extraradical region; they were devoid of sporocarps
and each of them were suspended with a single
prominent subtending hyphae. The colour of spores
ranged from white, pale cream to yellow brown and
sometimes light brown. The shape of the spores varied
from globose to sub-globose. Scanning electron
micrograph (SEM) of the spore surface revealed an
outer smooth wall surface in mature spores with no
any prominent pits. Each spore appeared globose
suspended with distinct cylindrical subtending hyphae
(Figure 1). The average spore diameter ranged from
110—(120)-150 um (Figures 2 and 3).

Subcellular Structure of the Spore

Spores of this accession showed golden yellow colour
in PVLG and golden yellow to golden red in Melzer’s:
PVLG. The outer layer stains pinkish red in

juvenile spores.
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Figure 1: Compound microscopic images (10x) and scanning
electron micrographs of CMCC/AM-1106 showing spores formed
in small clusters with cylindrical subtending hypha
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Figure 2: Compound microscopic images (40x) and scanning
electron micrographs of CMCC/AM-1106 showing single globose
spores with single subtending hyphae. SEM images reveal a
smooth outer surface
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Figure 3: Analysis of spore diameter of 100 healthy spores
obtained from six-month-old culture of the accession
CMCC/AM-1106

The mature spore under microscope shows
following subcellular structures and wall layers
(Figure 4):

Spore wall is composed of three distinct wall layers
(L1, L2, and L3). L1 is the outermost hyaline layer
present only in the juvenile spores. L2 is hyaline and
L3 is the only layer that reacts in Melzer’s reagent and
appear golden brown to golden red in mature spores.

®  Spore Wall Layer 1(LL1): The outermost layer
designated as L1 is hyaline and mucilaginous and
stains light pink to purple in Melzer’s reagent in
young spores. This layer completely disappears
or degrades from the mature spores. LL1 in young
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Figure 4: Compound microscopic images (40x) of CMCC/AM-
1106 showing single globose spores with single subtending
hyphae and distinct wall layers after mounting in PVLG (A) and
Melzer's: PVLG (B). Murogram (Walker 1983) of composite wall
layers of the accession CMCC/AM- 1106

spores appears granular due to accumulation of
organic debris. This layer is also present in the
subtending hypha of young spores.

= Spore Wall Layer 2 (L2): The second inner
wall layer designated as L2 lies adherent to the
outer layer LL1. It appears hyaline, white to cream
white in Melzer’s reagent. This layer also tends
to disintegrate with age in mature spores. The
average thickness of this layer is 1.2- 3.5 um.

®  Spore Wall Layer 3 (L.3): The only permanent
and laminated layer of this accession designated

as L3 lies adherent to L1 and L2 in young spores.

L3 consists of sublayers or laminae that remain
adhered to each other and tends to separate
with the applied pressure. This layer is the only
prominent layer that stains golden brown or
yellow in Melzer’s reagent. The thickness varies
from 2.5 to 6.5 um in mature spores. L3 is
continuous with the subtending hyphae.

Subtending Hyphae and Occlusion

Most of the spores are attached to long and cylindrical
subtending hyphae. The inner wall (IL3) of the spore

is always continuous with the inner wall (SWL3) of
the subtending hyphae and is typically constricted at
the point of attachment. The average thickness lies
between 12.5 and 17.5 um (Figures 5c and 5d).In a
young spore, all the three layers are continuous with
the subtending hypha. The inner wall of the subtending
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Figure 5: Compound microscopic images (100x) and SEM of
CMCC/AM-1106 showing single globose spores with single
subtending hyphae and distinct wall layers after mounting in
Melzer's: PVLG. Both L2 and L3 extend further to subtending
hyphae. There is a slight constriction of the subtending hyphae at
the point of attachment

hyphae reacts slightly with Melzer’s reagent and appears
brownish in mature spores. The innermost sub layer

L3 of the spore wall does not extend further into the
subtending hyphae and usually forms an occlusion

that plugs all the contents of the spore from the hyphal
contents (Figures 5a and 5b).

Mycorrhizae

The accession CMCC/AM-1106 is found to be one of
the most rapidly colonizing organisms. In situ grown
Sorghum bicolour roots show abundant colonization
where the hyphae, arbuscules, and vesicles stain dark
in ink: vinegar stain. Vesicles are numerous and run
parallel to the root cortical cells. The intraradical
vesicle develops into spores (Figure 6).

