
Light Q a a l i L y  as tlrc i ~ ~ ~ v i ~ ~ o i r n ~ c ~ ~ t a l  'J'riggcr 
for  the Gcrmina,bion o f  the Fire-pro~notcd Species 

Sa?,co2)otc1'il i?? spi i~osu?,r  1,. 

Sinvc ao tn l~ t i l , o~ .s  n1.c desl,t.oyctl nnr l  ~ti~t.l.icnI. i~v :~ i l :b l , i l i t~~ i s  ~ILVI~C:L~UII, co11~1it.i011~ 
for  s u r c e s s f ~ ~ l  w.udling CSLRI~~~~IIIIICIIL n1.c 11nrtirtt l :~rly i :~ ro t~ r :~ l , l c  i ~ l t c r  n fire. I n  cco- 
sys lc l t~s  ~ I t e r e  l i re  i s  IL i l l s i n  ecological fjbctor, fire st i~irr~laI .cs ge t .~~~ in i l L io t l  ill InnrLy 
sl,ccirs (NAVIIIII 1975; AJITANUI~TSOU & MAH(:ACOS l!)Xl). T h e  seed l , m ~ k  can  l lcrceivu 
f i re occl~l.rrltce lry diffort.nl ttlcans. l lcst  r l oc t i~~ le~ iLc r l  is t.lett h e ; ~ l  gcneri~Lcd iry fire 
allo\r.s scuil clisl,o~.snl or ttrects t , l~c ~(.i l l ' i f i(. i l l i~l l r e q u i r ~ t t ~ ~ n t  o l  se(:ds o f  SO~IN:  s~,(:cirs 

. .... . .. 
tllc: soil. h l l \ l l~hl t ls( I ! tX1) IITO~OSI:~~ 1.llnt. ch i~ t rg~:n i r~  I ig l l t  s],eetl.l1n1 doe t o  foliage r<:n,r,v- 
:LI II,;L~ [pro!~toLc g < ! r ~ t ~ i ~ ~ : & t i o n  of ~ ~ o s t ~ - f i r c  s ~ l ~ ~ e i ~ ! s .  ( i c r ~ ~ ~ i r ~ ; ~ L i c u  c u ~ ~ t , r o l  1,)) l igh t  < [~~:~ l i t , ,y  
(~.rrrl 1.0 inv-l.ctl r:lLio) LIit.01tgl1 llltylo(:111.0111<: COIIVCIR~OII is \vPII c - I . ~ ~ l ~ l i s I ~ r d  (T<EN IIILICI< 

1971;: I~~,\xI<L,INI) l! l8 l ;  SBIYI,J< l ! W )  nnr l  g c r i ~ ~ i ~ ~ : t L i w ~  i r ~ I t i l ~ i t , i o ~ t  l,y 1c1bf C;L~IO~ICS 

lrns I>I:I:II SIIOIYII 101. ~ I I ~ L I I ~  spc~.ies ((:<)>ts~(t c t  nl .  1!)7X). HO\OCVCI. Lllis ~,I~CIIOIIIC~LI,~L IL:LR 
n o t  y1:L I,C,TI sll<nvn t o  belong Lo the  sui te of ~,hysi~,logie:tl chnrectcr is l i rs 01' f ir?- 
p r o n ~ t u r l  s[)cC~I,R. P ~ l i : ~ g c  ~ C I I I O V ~ ~  ~LISO ~~CICIIS(:S soil te11111vratt1t.c f l ~ ~ c t , ~ ~ i ~ l i o r l n  11111 
l , I~esc f l t ~ c l . c ~ i ~ t i o ~ ~ ~  c~~~II<,I :  g ~ r . ~ , ~ i t ~ i ~ t i o n  i n  SOIIIC SI)C.V~CS ('PIIOII~SOR ?I ;,I. 1!177). 
I t  is IBOI lalr,n.~r i l Lllis I tmy I,,: I. l~c w s e  i n  post- f i ru s~,~~cius. 

