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Introduction

Nature is bountiful of microbes, fungi, and plants.
The medicinal plants have been the traditional

source for raw material and finished herbal drugs.
Since ancient times the use of such medicinal plants
has been documented in many works of scholars. It

is estimated that around 2.7 lakh plant species are
known to exist on the planet Earth, of which 30,000
plants have been considered medicinally important.
Approximately, 15,000 plants are utilized to produce
drugs. Plants are known to harbour a number of
known and unknown chemical molecules which are
important in pharmaceuticals. Therefore, efforts have
been made to protect the medicinal plants through n-
situ and ex-situ conservation strategies. The science of
life and its related knowledge has been an indigenous
system of medicine (Ayurveda) which dates back to
1500-800 BCE. Since that time people have been
worshiping natural resources, especially plants.
Yajurveda notable emphasizes many plants that are
used in rituals. Atharvana veda has mentioned the role
of medicinal plants in treating diseases. Ayurveda is
the oldest scientific treatise on medicine and disease
treatment. The majority of medicinal plants yields
qualitative herbal drugs. However, the raw materials
suffer from overexploitation, extinction, storage
problems, identification and marketing. Dashmool is
one of the oldest drugs, made up of 10 roots. Taxol,
an anti-cancer drug has been derived from Taxus
baccata, the first of its kind herbal drug, worth of
million dollars, was developed in the USA. Jeevani, an
energy tonic was prepared from Trichopus zeylanicus,
which became first patent of tribals in India. Charaka
Sambhita has mentioned the utility of around 4000
medicinal plants for maintaining human health. Since
time immemorial herbal drugs have been source
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of general and traditional medicines in most of the
developing countries (UNESCO 1996). Africa is a
major source of medicinal plants, followed by India.
In Europe, some 1500 medicinal plants are widely
used in treating humans. The world market for natural
drugs, pharmaceuticals, fragrance, flavours, and colour
ranges in several billion dollars per year. Examples
include Taxol, Vincristine, Vinblastine, Colchicine,
Artemisinin, and the Indian Ayurvedic drug —
Forkolin. Trade, market, and export of medicinal
plants are growing in volume. It is estimated that the
global trade in medicinal plants is around US$ 800
million per year. Keen interest in medicinal plant is
the re-emerging health aid, which has been fuelled
by rising costs of drugs used in the maintenance of
personal health and wellbeing.

Based on the current research, it can be
established that medicinal plants will continue to
play an important role in human health management
(Manoharachary and Nagaraju 2016). It is a known
fact that several plants are known to cure diseases
caused by pathogenic bacteria like Streprococcus,
Bacillus, Staphylococcus, E.coli, Salmonella, and several
others. Similarly there are number of medicinal plants
which can cure viral diseases such as Spanish flu,
swine flu, dengue fever, HIV, and others. In recent
times, COVID-19 has been found responsible to cause
Corona Disease which is pandemic, infecting people
in 216 countries. Its origin has been traced in China.
Its spread to other countries mainly occurred through
infected human beings who were the travellers from
one region to other region by different means and
agencies. It is important to mention that the United
States of America, United Kingdom, Brazil, Italy,
Switzerland, India and other countries are severely
affected, resulting in large-scale health damage. There

Mycorrhiza News 32(2) + July 2020



is a need to establish health disaster management
system in every ministry of health of each country.
It is important to mention that lot of research has
been going on microbes including viruses and there
is a possibility that several mutants and clones

may originate from different countries, which may
become more pathogenic than the existing ones. In
this context, a mention has been made in Charaka
Sambhita and other ancient Indian medical systems
that medicinal plants and traditional knowledge can
boost up the immunity and hence it is likely that these
plants may serve as drugs in due course of the time.
Several of such plants are mycorrhizal. Mycorrhizae
are the symbiotic organisms found in plants which
may be ectomycorrhizal in woody plants and
endomycorrhizal in many other land plants. Nearly
70%—-80% of plants are colonized by arbuscular
mycorrhizal fungi (AMF). It is noticed in the
literature that the chemical constituents of many of
the medicinal plants get increased when treated with
addition of mycorrhizal fungi.

