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ABSTRACT 
Twelve genera and species of fungi were identified from surface disin~ 

fected [0.5% Ca(OCI)2 for 4 min.] mushroom pileus tissue. Overall fungi, 
Rhizopussp. (30%) and Monilia sitophila (asexual stage of Neurospora 
sitophi/a Shear et Dodge) (10%) were the most frequently recovered 

species. AspergU/us flavus Link ex Fries, A. fumigatus Fries., M. sitophila 
and Chaefomium bostrychocles Zopf were found both as internal fungi in 
the basidiocarps and competitors on sugarcane bagasse mushroom beds. 
Radial growth reduction of V. volvacea by fungal competitors depended 
on incubation temperature and the nature of the fungal competitor pres~ 
ent. In vitro antagonism was tested for the Chinese straw mushroom and 
its internal basidiocarp mycoflora. Aspergillus niger van Tieghem caused 
100% reduction of mushroom mycelial growth at 27° and 35° C, whereas 
A. carbonarius (Bainier) Thom caused 62.5% mushroom mycelial growth 
reduction at 27° C, and 38.8% at 35° C. Generally the internal mycoflora 
was less antagonistic at 35° C than at 27° C. 

INTRODUCTION 

Volvariella volvacea (Bull ex Fries) Sing. is subject to a great number 
of diseases caused by fungal pathogens. These and other fungi also cause 
Chinese straw mushroom losses through competition. Chang (3) men
tioned the bubbles caused by Mycogone sp., white plaster mold or flour 
mold by Scopula1·iopsis sp. and Ve>·ticillium sp. as major pathogens of 
V. volvacea. 

Yee and Chang-Ho (13) observed thatAspe1·gill?ts nigeTvan Tieghem, 
A. fumigatus Fres. and Coprinus sp. were the first fungi that appeared 
p·owing on straw substrates. They studied in vitro effect of those fungi 
on V. volvacea mycelium. Aspm·gillus furnigatus and Cop1inus cine?'eus 
[C. lagopus (Fr.) Fr.]reduced Chinese straw mushroom growth. Chang
Ho and Y ee (6) compared the ability of V. volvacea and C. cine?'eus to 
compete for space and nutrients. These fungi share similar nutritional 
and environmental requirements. Besides these studies, little informa
tion is available on the diseases and pests on Chinese straw mushroom. 

1Manuscript submitted to Editorial Board AprillO, 1986. 
2 Graduate Research Assistant; and former Associate Professor of Plant Pathology, De

partment of Crop Protection, College of Agricultural Sciences, University of Puerto Rico. 
Mayagiiez, P. R. 00708. Second author is at present Research Plant Pathologist, USDA, 
Tropical Agriculture Research Station, Mayagtiez, Puerto Rico 00708. 

159 



160 RJVERA-VARC:AR & HF.PPERLY/STRAW MTJRHROOM 

In the common mushroom. AgnTicuR bisponts (L•ng·e) Sing., Forer 
et aL (7) pointed out Verticillinm ma.lthosei, Mycoaone pemiciosa and 
Dactylinm dendmirles as frequent pathogens and V m·ticillinm sp. as the 
most important pathogen of alL It infects A. bisponts primordium and 
the pileus and the stipes of mature hasidiocarps (12). 

MATERIALS AND METHODS 

Intemal?nycoflom nlated with mnshmom basirliocarps 

Fungi from internal portions of mushroom basirliocarps at the egg 
stage (the preferred stage for harvesting) were isolated and identified 
(1,2,9,10). Direct isolates were made from pileus tissue. Pileus tissue (4 
mm') disinfected with aqueous solution of Ca(OC1)2 (0.5%) fm· 4 min were 
placed in 9-cm Petri dishes with potato dextrose agar (PDA). Four differ
ent treatments were used for the isolation test: PDA, acid PDA (APDA) 
with lactic acid, PDA with chloramphenicol (100 p/m) and APDA + PDA 
with chloramphenicol containing 5 pieces of pileus tissue per Petri dish. 
Ten replications of each treatment were done. The plates were incubated 
at 35" C for 4 days. Internal fungi we1·e identified and fi•equency data 
was recorded. 

Antagonism test between intm·nal basidioca1'P 1nycojlom nnd 
Chinese stmw mu.s/woom vegetntive growth 

The purpose of the antagonism test was to evaluate the interaction 
between internal mycoflora of the basidiocarp and the Chinese straw 
mushroom vegetative growth. The study was done with a modification 
of the dual culture technique described by Yee and Chang-Ho (13), which 
consists of two disks of pure culture (4 mm cliam.), one from a pure 
culture of Chinese straw mushroom and the other one from the internal 
basidiocarp species in a Petri dish with PDA with sugarcane bagasse. 
The disks were 4 em apart. Colony diameters for each test fungus were 
recorded daily for 1 week 

RERULTS AND DISCUSRION 

The following tabulation shows that bacterial contamination was re
duced when chloramphenicol, lactic acid, or both were used. 

