
A D AOfl 581 FOREST PRODUCTS L.A6 MADISON WIS F,. 1/6
EFFECT OF LIGHT QUALITY ON OCVELOPMD4T OF FRUITING BODIES OF PA——ETC (U)
1977 OKMIU.fl,JSPAUIfl

UNCLASSIFIED FS~~-’flL—3OO Pd.

tU a



EFFECT OF LIGHT QUALITY ”

~ON DEVELOPMENT OF /

~FRUITING BODIES OF /
GIL/S. /

~~ USDA FOREST SERVICE

~RESEARCH PAPER FPL 300

~ _ ~ / I ‘ I

FOREST PRODUCTS LABORA TORY
FOREST SERVICE / ~~ 

‘
~~~~

‘ 
~
-

U.S. DEPARTMENT OF AGRICULTURE
/ / , 

- -
~~~~~~~~~ / / 1 / / ‘‘

-
~~ 

- 
~~~ ‘ - — 

— i - ‘ /
- — j • - I

/ _ .; *

— ~- — — -- - - .—.——-— —~~~~
. - - —-.-——-- —-—— — — -

— /

~~

>-

• 

- r - 
- ~~

-

(Ui 
~~~~~ft~ 

I~j 11

J ~~ - u
B

1bISTR.IB’Jli JN ~~~~~ ~~~ A
I ~~~~

- — — - --- - / / , // ) / )
£pprcved i - r  ~~ U} i~ C J . i ~~~~1~~ t~~; / / /

- 

Th~ irft ’ -



_
1

SUMMARY

Under .i system that permits mass s(’reening of mycelia within bands of
t h e  visible spectrum , fruit bodies initiated and developed in two light
bands C 1H7—40() nm and 425—430 nm) In axenic culture . Either or both of
these light bands will tri gger fruitbody initiation at as low an energy

level as 0.2 K (1 K = 1 ,000 microwatts/cm
2
). Maturation of sporocarp

and hvmenlum requires an energy level of no less than 1.8 K in at least
one of these two hands , and consistent production of mature sporocarps
requires 3.0 K at one or both peaks. The presence or absence of ener~çy
in other wavelengths of the visible spectrum has no detectable effect
on either the initiation or maturation of the sporocarp. ,~
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PREFACE
To use wood most efficiently, it is often important that the wood species
hi’ accurately identified——to take advantage of the unique properties and
capabilities of that species.

Precise identification of the conk— and mushroom—producing fungi that
cause decay in the wood is likewise vital if specialists are to comba t
the decay. But identif ying a specific fungus among the many thousands
t h a t  show up on wood products is a slow, pains tak ing process , even f or
experts. Without that accurate identification , con trol of decay may
he only a shot In the dark.

A new techni que now promises to speed up the identification of some fungi
by a method that Involves the reaction of the fungus to particular wave-
lengt hs of light. As yet , not too much is known about why or how the
techni que works. But the importance to the fungus identification expert
is tha t it does——in some instances at least.

The method has apparent application in the -. ication area as a mass
screening technique. If it can separate out - 5 percent of the possi-
bilities almost immediately, this can be a giant step forward . And
present indications are that it can.

Dear also to the hearts of planners is that not only will the technique
work , but it is inexpensive to use, and the elements are easily renewable.

As the fungus Identifier now works in the laboratory, he is at a great
disadvantage . Seldom does he see a decay conk, mushroom , or other readily
identifiable form on a piece of wood . Instead , what arr ives at the
laboratory for identif ication Is a test tube containing a sample of a
cottony mass of mycelium. Even to tha t expert , many of these samples
look alike ; so he must note any minor features and compare the results
to those of known isolates.

Then , to be certain of the species of fungus, the expert probably has to
isolate the material onto a petri dish , grow it for at least 21 days and
frequently examine and measure the growth and any specific characteristics.
Some situations may require perhaps ten times the 21 days, so the procedure
is slow . One shortcut sometimes applies. If a fungus can be forced to
fru it——and still look much as It does in nature——then identification from
growth on wood can be absolute.

A technique is proposed that will permit screening of large numbers of
these fungus mycelia for fruiting by placing mycelia under a determined
specific quality (or band) of l ight. If the particular fungus is affected
by the quality of that li ght , i t may initiate the process toward fruiting.
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To test the capability of the procedure to detect a specific fungus func-
tioning in this manner , the authors worked with a known fungus that does
not normally fruit. Panus fra~ ili~~lis is a small , white—spored f u n g u s  tha t
is a ~.iprophyte on hardwoods in the southern United States. Previously
I t  had been r epor t ed  to f r u i t  only in the presence of l i g h t .

