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With the rains having finally made an 
appearance, many regions in the country 
are breathing a sigh of relief. Ironically, 
despite all the rain, the Vaal dam remains 
under pressure and water is still a scarce 
commodity.

Surplus precipitation does however create 
problems on mushroom farms and even 
more so in compost yards. While the water 
itself may be welcomed, the storage and 
utilisation of it is not so simple particularly 
if you are to prevent contamination of the 
environment at the same time.

Looking ahead this is going to be one of the 
major challenges for mushroom growers 
especially as the consumer is becoming 
much more involved in the production of 
the food they eat and while it sometimes 
may seem like an almost impossible 
problem to resolve, I think it is important 
to focus on making improvements even 
if they are not faultless … progress, not 
perfection.

To end off the year, included in this issue, 
is what is meant to be an extension of 
the green mould article featured in the 
September Spawn Run. It was produced 
by Teagasc and is republished in The 
Spawn Run with their permission. It 
tackles some of the ins and outs of 
mushroom viruses and while none of us 
want to consider it a possibility it is not 
something we can ignore.

Furthermore, I decided to give the 20 
questions a go which, I have to admit, is 
not as easy as asking someone else to do 
it...

Finally just a word of thanks to all our 
readers, advertisers and contributors 
for your support and effort throughout 
the year, on behalf of the Spawn Run 
and SAMFA we wish you all a peaceful 
and happy festive season and a safe and 
inspiring New Year

Nathan Jones
nathan@highveldmushrooms.co.za
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Mushroom virus disease
Mushrooms are a high-value export crop, with an annual produc-
tion value in Ireland in the region of €130 million. They can suf-
fer from economically damaging viral diseases such as La France 
disease, which emerged in the 1960s, and which has largely disap-
peared from modern farms due to increased hygiene levels. It was 
a big surprise therefore when virus-like symptoms started to recur 
in the late 1990s and 2000s, but mushrooms were negative for the 
35 nanometre virus particles associated with La France disease. 
The term Mushroom Virus X (MVX) disease was coined to cover 
a range of symptoms, which included widespread brown discolour-
ation of what should be pristine white mushrooms, rendering them 
unmarketable (Figure 1). MVX has been associated with at least 26 
double-stranded RNAs (dsRNAs), which are assumed to be unen-
capsidated viral genomes as no viral particles have been observed.

Shedding Light on 
Mushroom Viruses
A complex of novel viruses was discovered in com-
mercial mushrooms in the early 2000s, which re-
duced the quality of this premium horticultural 
product across Europe. TEAGASC- and EU-fund-
ed research has now characterised the viruses and 
shown that the Agaricus bisporus mushroom is a 
model system to study fungal viromes.

Virus-infected mushrooms analysed
The lack of knowledge on the identity and characterisation of the 
MVX dsRNAs has impeded our ability to develop good diagnos-
tics for the industry, as well as to understand their role and func-
tion within the mushroom mycelium. RNA was isolated from ten 
samples of mushrooms from different sources and with different 
viral symptoms. Viral contigs were de novo assembled, sequenced 
and classified to shed light on their relatedness and phylogeny, with 
reference to known virus families. Differences in viral number, titre 
and composition were identified, suggesting different host adapta-
tions and viral lifestyle transitions.

Eighteen mushroom viruses identified
Next-generation sequencing of the RNA extracted from the mush-
room samples revealed 30 distinct RNA contigs not found in the 
Agaricus bisporus genome, which ranged in size from 0.5-14.5kb. 
Eighteen of them contained an RNA-dependent RNA polymerase 
(RdRp) domain, characteristic of fungal viruses, and we propose 
that these represent 18 distinct viruses (Figure 2). A nomenclature 
is proposed of Agaricus bisporus Virus N (N replaced by a sequential 
number). Sixteen of the viruses had a monopartite structure of a 
single RNA molecule while two viruses were segmented viruses: 
AbV6 consisted of two separate contigs, while AbV1 6 contained 
four separate contigs. AbV1 6 is the fungal virus associated with the 

brown mushroom symp-
toms seen in crops affected 
by MVX. The RdRps of 
the 18 viruses have closest 
amino acid homology to 
a diverse array of positive 
sense single-stranded RNA 
viral orders/families/gen-
era (ss(+)RNA): Hypoviri-
dae, Tymovirales (Betaflexivir-
idae and Gammaflexiviridae), 
Narnaviridae, Barnaviridae, 
Bromoviridae, Endornaviri-
dae, Virgaviridae, and the 
unassigned genera Ben yvi-