' I ' l > c .  c f f u c t s  of lrcat, l ig l r t  <lt~:tl i l .y i~rul t.cl~lperirt.are f l t t c t l ~ n l i o r ~ ?  OII l l l c  gc1.%11irli~tior1 
<,I Sarcopoleriu~~r spi~ronmr I.. \Vera inrast igntcd. Th is  dnnrl rosnecous s l t c~ th  is an 
i ~ ~ t l x w t : u ~ l  ronst i t , t~cnt  of t h c  vr:get;~t io~l  in 1?nnt,crlt Ma~ l i t c r rane ;~n  r:i,\mtries ( 1 , r . r ~ ~  $ 
O)lsir,\N 1!)7l), l'!fl,~!r :L Tir? i l ,  r<;sl~Vw~l,s n 1 ~ 1  rcs<!~:,ls (I'AI~AN,IS'~~,ISIS 1!177; AILIANO!~~I'- 
s ~ ~ l ~ - ~ . ~ l t , ~ ~ : ~ : r r ~ l ~ l  & h ~ , l l t ~ ~ ~ ~ l l l s  I!)Sl). I l s  g c r 1 I l i ~ : : ~ l i ~ ~ t ~  is !15ttt~Ily l,t;!i Litn<!3 l i i g l t< :~~  <>!I 

I , I I~IN;~ sites co11111:~rc<l t.11 LIIII,~WTL,XI o t ~ c s  (AI~IANUIJ~~SUU ct,  ~IAJL<:A~SIS 1981). lC;~vlt 
f ~ . , ~ i t  r o ~ ~ t n i ! r a  scvct.;~l socds 1,111. ~ ~ s u : ~ l l ? .  on ly  onr s<:crlling ~ ' c r  frolil. surcessfu~lly gel.- 
~ ~ ~ i ~ r a l c s .  For convcnicnve, t l l c  fruila nra rcfcrrccl l o  :In sceds I~~,,r<:;llt.r:r.. 



Material and 3Iethod 

Seeds \\err hitr\.e.terl in August 1981 and September 1882 in phrggana. (plant cornmunlties 
hx~nrl in Greece rtnrler arid 3lediterranesn elirnnte) on llounr H1-mettus. Greece. Since n ~ ~ v  s-;e<l.; 
rlir dormant (Llzrv & V n s x I s  18711, they xvera stored s t  room temperature in paper bags untd 
the end of the follo%r-ing xvintem. S. spi,zossrn seed do not require rernalisntion (LITAX. & O O H ~ H I S  
1971). Seeds vere  germinated in 9 cm Pet?, dishes r~hich contained B single la>-er of \Iucherry. 
S ~ g e l  640 \V filter paper placod on top of a single l=)er of B mm glass besdr. YO cm' of disr~llerl 
a-nier \ras added to each dish st the hrginning of the experiment and tmo 3x~e~lis later. Heat treat- 
nlelits (30, 80, 120 "C) were npplied 0.1 dry seeds in open Petri dlsllcs for 10 min ( T R A B A ~  
l!!io) sho\v.etl that  the rluration of the Ilea& xvsre doe to  >leclirerranran sbrublandr fire is no 
longer than 10 min). 

I n  the germinntion chamher, white light 7,-as provider1 by two 25 77 fluorescent lamps (Cireolus, 
Osrsm) and the required amount of 18"-red was adrlecl hy chnngtng the rolrsage of the power supplj- 
of n rOl\. ~ e d  colaurehincvsirlesceIlf lamp (C1aade)surroundel.I by s blue filter (Altugln~ S300, 
Ahulor). Photon fluence rare \%-as mnintained constant (32 ,<mol m-L s-I ber\~-een 400 and 700 nm) 
using neutrnl filters. Quantmn flux ratio (red: fer-red, R :  FR) was measored ming an optical 
clerlce described in 3 1 0 . r ~ ~  (197iI rind equqped here \,.it11 two 10 nm hnndwidtk, 50$/, transmir- 
$ion. hnterference fllterr centered on 663 and 730 nm respeetirely (BlO Bnlzer). The R : FR gix-en 
I ~ y r l ~ i s  device aas checker1 ngninst a rpectroradiorneter eslih~stor ( ISCO).  The dny and night length 
nnd temperatures were 10 and 14 11 and o n l ~ s  othcr\rise stated 15 snri DaC respectively 

Oerrnin,~tlon was defined as occuirlng wllen the emergent radicle iias nsible and rvas sssesserl 
nt the end of the  experiment. one month after so~ving. Each Petri dish container1 50 reeds. Results 
are llie menn of 5 dishes for tile first figilrc and 13 for tlre second figrlro and tlre tnhls. 

Results and Discussion 

Results presented in Fig.  1 shon. that the heat I r ea twen t8  did not enhance the 
germination of S. apii~o.%~n% rfgardless of light qualit:-. PAPIXISTASIS R ROIIISAS 
( 1 Y i i )  found a slight increase in the germination percentage of S. +no-su~n seeds 
n.hen heated at 100 'C for 30 inin, the higher germination percentage being 11 % 
for a population fro111 Sorthern Greece and 65 %for  a popt~lation froln Crete. Optinlo~n 
tenlperatures pronioting seed gerniination in other fire-promoted species are between 
80and 120 Tdeuendine on time of exnosure. nnd t rn lve ra tn re s  hieher than 130'C kill - 
the seeds of most species (CHRISTESSES 8: MULLER l Q T 5 ;  SVEH 1975: ARI.&SO~TSOC 
8- .\IARGARIS 1981: V ~ - I L L ~ ~ I I S  R B ~ L ~ D  1981). Increasing the tenlperature differ- - 
enee hetween d a -  and night along with the day floctnntions does not significantly 
inerease tlre germination rate (Tahie 1). 

