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Summary. The substitution of far-red for the first six hours of a prolonged 
irradiation with red light resulted in a large increase in anthocyanin yield, which was 
greater than the combined yields from far-red and red when the two treatments 
were given separately. When intermittent far-red irradiation was followed by a 
single short exposure to red, a considerable amount of anthocyanin was formed, 
although each treatment given separately had little effect. Four hours continuous 
far-red alone yielded some anthoeyanin and also resulted in a further large increase 
in the effect of a short red treatment;  this terminal red effect was fully reversible by 
a subsequent brief exposure to far-red. I t  is concluded that  at least two photochemi- 
cal reactions are involved in the responses to red and far-red, the first leading to the 
formation of substrate(s) used in the second reaction. 

When red light preceded exposure to the far-red/red irradiation sequence, the 
far-red enhancement effect was almost entirely lost and the anthoeyanin yield 
approached that  in red light. The effeet of the red pre-irradiation treatment is 
attributed to destruction of phytochrome and it is suggested that  phytoehrome is 
the only pigment mediating anthocyanin synthesis in red and far-red. A possible 
interpretation is that  the ':high-energy" reaction in far-red and the low energy 
red/far-red reversible reaction are mediated by different forms of phytochrome. 

The substitution of blue for the first six hours of a prolonged irradiation with 
red light also resulted in a synergistic increase in anthoeyanin yield; the enhance- 
ment effect of blue light was, however, not prevented by prior exposure to red. I t  
is concluded that  phytoehrome is not the only pigment mediating the reactions 
occurring in blue light. The synergism between blue and red suggests that  the 
"high-energy" reaction in blue light may lead to the production of substrates for 
phytoehrome action. 

I. Introduction 
At least two photoreeeptors have been assumed to take part in the 

control of anthoeyanin synthesis and in many morphogenetic responses of 
plants to light. One is the low energy red/far-red reversible reaction of 
phytoehrome and the other is dependent on prolonged exposures to light 
of higher intensities (the "high-energy" reaction). When long exposures 
are used the action spectrum for anthocyanin synthesis frequently has 
peaks  in f a r - r ed  (730 nm)  a n d  in b lue  (e.g. t u rn ip ,  Sinapis alba), b u t  t h e  

long  w a v e - l e n g t h  p e a k  m a y  be  a b s e n t  (as in Sorghum, t o m a t o ,  Hellas,- 
thus) or  sh i f t ed  to  sho r t e r  w a v e - l e n g h t s  (e.g. 690 n m  in  apple) .  T h e  re- 

l a t i onsh ip  b e t w e e n  t h e  t w o  l igh t  r eac t ions  is st i l l  obseure .  EvANs et  al. 
I Planta (Berl.), Bd. 70 
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(1965) have proposed tha t  the "high energy" reaction supplies a substrate  
for phy tochrome action, and a similar model was presented by  LA~E and 
]~ASPERBAUER (]965) for the control of twining in dodder. MOHR (1964) 
considered tha t  the two reactions independent ly  affected the same meta- 
bohc site, bu t  recently has suggested a closer relationship between them, 
the far-red peak of the "high-energy" reaction itself depending on 
phy tochrome (B~RTSCH und  MoHR, 1965). 

I n  turnip,  the far-red peak of the "high-energy" reaction also depends 
on phytochrome,  at  least in par t  (GRILL and Vixen,  ]965); the effect of 
several hours of far-red or blue light can, however, be shown to be in- 
creased by  a terminal  exposure to red, and this is reversed by  far-red. 
The object of the experiments presented here was, therefore, to  investi- 
gate fur ther  the relationship between phytochrome and the "high-energy"  
reaction in the control of an thocyanin  synthesis in turnip  seedlings. 

II. Materials and Methods 
Seedlings of Bra~sica rapa L. "Red Globe" were grown in the dark for 48-60 

hours before transfer to the lighted cabinets used for the irradiation treatments; 
anthocyanin extracts were made 48 hours after the beginning of the irradiation 
treatment. The lighted cabinets and the methods of growing the seedlings and 
extracting and measuring anthocyanin have been described previously (GRILL, 
1965 ; GRILL and VI~e~., 1965). 

