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Global studies on soil biodiversity have 
significantly increased over the last 
decade (Marín and van der Heijden 
2020). These global surveys focused on 
soil fungi (Tedersoo et al. 2014), 
arbuscular mycorrhizal fungi (Davison et 
al. 2015), soil bacteria (Bahram et al. 
2018; Delgado-Baquerizo et al. 2018), 
earthworms (Philipps et al. 2019), 
protists (Oliverio et al. 2020), and all soil 
biota overall (Delgado-Baquerizo et al. 
2020). Furthermore, recently, FAO 
together with other organizations 
published the first report on the State of 
knowledge of soil biodiversity (FAO et al. 
2020), with contributions of more than 
300 scientists worldwide. This work is a 
continuation of the activity started with 
the Global Soil Biodiversity Atlas (Orgiazzi 
et al. 2016). From all these important 
articles and reports, at least three 
aspects can be concluded: first, there is 
an increasing research capability and 
cooperation regarding the global study 
of soil biodiversity including mycorrhizal 
fungi. Second, the spatial, 
environmental, taxonomic, and 
functional gaps on soil ecology are large 
(Guerra et al. 2020).  For instance, there 
are almost no examples of temporal 
monitoring of changes on soil 
biodiversity and ecosystem functions -in 
a changing world; although several local 
mycorrhizal studies have examined 
temporal changes (Dumbrell et al. 2011; 
Ercole et al. 2015), with one particular 
study (Averill et al. 2019) estimating 

seasonal and intra-annual changes in soil 
fungal biodiversity for northern 
temperate latitudes.  Finally, these 
research gaps and the lack of monitoring 
should urgently result in policy changes 
to use and consider soil biodiversity for 
sustainable management of ecosystems 
and for broader conservation targets. In 
line with this, mycorrhizal applications 
have a huge potential to make 
agriculture and forestry more 
sustainable, in supporting native flora 
and ecosystem restoration (Vahter et al. 
2020), among others. 

Guerra et al. (2020) propose a series of 
actions to overcome different challenges 
regarding the global monitoring of soil 
biodiversity: for legal issues related to 
the transport of soil samples and the 
data obtained from them, these actions 
include establishing global multilateral 
solutions and International Treaties, and 
tools aimed at knowledge transfer of 
the information derived from soil 
samples. Similarly, to overcome the 
sometimes scattered literature or 
unavailability of data on soil biodiversity, 
both open access partnerships and 
current global databases (like GBIF) 
should be strongly supported. Likewise, 
to surmount the lack of temporally 
explicit information on soil biodiversity 
and ecosystem functions, multilateral 
(like in the EU) funding schemes for 
long-term projects on soil monitoring 
should be proposed and pursued, also 
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taking advantage of existing frameworks 
(like the LTER sites) (Guerra et al. 2020). 
Finally, to overcome a “lack of globally 
distributed expertize, research funding 
and infrastructures”, it is suggested to 
promote the training and empowerment 
of local scientists, particularly in the 
developing world (Bueno et al. 2017, 
Mujica et al. 2019). Furthermore, it is 
important to establish soil health as a 
crucial research priority not only in 
farming areas but as a conservation 
target elsewhere (Guerra et al. 2020).

It is still unresolved which soil 
biodiversity characteristics and which 
ecosystem functions should be 
monitored at a global scale? And how to 
measure them? Within the framework of 
the global Soil Biodiversity Observation 
Network (Soil BON; 
https://geobon.org/bons/thematic-
bon/soil-bon/), Guerra et al. (2021), in a 
Science article, suggested some specific 
soil biodiversity and functions 
measurements, deemed “essential 
biodiversity variables”. These include: 
litter decomposition, soil respiration, 
enzymatic activity, soil aggregation, 
nutrient cycling, soil biomass, 
intraspecific genetic diversity, 
population abundance, community traits 
of roots, habitat extent, functional 
diversity, and taxonomic diversity. A 
YouTube interview with Diana H. Wall, 
Scientific Chair of the Global Soil 
Biodiversity Initiative, and Carlos A. 
Guerra, who leads Soil BON, in this issue, 
highlight this. As mentioned by Carlos 
during the interview, this set of variables 
is specifically suited for the objectives of 
Soil BON -and can be limited (for 
example, due to international transport 
laws, the sampling of earthworms is 
almost impossible, despite being a 
crucial soil organism). Such framework 

can also be a good base and example for 
other regional/continental/global soil 
sampling schemes with different 
objectives.