This s t u d y  e s t a b l i s h e d  tha t the  technique  worked as a s c r een i n g  device ,
and additional work with other fung i and qualiti es of light may extend
the capabilities apparent now.

Mvc o log is t s  and p l an t  p a t h olog is ts  can Ut i i i  zt ’ t he  t echn i que  to d e t e r m i n e
i i  any  in a series of f u n g i  w i l l  f o r m  a conk or mushroom.  Resea rche r s
can d e t e r m i n e  i f  o t h e r  c h a r a c t e r i s t i c s  o c e ur , such as f o r m a t i o n  of p i g m e n t .
Teachers can also use t h i s  relatively simple and i n e x p e n s i v e  p r o c e d u r e  to
d e m o n s t r a t e  l i g h t  e f f e c t s  to s t u d e n t s .

John Palmer
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EFFECT OF LIGHT QUALITY ON DEVELOPMENT
OF FRUITING BODIES OF
PANUS FRA GIL/S
By
Orson K. Miller Jr.
V irginia Polytechnic Institute and State University
and

John C. Palmer

Forest Products Laboratory

INTRODUCTION
Vegetative mycelia of most Hynienomycetes form neither conidia nor
basidiocarps in axenic culture. The procedures developed to identify
isolates in culture are elaborate and t ime—consuming (Davidson, Campbell ,
and Va ughn 1942 , Nobles 1948). The identification pattern for an ind i-
vidual species is prepared by examination of mycelia obtained from an
identifiable sporophore obtained in nature or formed in pure culture .
Mycel ia fr om a few such spec ies cannot be separa ted , and many vegetative
isolates made from substrates have no matching pattern and therefore
cannot be identified . Consequently, systems that will induce fruiting or
dependable species— specific mycelial responses are needed . A fungus ,
or iginally identified from light-induced fruiting in axenic culture , was
s tudied in a li ght exposure system designed for exposure of large numbers
of these fungi in pure culture.

Panus fragilis is a small, white—spored lignicolous agaric that is a
saprophyte on some hardwoods aid conifers in the southern United States
(Miller 1965). Previously the fungus had been known to fruit only in
the presence of light in a two—stage process involving induction and
maturation of the sporocarp. A low level, of a short cycle (e.g., 792—foot
candles for 1.5 hours) had been sufficient to induce fruiting body
init ials , but an increased light intensity or a longer daily period of
light was necessary to bring about the maturation of the fruiting body
(e.g., 792—foot candles for 12 hours) (Miller 1967).

The following study shows that wave length irradiation in limited regions
of the spectrum effect initiation and maturation of the sporocarp .
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T a b l e  1. -— S ans ~ pd ~ se ry~~t i~~ ible 1i&~ _a I monocl,romat i J_ i~~ht
t r a n s m i s s i o n s  in u l t r a v i o l e t  (U V) ~ near  i n f r a r e d  (nea r  I R )  ~
and b ro ad  in f r a r e d  (broad  I R )  .t1 i r.~~i y ~p±~ l~~~r
m i t e r  i a i s  used in e x p e r i m e n t a t i ~um

S CANS

- 
Wive lcn~ U~~ M e a s u r i n g

i n s t r u m e n t
Name Beg in End (Beckman )

I’V 2 2 7  nm 400 nat D K—2A

2 , 270 A 4 , 000 A

Visible 340 nm 750 nm DK—2A

3 , 400 A 7 ,500 A

Near 1K 700 nm 3 , 100 nm DK—2A

7 , 000 A 31 , 000 A

Broad 1K 2,000 nm 40 ,000 mm IR— I2

20 , 000 A 400 ,000 A

GENERA L OBSERVATIONS

t.V Scan — Plexiglass filters (RH numbers): Between 227 nm and
350 nm no transmission through acrylic filters.

- (;elatine—coated cellulose acetate filters (ES numbers):
Between 227 nm and 290 nm no transmission through
gelatin filters.

Visi ble Scan — RH and ES filters: Different transmission for each
f i l t e r .

Nei r IR Scan — RH fi lters: Between 1 ,100 nm and 3,100 nm transmissions
of  RH filters similar pairing with curve for transparent
a c r y l i c .

- ES filters : Between 850 mm and 3,100 nm transmissions of
ES f ilter ’; similar , pairing apparently with gelatine
(different f rom plexiglass c u r v e ) .

Broad 1K Scan — RH f i l t e r s :  A l l  curves  s i m i l a r  w i t h  almost no t rans—
m i s s i on between 2 , 000 nm and 40,000 nm , but may be an
a r t i t a t t o w a r I  40 , 000 mm because of p l e x i g l a s s
t h i c k n e s s .

