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T H E  EFFECT O F  LIGHT UPON BASIDIOCARP 

INITIATION I N  PSILOCYBE CUBENSIS 


SUMMARY 

Formation of basidiocarp initials in Psiloc~lbe cubensis occurred only 
when cultures were illuminated. Short durations of light (0.0025 sec of 
xenon-arc flash) were sufficient for initiation. Light-induced initiation was 
saturated at  a dose of 0.345 x lo4 ergs/cma at 460 nm. UV and blue 
wavelengths of 370, 440, and 460 nm were the most effective. Green and 
red wavelengths greater than 510 nm were ineffective. 

The requirement of light for basidiocarp initiation or development 
is well documented : Alasoadura, 1963 ; Lu, 1965 ; Manachi.re, 1970, 
1978; Ililler. 1967; Miller and Palmer, 1977; Plunkett, 1956, 1961. 
Chapman and Fergus (1973) found that the blue end of the spectrum at 
intensities above 1.5 x lo4 ergs/cm2/sec induced mature basidiocarp 
formation in Coprinzts dowzesticus Fries, whereas green, red, and far red 
failed to induce initials. Kitamoto et al. (1970) studied initiation in 
Favolzts nrc~laris  (Fries) Ames and found that a half-maximal response 
is reached at 1.8 x los ergs/cmz (at 398 nm).  Photoinduction was 
observed in the region between 350 and 560 nm and six peaks were 
described. Later Kitamoto et al. (1973) studied light-dependent pileus 
development in Coprinus donzesticus and found the action spectra to be 
similar. Perkins and Gordon (1969) determined the action spectrum for 
basidiocarp initiation in Schizophyllztl~z comwzutze Fries. They showed 
that the dose response was linear up to a dose of approxin~ately 1.1 x lo5 
ergs/cm2 (at  440 nni).  Spectral sensitivity peaked in the blue and 
UV, No light of wavelengths greater than 525 nnl was photoinductive. 
Heim and Wasson (1958) reported that initials of Psilocybe cubensis 
(Earle) Sing. may be formed in darkness at elevated temperatures 
(27 C) .  Jackson and Alexopoulos (1976) stated that this species 
requires light for basidiocarp initiation (at 22-25 C) .  

The purpose of this study was to determine an action spectrum for 
basidiocarp initiation in Psilocybe cubensis. 

Present address: Biology Department, Lehman College, Bronx, New York, 
10468. 
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MATERIALS .4XD METHODS 

Clllture isolate.-The isolate of P. clrbejzsis used in this study was 
obtained during 1975 by allowing a basidiocarp to deposit basidiospores 
onto agar. A subculture was deposited with ATCC (#36359). The 
original basidiocarp is deposited in the University of Tennessee Her- 
barium ( T E X X  40476). 

Preparation of czi1tures.-An agar medium (Brodie, 1975) containing 
relatively low levels of sugars (maltose, dextrose, sucrose), asparagine, 
peptone, yeast extract, in addition to salts was used. Six ml of nledium 
were poured and slanted in plastic test tubes (16 x 125 mm) giving a 
surface area of 3 cm2. Inoculation of these tubes was made from stock 
cultures which were grown in the dark for 1 1110 in plastic Petri plates 
(15 x 100 mm) with taped lids. One 3 x 3-111m cube was taken from 
these and placed in each slant tube. The slant tube caps were not 
tightly closed. These transfers were made under "safe" light (15-watt 
incandescent light filtered by a red filter, Carolina Biological Supply red, 
650). The cultures were grown for 3 wk in well-ventilated but light- 
tight boxes. Both cultures and light sources were kept in a controlled- 
temperature room at 21 C 2 2 and under relative humidity of 85% * 
15%. 111most cases light treatments were given once per da for 5 d a ;  
the cultures were examined on da 6. Exposures were given at the same 
time each da. If manipulations were necessary they were acconlplished 
under the same safe light described above. 