Conclusion and Classification Level

On the basis of above morphotaxonomic analysis of

the accession CMCC/AM-1106, many distinguishing

features regarding the family, genera, and the species

could be derived. The following key features of this

accession were noted:

®  Asexual spores produced mostly in loose
aggregates in abundance with spore size ranging
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Vesicles

Figure 6: Compound microscopic images (10x) of roots of
Sorghum bicolour colonized by CMCC/AM-1106 after three
months of growth period. The vesicles are stained dark in ink:
vinegar stain and runs parallel to the root epidermis. The vesicles
later develop into intraradical spores.

from globose to sub globose and sometimes oval.
Spore colour pale white to light yellow.

m  Wall layer containing outer evanescent
mucilaginous layer, a hyaline second and
laminated inner layer. All the spore walls are
continuous with the subtending hyphal wall.

®  Formation of both intraradical and extraradical
hyphae and abundant vesicles and intra cellular
arbuscules.

All these features suggest that the culture CMCC-
AM-1206 belongs to the family Glomeraceae.

Some of the unique diagnostic morphotaxonomic
characters of this accession are as follows:

®  Frequent production of asexual spores produced
in loose aggregates in abundance. Spore colour
pale white to light yellow.

®m  Spores of similar shapes and sizes ranging from
globose to sub-globose as well as oval with average
spore size ranging from 100 to 200 um in diameter.

®  Young spores have smooth and mucilaginous
outer layer, a hyaline second layer and a laminated
inner wall layer. All the wall layers are continuous
with the wall layers of the subtending hypha.

®m  Spores are suspended with a cylindrical
subtending hypha that arises from the inner layer.
There is a constriction at the point of attachment.
Subtending hypha also consists of three wall layers
and all are continuous to the spore wall layers.
The inner wall layer L3 is darker than the other
two wall layers.

®  The innermost sub-layer of L3 of the spore
wall forms a bridging structure and resembles
a septum.
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®m  Vesicles are numerous and run parallel to the
root cortical cells. The intraradical vesicle
develops into spores.

The described accession CMCC/AM-1106 resembles
all the characters of previously characterized species of
Glomus intraradices Schenck and Smith 1982.The type
species first described was isolated from Florida, USA.
G. intraradices is one of the most commonly occurring
Glomus species worldwide. The isolate CMCC/
AM-1106 was originally isolated from the soils of
Mukteshwar, Uttarakhand.

The current taxonomic name of G. inzraradices is
Rhizophagus intraradices (Schenck and Smith 1982)
Walker and Schiif3ler comb. nov., 2010.

Systematic Classification

Glomeromycota
Glomeromycetes
Glomerales
Glomeraceae
Glomus mtraradices/ Rhizophagus intraradices

Most of the research work on AMF is mainly
focussed on taxonomy, phylogeny, ecology, genetics,
and functional properties. Initially, identification of
morphological features was widely used to characterize
AMFPF. Information about spore morphology, wall
layers, hyphal attachment, etc., revealed important
information about the genera and species to which
the AMF belongs. However in recent times, other
characterization techniques such as biochemical
characterization through generation of fatty acid
methyl ester profiles (FAME) and molecular
characterization through sequencing of ITS region
of 18s rDNA has become popular. The application
of molecular tools to the identification of AMF in
the field, particularly in plant roots, has revealed a
hidden diversity with many detected sequences that
cannot be related to known taxa. As morphological
identification of AMF species based on spore and
hyphal morphology is highly imprecise and the spore
bank in the soil does not reflect the distribution of
species in roots, the molecular identification of the
fungi in plant remains the most realistic approach.
Therefore, it is advised that the readers correlate their
taxonomic observations with molecular data.
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Resource allocation in an annual herb: Effects of light, mycorrhizal fungi, and
defoliation. Acta Oecologica 71:1-7

[*Red de Biologia Evolutiva, Instituto de Ecologia A.C., Carretera Antigua a Coatepec 351,
Congregacion El Haya, Xalapa, Ver. 91070, Mexico]

Selection of fungi by candidate cover crops. Applied Soil Ecology 103:72-82
[*North Central Agricultural Research Laboratory, 2923 Medary Ave Brookings, SD 57006]

The cryptic Sebacinales: An obscure but ubiquitous group of root symbionts comes
to light. Fungal Ecology 22:115-119
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Effect of arbuscular mycorrhizae on tomato yield, nutrient uptake, water relations,
and soil carbon dynamics under deficit irrigation in field conditions

Science of The Total Environment In Press
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Academy of Sciences, Nanjing 210008 (China)/University of Chinese Academy of Sciences,
Beijing 100049 (China)]
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damage in leaves of Elymus nutans Griseb

South African Fournal of Botany 104:21-29

[*Department of Grassland Science, College of Animal Science and Technology, Northwest
A&F University, Yangling, Shaanxi Province 712100, P.R. China]
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[*Biological Sciences Department, Michigan Technological University, Houghton, MI, USA]
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SE-75007 Uppsala, Sweden]

