregatum, G. caledonium, G. coronatum, G. microcarpum, G.
diaphanum, Paraglomus occultum and Pacispora scintilance were identified. Among them
five species ofntrophospora colombiana, Glomus eburneum, G. manihotis, G. diaphanum,

G. microcarpum and P. occultum are reported for the first time in Ira@lomus aggregatum,

G. caledonium , Glomus coronatum and P. scintilance are new recorded for sugarcane
mycoflora of Iran.
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I ntroduction

Arbuscular Mycorrhizal Fungi (AMF) are a group obligate plant
symbionts belonging to Phylum Glomeromycota (Scleugsal., 2001). They are
a ubiquitous component of most ecosystems througtheuworld and play an
important role in soil processes (Smith and Rea@Q7]1 This association
improves the capacity and longevity of root uptakeosts up the absorption of
low access nutritional elements especially phogh@Werner, 1992) and reduces
the susceptibility of plants to soil-borne pathogdNorriset al., 1994). These
fungi also reduce plant stresses caused by roettinfy micro-organisms, saline
soils, soil moisture stress (Staddon and Fitte®1p0rhe fungi belong to the most
commonly occurring soil microorganisms of the waalé associated with at least
80% of plants of the Earth and among the most itaporof them are
Graminaceous plants (Gianinazzi and Gianinazzideear 1986). Sugarcane
grown for more than forty years in Khuzestan proeinvith approximately sixty
thousand hectares under its cultivation. Sugarea@emember of Graminaceous
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plants, among the plantations that has a longigséglationship with the province
soils, but few research works have been identifistF associated with the plant
and their beneficial efficacies. This research wasducted to find out the
diversity of Arbuscular Mycorrhizal Fungi assoctteith sugarcane roots in
Khuzestan province of Iran.

M aterials and methods

Soil samples were collected from sixty fields ofiimaugarcane agro-
industry companies including Haft-Tape, Karoon, M, Imam-Khomeini and
Amir-kabir during November and December of 200scmwies with the ends of
the growing season and the beginning of the har8ashples were collected from
rhizosphere of four extensively grown sugarcanestras CP69, CP48, CP57 and
NCO-310 in the Khuzestan province. To establish tidtures 100 grams of soll
and root of each sample was mixed with sterile spatied with corn seeds and
kept for 4 and half month in greenhouse. In ordegdt access to high and pure
population of spores trap culture was repeatechagaiselecting some of morph
types of each sample, using smaller pots and 12 dlaycorn seedlings as host
plant. To confirm symbiotic association in sugaecand corn, roots were boiled
in 10% KOH, stained with 0.05% aniline blue solatio lacto phenol and were
examined by optical microscopésolation of spores were carried out by
centrifugation in 55% sucrose solution and thenaesed spores were transferred
to 1:1 mixture of PVLG (Koske, 1985) and Melzeesgent (Hall and Abbott,
1984) and microscopic slides were prepared. lifgation of species were carried
out base on morphological and morphmetrical chanatts of spores, and
subtending hyphae using stereomicroscope (Olymgid14) and brigth field
microscope (Olympus BH-2).

Results and discussion

In this research, ten species of arbuscular myaairfungi belonging to
three orders Glomerales, Diversisporales and Rarsghles were identified.
In addition to the diversity and population aburncaiof the isolated species
with four commonly cultivating sugarcane varietigs (CP-69, CP-48, CP-57
and NCO-310) were investigated. The results aleehlsv:

The most diversity of association was seen with48Rand among the
identified species onl. caledonium was not isolated from the former variety,
subsequently, CP-69 had the most symbiotic assowiatith all the identified
species butG. microcarpum, K. colombiana and P. scintilans. Comparing
others, CP-57 was the third where it was assocwttdonly nine species of
isolated fungi except(. intraradices, G. caledonium, P. scintilans and K.
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colombiana. The last variety with the least diversity of agation was the
NCO-310 which had only symbiosis association witle identified species i.e
G. manihotis, G. mosseae, G. eburneum, G. coronatum andG. intraradices.

The abundance of population of arbuscular fungb@ased with the
sugarcane varieties was studied. By comparing sthiee most population
frequency of isolated species was seen with CPa@%éter that the population
abundance of identified species associated witd&R=P-57 and NCO-310
had the most abundance in soil sample of the megdivarieties respectively.
The descriptions of isolated species are as fotlows

1. Kuklospora colombiana (Spain and Schenck) Sieverding and Ohel (2006)
J. Appl. Bot. Food Qual 80: 69-81

Spores produced singly in soil or in roots, devetbfrom inside the
neck of the soporiferous sacule .spores are glof®a8) 75.1 (-91um in
diameter, hyaline to pale purple with granulareiraulate contents. Spore wall
consist of tree layers (L L, Ls). L;: a hyaline, evanescent layer which is
continuous with the wall of the soporiferous sacudek. (1.1-) 1.2 (-2.1)m
thick, attached to second layer)LThis layer is only seen on young spores.
Second layer (B): a light yellow laminated layer (1.6-) 1.4 (-2.4)n thick.
(Lg): a hyaline layer, <1.1-1.im thick, separating from second layer on
broken spores (Fig. 1a-c).

