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PRACTICAL SECTION FOR GROWERS

Objectives and background

Cobweb disease has been a significant, and sometimes serious, problem for many growers during
the last few vears. Many of the Dactylium isolates collected from farms around the UK are
demonstrating some degree of resistance to the fungicides being used to control this pathogen. 1t is
prudent, therefore, to be on the lookout for new chemicals as existing chemicals become less

effective for one reason or another.

This project (M 22) was commissioned to examine the efficacy of two mew' chemicals in
controlling Dactylium. Some epidemiological information was required before such efficacy testing

could be done and this work was also carried out.

Summary of Results

Symptoms of Daciylium infection, as either cobweb growth on the casing surface or spotting on
mushroom caps, were produced in a manageable way using either mycelium or spore inoculum.

Myecelium inoculum incorporated into casing produced abundant cobweb growth while a high
concentration of spores (10°-107 spores/ml) sprayed onto casing produced abundant spotting
symptoms. A lower concentration of spores produced only a low incidence of spotting symptoms.
Spore inocufum also led to the development of cobweb symptoms but usually at a later stage in the

crop cycle compared with mycelium inoculum (Figures 1 and 6).

Symptom expression was related to time of inoculation and moculum concentration. When a
higher concentration of inoculum was applied at pinning, symptoms developed during the first
flush; when applied after the first flush, symptoms developed during the second flush. When a low
concentration of spores was applied to casing after the first flush a low incidence of spotting
symptoms developed in the second flush and a small amount of cobweb growth occurred in the

third flush.

Two isolates of Dactvlium (isolate 192B1 and isolate 202A), which represent two different

Cladobotryum species, behaved similarly in terms of symptom expression although there was some



some evidence to suggest that spores of isolate 202A may not be as effective as those of

isolate 192B1 in producing cobweb growth on the casing.

By salting all visible areas of cobweb growth at the end of a flush, prior to applying water,
the spread of Dacryfium was largely prevented. Thus, inoculation experiments can effectively
measure the development of Dactylium symptoms in response to various treatments such as

different rates of fungicide use.

Both of the chemicals which were tested for their ability to control Dactvlium in a mushroom
crop succeeded in reducing the incidence of cobweb growth on the casing. The most
effective rates of Chemical A (0.395-1.0 gram a.i./m*) had significant phytotoxic effects on
the mushroom crop itself reducing yields by 30-50% over 3 flushes. This would probably
preclude its viability as a commercial product. The most effective rates of Chemical D (0.7-
1.5 gram a.i./m"), were less phytotoxic with only the higher rate causing a significant yield

reduction of 14%. This was still a better yield compared with that from a diseased crop in

the absence of any fungicide (Figure 11).

The growth of cobweb on the casing surface was inhibited by both chemicals at the highest
rate of chemical used. Some restricted growth onto casing occurred, from infected
mushrooms or pins, particularly with Chemical D in the third flush following inoculation
with a concentrated spore suspension. It should be remembered that this treatment was an
extreme one but it indicates that if the inoculum level is very high some restricted growth on
casing can occur which, if not detected, could result in raising inoculum levels further. This
hypothesis was not tested in these experiments. All patches of Dactylium were identified and
safted before the next watering operation. It may be useful to obtain further information
regarding the spread of Dactylium within a crop treated with Chemical D where small
patches of cobweb growth are deliberately watered over. The occurrence of restricted
growth may reflect a decreasing concentration of the active ingredient in the upper layer of

casing and this is another area where additional information would be useful.



Figure 1.

Yield of clean and spetied mushroorns following three types of
casing inoculation at pioning using isolates 192BI and 202A.
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Action points for growers

& A high Dactylium spore load from pinning onwards will result in substantial cap

spotting in the developing crop from as early as the first flush.

® Removal of cobweb growth by careful salting prior to watering can significantly

reduce the incidence of spotting in successive flushes.

® A new chemical has been identified which looks promising for the control of

Dacrylium.

Practical and financial benefits from study

This work has identified the relationship between types of inoculum and the expression of
Dactylium symptoms and that significant control of symptoms can be obtained by good
hygiene practices which rigorously identify and treat areas of cobweb prior to watering

events.

A new chemical has been identified which looks promising for the control of Dacrylium and
which, if approved for use, should benefit the mushroom industry through improved yields

in the place of losses due to cobweb.



A. GENERAL INTRODUCTION

During the last few years Cobweb disease, caused by species of Cladobotryum (generally
known as Dactylium) has become both endemic, and occasionally epidemic, within the
mushroom industry. The reasons for the sudden increases over recent years are unknown,
but it is likely that changes in growing practices and the development of fungicide resistance
may be important. The problems caused by this disease have been widely discussed in the

Mushroom Journal and it appears that many growers are experiencing serious difficulties.

Work already commissioned by the HDC (Project M14a) has shown that existing pesticides
are increasingly unable to control the disease and new products are urgently required. Initial
screening work has been carried out by HRI with the support from a pro-active spawn
company and this has resulted in the identification of two promising chemicals. Further
evaluation is now required and the objective of this project is to assess the two chemicals for
their ability to control Dactylium introduced into a mushroom crop by inoculation. In order
to demonstrate effectively that a given chemical can or cannot control Dacrylium i is
important to be able to produce disease symptoms in a controlled manner. There is little
substantial information in the literature concerning successful inoculation methods for
Dactylium so, prior to embarking upon the testing of the two chemicals mentioned above,
it was decided to evaluate different inoculation methods first. This would also provide useful

information on the epidemiology of Dactylium infection.

This disease has demonstrated its ability to cause considerable financial loss due to direct
crop loss (Cobweb), cap spotting, spoilage in the market chain, foreshortened crops,
"diseasing’ and ineffectual pesticide usage. In some situations, the final flush of mushrooms
has been lost to the disease resulting in major financial losses to growers and it is estimated
that the total loss for the growers to date is probably in the region of several millions of

pounds.

The provision of pesticides more effective than those currently available would have obvious

and considerable positive financial benefit for the UK mushroom industry.



B. PART I - Development of an effective method of Dactylium inoculation

Introduction

In order to demonstrate that any fungicide can effectively control a given disease it is
important to be able to produce a controlled outbreak of the disease by inoculation. A
review of the literature concerning inoculation of mushroom crops with Dactylinnm imdicated
that responses using spore inoculum could be variable depending on the time of inoculation
(Dar and Seth 1992). Some reports (Van Zaayen & Van Andrichem 1982; Fletcher, pers
comm) also implied that spore inoculum only produced symptoms in later flushes while Van
Zaayen & Van Andrichem (1982) produced symptoms in earlier flushes using mycelium
inoculum. Preliminary inoculation experiments at HRI also indicated that inoculated plots,
if left unchecked, could completely contaminate control plots very quickly. It was decided
therefore to take a closer look at inoculation methods prior to evaluating the efficacy of two
novel chemicals in controlling Daciylium as an inoculation method/methods was required
which allowed Dactylium to establish in a manageable fashion and which, if necessary, could

be contained using standard non-fungicide disease control methods.

Materials and Methods

Inoculum

Two isolates were used in this study: Isolate 192B1 (Cladobotryum dendroides) and isolate
202A (Cladobotryum mycophifum). For convenience both are discussed using the term
"Dactylium’ which is the name used by the mushroom industry to identify this group of
organisms. Two types of inoculum were investigated: Dactylium mycelium and Dactylium
spores. Mycelium inoculum consisted of plugs (8 mm diameter) taken from the growing
margin of a mycelial culture of Dactylium grown on mushroom extract agar (Appendix 1).
Spore inoculum was prepared by flushing sporulating cultures of Dactylium with sterile
water. The resultant suspension was then filtered through sterile cotton wool to remove

mycelial debris. The concentration of spores was calculated using a haemocytometer and the



suspension was diluted to give a stock spore suspension in the region of 1 x 10’ spores/ml.
A second spore suspension was also prepared by a 1/1000 dilution of the stock to give a
spore concentration of about 1 x 10° spores/ml. A 10 ml aliquot of spore suspension was
used to inoculate plots. The spore suspensions prepared for the “inoculation between first
and second flush’ experiment were of a concentration of 1 x 10% and 1 x 10° spores/m! due

to fewer sporulating culture plates being available.