Materials and Methods

All the medicinal plants mentioned in Table 1 are
collected from in and around Hyderabad, both

wild areas and gardens including medicinal plants
gardens of Agriculture University and Osmania
University, Hyderabad. The plants were brought to the

Table 1: Medicinal plants

laboratory along with rhizosphere soil samples. The
soils were analysed for mycorrhizal fungi following
the techniques of Mukerji, Manoharachary and
Chamola (2002). The AMF were estimated as for wet
sieving and decanting technique (Manoharachary and
Kunwar 2002) followed by root-clearing technique
and quantification of AMF.

Results and Discussion

The medicinal plants, known to possess antibacterial
and antiviral properties, listed in Table 1, are of great
use in day-to-day life and also utilized by Ayurvedic
doctors in the form of drugs. These medicinal plants
have been found colonized in the roots in 40%—-90%
range. The AMF associated with these medicinal
plants include Acaulospora terricola, Entrophospora sp.,
Glomus etunicarum, Glomus mosseae, Glomus tenuis,
Gigaspora margarita, Rhizophagus fasciculata, and
Scutellospora nigra. The above AMF have been found
constantly in the soils supported by various medicinal
plants.

Many mycorrhizal plants show high productivity,
growth, immunity and defence against pests and
diseases. In recent times, attempts are made to culture
these mycorrhizal fungi and inoculate the medicinal
plants on a larger scale to boost their production and
market them as drugs (after synthesizing).

Name

Activity

Allium cepa
Alternanthera sessilis
Baccharis trimera
Catharanthus roseus
Cassia tora

Curcuma longa
Cymbopogon martini
Cinnamomum aromaicus
Cinnamomum zeylanicum
Dillenia indica
Dicerocarym senecioides
Eucalyptus citridora
Foeniculum vulgare
Fabiana densa
Gymnema sylvestra
Heliotropium indicum

Lantana camara
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Antioxidant, antimicrobial, antiviral
Antimicrobial, antidote, antiviral
Antibacterial, antiviral, antioxidant
Anticancer, antimicrobial
Antimicrobial, antidessentry, antiviral
Antidiabetic, anticancer, antimicrobial, antiviral
Antimicrobial

Antibacterial, antiviral

Antibacterial, antiviral, antioxidant
Antidiabetic, antibacterial
Antimicrobial, antiviral

Antimicrobial

Antimicrobial, digestive, antiviral
Antimicrobial, antioxidant, antiviral
Antidiabetic, antibacterial, antiviral
Antitumor, antimicrobial, antiviral

Antimicrobial, fungicidal

Contd...



Table 1 Contd...

Name Activity

Moringa oleifera Antimicrobial

Momordica charantia Antidiabetic, antimicrobial

Mentha piperata Antimicrobial, antidiabetic, antiviral

Ocimum sanctum
Psidium guajava
Punica granatum
Ruta sp.
Rosmarinus sp.
Tinospora cordifolia

Zingiber officinale

Antidiabetic, antifungal, anticancer, antiviral
Antihyperglycemic, antimicrobial, antiviral
Antimicrobial, antiviral

Antidiabetic, antimicrobial

Antibacterial, antiviral

Arthritis, antimicrobial, antiviral

Works against cough, improves digestion, antidiabetic,
antimicrobial, antiviral

Mycorrhizal association of higher plants and
medicinal plants has gained importance in recent
times. Since 1950, there has been an attempt in
understanding the advancement of mycorrhizal fungi.
After 1970, there occurred a marked accumulation
in experimental evidences on the role of AMF.