- I fi l t e rs: All ( lirvi’s similar with transmission over
much ‘i range  h e t w ~ en 2 , 000 nm and 40 , 000 nm.
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METHODS
A p u r e  c u l t u r e  i s o l a t e  made by C. H. D r i v e r  (30694)  was used t h r o u g h o u t
t he study and is p r t ’n e r v c d  at  t h e  Center I o r  Fo res t  ~1 vc o I o g v  R e s e a r c h ,
F o r e s t  P r o d u c t s  L a b o r at o r y ,  Mad ison , Wis . and at  t i l e  Cen t r a l  Bureau
Voe r S d )  i mm e l c u l t  ur e s , Baarn , N e t h e r l a n d s .

Bec i u s t  a l i m i t e d  budge t  d i d  not a l low purchase  of expensive f i 1t er .~
p l t x  i Cl;e- ;s o r  ce l lu lose  at - e t a t  e I i lnis were  used to  screen va r ious  wave-
l e ng t h s  of  l i g h t .  F i l t e r  m a ter i a l s  w e re  purchased f rom Rohm and l i ; i a -~
(des i gna ted  RH)  and the Edmund S c i e n t i f i c  Company (des ignated E S ) .  Rh
m a t & - r i . i l s  were c lear  or p igmen ted  p lexig lass  1/ 4 — i n c h — t h i c k .  ES mate-
r i a l s  were p igmented  g e l a t i n  on t h i n  cellulose ace ta te  f i l m s .  Eleven
t i l t & r  m a t e r i a l s  were selected .

F i l t e r s  w e re  cu t  to f i t  over the  rim of aluminum pans , and a 1/ 4 — i n c h —
w i de s t r i p of b lack , sponge—rubber  w e a t h e r — s t r i pp ing was placed along
t h e  m a r C i n  on the  u n d e r s i d e  of the  f i l t e r .  Clamps held the s t r i p s
t i g h t ly  a g a i n s t  the a luminum pans and excluded side l i g h t .  D u r i n g
e x p e r i m e n t s  ES f i l t e r s  over la id  1/ 4 — i n c h — t h i c k  c lear  RH plexiglass for
support. The assembled units are s u b s e q u e nt l y  cal led exposure chambers .

F c y c e n t  t r a n s m is s i o n  f o r  each f il t e r  m a t e r i a l  was scanned from 2 2 7  nano—
m eters (nm) in the UV to  3 100 rim in the near i n f r a r e d  and f rom 2 ,000
to ~.1) ,000 n m in t h e  broad i n f r a r e d  ( t a b l e  1). C e l l u l o s e  a c t e t a te
would not  t r a n s m i t  I t  wave leng ths  shorter than 290 nm and plexi glass
‘ i t  t l i i :~~ s i l ) r t e r  t h a n  350 nm.  Since p l e x i g l a s s  compr ised  the d i v i d e r s
‘ . p a r i t  i n C  t h e  1 i g h i t  emiss ion  p lenum f r o m  the  growth  p l enum , the RH

i l t e r ~~, c a r r i e r , and the  s u pp o r t  under  the  ES f i l t e r s , no t r a n s m i s s i o n s
below 3 5i )  nm cou ld  he e x p e ct e d . Ob v i o u s l y ,  a d d i t i o n a l or o t h e r  1 i ght
s ui r t ’s wou I I  l i a n p e  t r a n s m i s s i o n s  through these f i l t e r s .

Ou r in g  e x p e r i m e n t s , e xposure  chambers  were  p laced  in p l a s t i c — c o a t e d
w i r e  h e ; k e t s  t h a t  f i t  on racks  on s t a i n l e s s  s t ee l  movable c a rt s  ( t i C .  1) .
Tlic r a c k s  c o u l d  be a d j ust e d  t o  success ive ly  l ower levels at  6 — i n c h
i n t e r v a l s  b e g i n n i n g  w i t h  a f i l t e r  level 11 inches below the  g rowth
p l e n u m — l i g h t  p l enum d i v i d e r .  F luorescent  l amps were cool w h i t e — r e t  lec tor
b u l b s  ( 1 — 1 2 )  w i t h  recessed DC base (215 nominal  w a t t s ) ,  and l i g h t  was
provided  f o r  12 hours a t  22 ° C , fol lowed by dark fo r  12 hours at 15° C.
Sp e c t r a l  curves  were measured w i t h i n  exposure chambers w i t h  an ISCO

Mod el SR spectroradiometer , which measures Intensity in micro—watts/cm 2
.