Inoculation timing

Inoculation of mushroom crops was done on {wo separate occasions either (i) at pinning or
(i) between the first and second flush. The plots which were inoculated between the first
and second flush were kept in a separate chamber during case run and the first flush so as

to prevent any contamination from plots inoculated at pinning.

Crop details

Spawn run compost produced by the HRI Mushroom Unit was used in this experiment
{compost no. 3/96; AlS spawn). Pots measuring 25 cm diameter were filled with 3.5 kg of
spawn-run compost and cased to 4-5 cm with a black peat/sugar beet lime casing. The pots

were then divided into two lots and case-run in two separate chambers awaiting inoculation.

Inoculation at pinning

On Day 11 after casing when pins were beginning to form on the casing surface, inoculation
was carried out. For mycelium-inoculated plots, a small quantity of casing was removed
from the centre of each pot and 3 x 8 mm diameter plugs of inoculum were put into place.

The plugs were then covered with casing.

The two spore suspension inocula were applied using a "Hozelok Spraymist’ sprayer holding

500 ml. Spraying technique was calibrated to enable a 10 mi aliquot of suspension to be



sprayed onto the casing surface of each pot. Each isolate was applied separately using

separate sterilised sprayer units. Control plots received 10 ml of sterile water.

No water was applied to the casing on days 11, 12 or 13 but the equivalent of approximately
1.5 litres/m* was applied between days 14 and 15. Dactylium expression was recorded as
growth on the casing and the presence of spotting. The crop was terminated after the first

flush.
Inoculation between the first and second flush

A second series of pots in a separate chamber were inoculated between the first and second
flush. The equivalent of 1.5 litres/m* of water was applied to the pots after the first flush
was picked off. On day 21, 2 days after the last pick of the first flush, the pots were
inoculated in an identical manner to that described above. Once developing pins had reached

pea-size a further 1.3 litres/m? of water were applied over two days as casing was looking

somewhat dry.

Dactylium expression was recorded over the following days. Mushrooms were harvested and
separated into healthy and spotted. At the end of the second flush visible patches of
Dactylium growth were salted and diseased mushrooms were removed using rubber gloves
and discarded in a concentrated (2%) solution of "Environ’. This crop was then further

watered with 3.5 litres/m* over 3 days and cropped for a third fiush.

Statistical design

Six replicate pots were prepared for each treatment. A total of 18 treatments in all were
prepared consisting of three inoculum types (1 mycelium and 2 spore concentrations) and
three isolate categories (isolates 192B1, 202A, None), giving 3 x 3 = Y treatments for each
of two inoculation timings (at pinning and between first and second flush). The plots for
each inoculation timing were housed in separate chambers. Plots were positioned in two
blocks arranged in a 3 x 3 Latin square with respect to inoculum type. Each main plot was

split for isolate-category to give a replicated Latin square split-plot design.
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Results
Inoculation af pinning
Yield

The total yield for uninoculated plots was on average 351 grams/3.5 kg spawn run compost.
This was equivalent to 100 kg/tonne for the first flush only. There was generally no
difference between the two Dactylium isolates in terms of yield or in the proportion of
spotted mushrooms recorded but the method of inoculation had a dramatic effect on the yield
of clean mushrooms (Figure 1). Almost all harvested mushrooms were spotted from plots
inoculated with a spore suspension of 107 spores/ml whereas only 20-25% of mushrooms
were spotted when inoculated with a spore suspension of 10" spores/mi. Fewer mushrooms
were spotted when mycelium inoculum was used, 9-16%, but total yields were significantly
lower in these plots as a result of Dactylium growth (Cobweb) suppressing pins, and

enveloping mushrooms.

Spotting

The emergence of spotted mushrooms with time following inoculation was similar for
both Dacrylium isolates so the results are only presented for isolate 192B1 (Figure 2).
Spotting symptoms were more frequent when a spore suspension was used as inoculum.
When the spore concentration was relatively high (107 spores/ml) 87-95% of mushrooms
developed spotting symptoms. Some maturing pins were showing symptoms by the third and
fourth day after inoculation but there was a steady emergence of spotting symptoms right up
until the last pick of the first flush on day 19 - eight days after inoculation. By contrast,
fewer maturing pins developed spotting symptoms following inoculation with a lower
concentration of spores (10* spores/ml). In addition spotting symptoms did not emerge until
towards the end of the first flush. An average of about 2 spotted mushrooms per plot
developed on mycelium-inoculated plots, mostly at the end of the first flush, although in

general a number of mushrooms were also engulfed by Dactylium mycelum.



Figure 1. Yield of clean and spotted mushrooms following tnoculation of casing at
pinning with three inoculum types and two Dactylium isolates - 192B1 and 202A.
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Cobweb symptoms

Following inoculation with mycelial plugs of Dacrylium, both isolates began to grow outward
in a circular pattern achieving colony diameters in the region of 13-16 cm by the end of the
first flush (Figure 3). Mycelial growth on the casing was observed 3 days after inoculation
and consisted of a thin network of hyphae extending radially from the inoculation point. The
daily radial growth rate increased over time to reach approximately 1.67 cm/day for isolate
hyphae 192B1 and 1.85 cm/day for isolate 202A. It is not obvious from the data if there is
a significant difference between these two isolates in their growth on casing. Isolate 202A
appeared to be unaffected by the watering events on days 14 and 15 whereas the rate of

growth of isolate 192BI was reduced.

Following inoculation with a high concentration of spores (107 spores/ml), patches of
Dactylium occurred on the casing surface during the first flush (Table 1). From 2 to 5
patches per plot occurred when isolate 192B1 was used with an average final diameter of
coalesced patches of 10 cm. Patches formed less frequently with isolate 202A with O to 2
patches per plot being recorded. These also developed later so that by the end of the first
flush their average diameter was only 3.9 cm. No patches of Dactylium developed on casing

which was uninoculated or which was inoculated with a lower concentration of spores.

Table 1. Number and diameter of Dactylium patches occurring on casing at the end of 1st

flush following inoculation at pinning

Inoculum Source Number of Dactylium Patch Diameter (cms)
patches/plot
192B1 202A 192B1 202A
Mycelium plugs 1 1 13.7 16.4
10* spores/ml 0 0 - -
107 spores/ml 2-5 0-2 10.0 3.9

11



Figure 3. Growth of Daciylium (Cobweb symptoms) on casing following
inoculation at pinning with spores or mycelium.
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Inoculation between first and second flush

Yield

The average yield of clean mushrooms for uninoculated plots over three flushes was 1.06
kg/plot which was equivalent to 303 kg/tonne of spawn-run compost. In the second flush,
the total yield of clean and spotted mushrooms did not vary significantly with inoculation
method apart from plots inoculated with mycelium of isolate 192B1 (Figure 4). There was
a significant drop in yield in the third flush for treatments inoculated with mycelium and 10°

spores/ml due to a reduction of cropping area as a result of cobweb growth on the casing.

Spotting

No spotted mushrooms were recorded in the first flush. Following inoculation at the end of
the first flush, spotted mushrooms occurred predominantly on plots inoculated with a high
concentration of spores (Figure 4). Up to 72% of the mushroom yield harvested from these
treatments developed spotting.  Spotting symptoms were observed 4 to 7 days after
inoculation (Figure 3). Very few spotted mushrooms (<3 %) developed on plots inoculated
by other methods, After carefully treating any visible areas of Dactylium growth at the end
of the second flush or removing heavily diseased pots, no spotied mushrooms were recorded

in the thard flush.