After 1990, practically, growing medicinal plants

on a large scale by applying the AMF mycorrhizal
association gained importance. It is in this context,
work has been done by the author on AMF associated
with medicinal plants which are antimicrobial and
antiviral. During the survey of 2019-20, the plants
listed in Table 1 were found to be mycorrhizal, mainly
under the light of the author’s observation of AM
spores in the soil, mycorrhizal colonization in the
roots of the mentioned medicinal plants and also

in the soil supporting the medicinal plants (Figures

1, 2, and 3). Later the conducted pot experiments
were carried by inoculating the mycorrhizal fungi

in Ocimum, Catharanthus, and a few other plants
which showed maximum productivity and increase
in alkaloid content. Most of the alkaloids present in
the medicinal plants were antimicrobial and antiviral.
The conduction of experiments are on the way and
in future the results will be published regarding
plants’ efficiency as antimicrobials and antivirals. A
collaboration has been established at present with
some medical universities and well- known researchers
in the field of medical pathology and microbiology.
An attempt is also now in progress to prepare
biofertilizers for boosting the growth of medicinal
plants and their increase in naturally occurring
alkaloids.

Acknowledgement

The author is thankful to National Academy of
Sciences, Prayagraj for their encouragement.

Figure 1: Spores and sporocarps of AMF: (a) Spore of Glomus mosseae showing the distinctive funnel-shaped subtending hypha (b)
Intracellular spores of G. tenue in cleared and stained roots of Terminalia sp., (¢) Loose sporocarp of G. aggregatum, (d) Spore of
Entrophospora sp., (e) Sessile spore of Acaulospora delicata
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Figure 2: Spores and sporocarps of AMF: (a) Spore of Gigaspora gigantea showing the bulbous and hyphal suspensor-like cells in the
septate subtending hypha (b) Spore of Scutellospora erythropa showing germinating shield and bulbous base of subtending hypha (c)
Scutellospora sp. spore with germinating shield and subtending hypha (d) Sporocarp of Sclerocystis microcarpus (peridium lacking)

(e) Portion of a sporocorp of S. microcarpus showing cylindric-clavate chlamydospores with thickened walls at the apex and central plexus

of hyphae at the base

Figure 3: Root colonization
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NEew APPROACHES

New Approaches and Techniques

A Freeware Tool for Measuring Length of Fungal Hyphae

Determining root and fungal hyphal lengths is a basic
undertaking in many eco-physiological and ecological
studies. Digital Image Analysis has been found to
reduce labour and increase data reproducibility in
plant fungus phenotyping. Automated and semi-
automated image analyses could save time, increasing
comparability and consistency of data. For measuring
the lengths of hyphae and roots in in vivo and i vitro
systems, HyLength — a user-friendly tool assembling
functions of the Image Processing Toolbox of
MATLAB R2019b that allow skeletonizing objects
before counting their total pixel number has been
developed and successfully validated against manual
measures as well. HyLength was validated with four
sets of digital images of roots and fungal mycelia
grown in i vivo and in vitro systems. The validation
was done by comparing the lengths determined by
the HyLength against those manually determined
using objects traced by either the Image]/Fiji or grid-
line intersection counting (standard approaches).
HyLength allowed great reduction of the time needed

for length measurement compared with manual
methods. It also allowed measurement of length over
a whole experimental unit, eliminating the error due
to sub-area selection by the user and allowing the
processing of many samples. The tool is easy to use
and a standard office laptop is sufficient to measure
any number of images. Parameters can be optimized
by the user and hence one can work with different,
heterogeneous and modest-quality images. The tool
is freely released together with the source code and
expert users can implement additional functions and
improve the code if necessary (Cardini, Pellegrino,
Dottore, ez al. 2020).

Reference

Cardini A., Pellegrino E., Del Dottore E., Gamper H.
A., Mazzolai B, and Ercoli L. 2020. Hylength: a semi-
automated digital image analysis tool for measuring
the length of roots and fungal hyphae of dense mycelia.
Mycorrhiza 30 (2-3): 229-242
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RECENT REFERENCES

The latest additions to the network’s database on mycorrhiza are published here for the members’ information. The
list consists of papers from the following journals:

3 Biotech
Carbohydrate Research
Chemosphere

Ecology Letters

Frontiers in Microbiology
Frontiers in Plant Science

Mycorrhiza

China Fournal of Chinese Materia Medica
Ecotoxicology and Environmental Safety
International Journal of Molecular Sciences

FJournal of fungi (Basel, Switzerland)
Methods in Molecular Biology (Clifton, N. ¥.)