GuoY*, Du Q, Li G, NiY, Soil phosphorus fractions and arbuscular mycorrhizal fungi diversity following long-
Zhang Z, Ren W, Hou X. term grazing exclusion on semi-arid steppes in Inner Mongolia. Geoderma 269:79-90
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Hart M M*, Zaitsoff P D, Testing life history and trait-based predictions of AM fungal community assembly
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2016 [*Biology, University of British Columbia Okanagan, Kelowna BCV1V 1V7, Canada]

Chu HY, Xiang X J*,Yang J, Effects of slope aspects on soil bacterial and arbuscular fungal communities in a
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Academy of Sciences, Nanjing 210008, China]
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Gardes M North Africa. Fungal Biology 120(5):711-728

[*Laboratoire EDB, Bat 4R1, 118 route de Narbonne, F-31062 Toulouse, France]

Kilpeldinen J*, Vestberg M,  Arbuscular and ectomycorrhizal root colonisation and plant nutrition in soils

Repo T, Lehto T. 2016 exposed to freezing temperatures. Soil Biology and Biochemistry 99:85-93
[University of Eastern Finland, School of Forest Sciences, P.O. Box 111, FI-80101 Joensuu,
Finland]
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S, Lazdins A, Lazdina D, [*Latvian State Forest Research Institute BSilava”, Rigas 111, Salaspils 1LV-2169, Latvia]

Menkis A. 2016

Mycorrhiza News 28(2) + July 2016 21



Name of the author(s)
and year of publication

Title of the article, name of the journal, volume number, issue number, page
numbers (address of the first author or of the corresponding author marked
with an *)

Menzel A*, Hempel

S, Manceur A M,
Gotzenberger L, Moora M,
Rillig M C, Zobel M, Kithn
1. 2016

Nakmee P S*,
Techapinyawat S,
Ngamprasit S. 2016

Nielsen K B*, Kjoller
R, Bruun H H, Schnoor T
K, Rosendahl S. 2016

Padamsee M*, Johansen R
B, Stuckey S A, Williams S
E, Hooker J E, Burns B R,
Bellgard S E. 2016

Potapov A M*, Tiunov A V.
2016

Rozpadek P, Rapata-Kozik
M, Wezowicz K, Grandin

A, Karlsson S, Wazny R,
Anielska T, Turnau K*. 2016

Rydlova J, Jelinkova M,
Dusek K, Duskova E,
Vosatka M, Piischel D*.
2016

Sanchez-Romera B, Ruiz-
Lozano J] M, Zamarreno A
M, Garcia-Mina ] M, Aroca
R*. 2016

Wu S, Zhang X, Chen B*,
Wu Z, LiT, HuY, SunY,
WangY. 2016

Sowik I*, Borkowska B,
Markiewicz M. 2016

Swaty R, Michael H M,
Deckert R, Gehring C A*.
2016

22

Distribution patterns of arbuscular mycorrhizal and non-mycorrhizal plant species
in germany

Perspectives in Plant Ecology, Evolution and Systematics Im Press

[*Helmholtz Centre for Environmental Research — UFZ, Department of Community
Ecology, Theodor-Lieser-Str. 4, 06120 Halle (Saale), Germany]

Comparative potentials of native arbuscular mycorrhizal fungi to improve nutrient
uptake and biomass of Sorghum bicolor Linn

Agriculture and Natural Resources In Press

[*Faculty of Science at Sriracha, Kasetsart University, Sriracha Campus, Chonburi 20230,
Thailand]

Colonization of new land by arbuscular mycorrhizal fungi

Fungal Ecology 20:22-29

[*Department of Biology, University of Copenhagen, Universitetsparken 15, DK-2100
Copenhagen @, Denmark]

The arbuscular mycorrhizal fungi colonising roots and root nodules of New Zealand
kauri Agathis australis

Fungal Biology 120(5):807-817

[*Landcare Research, 231 Morrin Road, Auckland 1072, New Zealand]

Stable isotope composition of mycophagous collembolans versus mycotrophic
plants: Do soil invertebrates feed on mycorrhizal fungi?