Cobweb symptoms

Cobweb-growth was recorded on all plots inoculated with mycelial plugs of isolate 192B1
four days after inoculation (Figure 6). Growth from the plugs progressed rapidly with a
hyphal extension rate of between 1.9 and 2.4 cm/day. Only three of the six plots inoculated
with mycelial ptugs of isolate 202A developed cobweb-growth during the second flush (data
not shown). Growth in these plots proceeded rapidly at a similar rate as for isolate 192B1.
All colonised plots were salted and removed at the end of the second flush but uncolonised
plots were left in position to see what would happen in the third flush. A further two out
of the three remaining 202A inoculated plots developed cobweb growth which also grew
rapidly at hyphal extension rates of about 1.4 to 1.8 cm/day. One plot remained uncolonised

and cropped normally.
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Figure 4. Yield of clean and spotted mushrooms from three flushes foliowing
inocuiation of casing after the st flush with three inoculum types and two Dactvlium
isolates - 192B1 and 202A.
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Figure 5. Emergence of spotting symptoms on mushrooms following inoculation of
casing after the first flush with spores or mycelium.
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At the end of the second flush between one and four patches of Dactylium growth had
occurred on all plots inoculated with a high concentration of spores which proceeded to
grow rapidly (Figure 6). No Dacivlium was present during the second flush on plots
inoculated with a low concentration of spores or on uninoculated controls and these were
kept for a third flush to see if anything would develop. Four out of the six plots
inoculated with a low concentration of 192B1 spores went on to develop Dactylium
patches in the third flush which then grew rapidly (Figure 6) but none of the plots
inoculated with a low concentration of 202A spores developed any Dactylium. Some

control plots had developed Dactylium by the third flush but usually only one or two of

the six replicates.

Discussion

Symptoms of Dactylium infection as either cobweb growth on the casing surface or
spotting on mushroom caps were produced in a manageable way using either mycelium or
spore inoculum. Mycelium inoculum incorporated into casing abundant cobweb growth
while a high concentration of spores (10°-107 spores/ml) sprayed onto casing produced
abundant spotting symptoms. A lower concentration of spores produced only a low
incidence of spotting symptoms. Spore inoculum also led to the development of cobweb

symptoms but usually at a later stage in the crop cycle compared with mycelium

inoculum.

Symptom expression was related to both type of inoculum and time of inoculation. When
mycelium or concenirated spore inoculum was applied at pinning symptoms developed
during the first flush. When it was applied after the first flush symptoms developed
during the second flush. When a low concentration of spores was applied to casing either
at pinning or after the first flush some spotting symptoms emerged in the developing flush
but not in subsequent ones. A small amount of cobweb growth did occur in the third
flush following inoculation between the first and second flush implying that small levels

of inoculum early in a crop can give rise to Dactylium in later flushes,

Two isolates of Dactylium (isolate 192B1 and isolate 202A), which represent two different

16



Cladobotryum species, behaved fairly similarly in terms of symptom expression although
there was some evidence to suggest that spores of isolate 202A may not be as effective as
those of isolate 192B1 in producing cobweb growth on the casing. This may explain why
isolates similar to 192B1 were more commonly found in a recent HDC survey (project

M14a) than isolates similar to 202A.

By salting all visible areas of cobweb growth at the end of a flush, prior to applying
water, the spread of Dacrylium was largely controlled. Thus inoculation experiments can
effectively measure the development of Dactylium symptoms in response to various

treatments such as different rates of fungicide use.

Conclusions

1. Mycelium inoculum incorporated into casing at pinning, or after the first flush,

will  lead to cobweb-growth on the casing surface after 3 to 4 days.

2. A concentrated spore suspension of 10%-107 spores/ml applied to casing at pinning or
after the first flush will lead to 70-95% of harvested mushrooms developing spotting

symptoms. Some cobweb growth will also occur 5-6 days after inoculation.
3. A dilute spore suspension of 10°-10* spores/m! will result in less than 25% of

harvested mushrooms developing spotting symptoms. Cobweb growth on the casing

will tend to be infrequent and delayed until a later flush.
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B. PART II - Efficacy of two chemicals in controlling Dactylium

Introduction

During the severe outbreaks of Dactylium experienced by many growers in 1995, HRI in
conjunction with a pro-active spawn company screened a number of new chemicals for their
potential to inhibit the growth of Dactylium under laboratory conditions. This work
identified two chemicals, referred to as Chemical A and Chemical D, which looked
promising and a research proposal was put to the HDC to test the efficacy of these products
in vivo, the results of which are presented in the following pages. Each chemical was tested
out on a separate crop which had been inoculated with Daciyvlium in such a way as to give

symptoms in both the first and second flush.

Materials and Methods

Compost and crop management

HRI Formula III compost was used for both crops, using A12 spawn from Sylvan. Fifty kg
of compost was filled into wooden trays and spawn-run, cased and case run according to
standard procedures at HRI. Crops were watered according to standard practices by
mushroom unit staff until inoculation with Dactylium. After inoculation, any watering
required was done by scientific staff to prevent exposure of mushroom unit staff to

contamination with Dacrylinm.

All picking was done by personnel dedicated to the inoculated crops. Conirol trays within
an inoculated crop were picked by dedicated personnel to prevent contamination of the
controls by pickers. Inoculated crops were picked by a second set of dedicated personnel
who picked from least affected to worse affected crops to minimise cross-contamination. At
the end of each flush all visible areas of Daciylium were salied and all diseased mushrooms

were picked off and discarded gently in a bucket of 0.5% Environ using rubber gloves.
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Once all Dactylium sources had been identified and treated, the crop was watered in

preparation for the next flush. Three flushes were harvested in this way.

Fungicide treatment

Both chemicals were applied to casing at different rates of active ingredient/m’ to determine
both phytotoxic effects and efficacy in controlling Dactylium. The rates used reflected the
range of concentrations over which it was felt that meaningful results might be obtained and

they are listed in Table 2.

Table 2. Grams of active ingredient/m’ used in Experiments

Chemical A Chemuical D

Rate 1 0 0
Rate 2 0.0125 0.07
Rate 3 0.034 0.15
Rate 4 0.125 0.32
Rate 5 0.34 0.70
Rate 6 1.0 1.5
Target volume 2 Um? 2 Vm?
Actual voluime 1.9 1 m/? 2.2 Um?

Both fungicides were made up in volumes of water equivalent to 200 litres for 100 m* of
bed area, and they were applied as the first watering after casing. Fach fungicide rate
was prepared separately in a holding tank beginning with the least concentrated, and was
drenched onto the casing using a hand held lance with a Number 2/3 rose attached to a
0.5 Horse power self-priming electric pump. A target volume of 2 I/m* of bed area was
aimed for with an average of 1.9 I/m? of Chemical A being applied and 2.2 I/m* of

Chemical D.
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Inoculation

Each crop was inoculated on two separate occasions so as to give symptoms in both the
first and the second flush. FEach tray was divided into 2 sub-plots, one of which was

inoculated, and the other was not. The isolate 192B1 was used in this study.

Dactylium in First Flush.

A plug of Dactylium culture was placed centrally into three replicate sub-plots for each
rate of fungicide. A small amount of casing was removed from the surface prior o the
placement of the Dactylium plug, and then replaced. Growth of Dactylium was recorded
at the end of each flush as the number of Dactylium patches present on the casing and the
area that they occupied. Prior to re-watering in preparation for the next flush, all patches

of Dactylium were treated with salt as described above.

Dactylium in Second Flush.

A second set of trays in the same cropping house was used to monitor the efficacy of the
fungicides to control Dactylium in the second flush. On this occasion a second
inoculation method was used whereby a concentrated suspension of Dactylium spores was
prepared (10% spores/ml) of which 10 mi was sprayed onto one half of a cased tray just
after the first flush. Three replicate sub-plots were prepared for each rate of fungicide
used. Dactylium symptoms were recorded as the weight of spotted mushrooms harvested,
and the number and area of Dactylium patches emerging following inoculation. At the
end of the second flush, all visible Dactylium patches were salted as described earlier and

the crop re-watered in preparation for the third flush.

