Effect of an Extract from Saprozoic Nematode-Infested Compost
on the Mycelial Growth of Agaricus brunnescens’
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Abstract: Extracts from compost infested with Caenorhabditis elegans suppressed mycelial
growth of Agaricus brunnescens. An extract from uninfested compost also inhibited mycelial
growth but to a lesser degree. The critical role of compost bacteria and/or other compost
micro-organisms is implicated by these results. Key words: free-living nematodes, mushrooms,

lcachate.
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Many theories have been offered to ex-
plain the degenerative disease condition of
the cultivated mushroom associated with
saprozoic nematode infestations. One such
theory suggests that a metabolic toxin may
be produced by the nematodes and/or
other compost micro-organisms associated
with the nematodes. The role of compost
bacteria and other micro-organisms may
be critical to the establishment of this de-
generative disease. Cairns and Thomas (5)
were the first to propose the toxin theory
but did no experimentation. According to
Moreton (12), Sarazin observed that nema-
tode-free water leached from mushroom
beds infested with parasitic nematodes
caused a suppression in yield when it was
applied to uninfested beds. Using the quan-
tity of extracellular laccase present in a
compost extract as a measure of mycelium
development, we examined the effect of an
extract from nematode-infested compost on
growth of mushroom mycelium in compost.

MATERIALS AND METHODS

Two experiments with the same basic
experimental design having four different
treatments per experiment were conducted.
Each treatment consisted of 20 replicates.
The off-white mushroom cultivar PSU-348,
used in all experiments, was obtained from
the culture collection maintained at Penn-
sylvania State University. Treatments for
both experiments were a compost control,
a spawned control, and a nematode-
infested compost extract. A nematode-
inoculated treatment was used in the first
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experiment and a control compost-extract
treatment in the second. An extract from
compost containing a population of
Caenorhabditis elegans (Maupas) Dough-
erty and associated micro-organisms was
applied to the infested compost (10). The
Waller-Duncan K-ratio t-test (13) was used
to analyze the weekly means.

The moisture content of the compost
used for the two studies was determined
after adding water. The moisture content
for the first experiment was 78.4%,. At this
level, water was easily squeezed by hand
from the compost. The moisture of the
compost used for the second experiment
was 75.19,. This compost did not exude
water when squeezed.

Each treatment included 50 g of pas-
teurized wheat straw-bedded horse manure
compost (15) placed in a 100-ml beaker.
Spawned treatments received 1 g of grain
spawn which was mixed with the pre-
weighed compost before it was placed in
the beaker.

The nematodes used for the inoculated
treatments were extracted from compost
cultures using a modified Baermann funnel
technique (3). Approximately 150 viable
nematodes in 3 ml of water were placed
into each beaker compost.

In the first experiment, one treatment
was exposed to an extract derived from
compost infested with C. elegans. One
treatment in the second study received a
similar extract, and a second was exposed
to an extract obtained from compost con-
taining no nematodes. Each inoculated
treatment received 15 ml of extract solu-
tion applied to the surface of the compost
at the beginning of the experiment. The
control treatments in both studies received
15 ml of the buffer solution used in the ex-
traction technique.

Compost used for extraction was pre-
pared 4 weeks prior to processing. Addi-
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tional water was added to the compost
prior to pot filling to increase the moisture
content thus favoring nematode coloniza-
tion and development. Approximately
2,200 g of compost was placed into two
25-cm X 13-cm plastic pots. The pots to
be infested received approximately 3,000
C. elegans in a 50-ml aliquot of water ap-
plied over the surface of the compost. The
control treatment received 50 ml of water
without nematodes. A thin layer of a 1:1
(v/v) sphagnum peat moss and limestone
mixture was applied to the surface of the
compost to a depth of 1.3 cm. This ma-
terial was kept moist throughout the pre-
extraction period. The pots were main-
tained at a temperature of 20-22 C.

After 4 weeks, 1 kg of compost from
each treatment was processed for laccase
(11). Two hundred and fifty grams of com-
post and 250 ml of 0.01 M potassium-
phosphate buffer, pH 7.0, were placed in
a 1,000-m1 Erlenmeyer flask and shaken for
20 min. The liquid was then poured
through four layers of cheesecloth and
centrifuged at 8,000 g for 20 min and at
40,000 g for another 20 min. The super-
natant was filtered through 0.45-um pore
membrane filters.

