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Abstract: Extracts from compost infested with Caenorhabditis elegans suppressed mycelial 
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Many theories have been offered to ex- 
plain the degenerative disease condit ion of 
the cult ivated mushroom associated with 
saprozoic nematode infestations. One such 
theory suggests that  a metabol ic  toxin may 
be produced by the nematodes and / o r  
o t h e r  compost  micro-organisms associated 
with the nematodes.  T h e  role of compost  
bacteria and  other  micro-organisms may 
be critical to the establishment of this de- 
generative disease. Cairns and T h o m a s  (5) 
w e r e  the first to propose the toxin theory 
but  did no exper imentat ion.  According to 
Moreton (12), Sarazin observed that  nema- 
tode-free water  leached f rom mushroom 
beds infested with parasitic nematodes  
caused a suppression in yield when it was 
appl ied to uninfested beds. Using the quan- 
tity of extracellular laccase present in a 
compost  extract as a measure of mycel ium 
development ,  we examined the effect of an 
extract f rom nematode-infested compost  on 
growth of mushroom mycel ium in compost.  

M A T E R I A L S  AND M E T H O D S  

T w o  exper iments  with the same basic 
exper imenta l  design having four different 
t reatments per exper iment  were conducted. 
Each t reatment  consisted of 20 replicates. 
T h e  off-white mushroom cult ivar PSU-348, 
used in all experiments,  was obta ined f rom 
the culture collection main ta ined  at Penn- 
sylvania State University. T rea tmen t s  for 
both experiments  were a compost  control, 
a spawned control, and a nematode-  
infested compost  extract. A nematode-  
inoculated t rea tment  was used in the first 
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exper iment  and  a control compost-extract  
t rea tment  in the second. An extract  f rom 
compost  containing a popula t ion  of 
Caenorhabditis elegans (Maupas) Dough- 
erty and associated micro-organisms was 
appl ied to the infested compost  (10). T h e  
Waller-Duncan K-ratio t-test (13) was used 
to analyze the weekly means. 

T h e  moisture  content  of the compost  
used for the two studies was de termined 
after adding water. T h e  moisture content  
for the first exper iment  was 78.4%. At this 
level, water was easily squeezed by hand  
f rom the compost.  T h e  moisture  of the 
compost  used for the second exper iment  
was 75.1%. This  compost did not exude 
water  when squeezed. 

Each t rea tment  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. 

T h e  nematodes  used for the inoculated 
t reatments  were extracted f rom compost  
cultures using a modified Baermann funnel 
technique (3). Approximate ly  150 viable 
nematodes in 3 ml  of water  were placed 
into each beaker  compost.  

In  the first experiment ,  one t rea tment  
was exposed to an extract  derived f rom 
compost  infested with C. elegans. One 
t rea tment  in the second study received a 
similar extract, and a second was exposed 
to an extract  ob ta ined  f rom compost  con- 
taining no nematodes.  Each inoculated 
t rea tment  received 15 ml  of extract  solu- 
tion applied to the surface of the compost  
at the beginning of the experiment .  T h e  
control t reatments  in both  studies received 
15 ml of the buffer solution used in the ex- 
traction technique. 

Compost  nsed for extraction was pre- 
pared 4 weeks pr ior  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 × 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, p H  7.0, were placed in 
a 1,000-ml 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-ttm 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. Oxidat ion re- 
action was initiated by injecting 0.3 ml 
o£ 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 /~ 
mole of molecular oxygen per minute, the 
amount  of laccase per milliliter of extract 
was calculated. The  dry weight (mg) of 
myceliurn per gram dry weight of compost 
was computed by assuming that there are 
0.1 enzyme uni ts /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 myeelium than did the 
other treatments over the durat ion 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. T h e  
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 t reatment at the second, 
third, and fourth harvests were signifi- 
cantly higher than those for the other  treat- 
ments. T h e  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 1 2 3 4 

PSU-348* 0.69 a 1.17 a 4.32 a 10.94 a 
PSU-348 NEt 0.55a 0.74 b 1.07 b 2.18 b 
PSU-348 N~ 0.59 a 0.34 bc 0.21 b 0.21 c 
CK§ 0.25 b 0.26 c 0.03 b 0.02 c 

*Spawned control. 
tlnfested compost extract, 
~Nematode inoculated. 
§ Uuspawned control. 
Numbers in the same column followed by the same letter are not significantly different according 

to 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 rnycelial 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 dur ing the ex- 
perimental period. High moisture condi- 
tions are known to favor the growth and 
development of nematodes. The  infested 
treatment in the first 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 uhimate  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 tire 
compost (2,3,14). Most of the controlled 
studies designed to determine the effect of 
nematode infestations have been based on 
yield data. A study by Blake and Conroy 
(2) using a rye grain medium demonstrated 
that Rhabdi t is  sp. noticeably reduced my- 
celial growth. No research had quantita- 