Statistical design and analyses

A separate cropping chamber was allocated to each of the two fungicides tested. Within
each house 'chemical rate’ treatments were arranged as a trojan square with alternate
rates assigned to different "alphabets’. Each chemical rate plot was split for inoculation

level (ie. inoculated or not inoculated). Inoculation timing treatments (ie. first or second
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flush symptoms) were randomly assigned to chemical rate plots to allow comparison

between them.

The collected data comprised healthy vield, spotted yield, number of Dactylium patches
emerging and area of Dactylium patches emerging. Data were analyzed by analysis of
variance and the statistics are presented in Appendix H (Chemical A) and Appendix Il
(Chemical D).
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Results
Chemical A
Phytotoxic effect on yield

Chemical A applied to casing had a slight stimulating effect on the yield of healthy
mushrooms when used at a rate of up to 0.0395 grams a.i./m® but significant yield
reduction occurred at rates of 0.125 grams a.i./m? or above (Figure 7). A yield of 108%
was recorded from a crop treated with 0.0395 grams a.i./m? compared with 84 % at a rate
of 0.125 g a.i./m*. Casing colonisation by Agaricus was poor in casing treated at the
higher rates but an improvement with time occurred only at the rate of 0.125 g a.i./m’.
At this rate first and second flush yields were down on untreated controls but they had
picked up by the third flush. When the crop was inoculated with Dactylium, Chemical A
was effective in terms of yield recovery at a rate of 0.125 g a.i./m?. At lower rates of

use the yield of mushrooms was reduced due to the presence of the disease.

Spotting symptoms

Spotted mushrooms were harvested predominantly from inoculated treatments with only a
small number of mushrooms from uninoculated treatments developing spotiing symptoms
(Figure 8). Spotted mushrooms occurred over the range of fungicide concentrations
tested but significantly more were harvested from inoculated crops receiving no fungicide,
or fungicide at the lowest rate of 0.0125 g a.i./m? (12-16% of total yield). Lower yields
of spotted mushrooms were harvested from the intermediate fungicide treatments (5-8%
of total yields) while fewer spotted mushrooms were harvested from inoculated crops

which had received the highest rate of fungicide (3.5% of total yield).

Emergence of Dactylium patches

Dactylium patches developed on the casing of inoculated crops during the experiment but

these were largely confined to casing which had received either no fungicide treatment or
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Figare 7. Yield of clean mushrooms harvested from crops treated with
different rates of Chemical A, Least significant difference (ILSD) at P =

(.05 covers all comnarisons.
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Figure 8. Yield of spotted mushrooms from crops treated with different
rates of Chemical A. Least significant difference (LSD) at P =0.05

covers all comparisons.
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fungicide at the two lowest rates tested (Figure 9). There was a significant reduction in the
number of Dactylium patches observed on casing treated with Chemical A particularly at

rates of 0.125 g a.i./m* upwards.

The area of casing covered by Dacrylium growth was calculated at the end of each flush for
all treatments to give an estimate of the potential for each recorded patch to grow further.
Chemical A at a rate of 0.125 g a.i./m* reduced the area of Dactylium in inoculated
treatments to an average of less than 2% cover compared with over 15% cover in the absence
of the fungicide (Figure 10). However, one patch which occurred on this treatment in the
third flush achieved a diameter of 12 cm. At the 0.395 rate of fungicide use Dactylium
growth was very much inhibited and was generally confined to mushrooms rather than
casing. At the highest rate of use no cobweb growth was recorded but the statistical analyses

predicted the development of a small area of Dactylium based on data from combined means.

Discussion

Chemical A gave significant control of the mushroom pathogen Dactylium dendroides at a
concentration of active ingredient of 0.125 g/m” but some growth on casing was still possible
at this concentration. This rate had some phytotoxic effect on yield by slowing down casing
colonisation in the first flush resulting in a 13-16% yield reduction over 3 flushes. Dactylium
expression was controlled more effectively at the higher rates of use (0.395 - 1.0 grams
a.i./m?) but these rates were also more phytotoxic with yields being reduced by 30-50% over

3 flushes. Chemical A could be a useful control chemical against Dacrylium.

Conclusion

Chemical A is effective at controlling the emergence of Dactylium on casing when used at
rates of 0.395 grams of active ingredient/m* or higher. However, these rates of use
dramatically reduce vields due to poor casing colonisation by Agaricus and therefore may not

be acceptable to growers.

A rate of use equal to 0.125 grams a.i./m* gave significant control in conjunction with only
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Figure 9. Number of Dacrtylium (Cobweb) patches emerging on casing
treated with different rates of Chemical A, least significant difference
(LSD) at P = 0.05 covers all comparisons.
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Figure 10. Area of Dacryvlium (Cobweb) patches on casing treated with
different rates of Chemical A, Least significant difference (I.SD) at P =
0.05 covers all comparisons.
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moderate phytotoxic effects. When Dactylium succeeded in establishing however growth
on the casing did occur with this rate of use. Nonetheless, this rate of use could prove to
be an effective control treatment for Dactylium in conjunction with effective disease
monitoring, particularly in the third flush, so that any emerging Dactylium paiches could be

treated before they grew too big.

26



Results
Chemical D
Phytotoxic effect on yield

Chemical D applied to casing had a stimulating effect on the yield of healthy mushrooms
when used at a low rate of 0.07 grams a.i./m*. No phytotoxic effect on yield was recorded
at rates of between 0.15 and 0.7 grams a.i./m?, but significant yield reduction to 86% of
control occurred at a rate of 1.5 grams a.i./m* (Figure 11). Casing colonisation by Agaricus
was good in casing treated at all rates of use. When the crop was inoculated with Dactyfium,
Chemical D significantly improved yield over the range of concentrations tested compared
with the inoculated control with no fungicide treatment. Healthy yield from inoculated plots
lagged behind uninoculated plots however due to significant numbers of spotted mushrooms

occurring over the range of concentrations tested.
Spotting symptoms

There was no significant relationship between the rate of Chemical D used and the yield of
spotted mushrooms although a greater proportion, 18% of total yield, was recorded for
inoculated plots receiving no chemical (Figure 12). The development of spotting symptoms
was determined by whether plots were inoculated or not and also by the type of inoculum
used. Some of the spotting symptoms recorded were due to Trichoderma harzianum but

these were relatively few and not confined to any single treatment.

Emergence of Dactylium patches

Patches of Dactylium emerged on all casings treated with Chemical D but significantly fewer
occurred at rates of 0.32 grams a.i./m® and above (Figure 13). Mycelium-inoculated plots

developed an average of about 6 patches per plot on casing not treated with fungicide but this

dropped significantly with increasing concentrations of Chemical D.
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Figure 11. Yield of clean mushrooms harvested from crops treated with
different rates of Chemical D. Least significant difference (LSD) at P =

0.05 covers all comparisons.
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Figure 12. Yield of spotted mushrooms from crops treated with different
rates of Chemical D. No significant difference (NSD} at P = 0.05
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The number of Dactylium patches emerging from casing inoculated with a spore suspension
was higher than for mycelium-inoculated casing with around 10 patches occurring on casing
with no fungicide applied (Figure 13). A high number of Dactylium patches aiso occurred
on casing treated with Chemical D at the lower rates but fewer patches were recorded on
casing treated at the higher rates. Invariably such patches grew out from infected pins (Plate

3, Appendix IV).

The area of casing covered by Dactylium growth was calculated at the end of each flush to
give an estimate of the potential for each recorded patch to grow further. Chemical D at a
rate of 0.32 g a.i./m® reduced the area of Dactylium in inoculated treatments to an average
of less than 2.5% cover compared with over 15-40% cover in the absence of the fungicide
(Figure 14). At a rate of 0.7 grams a.i./m* Dactylium growth still occurred on the casing
but it was largely restricted, and confined to spore-inoculated plots in the third flush. At the
highest rate of fungicide used, Dactylium growth was very much inhibited and was generally

confined to mushrooms rather than casing.