Germinal walls consist of two inner layefgwl; and gwl,), purple in
color, composite walls thickness, 1.1-<lu (Fig. 1 and 2). Soporiferous
saculewhite to hyaline, 47-6wm in diameter at first globose, shrinking after
discharging its content into spore, tending to detiiom spore, accumulating
of organic materials frequently is seen on its w@tporiferous sacule wall
consist of one layer 1.1-3;i2n thick. Interconnecting hypha between spore and
soporiferous sacule 31.5-42m long, 3.2-5.3um wide at the point of
attachment to soporiferous sacule anduBwide at the point of attachment to
spore. Produced opposite to interconnecting hyphbtending hypha 4.2-5.3
um wide (Fig. 1). Shape, color, dimensions and spea#l structure and
characteristic of soporiferous sacule are comparafth protologue, however
the most and the least range of spore and sopmugesacule dimensions are
approximately a little less than it. Also color ggores is a little lighter than
protologue (Spainand Schenck, 1984). Shape, spore composition and
soporiferous sacule characteristic are comparabte $pain and Schenck
description (Spairand Schenck, 1984). However maximum and minimum
spore and soporiferous sacule dimensions are khess firotolouge to some
extent. Also Spore color is somehow lighter thanaiSpand Schenck
description. Entrophospora colombiana has been reportefom Colombia
(Spainand Schenck, 1984). This is the first record of g8pecies in Iran.
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2. Glomus eburneum Kennedyet al. (1999) Mycologia 91(6): 1083 -1093

Spores formed singly in soil; globose to subglob@®e) 72 (-115.5) um
diam; sometimes ellipsoid to tear drop in shap2;)(86.4 (-104) x (54-) 68.7
(-118) um diam; bright white when newly formed, tiing pale ivory in old
spores, less frequently hyaline. Spore wall consistwo adherent hyaline
layers. The outer layer (1) is 1-1.2 pum thick, deaxible and usually remain
intact long after spore has matured. This layeresglly on the surface of
ivory color spores is well visible, making a fingent pattern (Fig. 2a-c). The
inner layer (2) is also semiflexible (forming foldsbroken spores) and finely
laminate, (1.1-) 2.7 (-4.2) um thick.

Subtending hypha at the point of attachment to espoylindrical to a
little flared, (2.1-) 4 (-7.4) um widd?ore closed by a curved septum,1-2 um
thick, forms from continuation of the laminate layd spore wall positioned 1-
10 um in the hyphal lumen. The subtending hyphall wansists of a
continuation of both layers of spore wall to thetsen, after which it consists
of only the outer lyer of spore and is 1 pm thick.

All the dimensions and other characteristics ofrepare the same with
protolouge (Kennedt al., 1999). It has been isolated from Giant Sacaton
(Sporobolus wrightii), an herbaceous plant, using potBedghum sudanense as
trap culture (Kennedst al., 1999) According to key references, this is the first
report ofGlomus eburneum in Iran.

3. Glomus microcarpum Tulasne and Tulasne (1845) Bot. Ital. 2: 35-63

Spores rarely single in the soil or in a sporooatiih cluster of two to
several hundreds spores unenclosed with a peridspores light brown to
brown, globose to suglobose (5.2-) 10.3 (-14.7)diaim. Spore walls: Consist
of two layers, The outer layer {L. a hyaline evanescent layer (< 1.1-) 1.4
(-2.1) um thick, in young spores it seems like & wall making a bright halo
around the spore.The inner layep)(La laminate light brown to brown layer,
<1.1-1.1 pm thick.

Subtending hyphae funnel shape, hyaline to lespiénetly light brown
with lots of short branches at the tip seeminglgiadng to attach with other
spores in sporocarp. Subtending hyphae at the mdiattachment to spore
<1.1 pm wide.