Percent3 

V. volvacea Bacte1~al 
Medinm 

Potato Dextrose Agar (PDA) 
PDA + chloramphenicol (100 p/m) 
APDA (pH = 5.4) 
APDA + chloramphenicol 

100 
98 
72 
70 

aBased on 50 isolations from random pileus fragments. 

contmninntion 

90 
58 
86 
24 
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Clean cultures were best obtained from the egg and button stages by 
isolating from the stipe rather than fi·om the pileus as is recommended 
in most references ( 4). Acid media and chloramphenicol reduced bacterial 
contamination by 4% and by about 35%, respectively. The combination 
of these two additives reduced bacterial contamination by more than 
65%, showing the synergism of the two practices. 

The following tabulation shows the twelve species of fungi identified 
from surface disinfected mushroom pileus tissue and their frequencies. 

Fungi 

1. Aspe1·gillus ca1·bonarius (Bainier) Thorn 
2. A. flavus Link ex. Fries 
3. A. fumigatus Fries 
4. A. nigm· van Tieghem 
5. Cladospm-ium sp. 
6. C1wvulm-ia senegalensis (Spig.) Subram 
7. Chaetomium bostrychodes Zopf 
8. Monilia sitophila, asexual stage of Neumspom 

sitophila Shear et Dodge 
9. Paecilomyces va1·iotii Bainier 

10. Penicillium nig1-icans Bainier ex Thorn= 
P. janczewskii Zaleski 

11. Pestalospham-ia elaeidis (C. Booth + Robertson 
Vander Aa 

12. Rhizopus sp. 

F1·eq1wncy (%)'' 

2 
2 
4 
2 
2 
2 
2 

10 
2 

4 

2 
30 

4 Based on 50 t·andom pileus fragments plated on acid potato dextrose agar (pH 5.4). 

Overall fungi, Rhizopus sp. (30%) and M. sitophila (10%) were the 
most frequently recovered species. These are sugar fungi according to 
ecological grouping (5). Aspm·gillus flavus, A. fnmigatus, M. sitophila 
and Chaetomium bostrychodes were found growing on sugarcane bagasse 
mushrooms. A. flavus was found growing on early stages of mushrooms 
basidiocarp. Isolates of this fungus can be potent mycotoxin producers, 
which would be a hazard to human and animal health (8). Their role as a 
health hazard in mushrooms deserves further investigation. 

Most of the fungi isolated from mushroom basidiocarps were imper
fect fungi with ascomycete affinities. Most are sugar fungi. Basidiomy
cetes, ascomycetes and imperfect fungi with Ascomycete affinities were 
present in the Chinese straw mushroom beds, where basidiomycete ther
motolerant cellulose decomposers appeared most prominent (11). 

Radial growth reduction of V. volvacea by fungal competitors depends 
on incubation temperature and the nature of the competitor present (fig. 
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la,b). Antagonism in vitro test done with the mycoflora isolate from 
mature basidiocarps showed that Aspe1yill-us nigm· caused 100% mush
room mycelial growth reduction at 27° and 35° C, whereas A. ca1·
bonari21s caused 62.5% mycelial growth reduction at 27° and 38.8°% at 
35o C. Most of the competitors were less antagonistic at 35° C than at 
27° C. Thirty-five degrees Celsius is near the termperature of optimal 
vegetative growth for Chinese straw mushrooms. 

Internal infection of mushroom basidiocarps was common. The effect 
of these infections could be negative consider~ng their antagonism to 
mushroom growth in vitro and the presence of possible toxigenic isolates. 
Future studies should focus on determining when infection takes place 
and its practical significance in the production and use of mushrooms. 

RESUMEN 

Micoflora interna de los del basidiocatpos de Ia seta china y su efecto 
sabre el crecimiento del hongo 

Se identificaron especies de hongos aisiados del basidioc::arpo de Ia seta 
china, Volvariella volvacea (Bull ex Fries) Sing; las m6s frecuentes fueron 
Rhizopus sp. (30%) y Monilia sitophila (etapa asexual de Neurospora 
sitophila Shear et Dodge), con 10%. De las especies encontradas Aspergil-

Aspergillus fumiga.tu A· flavus Monilia sitophila 
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FIG. 1 A.-Radial growth reduction (%) of V. volvacea mycelium by internal fungi 
isolates from matrn·e basidiocarps at 27° and 35° C. 
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Cladosporium sp. Rhizopus sp. 
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FIG. 1 B.-Radial growth reduction (%) of V. volvacea mycelium caused by internal 
fungi isolates fi·om mature basidiocarps at 27° and 35° C. 

Ius flavus Link ex Fries, A. fumigatus Fries., M. sitophila y Chaetomium 
bostrychocles Zopf apareciertm creciendo dentro del basidiocarpo de Ia seta 
y sabre Ia cama de baga:zo de caiia de azUcar. 

La reducci6n del credrniento radial de V. volvacea por hongos competi
dores deperuie de Ia temperatura de incubatiOn y Ia naturaleza del hongo 
competidor presente. las pruebas de antagonismo realizadas con V. vol~ 
vacea y Ia micofiora aislada de los basidiucarpos maduros demostraron 

que Aspergillus niger van Tieghem causa un 100% de reducci6n en el 
crecimiento miceliai de Ia seta a 27° y 35° C, mientras que A. carbonarius 
(Bainier) Thorn causa una reducci6n de crecimiento rniceliar de 62.5% a 
27° y 38.8% a 35°; Ia mayoria de los competidores son menos antag6nicos 
a 35" C que a 27° C. 
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