Table 2. Effect of extracts from Caenorhabditis elegans infested and uniufested compost o11 tile 
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* 1.20 a 7.26 a 19.79 a 27.22 a 
PSU-348CEJ- 1.26a 1.74 b 8.94 b 17.01 b 
PSU-348 NE~ 0.77 b 2.61 b 5.16 c 12.46 c 
CK§ 0.06 c 0.21 c 0.27 d 0.12 d 

*Spawned control. 
tCompost extract treated. 
+Infested compost extract. 
§ Unspawned control. 
Numbers in .same column followed by the same letter are not significantly different according to 

tile Waller-Duncan K-ratio t-test, P = 0.05. 
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tively verified mycelial decline unti l  the 
present studies summarized by Kautman 
(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- 
strafe. 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 
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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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Biology of Heterodera mediterranea 
N. Vovt.xs t and K. N. INSERRA z 

Abstract: Heterodera mediterranea completes  embryogenic deve lopment  in 15-18 days at 
24 + 2 C. On olive and pistachio seedlings the postembryogenic deve lopment  was completed  
in 42-50 days at  24-30 C. Juveniles and  adul ts  have semiendoparasi t ic  habi ts  and do not  pene- 
trate completely into the root tissue. Th is  cyst forming  nematode  has been detected only on 
Olea europaea, Pistacia lentiscus, and  P. vera. Syncytia format ion and disorder  of root stelai" 
s t ructure are the  main  anatomical  changes induced by the parasite. Key words: cyst nematode,  
embryogenesis,  histopathology. Oleo europaea. Pistacia lentiscus, P. vera, host range. 
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Eight cyst-forming nematode species be- 
longing to Heterodera, Globodera, and 
Sarisodera are reported as parasites on 
woody plants (2,3,4,6,8,13). A ninth  species, 
Heterodera mediterranea Vovlas, Inserra, 
and Stone, 1981, has been described on the 
woody plant  lentisc (Pistacia lentiscus L.) 
from the Adriatic coast in southern Italy 
(12). The re  is a dearth of knowledge on the 
biology of this nematode. This  paper re- 
ports some aspects of the life cycle and the 
host range of H. mediterranea and illus- 
trates the histopathological effects caused 
by the nematode on two newly identified 
hosts. 

MATERIALS AND M E T H O D S  

T h e  embryogenic development  of H.  
mediterranea was studied in petri dishes, 
using single-celled eggs removed from the 
gonad of the nematode white females, 
washed in distilled water, mounted  in 2% 
water agar, and maintained in an incubator  
at 24 ± 2 C. 

T h e  durat ion of postembryogenic de- 
velopment was determined on pistachio 
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(Pistacia vera L.) and olive (Olea europaea 
L.). Pregerminated seeds of pistachio and 
rooted cuttings of olive were transferred 
into 25-cm clay pots containing pasteurized 
sand; 3 days later 1,500 second-stage juve- 
niles (J2) were added to the pots. Plants 
were maintained in a glasshouse at 24-30 
C. Nematode penetrat ion and the develop- 
mental  phases were studied on infected 
roots stained with acid fuchsin in lacto- 
phenol and observed with a stereomicro- 
scope at 3-5 clay intervals after the trans- 
planting. 

Host studies were made in a glasshouse 
at 24-30 C. T h e  following herbaceous 
plants were tested: broad bean (Vicia faba 
L.), carrot (Daucus carota L.), corn (Zea 
mays L.), pea (Pisum sativum L.), potato 
(Solanum tuberosum L.), sorghum (Sor- 
ghurn vulgate Pers.), tobacco (Nicotiana 
tabacum L.), and tomato (Lycopersicon es- 
culentum Mill.). T h e  following frui t  tree 
species were tested: a lmond (Prunus com- 
taunts Arc.), apple (Malus domestica L.), 
apricot (P. armeniaca L.), fig (Ficus carica 
L.), grape (Vitis vinifera L.) loquat (Eri- 
obotrya japonica Lindl.), pistachio (P. vera 
L.), and walnut  (]uglans regia L.). An 
ornamental  shrub, oleander (Nerium ole- 
ander L.), was also included in this test. 
Ten  pregerminated seeds of each herbace- 
ous plant and 2-month-old frui t  tree seed- 
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