Figure 1: Poor quality dis-
coloured mushrooms
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rus and Ourmiavirus. The majority of the viruses are only distant-
ly related to known viruses and, accordingly, new phylogenies are 
proposed. Phylogenetic analysis of the RdRp domain of the AbV1 
6 virus places it into its own unique clade, distinctive from all previ-
ously described viral groupings. Therefore, we propose a new viral 
family, which has been named Ambsetviridae. Bioinformatic analysis 
of existing RNA sequence databases reveals the existence of other 
members of the Ambsetviridae family from the plant and fungal king-
doms.

Viral interactions
Only AbV1 6 has been directly correlated with the adverse brown-
ing symptoms displayed by mushrooms and it would appear that the 
other viruses may be benign. There is evidence that AbV1 6 can be 
‘lost’ during crop cultivation while other viruses persist, as individ-
ual mushrooms attached to the same mycelial network can manifest 
different levels of AbV1 6. It is interesting to speculate that within 
the mycelial network there is a dynamic interaction (competition?) 
between the different viruses. We have observed changing patterns 
of viral composition from sample to sample, with a consequential 

changing pattern of cap browning symptoms when AbV1 6 titre 
increases or decreases.

This hypothesis goes some way towards explaining the variable pat-
tern of symptom expression that has been observed in commercial 
crops for the past 20 years. It may be that one or more of the other 
viruses can outcompete or suppress AbV1 6 within the mycelial 
network, something which could be useful from a virus resistance 
perspective. Current work is exploring this hypothesis.

The presence of so many viruses in a single organism is relatively 
rare and thus Agaricus bisporus is an ideal model organism to study 
viral-viral and viral-host interactions of a fungal virome. Full details 
of this work can be found in the scientific publication of the results 
(Deakin, Dobbs et al., 2017).

Significance for the mushroom sector
The genetic sequence and identity of 18 new fungal viruses that 
can infect commercial mushroom crops is now known. The pres-
ence of these viruses can be detected by molecular methods in a 
variety of mushroom material, such as mushrooms and compost, 
while mushroom breeders can screen fungal germ plasm for viruses 
during strain development.

Figure 2: Genome organisation and protein coding potential of the 
18 viruses identified in the MVX complex (from Deakin et al., 2017).
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Filling the Growing Room
How mushrooms grow and the yields are determined at filling. As-
sessing the compost and casing soil determines the final quality of 
the mushrooms. After this assessment, the settings are made on the 
filling machine.  Any mistakes made at filling, will haunt you for the 
rest of the cropping cycle. On larger farms “growers” focus increas-
ingly less on filling. Just a quick look at the compost and casing soil 
at the start, set the machine… and that’s about it.

Why is filling so important?
Compost quality

Compost quality is influenced by: colour, texture, smell, temper-
ature, hard or soft structure. How much water can the compost 
absorb and should you water at filling? How well will the CAC ma-
terial grow? Only paying attention during the first 15 minutes of 
filling is not enough to get these details right. The least you can do 
as a grower is to be physically present three or four times at filling, 
to check the compost, casing soil and the filling quality. And have a 
chat with the filling machine operator.

The operator also has to be almost a grower; not only with an un-
derstanding of the machine, but also understanding what compost 
and casing soil quality is and how to handle the raw materials cor-
rectly. And not what I keep on seeing more often: filling the grow-
ing room with compost and casing as quickly as possible and not 

paying enough attention to the actual filling process. Sometimes the 
result is a whole groove along the bed because, for example, there 
was a piece of wood lodged in the CAC axle. There won’t be any 
mushrooms growing there....