To s tandard ize as nearly as poss ible the quantity of light to wh ich the
fungus would be exposed within each of the exposure chambers , filters
w ith lower transmissions were located nearer the light source. Light
intensity within the growth room was routinely checked for change during
and between experiments with a GE Model 23—foot candle meter. To achieve

._  
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i - m m  - r t i -  I i ph i  si mm r c . At I lie — -- nt- Ii. v i  - I 1 l i t ’  I -r i p  r a t  mm re i St h i  i t -  r
i t t  I 1105 w i t  h t r i  n.smmm i 55 i 005 .11 a m m d  i i  iv  I )  1( 1 J~t1I . i i j  r ig  - x i s - r i  moot  .5 . 1  i r
S.ms p u l  1 e m t  t Ii r imip h i - l i  i l i mumb m Lv  . t V I ;  111mm i i i i f l h l )  , S m !  ( ‘ I I  was  i i I I t I I e ( t . - d  by

.
~ i ,  . i  m m e m  m l  t i t h e  in  a I I gu t  — t ig l i t  p o r t  . A I r ent ered t l ie e i iambe ’r

I i i  m i - i  ~~
• s I nm I I m r  p o t  1 s . 1  1 1 he oppos i t i ’ end i f  ‘ t i m  m im;mm he r . l umps

ht ’~’ . m m  I h o ur l i t e r  I i F l i t s  were t m i r n e d  ot t  r ind  o i m e r a t e d  m i n t  i i  I h o u r m l  t e r
) m t ’V W I  C l m i n t ed  I f  . t h i s  i r c u t a t  ion  k e p t  a ir temper it ur e’s w i t h i n  t h e

m i  i m i m i m i m e r s  I t  or  b e l o w  26 ° C d m i r  j u g  t i l e  l i g h t  c vc le  and r l ’dude ’d
-i r m m n m t i h 1 i on  m i t  m m - t iL l I c  p r i s e s .

‘r a t  m i t - p r o f i t - s  w i t h i n  the s i x  exposure  chamher s  p i t s one- in the
h t i .  n i l e’ m a i r - on S  t an t  lv  mon i t  ) r ed chamber  a i r  t e mpe r a t u r e s  On a

‘ m i t  s I I  t l i e  p :  WI i t  r oom . I n  t h e  Ii roe’ exposure  chambers  neare s t
~ I i~ -. i t  s o u r - - , r - R l i n p s  is h i gh as 26 ° C were om - cas i o n al lv  a t t a i n e d
t t - r  I t )  m r  more hours i l i g h t , e xp e c ia l lv  w i t h  f i l t e r  R 11—2 4 23 , but

( l i t  i s o l i t i -  m l  P i o u s  I r m ~’i i f s  r i m l o r i t e s  t empera tu re s  in  excess of 30° C.
l & - t m i p t ’ r m t  u r - - . i n  t i m e ’  low  ch amb e r s  were c o n s t a n t l y at or n e a r  22 °  C d u r i n g

i i , -  i i  g u t  y e  I t .  The ’ ii i p u t  temperature q u i c k l y  d ropped t o  15° C in a l l
. :.p ;oo mmmi clm inht -r s i t  t i m e  onset m m f  t h m t ’  d a r k  cy c le  r ind su h s e ’q u ent l v  v a r i e d
tie mi m . m t - I h an  0 .6 ° C i n  ,-i nv chamber

-i - i t  - i m V j  r m m m n t . n t  a t  - o u t  m l  wa s  l i s t  h e m - r i m i s t ’  o f  e qu i p m e n t  mrm l  f un c t  ion , the

~P t m  im i m m t  was I e r m m i m n u t  ed . F our  r i- pt j m - ; m t t -  ex p e ’r i m e ’n t n  wer ~ su c c es s f u l ly
omp I i t  -i a m i d  m r  m -p  r t  ed me ri

I i  m r i  f t  i t  I i i  t i l t - s  ( i t  null m i t- pt it , I 1)0 mmi i d lame t c - c  I w e r e  m i n e d  in  a l l
- x ; - r i t m t - i i t  I-; t i t m i c t ’  t h i ’ o m i i m t ’ r c i r m i l v  . iv :m i lab le tvpc ’s t r a n s m n i t  n t 80 percen t
m l  I n  m m m l i i i ;  I l~ - l m I  , h e p i n n i n p  ru i i i )  on t h r o u g h the ’  v i s i b l e  s p e c t r u m .