Soil Biology and Biochemistry 93:115-118

[* Institute of Ecology and Evolution RAS, Leninsky Prospect 33, 119071 Moscow, Russia]

Arbuscular mycorrhiza improves yield and nutritional properties of onion (Allium
cepa)

Plant Physiology and Biochemistry 107:264-272

[*Institute of Environmental Sciences, Jagiellonian University, Gronostajowa 7, 30-387
Krakow, Poland]

Arbuscular mycorrhiza differentially affects synthesis of essential oils in coriander
and dill

Mycorrhiza 26:123-131

[*Institute of Botany, Academy of Sciences of the Czech Republic, Zamek 1, 252 43
Prithonice, Czech Republic]

Arbuscular mycorrhizal symbiosis and methyl jasmonate avoid the inhibition of root
hydraulic conductivity caused by drought

Mycorrhiza 26:111-122

[*Department of Soil Microbiology and Symbiotic Systems, Estacion, Experimental del
Zaidin (CSIC), C/ Profesor Albareda 1, 18008 Granada, Spain]

Chromium immobilization by extraradical mycelium of

arbuscular mycorrhiza contributes to plant chromium tolerance

Environmental and Experimental Botany 122:10-18

[*State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, People’s Republic of
China]

The activity of mycorrhizal symbiosis in suppressing Verticillium wilt in susceptible
and tolerant strawberry (Fragaria x ananassaDuch.) genotypes

Applied Soil Ecology 101:152—-164

[*Research Institute of Horticulture, Pomologiczna 18, 96-100 Skierniewice, Poland]

Mapping the potential mycorrhizal associations of the conterminous United States
of America. Fungal Ecology In Press

[*Department of Biological Sciences and Merriam-Powell Center for Environmental
Research, Northern Arizona University, Flagstaff, AZ 86011-5640, USA]
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Lambers H, AuerY, Kramer soils during ecosystem retrogression
S, Kandele E. 2016 Soil Biology and Biochemistry 92:119-132

[*School of Plant Biology, The University of Western Australia, 35 Stirling Highway, Crawley
(Perth), WA 6009, Australia]
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Xin-Hua H. 2016 Scientia Horticulturae 199:95-102
[*College of Horticulture and Gardening, Yangtze University, Jingzhou, Hubei 434025,
China]
Wahbi S, Maghraoui Z Enhanced transfer of biologically fixed N from faba bean to intercropped wheat
T, Hafidi M, Sanguin through mycorrhizal symbiosis. Applied Soil Ecology 107:91-98
H, Oufdou K, PrinY, [*CIRAD, Laboratoire des Symbioses Tropicales et Méditerranéennes (UMR LSTM);
Duponnois R, Galiana A*. Campus International de Baillarguet; 34398 Montpellier, France]
2016

Wang F*, Liu X, Shi Z, Tong Arbuscular mycorrhizae alleviate negative effects of zinc oxide nanoparticle and zinc
R, Adams C A, Shi X. 2016 accumulation in maize plants — A soil microcosm experiment
Chemosphere 147:88-97
[*Agricultural College, Henan University of Science and Technology, Luoyang 471003,
People’s Republic of China]

Waud M*, Busschaert P, Specificity and localised distribution of mycorrhizal fungi in the soil may contribute
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2016 Fungal Ecology 20:155-165

[*KU Leuven, Campus De Nayer, Department of Microbial and Molecular Systems (M2S),
Laboratory for Process Microbial Ecology and Bioinspirational Management (PME&BIM),
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[*Safe Crop Centre, Istituto Agrario di S. Michele all’Adige, Via Mach 1, S. Michele
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Yang H*, Xu J, GuoY, Predicting plant response to arbuscular mycorrhizas: The role of host functional
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Bian L, Bian X, Zhang Q. Fungal Ecology 20:79-83

2016 [*College of Agriculture, Nanjing Agricultural University, No. 1 Weigang Road, Nanjing
210095, Jiangsu Province, China]

Zhou G*, Li X, Qin J, Liu Effects of simultaneous infections of endophytic fungi and arbuscular mycorrhizal

H, ChenW, NiuY, Ren A, fungi on the growth of their shared host grass Achnatherum sibiricum under varying

GaoY. 2016 N and P supply

Fungal Ecology 20:56—65
[YonCollege of Life Sciences, Nankai University, Tianjin 300071, China]
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OMICS International Conferences, 2360 Corporate Circle, Suite 400 Henderson, NV 89074-7722,
USA
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Integrated Control in Oilseed Crops 2016: Meeting of the Working Group on Integrated
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Dr Barbara Barratt, AgResearch Invermay, Private Bag, 50034 Mosgiel, New Zealand
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Fax: +64 3 489 3739
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Tel.: +1-888-843-8169

Fax: +1-650-618-1417

Email: appliedmicrobe@microbiologyconferences.com
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OMICS International Conferences, 2360 Corporate Circle, Suite 400 Henderson, NV 89074-7722,
USA

Tel.: +1-888-843-8169

Fax: +1-650-618-1417

Email: biotechnology@omicsgroup.com

Website: http://www.biotechnologycongress.com/india/conference-brochure.php

ICE 2016, XXV International Congress of Entomology, Orlando, Florida, USA
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