What are the essential biodiversity 
predictors for mycorrhiza? Which global 
knowledge gaps are there for our 
beloved symbiosis, at the spatial, 
environmental, taxonomic, and 
functional scales? There is no doubt 
these questions have occupied many 
mycorrhizal ecologists and physiologists 
over the past years and substantial 
progress has already been made with 
the global maps depicting soil fungal 
and mycorhizal diversity. Hopefully this 
will lead to a sort-of-consensus (as that 
reached in Soil BON) regarding which are 
the gaps, and which mycorrhizal 
variables are “essential”, and could be 
used to globally monitor the biodiversity 
and ecosystem functions of this 
symbiosis.

Finally, the issue of legislation about the 
international transport of samples and 
data sharing on mycorrhiza is a bit 
complicated, as it encompass three 
different compartments: soil, and plant 
and fungal tissues. While the transport 
of tissues is more regulated and the law 
on their international transport is more 
homogeneous, a less clear picture is 
presented when transporting soil across 
countries, especially fresh samples. This 
issue is important because there are 
concerns about the global distribution of 
mycorrhizal inoculum and the invasion of 
non-endemic mycorrhizal fungi (e.g. 
Schwartz et al. 2006; Hart et al. 2017). 
Many times, different countries have 
very different regulations, while in 
others there are clear legal gaps and 
unregulated aspects. This is most 
probably caused because until very 
recently, and in a majority of countries, 
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soil has been considered -from a policy 
perspective- solely from a 
chemical/physical perspective, or a 
thread perspective (eg. avoided soil 
erosion and pollution), but soil 
biodiversity has been largely been 
ignored. The FAO tool SoilEX (
http://www.fao.org/soils-portal/soilex/en/) 
gives a detailed overview of soil 
legislation by each member country. 
Thus, we need to urgently translate into 
policy all these great recent advances on 
soil and mycorrhizal macroecological 
science, not solely for research needs 
but also for legislation and conservation 
purposes. As there is a significant 
mismatch between aboveground and 
belowground biodiversity hotspots 
(Cameron et al. 2019), this legislation on 
soil biodiversity, ultimately could lead to 
target priority conservation areas 
around the globe based on belowground 
biodiversity hotspots.

Note: recently, a list of online tools and 
resources on mycorrhizal research was 
developed by Patricia Silva-Flores and 
co-authors (Plants, People, Planet): 
https://southmycorrhizas.org/outreach/
If you want to add an additional 
tool/resource, do not hesitate to write 
me (cesar.marin@uoh.cl).

In this issue… 
In this you will find the Top 10 list of 
mycorrhizal research articles of the last 
four months (January – April, 2021) 
selected by a panel of experts from a list 
of 223 articles. The Top 1 article by 
Feiyan Jiang and co-authors shows how 
arbuscular mycorrhizal hyphae increase 
phosphorus mineralistion from the soil 
by acting as vectors and hyphal highways 
phosphorus solubilizing bacteria (New 
Phytologist; DOI:  10.1111/nph.17081). 
Please also find a short article by Gu 
Feng and co-authors, on this amazing 

discovery. The Top 2 article, in Science 
(DOI: 10.1126/science.aba6605), is 
authored by Pierre-Marc Delaux and 
Sebastian Schornack, and shows that 
protection against pathogens and 
support of symbiotic microorganisms are 
sustained by conserved and clade-
specific plant mechanisms evolving at 
different speeds. The Top 3 article by 
Mathu Malar and co-authors (Current 
Biology; DOI: 10.1016/j.cub.2021.01.058) 
besides showing that the genome of 
Geosiphon pyriformis is ideal to study the 
emergence of the arbuscular mycorrhizal 
symbiosis, it also shows horizontal gene 
transfer between this fungus and 
Nostoc. Also in this issue find another 
short article by J. Marty Kranabetter and 
Melanie Jones, focusing on 
ectomycorrhizal adaptations across 
temperate rainforests in Canada in 
relation to soil phosphorus deficiencies. 
Also, please find our usual YouTube 
interviews. In this occasion, besides the 
aforementioned interview about Soil 
BON, María Isabel Mujica talks about her 
work on Chilean orchid mycorrhizas and 
their interactions with soil nutrients and 
fungal pathogens. Felipe Albornoz is 
interviewed about different mycorrhizal 
myths or dogmas long sustained in our 
mycorrhizologist community, but -in his 
opinion- with little base to the real 
World.
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