Discussion

Chemical D significantly reduced the expression of the mushroom pathogen Dactylium
dendroides at concentrations of active ingredient of 0.32 g a.i./m’ and above but it was
capable of restricted growth on casing at concentrations of 0.32, and to a lesser extent 0.7
grams a.i./m>.  Only the highest rate of Chemical D used, 1.5 grams a.i./m’, had a
significant phytotoxic effect so the most effective concentration in terms of disease control
and minimum phytotoxic yield reduction lies between 0.7 and 1.5 grams a.i./m*. At these
rates there was a dramatic reduction in both the number of Dactylium patches emerging after
inoculation, and the further growth of those patches, although Dactylium patches of up to 5

cm diameter were recorded in the third flush on casing treated with 0.7 grams a.i./m”.

Spotting of mushrooms was not prevented as a result of the use of Chemical D. This is
probably not to be expected since the mushrooms themselves would have only minimal
concentrations of the chemical and therefore be vulnerable to spotting by spores landing on

pins and sporophores.
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Figure 13. Number of Dactylium {Cobweb) patches emerging on casing
treated with different rates of Chemical D, Least significant difference
(LSD) at P = 0.05 covers all comparisons.
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Figure 14, Area of Dactylium (Cobweb) paiches on casing treated with
different rates of Chemical D. Least significant difference (LSD) at =
0.05 covers all comparisons.
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Conclusion

Chemical D appears to be effective in significantly controlling the emergence and growth of
Dactylium on casing when used at rates of between 0.7 and 1.5 grams of active ingredient/m*
of casing. Yield reductions due to phytotoxicity of the chemical toward Agaricus were
recorded at the highest rate of use but not at the 0.7 g a.i./m” rate. In view of the ability of
Dactyliwm to grow on casing treated with 0.7 g a.i./m* of Chemical D, albeit restrictedly,

implies that the most effective concentration probably lies between (.7 and 1.5 g a.i./m’.

Chemical D did not prevent mushrooms from developing spotting symptoms due to

Dactylium.
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C. OVERALL DISCUSSION

Both of the chemicals which were tested for their ability to control Dactylium in a mushroom
crop succeeded in reducing the incidence of cobweb growth on the casing. The most
effective rates of Chemical A (0.395-1.0 gram a.i./m%) had significant phytotoxic effects on
the mushroom crop itself reducing yields by 30-50% over 3 flushes. This would probably
preclude its viability as a commercial product. The most effective rates of Chemical D (0.7-
1.5 gram a.i./m*) were less phytotoxic with only the higher rate causing a significant yield
reduction of 14%. 'This was still a better yield compared with that from a diseased crop in

the absence of any fungicide.

The growth of cobweb on the casing surface was inhibited by both chemicals at the highest
rate of chemical used. Some restricted growth onto casing occurred, from infected
mushrooms or pins, particularly with Chemical D in the third flush followmg inoculation
with a concentrated spore suspension. It should be remembered that this treatment was an
extreme one but it indicates that if the inoculum level is very high some restricted growth on
casing can occur which, if not detected, could result in raising inoculum levels further. This
hypothesis was not tested in these experiments. All patches of Dactylium were identified and
salted before the next watering operation. It may be useful to obtain further information
regarding the spread of Dactylium within a crop treated with Chemical D where small
patches of cobweb growth are deliberately watered over. The occurrence of restricted
growth may reflect a decreasing concentration of the active ingredient in the upper layer of

casing over time and this is another area where additional information would be useful.

Preliminary fungicide resistance tests on agar media indicate that the ED50 value for two
contrasting Dactylium isolates 192B1 and 202A are in the region of 0.05 ppm for Chemical
D. A similar ED30 value was recorded for isolate 192B1 with respect to Chemical A but
the data (not shown) were more variable for isolate 202A. It is important to monitor any

changes in the ED50 values so as to pick up any tendency for resistant isolates to emerge.

No residue data was obtained from mushrooms harvested from crops treated with either

Chemical A or D. This information is necessary in order to determine whether or not any
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residues are present and whether any levels detected are within government guidelines for

these products.

In order to obtain approval for use on mushrooms additional information regarding residues
is obligatory. More information on efficacy would also be desirable by concentrating on the
most effective rates and exploring some of the questions posed above. The results presented
above suggest that Chemical D at a rate of between 0.7 and 1.5 grams a.i./m* of casing bed
area is likely to have potential as a new control chemical for Dactylium. It would, however,
be useful to compare its performance with other fungicides used by the mushroom industry

today.

33



D. OVERALL CONCLUSIONS

1. Heavy contamination of casing during cropping with spores of Dactylium will lead
to massive cap spotting and numerous patches of cobweb growth developing from as

early as four days after the contamination event.

2 Chemical A inhibited the development of cobweb growth on casing but effective

concentrations were phytotoxic to Agaricus reducing yields by up to 50%.

3. Chemical D inhibited the development of cobweb growth on casing at rates of 0.7-1.5
grams a.i./m” of bed area but small restricted areas of cobweb grew out from infected
mushrooms during the third flush. This would probably only occur during the height
of an epidemic and may be tolerated. At such times good hygiene practices should
identify and treat any areas of visible Dactylium, preventing them from being watered

Oover.
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E. RECOMMENDATIONS FOR FUTURE WORK

1. Chemical D should be considered as a potential new chemical for the control of
Dactylium. A repeat inoculation trial concentrating on one or two rates of use should
be carried out to verify its ability to control Dactylium under a heavy inoculation load.
This work should also look at the spread of Dactylium within a treated crop where
areas of cobweb growth are not treated prior to watering to determine whether the

treatment is still effective under these conditions.

3. The efficacy of Chemical D should be compared with that of an existing chemical

used to control Dacrylium.

4. Casing treated with Chemical D should be analyzed during the cropping period to

determine changes in the level of active ingredient in the casing profile over time.
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H. APPENDICES

Appendix 1

Mushroom Extract Agar

Mushroom Extract

Fresh mushrooms 140 grams

Distilled water 1 litre
Slice mushrooms and put in a blender. Add water and macerate for one minute. Warm the

mixfure in a saucepan taking care not to let it boil. After 5 minutes filter through four layers

of muslin. Dispense into 250 ml quantities and freeze.

Mushroom Exiract Agar

Mushroom extract 250 mls
Distilled water 250 mis
Agar technical no. 3 6 grams

Place all ingredients in a 500 ml Duran flask and autoclave for 15 minutes at 121°C,
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APPENDIN T
CHEMICAL, A —1
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*%%%% Analysis of variance *#*¥**%
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#kdkx Analysis of variance *#k#+

Variate: tpd | Number of dactillium patches - all flushes

Source of variation d.f. 8.3, m.s,. v.r. ¥ pr.
layer stratum 2 1.444 0.722
block stratum 2 1.694 0.847
layer.block stratum
ChemRate 4 65.139 16.285
layer.block.plot stratum
ChemRate 5 64.861 12,9872 9.20 0.02¢
Residual 4 5.639 1.41¢ 0.91
layer.block.plot.tray stratum ‘
InocTine 1 24.500 24.500 15.75 0.002
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Residual 12 18.667 1.556 0.87
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InocTime First Second
1.31 2.28
1 TnocLev ChemRate Control  0.0125  0,0395 0.125 6.395 L2510
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H 0.65 0.88 - 0.10 G.11 -0.08 .01
i 192B1  letter 1 1 2 2 3 3
i alphabet 1 2 1 2 1 2
% 6.98 4.88 3.93 1,61 1.25 0.01
‘ InocLev InocTime First ~Second B . y
Control 0,50 0.086
19281 1.72 -4.50
ChemRate InocTime - First Second
Control letter 1 1
alphabet i 1
2.81 4.81
0.0125 letter i 1
alphabet 2 2
2.21 3.55
0.0395 letter 2 2
alphabet 1 1
0.93 3,10
0.125 letter 2 2
alphabet 2 2