The amount of laccase in each sample
of compost extract was measured polaro-
graphically using an oxygen electrode (17,
18). A 1.0-ml sample of compost extract
was combined with 1.7 ml of sodium 0.02 m
acetate-acetic acid buffer, pH 5.0, in the
electrode chamber. Water at 25 C circu-
lated around the chamber. Oxidation re-
action was initiated by injecting 0.3 ml
of 0.1 M p-phenylenediamine into the elec-

trode chamber. Assuming that the solu-
bility of molecular oxygen per liter is 8.5
mg and defining a unit of laccase as the
amount of enzyme needed to consume 1 g
mole of molecular oxygen per minute, the
amount of laccase per milliliter of extract
was calculated. The dry weight (mg) of
mycelium per gram dry weight of compost
was computed by assuming that there are
0.1 enzyme units/mg dry weight of my-
celium and using the percent dry matter
of the compost used for each experiment.

RESULTS

An estimate of the dry weight of my-
celium per gram dry weight of compost
was calculated for all replications at weekly
intervals (Table 1). The control treatment
produced more mycelium than did the
other treatments over the duration of the
experiment. The treatment exposed to the
extract derived from nematode-infested
compost produced more mycelium at the
second, third, and fourth harvests than did
the nematode-inoculated treatment. The
inoculated treatment actually showed a
slight decrease from week 1 to week 4.

The mean values of the three spawned
treatments were not different at the first
harvest, but were significantly higher than
the control (Table 1). The values for the
spawned control treatment at the second,
third, and fourth harvests were signifi-
cantly higher than those for the other treat-
ments. The means of the spawned extract
treatment and nematode-inoculated treat-
ment were not different except at week 4.
The nematode-inoculated treatment was

Table 1. Effects of a Caenorhabditis elegans infestation and an extract from infested compost on
mycelial growth of Agaricus brunnescens cv. PSU-349 in compost.

Mycelial growth (mg dry wt mycelium/g dry wt compost)

Treatment ] 2 3 4
PSU-348* 069 a 117a 432a 1094 a
PSU-348 NEt 0.55a 074 b 107 b 218 b
PSU-348 Ni 059a 0.34 be 021 b 021 ¢
CK§ 025 b 026 ¢ 003 b 002 ¢

*Spawned control.
tInfested compost extract,
+Nematode inoculated.
§Unspawned control,

Numbers in the same column followed by the same letter are not significantly different according

1o the Waller-Duncan K-ratio t-test, P = 0.05.



not different from the compost-control treat-
ment after the first week harvest.

In the second study as in the first, the
treatment spawned with PSU-348 produced
noticeably more mycelium after 1 week
than did the other treatments (Table 2).
The treatment exposed to the extract pro-
duced from the uninoculated compost had
a higher mean value of mycelium than did
the infested compost extract treatment af-
ter 2 weeks. At the first two harvests, the
estimated means for these two treatments
were very similar. Overall, the spawned
control and the infested compost extract
treatments produced more mycelial growth
in the second experiment than did the
same treatments in the first experiment.

From week 2 on, the PSU-348 spawned
treatment had a significantly higher value
for the estimated mycelium as compared
to the other treatments (Table 2). My-
celial growth in compost treated with com-
post extract was not significantly different
from the infested compost extract at week
2, but was significantly greater at weeks
3 and 4.

DISCUSSION

The white and off-white types are the
most commonly grown mushrooms in the
United States. The off-white cultivar PSU-
348 was chosen for this study because of its
extensive use in the industry.

Compost infested with C. elegans was
used to derive an extract which was evalu-
ated for toxic characteristics. This parthen-
ogenic nematode was also used in the first
experiment to initiate the disease con-
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dition in one treatment. During the sur-
vey described by Kaufman et al. (11), C.
elegans was the second most commonly
encountered species.