The operator should therefore ALWAYS stand by the filling ma-
chine and watch the machine where the compost with casing enters 
the growing room. The operator should look at the CAC and level-
ling axles. From this position, you can see what you are doing and 
stop the machine immediately if anything goes wrong.

Filling is the foundation of further growth. It’s not simply complet-
ing a task, but also thinking about the quality of compost and casing 
you are dealing with and how it should be handled during filling and 
afterwards during growing.

New

Since two weeks, E-course Mushroom Signals Essentials is online! 
This course is for employees whose work requires understanding of 
the processes involved in mushroom growing. For more information 
click on this link.

Mark den Ouden 

The next Master class Mushroom composting and growing is 9 – 14 March 
2020. For more information, go to www.mushroomoffice.com.
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Siyoum, N, Sekalo, M and Korsten, L

University of Pretoria, Department of Plant and Soil Sciences and Department 
of Science & Technolog y / National Research Foundation, Centre of Excel-
lence Food Security, Pretoria, South Africa.

In the 2019 June edition of The Spawn Run we highlighted the 
importance of Pseudomonas species in white button production sys-
tems. In the current edition, we will report on the preliminary work 
we conducted to investigate the prevalence and diversity of pseu-
domonads in South African mushroom production systems. 

More than 100 samples of compost, casing soil, non-symptomatic 
and symptomatic mushrooms were collected from South African 
commercial mushroom farms in 2019. A total of 406 isolates 
were purified and preserved. Molecular techniques such as DNA 
extraction from pure cultures, PCR amplification and sequencing 
using 16 S primers were used to identify the isolates. Preliminary 
sequencing results for twenty-six isolates revealed the following 
Pseudomonas species: P. putida, P. fluorescens, P. gingeri, P. orientalis, P. 
gessardii, P. azotoformans, P. cendrina, P. reactans, P. taiwansis, P. tolaasii, 

P. entomphila, P. helmanticensis, P. plecoglossida, P. syringae, P. migulae, P. 
orientalis, P. marginalis, P. poae, P. thivervalensis. 

The work is ongoing, expanding the sample size, sites and the 
methods of analysis. Understanding the prevalence and diversity 
of pseudomonads is of significance for diagnostic purposes of the 
causal agents for mushroom cap spotting.  It is also important for 
the development of biocontrol products against bacterial blotch and 
fungal pathogens.

Effective disease control and management of cap spotting relies on 
the knowledge and proper identification of the causal agents.  It is 
well established that pseudomonad bacteria (Soler-Rivas et al., 1999; 
Kertesz and Thai, 2018; Elphinstone and Noble, 2018) and fungi 
such as Trichoderma aggressivum, Mycogone species, Lecanicillium species 
and Cladobotryum species are the primary causes of spotting symp-
toms in white button mushrooms (Bailey et al., 2013; Carrasco et al., 
2016; Fletcher et al., 1995; Piasecka, 2010; Mamoun et al., 2000; Fu 
et al., 2016). However, symptoms are frequently viewed with un-
certainty due to similar spots produced by a variety of the above 

Pseudomonas species:
prevalence and diversity in South African commercial button mushroom 
(Agaricus bisporus (Lange) Imbach) production systems.
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Figure 1: Symptomatic mushrooms collected from different mushrooms farms.

mentioned organisms. Therefore, our aim of the current project 
is to investigate the causal agents prevailing in the South African 
mushroom farms focusing on Pseudomonas species.
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To ensure that your event is included in 
The Spawn Run’s Mushroom Calendar, 
please email all the pertinent details to nathan@highveldmushrooms.co.za

9

2021
THE 20th INTERNATIONAL SOCIETY FOR 
MUSHROOM SCIENCE (ISMS) CONGRESS

&

28 May - 2 June 2021

26th NORTH AMERICAN 
MUSHROOM CONFERENCE (NAMC)

Marriott Parq hotel, Vancouver, Canada

2021 30 May - 3 June 2021

2020
MASTER CLASS: 
MUSHROOM COMPOSTING AND GROWING
Mushroom Office, 
Horst, The Netherlands
info@mushroomoffice.com
www.mushroomoffice.com

9 - 14 March 2020
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2019 PR 
HIGHLIGHTS
by Riana Greenblo,  Riana Greenblo Communications

The most satisfying news of the PR period December 1 2018 to 
November 30 2019, is that return on investment went up and overall 
spend went down. 