N



0.45 1.28 . A-b

0.395 letter 3 3
alphabet 1 1
0.25 0.92
1.25 letter 3 3
alphabet 2 2
. 0.01 0.01
InocLev ChemRate InocTime First Second
Control Control letter 1 1
alphabet 1 1
0,98 4.31
0.0125 letter 1 1
alphabet 2 2
1.71 .05
0.0395 letter 2 2
alphabet 1 1
0.10 0.10 '
0.125 letter 2 2
alphabet 2 2
0.28 -0.05
0.385 letter 3 3
alphabet 1 1
~0,.08 -0.08
1.25 letter 3 3
alphabet 2 2
s 0.01 0.01
192B1 Contrel letter 1 1
alphabet 1 1
4.65 9.31
0.0125 letter 1 i1
alphabet 2 2
z.71 7.05
0.0395 letter 2 2
alphabet i 1
1.77 6.10
0.125 letter 2 : 2
alphabet 2 2
0.61 2.61
0.395 letter 3 3
alphabet i 1
0.59 1.92
i.25 letter 3 3
. alphabet 2 2
¢.01 ¢.01

*** gtandard errors of differences of combined means *%*%

t;Lgﬁ)\ﬂi (R

Table InocLev ChemRate InccTime E}nocLev
_ hemRate
rep. 36 12 36 6 IPRN
s.6.d. 0.314° - 0.445 0.294 0.703 LS O
Except when comparing meafis with the same level(s) of
alphabet . : - 0.423 0.689 _ o
letter.alphabet . . - : - 0.770 2Ly kS {ain™
InocLev.alphabet o ;10,689
dod. Ly L | 2- { (. 2
Table InocLev’ ChemRate InccLev —— b
InocTime InocTime ChemRate
: InocTime
rep. . 1g 6 3
s.e.d. 0.430 0.676 1.024
Except when comparing means with the same level(s) of
alphabet 0.662 1.015
letter.alphabet 0.720 1.054
InocTime 0.444
InocLev.alphabet 1.015
InocLev.letter.alphabet 1.054
alphabet.InocTine 0.662 1.015
letter.alphabet.InocTime 1,089
InoclLev.alphabet.InocTime 1.015

ﬁﬂ{' 33,31 o, Gy UL




kkx+% BRnalysis of variance *+**¥+

Variate: tad | Area of dactillium patches - all flushes

A=Y

Scurce of variation d.f. 5.8. mn.5. v.r. F pr.
layer stratum 2 18356. 9178.
block stratum 2 14248, 7124.
layer.block stratum
ChenRate 4 373145. 93286.
layer.block.plot stratum
ChemRate 5 565921, 113184, 7.22 0.038
Residual 4 62705. 15676. 8.11
layer.block.plot.tray stratum
InocTine 1 3085. 3085. 1.60 0.230
ChemRate.InoccTime 5 97885. 19577, 10.13 <.001
Residual 12 23185, 1932. 0.18
layer.block.plot.tray.half stratum
IR & 1 To Tod #1174 1 433551, 4335581 41.26 _<.001
| _InocLev.ChemRate 5 590398, 118080.  11.24 <.001 L
InocLev.InoccTime 1 6074, 6074. 0.58 0.455
InocLev.ChemRate.InocTime
5 T079. 1416. 0.13 0.983
Residual 24 25221s. 105909,
Total 71 2447848,
*x%%% Tables of combined means *#x*%
vVariate: tad Area of dactillium patches - all flushes
InocLev Control 162B1
23. 178.
ChemRate Control 0.0125 0.0395 0.125 0.395 1.25
letter 1 1 2 2 3 3
alphabet 1 2 1 2 1 2
278. 206, 8l. 35. -7. 11.
InocTime First Second
107. 94.
? InocLev ChemRate Control ~ 0.0125  0,0385 0.125 0,395 A2y O
j Control letter 1 1 2 2 3 3
! alphabet 1 2 1 2 i 2
! - 3i. 63. 21, 29, -16. il.
| 192B1 © letter 1 1 2 2 3 3
i alphabet . 1 2 1 2 1 2
1 - 525, 350. 142. 41. 1. 11.
.Inociev.znocTime First Second
Control 39, 7.
19281 i7s6. i81.
ChemRate InocTime * First Second
Control letter 1 1
alphabet . 1 1
251. 305.
0.0125 letter -1 1
alphabet 2 2
292, 121.
0.06395 lettex 2 2
alphabet 1 1
60. 102.
0.125 letter 2 2
alphabet 2 2




36. 34, .
0.395 letter 3 3 /i*"§2
alphabet 1 1
-6, -9,
1.25 letter 3 3
alphabet 2 2
. 11. 11.
InoccLev ChemRate InocTime First Second
Control Contrel letter 1 1
alphabet 1 1
2z, 40.
0.0125 letter 1 1
alphabet 2 2
147. -21.
G.03385 letter 2 2
alphabet 1 1
21, 21, '
0.125 letter 2 2
alphabet 2 2
48. 10.
0.395 letter 3 3
alphabet 1 1
~16, -16.
1.25 letter 3 3
alphabet 2 2
T 11. 11.
19281 Control letter 1 1
alphabet 1 1
479. 576,
0.0125 letter 1 1
alphabet 2 2
436, 264,
0.0395 jetter 2 2
alphabet 1 1
100. 183.
0.125  letter 2 2
alphabet 2 i
24, 58,
0.395 letter 3 3
alphabet 1 1
4. -1.
.25 letter 3 3
- alphabet 2 2
11. 11.
*+% Standard errors of differences of combined means *%% 'L‘(§7f gD 2 ok
_— e
Table InocLev ChemRate InocTime InocLeV !
ChemRate |
rep. 36 12 36 6 |
s.e.d. 24.2 38.0 10.4 56.6 | L%m(&;ﬁg)
. Except when conmparing means with the same level(s) of | 2
alphabet 29.4 51.2 B R
_letter.alphabet 59,2 (X 2206 = %S
“InéclLev. aEphabet _ . 51.2
¢ 2Lk Lt (2. Dt
Table InocLev ChenRate InoclLev
InocTime InocTime ChemRate T
: InocTime
rep. . is 6 3
s.e.d. 26.3 42.1 72.86
Except when comparing means with the same level(s) of
alphabet 34.5 68.5
letter.alphabet 25.4 64.4
InocTime 34.2
InocLev.alphabet 68.5
InocLev.letter.alphabet _ 64.4
alphabet.InocTime 34.5 68.5
letter.alphabet.InocTine 83.7
Inoclev.alphabet. InocTine €8.5

df. 155 46 AL




APPENDIX T
CHEMICAL D -

*xkxk hpalysis of variance w¥ ¥«

Variate: tothyld i Total healthy yield - all flushes J

Source of variation d.f. 8.8, m.s. v.r. F pr.
layer stratum 2 47470. 23735.
blogk stratum 2 1278583, 639291,

layer.block stratum
ChenRate 4 5335257, 1333814.

layer.block.plot stratum

ChenRate 5 106599%0. 2131998, 54.56 <.001
Residual 4 156308. 39077. 0.14
layer.block.plot.tray stratum
InccTime 1 685816. 685816, 2.49 0.140
ChemRate.InocTime 5 20046947. 4009389. 14.57 <.,001
Residual 12 3303253. 275271. 0.62
layer.block.plot.tray.half stratum
InocLey 1 __8352466. 8352466, 18.83 <.001
f Inoclev.ChemRate 5 6281562, 1256312, 2.B3 0.038 N
" InocLev,.InocTime i 8646, 8646, 0.02 0.83%0

InocLev.ChemRate.InocTime
5 1480845, 296169, 0.67 0.652
Residual 24 10645117. 443547,

Total 71 68282239,

*kddk+ Tables of combined means ¥wx¥x*

Variate: tothyld Total healthy yield - all flushes

InocLev Control 192B1
7013, 6338.
ChemRate Control 0.0696 0.15 0.323 0.696 1.5
letter 1 1 2 2 3 3
alphabet 1 2 1 2 i 2
6082, 7471. 5677, 7047. 6773. 6011.
InocYime First Seccond
6581, 6776,
% InocLev ChemRate Control 0.0696 0.15 0.323 0.636 1.5
! Control letter 1 1 2 2 3 3
| alphabet 1 2 1 2 1 2
{ T074. 7809, 6912, 7232, 6969, 6116,
i 192B1  letter 1 1 2 2 3 3
alphabet 1 _ 2 1 2 1 2
i 5109, 7132.- 6442, ‘eB6l. . 6576, 5505.
InocLev InocTime First Second : N P '
Control : 6910, 7127.
192B1 6251, 6424.
ChemRate InocTime . First Second
Control letter 1 1
alphabet 1 1
4896, 7287.
0.0686 letter 1 1
alphabet 2 2
7351. 7591.
0.15 letter 2 2
alphabet 1 1
6531, 6823.
0.323 letter 2 2
alphabet 2 2




7321, 6773.
0.696 letter 3 3 ’
alphabet 1 1
7124 6421.
i.5 letter 3 3
alphabet 2 2
, 6262. 5759.
InocLev ChemRate InocTime First Second
Control Control letter 1 1
alphabet 1 1

6068. 8081.