Nature Communications

New Phytologist

Plant Physiology and Biochemistry
Plants (Basel, Switzerland)

PLoS One

Proceedings, Biological Sciences
Scientific Reports

The Fournal of Applied Ecology

The Science of the Total Environment
Tree physiology

Name of the author(s) and year
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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 asterisk)

Acufia-Rodriguez I S*, Newsham
K K, Gundel P E, Torres-Diaz C,
Molina-Montenegro M A. 2020

Adamo M’, Chialva M, Calevo J,
Rose S D, Girlanda M, Perotto S,
Balestrini R. 2020

Cardini A", Pellegrino E, Dottore
E D, Gamper H A, Mazzolai B,
Ercoli L. 2020

Casarrubia S*, Martino E,
Daghino S, Kohler A, Morin E,
Khouja H-R, Murat C, Barry K
W, Lindquist E A, Martin F M,
Perotto S. 2020

Chareesri A", Deyn G B D,

Sergeeva L, Polthanee A, Kuyper T

W. 2020

Mycorrhiza News 32(2)

July 2020

Functional roles of microbial symbionts in plant cold tolerance
Ecology Letters 23 (6): 1034—1048

[Laboratorio de Biologia Vegetal, Instituto de Ciencias Biolodgicas,
Universidad de Talca, Campus Lircay, Talca, Chile]

The Dark Side of Orchid Symbiosis: can tulasnella calospora
decompose host tissues?

International Fournal of Molecular Sciences 21 (9): 3139

[Department of Life Sciences and Systems Biology, University of Turin,
Viale Mattioli 25, 10125 Turin, Italy]

HyLength: a semi-automated digital image analysis tool for
measuring the length of roots and fungal hyphae of dense mycelia
Mycorrhiza 30 (2-3): 229-242

['Institute of Life Sciences, Scuola Superiore Sant’Anna, Piazza Martiri
della Liberta 33, 56127, Pisa, Italy]

Modulation of Plant and Fungal Gene Expression Upon Cd
Exposure and Symbiosis in Ericoid Mycorrhizal Vaccinium
myrtillus

Front Microbiol. 11: 341

[Department of Life Sciences and Systems Biology, University of Turin,
Turin, Italy]

Increased arbuscular mycorrhizal fungal colonization reduces yield
loss of rice (Oryza sativa L.) under drought

Mycorrhiza 30 (2-3): 315-328

[Department of Environmental Sciences, Soil Biology Group, Wageningen
University & Research, P O Box 47, 6700 AA, Wageningen, The
Netherlands]
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Fabiaska I, Pesch L, Koebke E,
Gerlach N, Bucher M. 2020

Fan X, Chang W, Sui X, LiuY,
Song G, Song F, Feng F. 2020

Freitas EF S%, Silva M d, Cruz E
d S, Mangaravite E, Bocayuva M
F,VelosoT G R, Selosse Marc-
André, Kasuya M C M. 2020

Hartmann M”, Vo83 S, Requena N.

2020

Huey CJ', Gopinath S C B, Uda

M N A, Zulhaimi H I, Jaafar M N,

Kasim F H,Yaakub A RW. 2020

Huisman R*, Hontelez J, Bisseling
T, Limpens E. 2020

Imhof S*, Feller B, Heser A. 2020

Jalén L G de*, Limousin J-M,
Richard F, Gessler A, Peter M,
Hittenschwiler S, Milcu A. 2020

Neighboring plants divergently modulate effects of loss-of-function
in maize mycorrhizal phosphate uptake on host physiology and root
fungal microbiota

PLoS One 15 (6)

[Institute for Plant Sciences, Cologne Biocenter, University of Cologne,
Cologne, Germany]

Changes in rhizobacterial community mediating atrazine
dissipation by arbuscular mycorrhiza

Chemosphere 256: 127046

["Engineering Research Center of Agricultural Microbiology Technology,
Ministry of Education, Heilongjiang University, Harbin, 150500, PR China]