Glomus microcarpum has been isolated from sugarcane rhizospheres soll
samples belonging to CP-48 cultivar potted wittnceeeds. So far this fungus
has been reported from Poland (Blaszkowski, 1998jted States of America
(Nicolson andSchenck, 1979), India (Mohankumerr al., 1988), Australia
(Hayman and Stovold, 1979), Tasmania (GerdemannTaappe, 1974) and
PalestingBlaszkowskiet al., 2001).
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The closest description to this taxon@stenuis (Hall, 1977) especially
with spore size of 10 — 12 um diam, but becaus¢heflatter produce one
layered non sporocarpic spores, it differs from #tve explained species.
According to key references, this is the first mémd Glomus microcarpum in
Iran.

4. Glomus manihotis Howeleret al (1984) Mycologia 76(4): 685-699

Spores formed singly in soil, light yellow to orangellow, globose (84-)
227 (-346.5) um in dianSpore Wall: Consist of three adherent layers (L,
L3), in mature broken spores the third layer mighgasate from the others.
(L1): A mucilaginous hyaline layer, (1.6-) 3.2 (-5Bjn thick, disintegrate in
mature spores and only part of it remain on theesgurface. On younger
spores thicker parts of this layer be seen as tdmpiating striations of a
laminated layer. (b): A persistent laminated layer (4.2-) 3.2 (-19.9 thick,
despite not fragile it cracks, outer surface o$ tlayer seems uneven because
of remnant of first layer. @): Another laminate layer, light yellow to orange
yellow (1.1-) 1.7 (-2.7) um thick (Fig. 4a, b).

Subtending hypha cylindrical to slightly flarectla¢ point of attachment to
spore, (15.8-) 24.4 (-33.6) um wide and (3.2-)I06) um thick at spore base.
Consist of three layers continuous of spore whll this continuation short after
the base just continue with the third layer of spall. Pore usually occluded by
a septum that originated from the innermost lamiofathird layer (Fig. 4a, b).
However others argue that they are two separatms§Schenclet al., 1984).

5. Glomus coronatum Giovannettiet al. (1991)Canad. J. Bot. 69: 161-167

Spores generally single in the soll, light orang@itange brown, globose
to subglobose (149.5-) 230 (-270) um wide, usuabintent of hyaline oil
drops. Spore wallcomposed of two layers {land Ly). (L1): A mucilaginous
hyaline layer (1.57-) 2.4 (-3.15) unhick closely adherent to second layer.
(L2); A laminated smooth, orange brown layer, (4.25 &7.35) um thick.
Subyending Hypha: composed of two layers continwaitts spore wall layers
1 and 2funnel shaped to completely funnel shaped, uprigbmetimes bent,
(5.2-) 5.95 (-8.4) um wide and 3.2-7.5 um thickha point of attachment to
spore. Pore closed with a curved septum continueills the innermost
sublayers of the laminate spore wall layer two) @12 (-4) um thick down to
(31.5-) 54.6 (-78.75) of subtending hypha.

Compare to protolouge (Giovannettiet al., 1991), shape, color,
dimension and spore layers are the same but maxiemdnminimum spore
sizes are a little more than original descriptidbimensions of spores
completely differ with and more than Sedaghati é@grhti, 2003) and the
same with Sadravi's description of the species ré&ad2000). Branched
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subtending hypha and oil drops are seen in someespas it mentioned

before subtening hypha of this species is occlimed thick curved septum, In
some cases the septum is too thin to be seen sinmplthis condition the

septum is usually located more than 40 um dowrhéospore base( Fig. 5d)
this is the first report of this species from swgawe rhizosphere in Iran.

6. Glomus caledonium (Nicol. and Gerd.) Gerdemann and Trap{®74)
Mycol. Memoir 5: 1-76

Spores golden yellow to orange yellow, often gl@hd¢s-) 155.2 (-
227.5) um wide. Spore wall: composed of four layessL,, Lzand Ly). (L1):
A hyaline mucilaginous layer, (< 1.0-) 1.3 (-2.6pthick (Ly): A hyaline rigid
layer, (1.1-) 2.1 (-2.6) um thick.§)- A fragile layer (1.6-) 2.2 (-3.7) um thick.
(Ls): A yellow to pale yellow to somewhat orange yelltaminated layer,
(2.6-) 4.3 (-3.7) um thick (Fig. 6a). Subtendingpha: Cylindrical to often
funnel shape or even with constriction at sporeeb@®lden yellow to orange
yellow, composed of four layer continuous of speadl layers, (9.5-) 16.2 (-
25.2) um wide and (2.1-) 4 (6.3) um thick at thénpof attachment to spore.
Pore closed with curved septum from 0- 15.8 um dowrsgore base (Fig.
6b).