0.069¢6 letter b 1
alphabet 2 2
7617 8002.
0.15 letter 2 2
alphabet 1 1
6829. 6996, )
0.323 letter 2 2
alphabet 2 2
7370. 7094.
0.696 letter 3 3
alphabet 1 1
7100, 6838,
1.5 letter 3 3
alphabet 2 2
- 6478, 5754,
192B1 Control letter 1 1
alphabet 1 1
3724. 6494.
0.0696 letter 1 1
alphabet 2 2
7084, 7180.
.15 letter 2 2
alphabet 1 1
6233, €651,
0.323 letter 2 2
alphabet 2 2
7271, 6452,
0.696 letter 3 3
alphabet 1 1
7148, 6005,
1.5 letter 3 3
alphabet 2 2
6047, 5763.
**+ Standard errors of differences of combined meang **% . R .
| B 29) =2
Table InocLev ChemRate InocTime InccLev
ChemRate
rep. 36 o 12 36 6 :
s.e.d. : . 157.0 - 102.2 123.7 2580.5 Leh g?
Except when comparlng means with the same level(s) of T e,
alphabet . : 111.4 . 293.8 . ey
letter.alphabet o 384.5 xoug = RS
InocLev.alphabet - : : . 293.8
41 2.1 Y 2. 215
Table InocLev ChemRate InocLev .
InocTime  InocTime ChemRate
. InocTime
rep. 18 & 3
s.e.d. 1%9.8 237.3 451.8
Except when comparing means with the same level(s) of
alphabet 241.4 454.0
letter.alphabet 302.9 489.5
InocTime 222.0
InocLev.alphabet 454.0
InocLev.letter.alphabet 489.5
alphabet. InocTime 241.4 454.0
letter.alphabet.InocTine 543.8
InocLev.alphabet.InocTime 454.0
C&“"L}u ")S ol ( é-‘\r“ S¥ L{_}{




*+%%% Analysis of variance *x+#x

Variate: totsyld jTotal spotted yield - all flushes

Source of wvariation d.f. s.8, m.s, v.r. F pr.
layer stratum 2 675452, 337726,
block stratum 2 154390, 77195,
layer.block stratum
ChemRate 4 487639, 121910,
layer.block.plot stratum
ChemRate 5 12285852, 245710, 1.27 0.421
Residual 4 775641, 193910. 2.56
layer.block.plot.tray stratum
InocTime 1 1078981, 1078981, 14,22 0,003
ChemRate.InocTime 5 195155, 39831. 0.53 0.753
Residual 12 910250, 75854. 0.89
layer.block.plot.tray.half stratum
InocLev 1 4546118, 4546118, 53,19 <.001
i InocLev.ChemRate 5 561260, 112252, 1.31 0,282 [
InocLev.InocTime il 2511040, 2511040, 29.38 <.001
InccLev.ChemRate.,InocTime
5 138907, 27781. 0.33 0.893
Residual 24 2051207. 85467.
Total 71 153185%2.
*kk4k Tables of combined means #*%*k%
Variate: totsyld Total spotted yield -~ all flushes
InocLev Control 192B1
152. 654,
ChemRate Control 0.0696 0.15 0.323 0.696 1.5
letter 1 i 2 2 3 3
alphabet 1 2 1 2 1 2
696, 279. 377. 24%. 401. 422,
InocTime , First Second
280, 525,
InocLev ChemRate Control 0.0686 0.15 0.323 0.6586 1.5
Contrel letter 1 I 2 : 2 3 3
alphabet 3 2 1 2 1 2
. 277. iol. 1l64. =2, 102. 267.
192B1 “letter 3 1 2 2 3 3
alphabet . S | 2 1 2 1 2
: : 1116, 457. 590, 485, 701, 576.
Inochev InocTime First  Second
Control 216. 87.
i9z2Bl 345, 963 .
ChemRate InocTime ° First Second
Control letter 1 1
alphabet 1 1
564, 828,
0.0696 letter 1 1
alphabet 2 2
203, 154,
0.15 letter 2 2
alphabet 1 1
195, 560.
0.323 letter 2 2
alphabet 2 2




47.

0.696 letter 3
alphabet 1

305.

1.5 letter 3
alphabet 2

368,

Inoc¢Lev ChemRate InocTime
Contrel Contrel letter
alphabet

0.0696 letter
alphabet

9.15  letter
alphabet

0.323 letter
alphabet

0.696 letter
alphabet

1.5 letter
alphabet

19281 Controi. letter
alphabet

0.0696 letter
alphabet

0.15 letter
alphabet

0,323 letter
alphabet

C.656 letter
alphabet

1.5 letter
alphabet

*#**% Standard errors of differences of combined means ***

Table InocLav ChemRate InocTime
rep. 36 12 36
s,e.d. 68.9 83.6 €4.9
Except when comparing means with the same level(s) of
alphabet ' .
letter.alphabet
, InocLev.alphabet .
k. Ly i [N
Takle Incclev ChemRate InocLev
InocTime InocTime ChemRate
- InocTime
rep. 18 6 3
s.e.d. 54.7 140.1 219.4
Except when comparing means with the same level({s) of
alphabet 112.4 202.8
letter.alphabet 159.0 231.%
InocTine 97.4
InocLev.alphabet 202.8
InoclLev.letter,alphabet 231.9
alphabet.InccTine 112.4 202.8
lettexr.alphabet.TInocTime 238.7
InocLev.alphabet.InocTine 202.8
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*%k+*% Analysis of variance **k+w*

Variate: tpd | Number of dactillium patches - all flushes

Source of variation d.f. s.8. m.s. v.r. F pr.
layer stratum 2 1.444 0.722
block stratum 2 2,028 1.014
layer.block stratum
ChenmRate 4 64,222 16.0586
layer.block.plot stratum
ChemRate 5 135.792 27,5158 9.80 0.023
Residual 4 11.083 2.771 0.74
layer.block.plot.tray stratum
InccTime 1 78.125 768.125 20.%9 <,001
ChemRate.InocTime 5 17.458 3.492 0.94 0.491
Residual i2 44.667 3.722 1.76
layer.block.plot.tray.half stratum
InocLev 1 260,681 260.681 123.48 <.001
Incclev.ChemRate 5 85.569 17.114 8.11 <.001
InccLev.InocTine 1 115.014 115.014 54.48 <.001
Tnoclev.ChemRate.InocTime J
5 35,569 7.114 3,37 0.019
Residual 24 50,667 2.111
Total 71 802.319
*kkk* Tables of combined means *¥***
Variate: tpd Number of dactillium patches - all flushes
InoclLev Control 1%2B1
0.44 4.25
ChemRate Control 0.0696 0.15 0.323 0.696 1.5
letter 1 1 2 2 3 3
alphabet i 2 1 z 1 2
4.67 3.75 2.73 1.27 1.02 0.64
InocTime First Second '
1.31 3.39
InocLev ChemRate Control 0.0636 0.15 0.323 0.69¢6 1.5
Control letter 1 1 2 2 3 3
alphabet 1 2 1 2 1 2
1.25 0.75 0.39 0.02 0.02 0.23
192B1 letter 1 1 2 2 "3 3.
alphabet 1 2 1 2 1 2
8,09 6.75 5.06 2.52 2.02 1.06 -
InccLev InocTine First Second ,
Control 0.67 0.22
192B1 1.%4 6.56
ChemRate InocTime - First Second
Control letter 1 1
alphabet 1 1
3.75 5.59
0.06%6 letter 1 1
alphabet 2 2
1.92 5.59
0.15 iletter 2 2
alphabet 1 1
1.23 4,23
0.323 ietter 2 2