Diversity of mycorrhizal Tulasnella associated with epiphytic and
rupicolous orchids from the Brazilian Atlantic Forest, including
four new species

Scientific Reports 10 (1): 7069

[Departamento de Microbiologia, Universidade Federal de Vigosa, 36570-
900, Vigosa, Minas Gerais State, Brazil]

Host-induced Gene Silencing of Arbuscular Mycorrhizal

Fungal Genes via Agrobacterium rhizogenes-mediated Root
Transformation in Medicago truncatula

Methods in Molecular Biology 2146: 239-248

["Molecular Phytopathology, Karlsruhe Institute of Technology, Karlsruhe,
Germany.]

Mycorrhiza: a natural resource assists plant growth under varied
soil conditions

3 Biotech 10 (5): 204

['School of Bioprocess Engineering, Universiti Malaysia Perlis, 02600 Arau,
Perlis Malaysia]

SNARE complexity in arbuscular mycorrhizal symbiosis
Frontiers in Plant Science 11: 354

[Department of Plant Sciences, Laboratory of Molecular Biology,
Wageningen University & Research, Wageningen The Netherlands]

Morpho-anatomical differences among mycoheterotrophic
Afrothismia spp. (Thismiaceae) indicate an evolutionary
progression towards improved mycorrhizal benefit

Mycorrhiza 30 (2-3): 397405

["Spezielle Botanik, Fachbereich Biologie, Philipps-Universitit, D-35032,
Marburg, Germany]

Microhabitat and ectomycorrhizal effects on the establishment,
growth and survival of Quercus ilex L. seedlings under drought
PL0oS One 5: 15 (6)

[CEFE, Univ. Montpellier, CNRS, EPHE, IRD, Univ. Paul Valéry
Montpellier 3, Montpellier, France]
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Janouskova M”, Caklova P. 2020

Kilpeldinen J', Aphalo P J,
Barbero-Loépez A, Adamczyk B,
Nipu S A, LehtoT. 2020

Lara-Pérez L A", Oros-Ortega
I, Cérdova-Lara I, Estrada-
Medina H , O’Connor-Sanchez
A, Gongora-Castillo E, Saenz-
Carbonell L. 2020

Li H', HuangW X, Gao MY, Li X,
Xiang L, Mo C H, LiYW, Cai QY,
Wong M H,Wu FY. 2020

Liu M’, Zhao Z, Chen L,Wang L,
JiL,XiaoY. 2020

Pham TT", Giang B L, Nguyen N
H,Yen P N D, HoangV D M, Ha
BTL,Le NTT. 2020

Plett J M %, Plett K L, Wong-
Bajracharya J, Pereira Md F,
Costa M D, KohlerA , Martin F,
Anderson I C. 2020

Piischel D, Bitterlich M, Rydlova
J,Jansa J. 2020
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Molecular Quantification of arbuscular mycorrhizal fungal root
colonization

Methods in Molecular Biology 2146: 73-91

[‘Institute of Botany of the Czech Academy of Sciences, Pr honice, Czech
Republic]

Are arbuscular-mycorrhizal Alnus incana seedlings more resistant
to drought than ectomycorrhizal and nonmycorrhizal ones?

Tree Physiology 40 (6): 782—-795

["School of Forest Sciences, University of Eastern Finland, Yliopistokatu 7,
PO Box 111, 80101 Joensuu, Finland]

Seasonal shifts of arbuscular mycorrhizal fungi in Cocos nucifera
roots in Yucatan, Mexico

Mycorrhiza 30 (2-3): 269-283

[‘Unidad de Biotecnologia, Centro de Investigacion Cientifica de Yucatan,
Mérida, Yucatan, Mexico]

AM fungi increase uptake of Cd and BDE-209 and activities of
dismutase and catalase in amaranth (Admaranthus hypochondriacus
L.) in two contaminants spiked soil

Ecotoxicology and Environmental Safery 195: 110485

['Guangdong Provincial Research Centre for Environment Pollution
Control and Remediation Materials, Department of Ecology, College of
Life Science and Technology, Jinan University, Guangzhou, 510632, PR
China]