Light quality ( R :  FR) strongly affects ger~llination as shown on Fig. 1. This was 
confimjed hy experiments done the following year (Fig. 2). Germination rate at  
R :  FR = 1.1 (Fig. 2) is higher than gernlination percentage a t  R :  FR = 1.5 (Fig. 1) 

Tsbie 1 .  Effects of temperntilre fluetnatlons nncl light avrtilabllity on the germination percentage 
of S. spinosrm. (Temperatures are mean vallxer follo\ved hg the ~mplitucle of fluetustion; germi. 
nation percentages are meiuna follo\red by standard errors). 

Light condition Ternpers~u~e Germination 
'C %, 

(la) I6 t 0.i5 
~rigilt 9 i 0.75 
<I"? LO * 1.5 
night 5 i 0.8 
lll~r 15 i 0.75 
night 9 i 0.76 
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R:FR=0.4 

a 

0 30 80 120 
Ternperoture ("Ci 1 2 Quantum f l u &  r o t l o  R :  FR 

Fig. 1. Effect of the temperature of s 10 min heat trsatment on the gc~.minntion percentage of 
8.   pi no sum. Results are shois-n for two red to  far-red qusntllm flux ratios during germinntion. 
(Seeds hsrrveoted in  1981; vertical bars represenr st~ndard errors of the means). 

Fig. 2 .  Effect of light quality (red t o  fnr.red qusntum flux ratio) on the germination percentsge 
of S.  spinosem. (Seeds hsrrested in 1982; vertical bars represent standard errors of the means). 

prohab1:- because the experinlents were done with seeds harvested in different ?-ears. 
R :  F R  vall~es around 1.1 are tt;pical of onfiltered solar radiation v~liile values below 
0.5 are found under dense veg2tation canopies ( H o ~ x E s  1951: S~IITH & &~ORG.AS 

1981). The ten-fold increase in gzrn~ination percentage from 0.3 to 1.1 R :  FR raloes 
in Fig. 2 is of the san~e ~rragnitude as the germination increase ohserred in phryganic 
sites after fire. 

Since A'. spi,~osum seeds are dark germinating (Table I), germination is not red light 
requiring, and the results of Fig. 1 and 2 suggest. that gennination is inhihited h\- 
fnr-red radiation. During seed n~aturation under high R : FR values, any phytoehrome 
synthesised is converted to the active fonn and can persist as such in dry seeds 
(KESDRICK 1976; CRESSXVELL 6 G R I ~  1981). Ii~ihibition under lo\\- R :  FR rali~es 
converts part of the phytochrome to its inactive form and suhseqoently reduces 
gerlllination (FRASKLASD 1981). 

The efficient:. of such a s>-st en^ in inducing gernlination only in t he absence of vege- 
tation cot-er is difficult to assess because it applies only to seeds lying on the surface. 
Since buried seeds are not subjected to the unfavorable light spectral composition 
they might be expected to germinate readily. However it is probably not the case 
since it has been shown ( W ~ s s o s  & W m ~ i z - c  1969) hhst seed which previously per- 
minate in the dark acquire a light requirement after a period of burial. Also GORSKI 
(197;) and FESSER (1980) found that seeds whose gern~inafion is inhihited by canopy 
shade also acquire a light requirenient 77-hen they are suhjected to leaf transmitted 
light. 

Conclusion 

W e  found tha t  in 8. spinosum, increased port-fire germinntlon is not a consequence of fire- 
generated heat nor of tbe incresse in rln.1--nigl,t ~ o l l  temperature fluctuntions. Instend it resriits 
from a n  incresse in  tlte reti to far-red ratio of tlir ligllt incident on the seeds and i* mediatecl h>- the 
pl!yrochrome system. Tba occurener of slieh nn  c~i r~ronments l  triggcr for germination h&5 nor yet 
been tester1 on other fire-promoter1 species. A better knon-ledge of tllc germlnnrion requirement of 
thebe species aoulrl be useful for the menngement of the ccosistemr ~rhiclr evolved rlniier rilv 
selccri\.e pressure of f1t.e (ZEDLEI, IQ i i ) .  
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