A m  t t ’ r  i n i n - , i I i t i t m n , - m , m r m r p I i t t - ~ W i - m i -  Ft -pt f o r  Ii d ays  at 16° C to o b t a i n
i i  o m m  v d .i  ~m t- t t -  r o f  I R t m  . 0 turn. I m ote mm i tini plu gs A mm in d i a m e t e r  we -re

‘ i t  from per  I p1w rat t im , I i mmmii  ,m n mi  were  i n v e r t  i’d in the’ c en t e r  of plates
t o  hi’ m i - ed in t - x p m ’ r i me ’ri t  i i  r u n s .  I n  t w o  runs , the f o u r  p la t e s  fo r  e u - u

m i f  I he I i t ’x p o s l m r & ’  eh a n mlm e  r W er e  k e p t  i n  i t t ]  d a r k n e s s  f o r  I week and
i n t Un w e l t ’  p I ni t ’ m i  c l i  T n - c t  I v i i i  t i m e ’  e ’xp osu re c iu a m h € ’  r s • t ; r owt it was observed

I v d m i  r i m p  t l i t ’  I i  gim I vt - I c ’

l i m i  - t i i & ’r m u  1 s Im m -k m ,mv l n d m - e ’  r esponses , one r t ’p l  i e ; m t e  of ; wt r i  d i s h e s
s - i - . prowu in  t lu  d ar k  ov er  t h e  simi ’ p er i o d s  of t ime t o r  12  hou r s  at
10 ° C ~o I I  owed by I 2 h u c o i r - ;  m l  20° C , and ,i se cond rep!  i c a t e  at 10 ° C
i m i d 25
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RESULTS
Irradiation available to affect growth in an exposure chamber is a func-
t i o n  cit tWo factors: Wave lengths emitted by the one or more light
sources , and wave lenghts transmitted by the filter materials.

Wave length  emission char t s  fo r  the many types of l i gh t  sources are
ava i l ab le  from manufacturers. The wave lengths and relative transmission
by each of these f i l t e r s  are presented in f i g u r e s  2 through 5 , presuming
r a d i a t i o n  at all wave lengths  between 340 and 400 ,000 mm. In general ,
t r a n s m i s s i o n s  th rough  RH f i l t e r s  matched tha t th rough  o l e a r  p lexiglass ,
which  was i nt e r m i t t e n t  between 2 , 000 nm and 40 , 000 nm. Clear  p l ex ig las s
t r a n s n m i t t ed c o n t i n u o u s l y  f r o m  350 nm in the u l t r av io l e t  (UV) to 2 , 230 rim
in  the near  T R .  Between 1, 100 and 40 , 000 nm , i l l  RH f i l t e r  curves were
~he s’ime w i t h  a lmost  no t r an s m i s s i o n s .  Thu-s pi gments  i n  b o t h  ES and
RH f i l t e r s  were p r i n c i p al l y  f u n c t i o n a l  onl y in t he v i s ible spec t r um
( f i g.  6 ) .  P l e x i g l a s s  de te rmined  t ransmiss ion  in o the r  p ar t s  of the
spec trum.

Under  the cool w h i t e  f l u o r e s c e n t  lamps of the growth chamber , a l i g h t
t r a n s m i s s i o n  curve  was prepared fo r  each of the 11 pigmented f i l t e r s ,
as well  as I c r  the c lear  plexiglass  w i t h i n  the exposure c hamber ( f i g .  6 ) .

m w  e m i s s i o n  p lu s  r a d i a t i o n  abso rp t ion  and r e f l e c t i o n  e f f e c t i v e l y
c i  i m n i i m i t . . d transmissions into exposure chambers  below 385 rim even f o r
c l ear  ; . I e ’x i g lass ( f i ; .  ~~~~~. Clear  p l ex i glass t r ansmi ts a t 68—70 p e r c e n t
‘Jir o m i - ~1i m i t t S v i s i b l e  sp e c t r u m , w h i c h  c amu be d e f i n e d  as 400—700 rim (Weast
19 7 2 — 1 1 7 3 ) .  ~I i u s  R i - l — 2 4 2  I , whi ch transmits in a no rma l p r o b a i ) i l i t y  curve

e t w e t n  150 nm and 400 rim w i t h  a max imum of 10 percen t , and between 600 nni
and 750 am w i t h  a m a x i m u m  of 82 pe rcen t  at 700 mm , did not t r ansmi t  i n to
exposure  chambers  bel ow 600 mmmii . For expe r imen ta l  purposes  the R H — 2 4 2 3
was - i  si n g l e  band f i l t e r  ( f i g .  6 ) .  ES f i l t e r s  t r a n s m i t t e d  in s imi la r
[ - i n h i o n  o v e r  much 01 the range between 850 and 40 , 000 rim.

D u r i n g  the exper imenta l  period , no measurable pi gment de te r io ra t ion
occur red , even at hi gh l i ght i n t e n s i t i e s .  Curves prepared before ,
during , and after the experimentation periods for utilized and unused
filters possessed similar percent transmissions at similar wavelengths .
The radiation meaaurements graphed in figure 6 were those recorded within
each exposure chamber located in the position on the cart listed in
table 2.