Liglzt sozirces and filters.-Two preliminary experiments were conducted 
to determine : 1 )  the general wavelengths of importance for fruitbody 
initiation, and 2 )  the duration of light necessary for initiation. In  the 
first of these, dark-grown cultures were illuminated for 12 11 per da by 
Cool-white fluorescent lamps at 100 ft-c. filtered with broad-band filters : 
UV (Kodak 18-A) peak at 350 nm, blue (Carolina Biological Supply) 
peak at 450 nm, green (CBS) peak at 550 nm, and red (CBS) peak 
at 650 nm. In  the second preliminary experiment the white light of a 
xenon-arc lamp (Honeywell photoflash) at 0.0005 sec per da was used 
to initiate fruitbodies. 

Based on preliminary observations further experiments were con-
ducted to determine: 1) the relative effectiveness of different doses of 
light, and 2 )  the relative effectiveness of different wavelengths of light. 
Both of these experiments used a 300-watt General Electric quartz-
iodine projector lamp in conjunction with a 0.25-m Jarrell-Ash mono- 
chromater with 2-mn1 slits. The + band width was 15 nm. The lamp 



was placed 2.5 c ~ nfrom the entrance slit and the cultures were placed 
at the exit slit. Usuing a spectroradiometer (International Light #783), 
equal light energies at different wavelengths were obtained by adjusting 
the voltage to the bulb. The light energy was adjusted to 23 ergs/sec, 
cnl2 at all wavelengths. Second-order spectra were eliminated for this 
calibration but were not eliminated when light was used to initiate 
cultures. 

For dose-response experiments n~onochromatic light (460 nm) was 
used at eight different dosages to initiate fruitbodies. ,411 cultures were 
illuminated once per da for 5 da and scored on da 6. For treatments 
providing doses greater than 0.345 x 10 ergs/cm2 (23 ergs/sec/cm2 per 
da for 5 da) an increase in the tinle of illumination was used to increase 
the dose. For treatments less than this amount neutral-density filters 
(Kodak) were used to decrease the dose. Ten cultures per treatment 
were used. 

For spectral-sensitivity experiments approximately 30 cultures per 
light treatment were illuminated each da at 23 ergs/sec, c m q o r  30 sec 
with monochromatic light of wavelengths from 370 to 510 nnl and scored 
on da 5 ,  6, 7, or 8. Most replicates were scored on da 6 and those 
scored on other da were normalized to 6-da data for the interpretation 
of the results. 

Scoring.-For preliminary experiments cultures were scored for the 
presence of basidiocarp initials (here defined as the first "knots" of 
hyphae which are visible to the unaided eye and which can, under approp- 
riate conditions, become basidiocarps). For further experiments an 
attempt was made to use a more precise method of scoring which in- 
volved: 1 )  the size and degree of development and 2 )  the number of 
initials per total area of the slanted tube. Numerical values for these 
categories were assigned as follows: size and degree of development- 
0, rhizomorphs only, 1, flat aggregations of hyphae, 2, spherical initials 
600 ptn diam, 3, spherical initials 1,000 pnl diam, 4, initials pyramidal 
in shape; for density of initials in the tubes-1, 1-3 initials, 2. 4-8 
initials, 3, 9-30 initials, 4, 31+ initials. A con~bination of these factors 
(the sum of the scores) was here termed the "degree of initiation" 
and was a useful quantitative index to the experimental induction of 
basidiocarp initiation. 

RESULTS 

Preliminary expcriutzents.-When cultures were illuminated with light 
from Cool-white lamps filtered by broad-band filters only blue and 



FIG.1. Dose-response of Psilocgbe cubensis to light. Eight different doses 
of monochromatic light (460 nm) used to initiate fruitbodies in dark-grown 
cultures. Average response approximately linear between 0.086 X lo4 and 0.345 X 
lo4 ergs/cm2. 

UV-illuminated cultures formed fruitbody initials. When other cultures 
were illuminated with one 0.0005-sec flash/da for 5 da initials were 
present on the 6th da. 