Influences of arbuscular mycorrhizae, phosphorus fertiliser and
biochar on alfalfa growth, nutrient status and cadmium uptake
Ecotoxicology and Environmental Safery 196: 110537

[*College of Agro-grassland Science, Nanjing Agricultural University,
Nanjing, 210095, PR China]

Combination of mycorrhizal symbiosis and root grafting effectively
controls nematode in replanted coffee soil

Plants (Basel) 9 (5): 555

[Department of Science and Technology in DakLak province, 15A Truong
Chinh, Buon Ma Thuot City 630000, Vietnam]

Mycorrhizal effector PaMiSSP10b alters polyamine biosynthesis in
eucalyptus root cells and promotes root colonization

The New Phytologist , June 2020

[[Hawkesbury Institute for the Environment, Western Sydney University,
Richmond, NSW, Australia, 2753]

Facilitation of plant water uptake by an arbuscular mycorrhizal
fungus: a Gordian knot of roots and hyphae

Mycorrhiza 30 (2-3): 299-313

[Department of Mycorrhizal Symbioses, Institute of Botany of the Czech
Academy of Sciences, Pr honice, Czech Republic]
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Ran Zhi-Fang ", Yang X-T, Ding
W-N, Zhou J, Guo L-P, Zhang
Y-Q. 2020

Recorbet G*, Courty P-E, Wipf D.
2020

Rolshausen G*, Hallman U,
Grande F D, Otte J, Knudsen K,
Schmitt I. 2020

Saleh A M’*, Abdel-Mawgoud M,
Hassan A R, Habeeb T, Yehia R S,
AbdElgawad H. 2020

Sbrana C*, Pepe A, Ferrol N,
Giovannetti M. 2020

Shi Z*, Zhang J, Lu S, LiY, Wang
F. 2020

Souza S C R", Souza L A,
Schiavinato M A, Silva F M de O,
Andrade S A L de. 2020

Stefani F*, Bencherif K, Sabourin
S, Hadj-Sahraoui A L, Banchini C,
Séguin S, DalpéY. 2020

10

Preliminary investigation on arbuscular mycorrhiza fungi of
cultivated Panax quinquefolium roots

China Journal of Chinese Materia Medica 45 (9): 2050-2056
["School of Pharmacy, Shandong University of Traditional Chinese
Medicine Ji’nan 250355, PR China]

Recovery of extra-radical fungal peptides amenable for shotgun
protein profiling in arbuscular m'ycorrhizae

Methods in Molecular Biology 2146: 223—-238

[‘Agroécologie, AgroSup Dijon, CNRS, INRAE, Université Bourgogne
Franche-Comté, Dijon, France]

Expanding the mutualistic niche: parallel symbiont turnover along
climatic gradients

Proceedings, Biological Sciences 287 (1924): 20192311

['Senckenberg Biodiversity and Climate Research Centre (SBiK-F),
Frankfurt am Main, Germany]

Global metabolic changes induced by arbuscular mycorrhizal
fungi in oregano plants grown under ambient and elevated levels of
atmospheric CO,

Plant Physiology and Biochemistry 151: 255-263

[Department of Botany and Microbiology, Faculty of Science, Cairo
University, Giza, 12613, Egypt]

A whole-plant culture method to study structural and functional
traits of Extraradical mycelium
Methods in Molecular Biology 2146: 33—41

['CNR, Institute of Agricultural Biology and Biotechnology, UOS Pisa,
Pisa, Italy]

Arbuscular mycorrhizal fungi Improve the performance of sweet
sorghum grown in a Mo-contaminated soil

Fournal of Fungi (Basel) 6 (2): 44

[‘College of Agriculture, Henan University of Science and Technology,
Luoyang 471023, PR China]

Zinc toxicity in seedlings of three trees from the Fabaceae associated
with arbuscular mycorrhizal fungi