At shorter wavelengths (280—500 rim) our curve corresponds to that pre-
sented by Leach (1971) for plastic petri dishes. Fruiting could not be
induced on the semisynthetic Vogel ’s (1956) med ium plus 10 mg of yeast
extrac t per liter. Therefore , 30 ml of malt agar (12.5 g of malt ex trac t
and 20 g of agar diluted to 1,000 ml) were added to each petr i dish in
all experiments.
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Figure 2.——Monochromatic light scans (broad infrared) through filters of
gelatin—coated cellulose acetate.

(M 145 404 , M 145 405)
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Figure 3.——Monochromatic light scans (broad infrared) through filters of
acrylic plastic (plexiglass),

(M 145 407)
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r m m i t i f l m ~ m t - s ; t n  e S  Wet ,- I mi ’ ‘ . m i l mi -  f u r  m m v s  i-I m m  i m m e d i m m c - i  y c - x p t m s t ’ d  t i m  l i g h t
n t  - ‘ m ud ~~m m m ’ ~~- t - : - : j m o ’ t - ml , i ~~tc ’ r run  i n i t j . m I  Wc’ t ’~ o t ’ i - u i - m i ti,mrkness.

Th’ - m : r . i l u m m c k  ‘ - t m t d i i - - - d i d  n o t  I m i d m i t ’ t- f r u i t  i n g .  I n  I i g t m t  t l u t ’  w m I t e  m v i i i  m m
c u r - i - r ed -‘~ ~~~ ri 1 L I t  in  i p p m ’ i x i t n r i t - l v  8 ( ! , m v - s . ‘- m m l l  p i l e  p i n k  ar e ,m s

~~m - i n  ~ to  I S  d m v ~ m f N - r  i t i u - m i l ; m t i m , m i . ‘ po m’ m m j d i m m r t -  m i t  i - u s
- t p p t - . m r t ’~I I m ’  ~ d.c” m l a t e r in  t l i & ’  p i g m e n t e d  ~m r , - ; m m ;  of  ; m p p r o n r i a t e  I r . - m t m u - n t

I - t i n e  2 . m m l  I ’wt -d lm v e ’ i u m m g i t  on and p i l t i i t i  tmr odulc t ion f rom l i m i t - or n e a r ly
‘.u s u - m i t t - u s ~- r  p l i m . e i n  au a d d i t i o n al  3 t o  7 i ! ; m - ,-s .

mrs 1 1- .- m l’; - m i t -  e’omp l i - t i ’  s p m r - m p l m i m r t - d m ’v e l i m p e d  tim m i m i c -  ~m l a t e  w i t  l i l a  ‘ l  to
I i  I i - - ;  : I f  s- s in  i t  i n t l s m a t  u n  -~l , t h e y  s~ , i  t i ’d On li lies i t t  s i  i t - n ;  o f  t I m e

m s  ‘ - m t - v I ’ i s l ’ ,’ re p - m m , - ! f l I l  H er  1 1 h7 ) .

ti s x p e m m - i t i l m r I , . m ‘ .~~~~ m t t ’  I w i t h  c i t - a m  p l m - x i g l ; m - s , f r i m i t i n g  b o d i e s  w e r e
p m  s ’ 51mu’e d  i t )  - S i t  , m r  more  1 ) 1 - i t t - i  h u t  a l r i r p i .-r  number developed in , - l i , i r r j c - r s
C i ’~ -’~. ’ - t  t o  m l i i -  I I n m l m t  - m m  ‘ e .  In  d a r k n e s s  s h i V  w o o lv  w h i t e  m y c e l i u m  was

r- m u i m u  i’ s!  . i t-u ts of  I i  I t  e r - ;  on g r o wt h  and deve lopmen t  m i t  P. f r a~~i1is
( t - m u l & -  2 )  c o m m i l  f r -  i m I . m s s i f L ’ d  i n  t u n e  ~ ro mm p s :

i t  i v ~ - - r .  s -tb  w i t h o u t  d c - v e ’ l m m p m n e n t  c i t  i n i t i a l s  occur red  under
f I s -  i l ~~~- r m , :  R e d  dl  - I , vm - l . low Ru 220 , amber  RH 2 4 2 2 , s t r a w  ES 809 ,

c i  c r ’ ~- ;i  dl t m ’ 4 . Tr m m m s m r  it t - m n i c c - pea k ed ~mets’r’e mm 533 and 575 rim w i t h  very
l i t . ’ I~ ’ m or n - P. Low 5 1! r i m .