Dose-response experiments.-This experiment was conducted to deter- 
mine in what range of light doses a direct proportion exists between the 
light dose and the degree of initiation. Such a relationship, if it is 
linear, is called the Bunsen-Roscoe law of reciprocity. Proof of this 
relationship is essential to determination of action spectra because if, 
for example, a spectral-sensitivity study was conducted at doses above 
saturation all wavelengths would be equally active. As seen in FIG.1 
the average response is nearly linear in the range of 0.086 and 0.34 X 

lo4 ergs/cm2 at 460 nm. Also based on replicate "a," response is satu- 
rated at doses greater than 0.345 x lo4 ergs/cm2. Further studies con- 
cerning spectral sensitivity were conducted in the range of doses 
described above. 

Spectral-sensitivity exfieriments.-These experiments were used to 
determine the effect of different wavelengths of light on fruitbody initia- 



tion (action spectrum). The average degree of initiation at the various 
wavelengths is shown in FIG.2. 

Obsem~ationsof cu1tuves.-Initiation did not occur in cultures that were 
not ventilated. Gases present in the atmosphere or those produced by 
tnetabolisni nlaq be responsible for this effect. Light has no effect on 
initiation before vegetative maturity is completed, i.e., the agar surface is 
covered by nlyceliun~. In  orie case atypical initials were formed which 
increased in size as chestnut-colored spheres up to 5 I I ~ I I ~diam. These 
structures contained spores and were grown at  10 C. I n  some sealed 
cultures one-celled conidia borne on clamped hyphae were noted (probably 
"ramifications acren~onifornies," Heiln and Wasson, 1958). Abnormal-
ities in basidiocarp development were also noted, i.e., niorcl~elloid forms 
(RlcKnight, 1971 ; Watling. 1971). Sometimes when primordia were 
developed under low levels of light a blue zone subtended the pileus. This 
zone is in the exact location of the phototroph~c zone described by 
Plunkett (1961). The blue pigment has been related to the presence of 
hallucinogenic indoles (Singer, 1958) and its location might provide a clue 
to the role of these substances. 

DISCUSSION 

This study provides another addition to the growing list of Basidio- 
mycetes that require light for initiation or development. The  low level 
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FIG.2. Spectral sensitivity of photoinduction of 
basidiocarp initiation in Psilocgbe cziheilsis. 



of light necessary for initiation of basidiocarps in Psilocybr cubensis is 
in agreement with the requirements of other Basidiomycetes that have 
been studied and emphasizes the need for prudence in suggesting that 
certain n~ushroon~s do not require light for fruitbody initiation (Heim 
and Il'asson, 1958). Spectral-sensitivity studies show that at least 
two areas of the spectrum stimulate fruitbody initiation, the blue and 
the UV. This is characteristic for many photoresponses of fungi (Tan. 
1978). Both action spectra detertni~letl for fruitbody initiation by 
Kitamoto et al. (1972) and Perkins and Gordon (1969) show relatively 
strong activity at 370 nm. Similarly strong activity at 440 and 380 nnl 
(Kitamoto, 1972) and 420 and 480 nm (Perkins and Gordon, 1969) 
are in agreement with the present study. However, the peaks at 400 
and 520 nm and the lack of activity at 460 nni (Kitamoto, 1972) are 
very unlike the results obtained in this study. 

The observation that a lack of ventilation can inhibit basidiocarp 
initiation is well docun~ented in the literature (Plunkett, 1956; Tscliierpe. 
1974). Additionally, the efiect of maturity upon the ability of cultures 
to respond to photoinitiation has been previously reported (Lu, 1965). 