Except width of subtending hypha that is slightlpren than Sadravi's
description (Sadravi, 2000) other dimension of epoin compare with
Nicolson and Gerdemann (1968); Gerdemann arappe (1974) Sadravi
(2000) are the same. Producing spores with fout lagies are also match
with Morton (1996) description of the species. 89 Glomus caledonium has
been reported from Sccotland (Nicolson and Gerdema®68), United states
(Mengeet al., 1977; Gerdemann and Trappe, 1974), News land .(H&IV7),
Australia (Hall and Abbott, 1984 ), India (Selvarand Subramanian, 1987),
Poland (Blaszkowski, 1989), China (Mei—-Quing andu¥®&han, 1991) and
I[ran (Sadravi, 2000). However, this the first raépof this species G.
caledonium) from sugarcane rhizosphere in Iran.

7. Glomus diaphanum Morton and Walker (1984) Mycotaxon 21: 431-440
Spores singlan soil or in loose aggregation, yellow to bright yellow,
globose to subglobose (47-) 75 (-130) to ellipticdR-) 75 (-130) x (-38) 67.7
(-122.2) um wide. Sporewaltomposed of three layers,;JL A mucilaginous,
hyaline layer <1.0-1.0 um thick closely adheredsémond layer. In mature
spores usually disintegrated completelys){IA bright smooth laminated layer
(2.1-) 3.7 (-7.3) um thick, consist of several thidhered sublayers. {. A
flexible to semiflexible bright layer < 1.0- 1.0 pthick. Protruded into
subtending hypha at spore base. Subtending hyphayalne Upright to
slightly bent, flared to some extent at spore b@s2-) 9 (12.6-) um wide.
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Subtending hypha wall hyaline, likely continuoughmihree spore wall layers
but is too thin to be seen in both young and magpares could be discernible
from each other (Morton, 2000), (1.57-) 2.95 (-8 thick at the point of
attachment to spore (Fig. 7a, b).

Pore occluded with the third spore wall layer. Dssion:Except spore
color that is slightly stronger (bright yellow telijow) than protolouge (hyaline
to bright), other spore dimensions are the samé Wbrton and Walker,
(1984) descriptions. This species also has beearteghfrom united states
(Morton, 1986) Europe(Oehlet al., 2003).Glomus diaphanum is reported for
the first time from Iran.

8. Glomus aggregatum Schenck and Smith emended koske (1985) Mycologia
77: 619630

Spores single or in loose aggregates in the soght) light yellow to
yellow brown, globose to subglobose (31.5-) 72.7.30) um wide, rarely
pyriform to irregular ( 31.5-) 81.1 (-143) x ( 52.5116.6 (-160) um wide
Spore wall:composed of three layerd.;): A hyaline, mucilaginous layer, (<
1.0-) 1.2 (-2.1) um thick, usually become completdibintegrated, if present,
extensively demolished. §)- A hyaline, semiflexible layer (<1.0-) 1.24 (-2.1
pum thick, gradually disintegrated with spore mayand only its remnants
could be observed on sporeg)LA laminated smooth, light yellow to yellow
brown layer, (6.3-) 9.4 (-14.7) um wide at the padh attachment to spore.
Subtending hypha wall composed of three layersimootis with spore wall
layers. Pore:Usually open, if closed, occlusion occur with then@rmost
sublayers of third spore wall layer.

Except thickness of third spore wall layer thatslghtly more than
protolouge, all the other dimensions are completalsnparable with Koske,
(1985). Also in this research producing sporocavjps numerous spores have
not been observed, but aggregation of some spdtlesut covering peridium.
Internal proliferation-producing a spore inside tbther spore- has been
noticed in 11 percent of isolated spores (Fig. 8t &.Glomus aggregatum so
far has been reported from Iran (Sedaghati, 20@3zpnd (Blaszkowski, 1991
andthe United States (Dalpe, 1998).This is the fiegiart of this species in
association with sugarcane from Iran (Fig. 8a-c).

9. Paraglomus occultum (Walker) Morton and Redecker (2001) Mycologia
93(1): 181-195.

Spores single in the soil, bright to light crearigbgse to subglobose
(37.8-) 55.6 (-10.4) um wide. Spore wdllomposed of three adherent layers.
(L,); Less than1.57 pum thick, generally disintegraied the remnants make a
granular layer on spore, in this case, it seems shares covered with a
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unclean coat of organic materials.; LA laminated layer with very thin
sublayers. (< 1.0- < 1.57) um thick. Continue tbtsnding hypha without any
increase in its thickness. {t. A permanent layer, < 1.0- 1.57 um thick, usually
thickens to 1.57 um at spore base. This layer @sdinues into subtending
hypha (fig. 9a and b). Subtending hypha: Cylindriosslightly flared at spore
base, (4.2-) 6.9 (- 10.5) um wide. Subtending hypladl bright, made of
second and third spore walls, (<1.0- 2.1) um theglch one share equal
thickness (<1.0- 1.05 pum), gradually the thickndssreases at a distance from
spore base and reach to less than 0.3 um (Fig. 9c).