An excessive amount of water was in-
advertently added to the compost used for
the first extract experiment and the ad-
verse effect caused by excessive water was
reflected in the production of mycelium
(Table 1). The mycelial development was
noticeably lower than in the second extract
study (Table 2). PSU-348 produced a
higher rate of mycelium under the less
water-stressed conditions during the ex-
perimental period. High moisture condi-
tions are known to favor the growth and
development of nematodes. The infested
treatment in the fivst experiment produced
only a minimal amount of mycelium over
the duration of the experiment. The ex-
cessively high water content of the compost
probably aided in the ultimate damage
caused by the saprozoic nematode disease
complex.

Observers of this disease condition in a
production situation have reported a va-
riety of mycelial symptoms. The described
symptoms range from a reddening of the
mycelium (16) to an inhibition of mycelial
growth (6) or a complete degeneration
which creates dark watery patches in the
compost (2,3,14). Most of the controlled
studies designed to determine the effect of
nematode infestations have been based on
yvield data. A study by Blake and Conroy
(2) using a rye grain medium demonstrated
that Rhabditis sp. noticeably reduced my-
celial growth. No research had quantita-

Table 2. Effect of extracts from Cagenorhabditis elegans infested and uninfested compost on the
mycelial growth of Agaricus brunnescens cv. PSU-348 in compost.

Mycelial growth (mg dry wt mycelium/g dry wt compost)

Treatment 1 2 3 4
PSU-348+* 1.20a 7.26 a 19.79a 2722a
PSU-348 CE} 1.26a 174 b 894 b 17.01 b
PSU-348 NE} 0.77 b 261 b 5.16 ¢ 1246 ¢
CK3§ 006 ¢ 021 ¢ 0.27 d 0.12 d

*Spawned control.
tCompost extract treated.
tInfested compost extract.
§Unspawned control.

Numbers in same column followed by the same letter are not significantly different according to

the Waller-Duncan K-ratio t-test, P = 0.05,
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tively verified mycelial decline until the
present studies summarized by Kaufman
(10) demonstrated for the first time that
saprozoic nematode infestations can sig-
nificantly reduce the production of my-
celium in compost.

A popular theory suggested by numer-
ous investigators has been that a metabolic
toxin produced by the saprozoic nematodes
inhibits the growth or causes a degener-
ation of mycelium (2,3,4,8,9). Another
theory suggests that the toxin is produced
by bacteria and that the development of
a large and harmful bacterial population
is stimulated by metabolites produced by
the nematodes (3,4,5,7,8). The results of
the extract experiments support the theory
that toxins are produced by a combined
population of nematodes and bacteria. The
extract from compost infested with C.
elegans and bacteria in both experiments
limited the production of mycelium (Ta-
bles 1 and 2). The question of whether or
not the nematodes, bacteria, or both are
responsible for the production of the in-
hibitory substance remains unexplained.

In the second experiment, an extract
from uninfested compost significantly re-
duced mycelial production (Table 2). How-
ever, the adverse affect was significantly
less than that seen in the treatment re-
ceiving the extract from infested compost.
The inhibitory substance produced in the
absence of nematodes may have been de-
rived from compost bacteria. A possible
explanation for this phenomenon is that if
compost is allowed to stand, the bacteria
produce substances inhibitory to mush-
room mycelial growth. The presence of
saprozoic nematodes in large numbers may
simply increase the rate at which this proc-
ess occurs. Waste metabolites produced by
the nematodes may stimulate the bacterial
population size by providing a food sub-
strate. The ability of nematodes to carry
bacteria superficially (1,4,12) could aid in
food finding and thus population develop-
ment,

The laccase assay for mycelial biomass
estimation proved to be ideal for this re-
search investigation. This technique pro-
vides an acceptable means of acquiring
quantitative estimates of mycelium in a
sample of compost.

This study should help understanding

of the degenerative disease condition of
the cultivated mushroom associated with
saprozoic nematodes. The potential for
damaging infestations continues to remain
a reality. High energy costs have forced
conservation on many mushroom farms,
and this trend has led to a revival of the
natural cook-out as an energy saver (19).
But, “natural cook-out” and other tech-
niques which rely on lower temperatures for
pasteurization, increase the possibility of
nematode survival and potential problems.
For this reason, the incidence of nematode
infestations is not likely to diminish in
the near future.
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