Ecotoxicology and Environmental Safery 195: 110450

[Department of Plant Biology, Institute of Biology, University of Campinas,
PO Box 6109, 13083-970, Campinas, Sdo Paulo, Brazil; Department of
Botany, Federal University of Sdo Carlos, PO Box 676, 13565-905, Sio
Carlos, Sdo Paulo, Brazil]

Taxonomic assignment of arbuscular mycorrhizal fungi in an 18S
metagenomic dataset: a case study with saltcedar (Tamarix aphylla)
Mycorrhiza 30: 243-255

["Agriculture and Agri-Food Canada, Ottawa Research and Development
Centre, 960 Carling Avenue, Ottawa, ON, K1A 0C6, Canada]
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Teranishi T”, KobaeY. 2020 Investigation of Indigenous arbuscular mycorrhizal performance
using a Lotus japonicus mycorrhizal mutant
Plants (Basel) 9 (5): 658
[Laboratory of Crop Nutrition, Department of Sustainable Agriculture,
Rakuno Gakuen University, Ebetsu, Hokkaido 069-8501, Japan]

Tran CT K, Watts-Williams S J, Effects of plant roots and arbuscular mycorrhizas on soil

Smernik R J, CavagnaroT R. 2020 phosphorus leaching
Science of the Total Environment 722:137847
[The Waite Research Institute and The School of Agriculture, Food and
Wine, The University of Adelaide, Waite Campus, PMB1, Glen Osmond,

SA 5064, Australia]
Vangelisti A*, Turrini A, Sbrana Gene expression in Rhizoglomus irregulare at two different time
C, Avio L, Giordani T, Natali L, points of mycorrhiza establishment in Helianthus annuus roots, as

Giovannetti M, Cavallini A. 2020  revealed by RNA-seq analysis
Mycorrhiza 30 (2-3): 373-387

Wang F*, Zhang X, Zhang S, Interactions of microplastics and cadmium on plant growth and
Zhang S, SunY. 2020 arbuscular mycorrhizal fungal communities in an agricultural soil
Chemosphere 254: 126791
[‘College of Environment and Safety Engineering, Qingdao University of
Science and Technology, Qingdao, Shandong Province, 266042, PR China]

Wang J*, Zhai J, Ma J, Zhang ], Comparative physiological mechanisms of arbuscular mycorrhizal
Wang G G, Liu X, Zhang S, Song fungi in mitigating salt-induced adverse effects on leaves and roots
I, WuY. 2020 of Zelkova serrate

Mycorrhiza 30 (2-3): 341-355

[‘Co-Innovation Center for Sustainable Forestry in Southern China, Jiangsu
Province Key Laboratory of Soil and Water Conservation and Ecological
Restoration, Nanjing Forestry University, 159 Longpan Road, Nanjing,
210037, Jiangsu, PR China]

Wang S*, GuanY, Wang Q, ZhaoJ, A mycorrhizae-like gene regulates stem cell and gametophore

Sun G, Hu X, Running M P, Sun development in mosses

H, Huang J. 2020 Nature Communications 11 (1): 2030
[Key Laboratory for Plant Diversity and Biogeography of East Asia, Yunnan
Key Laboratory for Fungal Diversity and Green Development, Kunming
Institute of Botany, Chinese Academy of Sciences, Kunming, 650201, PR

China]
Wu F*, Fang F,Wu N, Li L, Tang Nitrate transporter gene expression and kinetics of nitrate uptake by
M. 2020 Populus X canadensis ‘Neva’ in relation to arbuscular mycorrhizal

fungi and nitrogen availability

Frontiers in Microbiology 11:176

[State Key Laboratory of Conservation and Utilization of Subtropical
Agro-bioresources, Guangdong Laboratory of Lingnan Modern
Agriculture, Guangdong Key Laboratory for Innovative Development and
Urtilization of Forest Plant Germplasm, College of Forestry and Landscape
Architecture, South China Agricultural University, Guangzhou, PR China]
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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 asterisk)

Xia T, WangY, HeY,Wu C, Shen
K, Tan Q, Kang L., GuoY,Wu B,
Han X. 2020

Yano K, Itoh T, NokamiT. 2020

Yurkov A", Kryukov A, Gorbunova
A, Sherbakov A, Dobryakova K,
MikhaylovaY, Afonin A, Shishova
M. 2020