Pore usually open, sometimes closed due to thinigewfi both inner wall
layers at the point of attachment to spores.

Except minimum spore sizand subtending hypha width at spore base
which are lesser and more than Morton and Redgdkerton and Redecker,
2001) description respectively, the other sporeettisions are the same with
protolouge. However subtending hypha width at spgmase is similar with
Schenck and Perez description (Schenck and Pe®88).1Producing open
pore in most cases is comparable with Kenetdyt. explanation of the species
(Kenedy et al., 1999). Paraglomus occultum has been reported from Costa
Rica (Morton,1996), and Egypt (Morton and Redecker, 2001) solfas the
first report of this species from Iran.

10. Pacispora scintillans (Rose and Trappe) Oehl and Sieverd

Spores single in the soil, hyaline to bright yellajlobose to subglobose
(143-) 163.8 (-195) um wide, rarely elliptical 13469 x 130-202 pm wide.
Spore wall:Composed of three layers. jL A hyaline to white orange rigid
persistence surface warted layer,(< 1.1-) 1.7 Y42rt thick closely adherent to
second spore wall layerfl; A smooth hyaline laminated layer (2.1-) 4.2(-
7.4)um thick (Ls); A flexible to semiflexible layer less than 1.0npthick
adherent to second layer(Fig. 10a, b).

A inner wall with three hyaline flexible layer, &ty <1.1- 2.1 um thick.
Subtending hypha:Hyaline to light yellow, upright cylindrical, usually
constricted at the point of attachment to spor@4¢) 6.9 (-7.4) um wide and
1.1-2.1 um thick at spore base. Pore usually op&maracteristics and
dimensions of spore are the same with this spé&iies & Sieverding (Ohel and
Sieverding, 2004) and sadravi (Sadravi, 208)cispora scintilance has been
repoted from Poland (Blaszkowski, 1988), Iran (8ailr2000), Spain, Palestine
and Turkey (Blaszkowski, 1988). This is the firgfport of the species in
association with sugarcane rhizosphere in Iran.
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Fig. 1. 1: Kuklospora colombiana. a) An intact spore, soporiferous sacule and structietdils of them.
Spore (S); Sporiferous sacule (SS); Interconnedtipha (IH); Composite spore wall layer and gerinina
walls; Accumulation of organic materials on sopeniius sacule(OM)) First and second germinal walls
on a broken spore&) spore and germinal wall characteristics. Thregespall layers (L, L, & L3) and
two inner germinal walls (guw& gwl,) on a broken spore: Glomus eburneum. a) Mature spores,
subtending hypha, Occlusion, first and second spailés. b) First and second spore wall layers &
L,) and aggregation of organic materials on spore XOd) structure and manner of occlusion of
subtending hypha: Glomus microcarpum. a) sporocarp, mature spores and the way sporehattan
each otherb) spore and subtending hyphla.Glomus manihotis. a) Mature spore, Subtending hypha
and spore wall layerd) Characteristics of contribution of spore walls ubtending hyphas: Glomus
coronatum. Characteristic ofmature sporea) Spore wall layers (L& L,), Subtending hypha (SH) and
its occlusion by a curved septutn). Oil drops content of spore) Thin septum located far down the
spore based) Subtending hypha occluded by a thick curved sepdu Glomus caledonium mature
spore.a) Second, third and fourth spore wall layers, (L, L,4); Composition of Subtending hypha (SH)
and involvement of spore wall layres in its constien. b) Occlusion (Ocl) of SH with a curved septum
near spore base. Second layer separated in a bspkes
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Fig. 2. 7: Glomus diphanum mature sporea) Spore wall layers (L L, ¢ L) and subtending hypha
occlusionb) Mature spore with subtending hypi@ Glomus aggregatum mature sporesy) Completely
disintegrated first spore wall layer 4l Internal proliferation and remnants of secondrspwvall layer
(L2) on sporeb) Loose aggregate of sporesLaminated spore wall @) and internal proliferation9:
Paraglomus occultum. a) Spore wall layers (L L, & L) and subtending hypha (SHh) An
approximately equal size spore wall layers on &dmaspore. c) Spore wall layers; (L, & L 3) with an
open pore subtending hypHa: Pacispora scintilance. a) Spore wall layers (L L, & L 3), warty surface
of first layer on a broken sporg) Germinal walls (Gwl) and spore wall layers.
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