Briggs (1976) suggested that the blue-light reactions in green plants 
and fungi are similar. If this is so then many of the known blue-light- 
mediated effects in green plants need to be reviewed ior fungi. Of  
particular concern to this study is the connection between blue-light 
reactions and red-light reactions (phytochrome system) demonstrated 
by Chon and Briggs (1966). Since red light did not initiate fruitbodies 
it was considered appropriate as a "safe" light. This may be an incorrect 
assumption. Finally, although developtnent after initiation seems to 
require light, it is not known ii the action spectrum required is similar 
to that needed for initiation of basidiocarps. 

ACKNOLVLEDGMENTS 

I would like to thank Dr. Ronald Petersen, Dr.  Larry Jones, and 
and Dr. Raymond Holton for guidance throughout this project. Also 
appreciation is extended to John Berg of the Ecology Department at 
the University of Tennessee for the use of the spectroradiometer. 
Dr. Abraham Held is acknowledged for his help in revision of the manu- 
script. This paper is part of a Master of Science Thesis submitted to 
the Botany Department at the Vniversity of Tennessee at Knoxville 
in March, 1978. 

LITERATURE CITED 

Alasoadura, B.0. 1963. Fruiting in Sphaerobolzts with special reference to light. 
Ann. Bot. (Lotzdotz) 27 : 123-145. 



Briggs, W. R. 1976. The nature of the blue light photoreceptor in higher plants 
and fungi. Pp. 2-18. I N :  The effect of light on higher plo)~ts. Ed., H.  Smith. 
Butterworths, Boston, Massachusetts. 

Brodie, H. J. 1975. The bird's r~est fungi. Univ. of Toronto Press, Toronto. 
Canada. 198 p. 

Chapman, E.S., and C. L. Fergus. 1973. An investigation of the effects of 
light on basidiocarp formation of Coprinzls dorrrcsticrls. Mycopntltol. .\f~'rol. 
Appl. 51 : 315-326. 

Chon, H .  P., and W.  R. Briggs. 1966. Effect of red light on the phototrophic 
sensitivity of corn coleoptiles. PI. Pllysiol. (Lalrcaste~) 41 : 1715-1724. 

Heim, R., and G. Wasson. 1958. LES champignor~s hallucittogcnic dtt Mexiqz~c. 
Museum National D'Histoire Naturelle, Paris. 322 p. 

Jackson, R. E., and C. J. Alexopolous. 1976. czcber~sis,a comparison of Psiloc~~bc 

Mexican and Texan types. Soilthrt'. Naturalist 21 : 227-233. 


Kitamoto, Y., A. Suzuki, and S. Furukawa. 1970. An action spectrum for 
light-induced primordium formation in a basidion~~cete,Farjolrrs orcttlaris 
( F r )  Ames. PI. Physiol. (Lancaster) 49 : 338-340. 

--, and -. 1973. An action spectrunl for photoinduction of pileus 
formation in a basidiomycete, Fa7,oltis arcz~laris. Plantn 119 : 81-84. 

Lu,  B. 1965. The role of light in the fructification of the basidiornycete. C'yztlzzls 
stercoreus. Arrzer. J .  Bot. 52 : 432-437. 

Manachkre, G. 1970. Recherches physiologiques sur la fructification de Co-
prinz~s congregatus Bull. ex. Fr .  Ann. Sci. Nat. Bot. Bioi. 11 : 1-95. 

-. 1978. Aspects photoperiodiques de la reproduction chez quelques cham-
pignons. Bull. Soc. Bot. France 125 : 243-262. 

McKnight, K. H .  1971. Cultural studies on Psilocyhe. I Variation in a new 
species of the P. coprophila group. Bull. Torrey Bot. Club 98:  416 .  

Miller, 0.K. 1967. The role of light in the fruiting of Panus fragilis. Canad. 
J .  Bot. 45 : 1939-1943. 

-, and John G. Palmer. 1977. Effects of light quality on development of 
fruiting bodies of Panus fragilis. U S D A  For. Scrz'. Res. Pap. FPL 300: 
1-20. 

Perkins, J. H., and A. Gordon. 1969. Morphogenesis in Schizophyllztnz com-
mune. 11. Effect of monochromatic light. Pi. Physiol. (Lancaster) 44 : 
1712-1716. 