Zhao Fang-Gui ", Qu F, Che Yong-
Mei, Yao Jia-Lin, Liu X. 2020

An invasive plant experiences greater benefits of root morphology
from enhancing nutrient competition associated with arbuscular
mycorrhizae in karst soil than a native plant

PLo0S One9:15 (6)

[‘Forestry College, Research Center of Forest Ecology, Institue for Forest
Resources & Environment of Guizhou, Guizhou University, Guiyang, PR
China]

Total synthesis of Myc-IV(C16:0, S) via automated electrochemical
assembly

Carbohydrate Research 492: 108018

[Department of Chemistry and Biotechnology, Tottori University, 4-101
Koyamacho-minami, Tottori City, 680-8552, Tottori, Japan]

AM-induced alteration in the expression of genes, encoding
phosphorus transporters and enzymes of carbohydrate metabolism
in Medicago lupulina

Plants (Basel) 9 (4): 486

[Laboratory of Ecology of Symbiotic and Associative Rhizobacteria/All-
Russia Research Institute for Agricultural Microbiology, 196608 Saint
Petersburg, Russia]

Effects of arbuscular mycorrhizal fungi on metabolism of aroma
substances in tobacco

The Fournal of Applied Economy 31 (4): 1298-1304

["College of Life Science, Qingdao Agricultural University/Key Laboratory
of Plant Biotechnology in Universities of Shandong Province, Qingdao
266109, Shandong, PR China]
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About Mycorrhiza News

The Mycorrhiza News provides a forum for dissemination of scientific information on mycorrhiza research
and activities; publishes state-of-the-art papers from eminent scientists; notes on important breakthroughs;
brief accounts of new approaches and techniques; publishes papers complied from its RIZA database;
provides information on forthcoming events on mycorrhiza and related subjects; lists important research
references published during the quarter; and highlights the activities of the CMCC.
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FORTHCOMING EVENTS
CONFERENCES, CONGRESSES, SEMINARS,
SYMPOSIUMS, AND WORKSHOPS

Montreal, Canada
August 4-5, 2020

Tokyo, Japan
August 23-26, 2020
(Online)

September 8-10, 2020

September 25-26, 2020
(Webinar)

27 September — 02
October 2020

Brussels, Belgium
October 7-8,2020

New York, United
States
October 8-9, 2020

October 27,2020
(Virtual Conference)

November 25-26, 2020
(Webinar)

ICMMD 2020: International Conference on Mycology and Mycological
Diversity

Website: https:/lwaset. orglmycology-and-mycological-diversity-conference-in-august-2020-
in-montreal

ABS 2020, 6th International Conference on Agricultural and Biological
Sciences

E-mail: abs@absconf.orglabs@academicconf.com

Website: htep:/lwww. absconf.org/

6th Annual Microbiology Virtual Week
Website: https://www.labroots. com/virtual-event/microbiology-immunology-2020

8th Global Summit on Plant Science: Invention of New Significant Tool for
Growth in Plant and Agriculture Research
Website: https:/leurope. plantscienceconferences.com/

International Training on In Vitro Culture of Arbuscular Mycorrhizal Fungi
E-mail: monica.garcesruiz@uclouvain. be
Website: https://lwww. mycorrhiza. beltraining/in_vitro_culture_ AMUF/index.php

Biopesticides Europe 2020
Website: https://lwww. wplgroup. com/aci/event/biopesticides-europe/

ICMMEF 2020: International Conference on Mycology, Mushrooms and Fungi
Website: hitps://waset. org/mycology-mushrooms-and-fungi-conference-in-october-2020-in-
new-york

International Plant Science and Molecular Biology Conference (IPMB-2020)
Website: https://plantscience.madridge.com/

5th World Conference on Applied Microbiology and Beneficial Microbes:
Discovering the New Challenges in the Field of Microbiology (Webinar)
Website: https://appliedmicrobes.microbiologyconferences.com/
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