2 .  f r i  i t  I m i s  i m s i  m r ,  p i l . - i l i m i t  no m at u r e  spor ocarps  w e r t .- p roduced under
‘~our til t  - n ’ ‘-:. -~ I m i nn r n t m -. m - n t ~~ 1:5 537 , s t r a w  co lor  ES 804 , d ar k  urban

1 ES . t m ~- , and 1 n 5 - l m t  r m - . l I-Pr 521 .  mcli of the f i r s t  three I i  l t ~~- r s
- S i t  e ~n - i ‘‘St i m i m i m i r i m i  - r  111cm sSim )n h ;m n d  hetweemi 187 antI !f l f l  am and

S - m n u m t  I ! )  m in i  w m t It j u t  i t  sin ; i t i ’ s  ‘ ‘m - I ‘i-n 1 . I) -‘ m m m l I . 5 .R . ‘Flit - I c i i  r t ii

~ S ~2 I  ) n , ;  m s - s i  o n C e -  ‘ i t  H~~ nun - i t  - : i l m m m i m m m  i n t , - m i s i t - .’ of  0 . 2  K - v t - n  a
‘ , - I - m i n i  i r s  -w ‘ s m m m - I  . i ’ t -  i i  ~m r i - i m m m d i -  r t he - m m  ‘i t ’  I n  t i m e  V — l m  I m e - for

::s 5 2 1  -
~~ u s u t m i c i m  ic -ss th is ; m f l v  m m !  I i , - o t l m t ,’r t i i r m - t - . ‘[h i- many  i i i  i t  l a ls

5 - i t ’ m i nu t e  Se t s ’ ’ - - ;  1.0 m m i i i  • . 0 tmmun i n  m e i g l u t  I eimmn ptine’ d wit Ii t O o - n t - t inder
ES ~ - s  .~~m i c i m  r n - n m  ; u r , - d  8 t o  i- S nun in l i t ’ : m : l m t  t i i l al so  l u r m m l  m g n t - ; m t e r  d l int - t e l ’ .
Thm h  of thes ,’ I i l t - r a  tr , im m. ,m i t t m- d in t l .- m l  w i t h  rim ;mrea of no trans—
m iss  ion i ; m - I . Wee - I i  Is. - - l V — h l m m t  m i t t  r i - si  t r - m m m n r m n i s s l o n  -non e - s .

h i -  p i g m m m c - ’ i t  n m s ; m m m l  i , i t e m i  w i t h  f r m m i t i n g  in P. f r aj~,U is was m i s m e m l  l v  p ink ,
m m  r k i - m m  i m u g  to cmi rp m -  i t I m  p m n ~c i g u -  m i t  t In e , and was most pronounced over
t ii- top ci t t Ime in  t i m i  s. \ t  t er  a period of t ime some initials developed

‘m m l i  ap ic. ml hr,-m n c - !i t -- - i . Th is phenomenon was noted previously when low
: t ’v e ’I s  m l  I i g l i t  w e r e  p r t m v i d e d  on :m s h o r t  d a i l y  l ight cycle (Miller 1967).

‘ m m - I t t 1.5 51)4 ( s t r a w  - i m l o r ) ,  wh ich  has a spectral  pa ttern simi lar to clear
p1e xl~~lnis c , m m m m e  p ilt’tis developed during the four runs, but In itials were

or mm ie d a b u n d a n t ly  in all plates. Under clear plexiglass at low l ight
i n t , ’ m u m - m i t y  many initials were produced in every plate , but only one p ileus
developed .
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3. .\ i’mn mt umm ’ e’ p I It- u s wit im g i u s  1tnd - m I o t t  i I t -  I iy m e ’ui  j i m a  w n m - , p r o d u c e - s t  u n d e r
i , t w o  l i l t  en s  (ES ‘~ - m  ,~ t i t1  I Fm 804)  w l m i ch  had two peaks  be- I  weet t  387 nm in
Ii-  I V  an t i  4 II) t i m in  t he  h I  mIt’ . I ’ n u t i ’r i-: s 504 the  a m p l i t u d e s  t ’x - e t ’d e d

1 . 8 F’. mud u n d e r  IS 8-~~ om ie mt . - , m k  c- x m eeded I K .  ~‘ I m t m i r t -  c ; m s m r m i - ; m r p m t  d t ’v i - I o p e t l
tinde r t f m , - ’ c i -  t l i t e r s .  Ri! 7 4 2 4  h a d  a s i n gl e  peak  at 42, nm ( 1. 9 F )  and no
v i n ,  ib  t~ I I t t u m ui sm I ss I ‘ m m  Im ~ - t  wee - m i  550 and 150 am.  I i  rge wel 1—dev e ’ I Opt’d
- , j S ’  iS’ s U w i l t c m  s n ;  ring i rig t ron 5 to  11 mmii i n  d i a m et e r  were  p r o m l i i m - e-d

mIr e- s p s m t - o l m l i o r e - s  d e v e l o p e d  in onl y t h r e e  m u t t  c i t  f o u r  t i - s t
p l i i  t n —  mit One run  a i im!  ~n ‘ i i i ’  m m u t  5 1 1  I our j’m l m t i ’s  in a n o t h e r :  In  t w o  r m i m u m ,