Our two very successful annual campaigns, Make every day Gourmet 
with the Magic of Mushrooms and The Power of Pink, have again per-
formed well.  We reported on the first campaign in the September 
Spawn Run and here some of the topline results for The Power of 
Pink.  

CULTIVATING EXCELLENCE

    

DES-O-GERM™

SP VEG
Your complete sanitiser  
for mushroom farming.

A broad spectrum 
Bactericide, Fungicide,  

and Virucide.
Environmentally friendly,  
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and non-corrosive.

SYLVAN AFRICA
t: +27 (0)12 665 2210

www.sylvaninc.com
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The repackaging and repurposing of ex-
isting material (images and recipes) was 
again hugely successful in 2019. We took 
advantage of prominent calendar events 
such as Braai Day in September and 
packaged a suitable release with our best 
braai images and recipes and sent out to 
media who annually cover this event.  
Our success is evident with almost R500 
000 in free coverage!

Another hugely successful calendar event 
we included in 2019 was #international-
BeerDay in August. We repurposed im-
ages and recipes from 2016, which the 
media was thrilled with and the returns 
were astonishing…. Almost R1m in free 
coverage and visibility across the differ-
ent media platforms from websites, to 
online magazines and print!

In line with our objective to continu-
ously make mushrooms trendy and ap-
pealing to consumers we took advantage 
of the revived popularity of food and 
beverage pairings by pairing mushroom 
dishes with the most popular South 
African craft gins.  To make our drive 
even more appealing we labeled mush-
rooms and craft gin as a ‘new gourmet 
trend’. We couldn’t be happier with the 
results… another nearly R1 in media 
coverage!

We’re looking forward to 2020 and have 
some great ideas that we are confident 
will yield similar, if not better, results!
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How did you get into Mushrooms?
I was in retail after leaving school and I decided to try growing mushrooms in 
the hope that I could make some extra money. I was fascinated by the spawn 
laboratory when I purchased my first bag of spawn so I enquired about any 
vacancies at Sylvan who happened to have begun construction of the new facility. 
A few months later I joined as a production operative.

How many years have you been in Mushrooms? 
20 Years.

What is most difficult task you have had to undertake while in 
Mushrooms? 
The constant challenge of consistency.

What is your greatest strength/talent?  
I am analytical and methodical.

What is your favourite pastime? 
Fishing.

If you could change one personality/character trait you have, 
what would it be? 
To have more confidence in myself.

As a student, what did you want to do or be after your schooling? 
A biochemist.

What was the most significant event in your whole career so far? 
My retrenchment from Sylvan which opened new doors and opportunities.

What do you feel is your greatest achievement in life? 
Achievements are very subjective but I think the creation of stability in my own 
life and in the lives close to me.

If budget was unlimited what car would you drive? 
Ford Mustang GT500 … but realistically, I would probably buy a tractor or 
fishing boat first.

Who has had the greatest influence in your life and why?
My wife, she has opened my eyes to a great many things.

What is the craziest thing you have ever done?
Proposing to my wife only two and half months after we met and the Oribi Gorge 
Swing.

What are you addicted to? 
Cappuccino.

Do you have a nickname and if so what is it and why? 
Nath.

What is your favourite movie?
Transformers.

What cheers you up? 
Taking my family out for a meal.

If you could be or were to describe yourself as an animal, what 
animal would it be and why? 
I would like to be an eagle but I am more like a bear, pretty docile and innocuous 
unless provoked to my limit.

What is your greatest fear?
Not making good decisions.

What is your favourite meal? 
Roast chicken.

What is the best life advice you have been given? 
You gain nothing by trying to impress or compare yourself to other people.

20 Questions with Nathan Jones,
Compost Yard Manager, Highveld Mushrooms
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