Plunkett, 	B. E. 1956. The influence of factors of the aeration complex and 
light upon fruitbody form in pure cultures of an agaric and a polypore. 
Ann. Bot. (London) 20 : 563-586. 
-. 1961. The change in tropism in Polyporus brunsalis stipes and the effect 

of directional stimulus on pileus differentiation. Ann. Bot. (London) 25 : 
206223. 

Singer, R. 1958. Mycological investigations on teconanacatl, the Mexican 
hallucinogenic mushroom : Part  1. Mycologia 50 : 239-261. 

Tan,  K. K. 1978. Light induced fungal development. Pp. 334-357. In:  The 
filamentous fungi. vol. 3. Eds., J. E. Smith and D. R. Berry. Edward 
Arnold, London. 

Tschierpe, 	H. J. 1974. Environmental factors and mushroom growing. Mush-
room News 22 : 2-24. 

Watling, R. 1971. Polymorphism in Psilocybe medaria. New Phytol. 7 0 :  
307-326. 

Accepted for publication July 13, 1979 



You have printed the following article:

The Effect of Light upon Basidiocarp Initiation in Psilocybe cubensis
E. R. Badham
Mycologia, Vol. 72, No. 1. (Jan. - Feb., 1980), pp. 136-142.
Stable URL:

http://links.jstor.org/sici?sici=0027-5514%28198001%2F02%2972%3A1%3C136%3ATEOLUB%3E2.0.CO%3B2-F

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

Literature Cited

The Role of Light in Fructification of the Basidiomycete Cyathus stercoreus
Benjamin C. Lu
American Journal of Botany, Vol. 52, No. 5. (May - Jun., 1965), pp. 432-437.
Stable URL:

http://links.jstor.org/sici?sici=0002-9122%28196505%2F06%2952%3A5%3C432%3ATROLIF%3E2.0.CO%3B2-P

Cultural Studies on Psilocybe. I. Variation in a New Species of the P. coprophila Group
Kent H. McKnight
Bulletin of the Torrey Botanical Club, Vol. 98, No. 1. (Jan. - Feb., 1971), pp. 4-16.
Stable URL:

http://links.jstor.org/sici?sici=0040-9618%28197101%2F02%2998%3A1%3C4%3ACSOPIV%3E2.0.CO%3B2-P

Mycological Investigations on Teonanácatl, the Mexican Hallucinogenic Mushroom. Part I.
The History of Teonanácatl, Field Work and Culture Work
Rolf Singer
Mycologia, Vol. 50, No. 2. (Mar. - Apr., 1958), pp. 239-261.
Stable URL:

http://links.jstor.org/sici?sici=0027-5514%28195803%2F04%2950%3A2%3C239%3AMIOTTM%3E2.0.CO%3B2-O

Polymorphism in Psilocybe merdaria
Roy Watling
New Phytologist, Vol. 70, No. 2. (Mar., 1971), pp. 307-326.
Stable URL:

http://links.jstor.org/sici?sici=0028-646X%28197103%2970%3A2%3C307%3APIPM%3E2.0.CO%3B2-D

http://www.jstor.org

LINKED CITATIONS
- Page 1 of 1 -

http://links.jstor.org/sici?sici=0027-5514%28198001%2F02%2972%3A1%3C136%3ATEOLUB%3E2.0.CO%3B2-F&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-9122%28196505%2F06%2952%3A5%3C432%3ATROLIF%3E2.0.CO%3B2-P&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0040-9618%28197101%2F02%2998%3A1%3C4%3ACSOPIV%3E2.0.CO%3B2-P&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0027-5514%28195803%2F04%2950%3A2%3C239%3AMIOTTM%3E2.0.CO%3B2-O&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0028-646X%28197103%2970%3A2%3C307%3APIPM%3E2.0.CO%3B2-D&origin=JSTOR-pdf