alphabet 2 2



0.68 1.85
0.696 letter 3 3
alphabet 1 1
0.02 2.02
1.5 letter 3 3
alphabet 2 2
) .23 1.06
InocLev ChemRate InocTime First  Second
Controel Control letter 1 1
alphabet 1 1
1.75 0.75
0.0686 letter 1 1
alphabet 2 2
1.42 .09
0.15 letter 2 2
alphabet 1 1
0.56 k!
0.323 letter 2 2
alphabet 2
0.02 .02
0.696 letter 3 3
alphabet 1 1
0.02 2
1.5 letter 3 3
alphabet 2 2
: S 0.23 0.23
192B1 Control letter 1 7T
aiphabet 1 1
5.75 10.42
0.0696 letter 1 1
alphabet 2 2
2.42 11.09
.15 letter 2 2
alphabet 1 1.
1.89 8.23
0.323 letter 2 2
alphabet 2 2
1.35 3.68
0.6%6 letter 3 3
alphabet 1 1
0.02 4.02
1.5 letter 3 3
alphabet 2 2
0.23 1.8%
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*** Standard errors of differences of combined means ***

{:(_60/0) '15":) = Jobo

Lso(S%)
= 2.8

Table InccLev ChemRate InocTime InocLev
_ : ChemRate
rep. 36 12 36 6
s.e.d. 0.342 0.517 0.455 0.787
Except when comparing means with the same level(s) of
alphabet : i : 0.412 0.722
Jetter.alphabet 0.83¢9
InocLev.alphabet y 0.722
4 4 oo g
Table InoccLev ChemRate { InocLev
InocTine InocTine ChemRate
- InoaTime
rep. 18 6 3
s.e.d. 0.569 0.942 1,261
Except when comparing means with the samejlevel(s) of
alphabet 0.889 l1.222
letter.alphabet 1.114 1,394 A 2S00
InocTime 0.484
InocLev.alphabet 1.222
InoclLev.letter.aliphabet 1.354
alphabet.InoccTime 0.88% 1.222
letter.alphabet.InoccTime 1.186
InocLev.alphabet.InocTime 1.222
a.f. 15,548



**k%x%% Analysis of variance *#%%#

Variate: tad | Area of dactillium patches - all flushes
Source of variation d.f. 5.5, mn.S. v.r. F pr.
layer stratum 2 125846, 62923,
block stratum 2 £9234. 34617.
layer.block stratum
ChenRate 4 1185965, 296491,
layer.block.plot stratum
ChemRate 5 847823, 169565. 1¢6.57 0.020
Residual 4 64179, 16045, 06.59
layer.block.plot.tray stratum
InocTime 1 73089, 73089, 2.69 0.127
ChemRate.InocTine 5 255542, 51108. 1.88 ©.172
Residual 12 326327. 27194. 0.78
layer.block.plot.tray.half stratum
InocLev 1 409814. 409814. 11.77 €.0602
InocLev.ChenRate 5 942862, 188572, 5.41 0.002
Inoclev, InocTime 1 12641. 12641. 0.36 0.553
InocLev.ChemRate, InocTime
. 5 517269. 103454. 2.97 0.032
"Residual 24 835894, JLEIGT
Total 71 5666484,
kxkk* Tahles of combined means *#*¥kx
Variate: tad Area of dactillium patches -~ all flushes
InocLev Control 19281
47. 158.
ChemRate Control 0.0686 4,15 0.323 0.696 1.5
letter 1 1 2 2 3 3
alphabet 1 2 1 2 1 2
451, 157. 60. 30. 11. 23.
InocTime First Second
154. 90.
Inoclev ChemRate Control 0.0696 0.15 0.323 . 686
Control letter 1 1 2 2 3
alphabet 1 2 1 2 1
- 123. 118. 8. 6, 4.
19281 letter i i 2 2 3
- alphabet 1 2 1 2 1
779. 196. 113. 54. 19,
InocLev InocTime First Second
Ccontrol 63, 28,
192B1 243, 153,
ChemRate InocTime - First Second
Control letter 1 1
alphabet 1 3
610. 292,
0.069¢ letter 1 1
alphabet 2 2
200. 114.
0.15 jetter 2 2
alphabet 1 1
50. 71.
0.323 letter 2 2
alphabet 2 2



. DY

38. 23.
0.696 letter 3 3
alphabet 1 1
4. 19.
1.5 letter 3 3
alphabet 2 2
. 23. 24,
| InocLev ChemRate InocTime First  Second st o o eed HRPRMEE L S
Contrel Control letter 1 ' Y %Cd'“w- noca e
alphabet 951 Seconed = S-f?or{ \noculated
0.0696 letter 1
alphabet 2 . .
255, " e Jor Firs
0.15 letter 2 Only dedter A |
alphabet 1 . X
10, ) LanToey ()i‘":%szhd ey
0.323 letter 2 2
alphabet 2 2 Te T
6. 6.
0.696 letter 3 3
alphabet I 1
4. 4.
1.5 letter 3 3
alphabet 2 2
C 23, 23.
192B1 Control letter 1 1 '
alphabet 1 1
1128, 433.
0.0696 letter 1 1
alphabet 2 2
145, 248.
0.15 letter 2 2
alphabet 1 1
80. 136.
0.323 letter 2 2
alphabet 2 2
69. 39.
0.696 letter 3 3
alphabet 1 1
4. 34.
1.5 letter 3 3
. alphabet 2 2
23. 25,
*%% Standard errors of differences of combined means ***
Table InocLev ChemRate InocTime InocLev
ChemRate
rep. 36 12 36 6
g.e.d. 44.0 58.4 38.% 96.0
Except when comparing means with the same level(s) of
alphabet 61.4 97.8
letter.alphabet 107.7
, InocLev.alphabet - 87.9
eAd QJ" Lg R [ .53
Table InocLev ChemRate InocLev
InocTime InocTime ChemRate )
) InocTime «t /'C:!” = - ’: (}k\t‘;
rep. 18 6 3 C<b b, )—H) -
s.e.d. 58.7 89.1 i 138.8
Except when comparing means with the same level(s) of
alphabet . 91.1 141.1
letter.alphabet 95.200 143.8
InocTime 62.2
Inoclev.alphabet 141,1
InocLev.letter.alphabet 143.8
alphabet.InocTime 91.% 141.1 o e
. letter.alphabet.InocTime | 152.4(kw| XD-Cbw o 5%
InocLev,alphabet, InocTime 141.1
df. 4 o

@ il
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Appendix IV

Plate 1

Plate 1. Third flush on untreated casing. Right hand side inoculated with a concentrated
spore suspension after the first flush; left hand side unmoculated. Note cobweb growth

despite salting, also contamination of left hand side control plot in the far corner.



Appendix IV

Plate 2

Plate 2. Third flush on casing treated with Chemical D at a rate of 0.15 g a.i./m* and
inoculated with concentrated spore suspension after the first flush. Note growth of cobweb

onto casing from infected mushrooms.



Appendix 1V

Plate. 3

Plate 3. Third flush on casing treated with Chemical D at a rate of 0.7 g a.1./m* and
inoculated with a concentrated spore suspension after the first flush. Note heavily colonised
mushroom to right of centre and restricted growth of cobweb onto casing at base of

mushrooms to left of centre.