I m r g e -  we’ l i — d c -se  loped in! I i i  Is  d i d  not mature. The v n m n i a t  ions  u n d e r  RI! 24,’4
m m -;  h i - m v , - r , - su l  t e d  n m  h i g h  t e m p e r -m t U r e s  s ince  t h e  eXpon-citre c h a m ber  h.id t m s
he c los e -  to  t I - u -  I i g lu t  s o i m r m -e t o  o b t a i n  the  1 .9  K in t ens  i t v  . It i s  nil  so
p r o b a b l e  ti - m r - m t m i  r I low w i t h  i i i  -m chamber  kept t ime  t e m p e r ’ m t m m r o  in some
in d i v i d u a l  p e t r  I d i s l m t -s lower t i tan  in o t h e r s .  l i i i  chambers  w i t h  ES 849
and ES 804 were- on the m i d d l e- and lowe r shelves  ( t a b l e  1) ,  where  over—
t u e - n i t i t i g  was n o t  a I ,m~-tOr.

DISCUSSION
R e g i m ’n s  01 the  t h y _ v i s i b l e  s p e c t r u m  wh ic h  are e f f e c t  ive  in the  p rodu ct  ion
o f f r u i t i n g  body i n i t i a l s  and the m a t u r a t i o n  of the f r u i t i n g  body wou ld
place Pa imu s  f r ,-u~~i 1is in t h e  group of hlm ie ’—se ’its itive organisms , includ i mi g
such F iomohas id iomyce te s  as some iso lates  ot e~p~~inus  la~~~pus (B o r r is s  1 Y 1 4 ,
M a d e l i n  1956) and S,p~~aeroho1u s  s t el la t u s  ( A I - m s o a d u n a  1963 ) .  Rec en t  r e p o r t s
I or E’avo l on ;  -m r c u l a r  ius (Ki  t amoto , Suzuk i , and Fui rukaw a 10 7 2 )  mom !  ~ i - c  t cia
haema tococca var. cui cur b i tao ( C u r t is  1973)  f a d  i c r m t e  t h a t  more t i i a mi  s m u t -  p eak
In t ime  b l u e  seems t o  he e f f e c t  ive f t ) r  the  s t i m u l a t i o n  of m i t  j a m - i  r ind t h e
mnl tur i t i u s m m  c i t  t i m e  t r u i t i n g  body .

m m , 1  r s t u d y  d i d  0 m m  t tmmp b y  monoch i-ouna t i c  I i g l it  sou rce- n - ;  , : m m m d  11 t h u  I w i  ‘ pm
V i d e u l  mt o mi t -  i m i t  t ’n s i t  v f o r  ti -me d u r a t  ion ol the  e x p e r i m e n t .  i n  p r t - v  j i l t S

e x p e r i m e n t s  s h o r t  dose ’s m i t  l i g h t  h a d  f a i l e d  t o  St imu l at e  I rtm i t  boiL’ p r o —
s I m i r t ion , bu t  t u e  i n t e n s i t y  of l i g h t  ovy r t ine of ex p o s u r e -  ap p s ’ m r o d  I t  l i t
a key variable (Miller 1967). It had been decided , there- form- , to m i s c ’
filters wit h rather broad transmission in various p a r t s  m f  t h e  v i s i b le ’
spc’&-tr mm m to i n i t i a l l y  assess the e f f e c t  of light quality. Having t- n t ,m!i —
lished that the ttmV— b lue (387 to 430 nm) is active , monochroma t i c  l i g h t
sources at effective intensiti es can now further quantify the specific
light responses of Panus f~~~j~~Us. They can also establish the specific
wavelength intensitie s In the UV , visible , and near JR that initiate and
determine maturation of initials and subsequent stages of mushroom
development.
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NEXT STEPS?
l n t i ’ m i s i t v  r e qu i i r c nn en t s  it  a ct  lye wavelengths also need investigation .

‘r him ’ t : V _ b t ue l i g h t  iut t e ’n s i t i e ’s  decrease w i th  successive stages in develop—
n e - n i t  c i t  t i m e  hasidiocarp of 

~~~~~~~~~~~~ stellatus, and the succession m l
the terminal stages appears to be speeded up by red as compared with blue
li ght (Alasoadura 1963 , I ngold and Nawaz 1967).
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