The temperature was either maintained at 250 C throughout or, in the high 
temperature treatments, the thermostat setting was raised to 350 C ~our to five 
hours before the beginning of the light treatment giving two to three hours at 35 ~ C. 
In one experiment (Table 1) the temperature was raised overnight giving about nine 
hours at high temperature. All light treatments were carried out at 25 o C. 

There were two sources of seed (Thompson and Morgan, Ltd. and Sutton and 
Sons Ltd.) and some quantitative differences were observed. The Thompson and 
Morgan strain gave a higher yield of anthocyanin, and also gave a large response to 
a terminal exposure to red light; following blue light the Sutton strain only gave 
a response to a terminal red light treatment when pre-treated with high-temperature 
(GRILL, 1965). Except for one experiment (Table 1), the Thompson and Morgan 
strain was used and a high temperature pre-treatment was usually given in order to 
increase the response to red light. 

III. Experimental Results 

1. The E//ect el High Intensity Blue or Far-Red Light Given Be]ore Trans/er 
to Continuous Red 

Seedlings were t rea ted  over a 48-hour period. One group received 
6 hours of far-red, blue, or red light followed by  darkness for the remain- 
ing 42 hours ;  the other group received 6 hours of far-red, red, blue or 
darkness followed by  42 hours of red light. The results (Table l) show 
tha t  subst i tut ion of blue or far-red during the first 6 hours resulted in a 
considerably increased an thocyanin  yield when compared with 48 hours 
of red light; fur thermore the measured yield f rom far-red, or blue, fol- 
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Table 1. The E//ect o / a  Pre-Treatment with Blue or Far-Red Given Be/ore Trans/er 
to Continuous Red Light 

Seedlings were 48 hours old and grown in water (W) or phenylalanine (P), 
and were either kept at 250 C throughout or (It.T.) were transferred to high 
temperature overnight before starting the light treatments; plants receiving high 
temperature ~42 hours of red light remained for 6 hours in darkness at 25 o C 
before transfer to continuous red. 

Light treatments Anthoeyanin yield after 48 hrs (absorbanee at 525 rim, increase over 
dark control) 

Total During During 
first subsequent 
six hours forty-two 

hours 

From six From forty-two 
hours !0re- hours red (preced- 
treatment ed by 6 hours (i) Calculated (if) Measured 
(a) dark) (a + b) 

(b) 

Red Red 

Far-red Red 

Blue Red 

tI.T.P. 0.258 0.234 0.492 0.477 * 
H.T.W. 0.136 0.112 0.248 0.242 * 
P. 0.064 0.188 0.252 0.188" 
W. 0.084 0.115 0.199 0.110" 
Mean 0.135 0.162 0.298 0.254 

H.T.P. 0.232 0.466 0.807" 
H.T.W. 0.137 0.249 0.447 * 
P. 0.169 0.357 0.587* 
W. 0.107 0.222 0.356 * 
Mean 0.161 0.323 0.549 

tt.T.P. 0.207 0.441 0.732" 
H.T.W. 0.122 0.234 0.437 * 
P. 0.134 0.322 0.501 * 
W. 0.123 0.238 0.366* 
Mean 0.146 0.309 0.509 

Significant difference at P =  0.05 for means* in column (it)=0.115. 

lowed by  red was greater t h a n  the sum of the yields when the t r ea tments  
were given separately.  

The increases result ing from the pre- t rea tments  were approximate ly  
the same with far-red and  blue;  the percentage increase was not  much 
affected by  the addi t ion of phenyla lanine ,  bu t  was smaller when high 
tempera ture  was given before the light t rea tments .  

As the exposure to red light was very long in relat ion to the dura t ion  
of far-red or blue, i t  seems likely tha t  the red-promoted phytochrome 
react ion was sa tura ted ;  these results, therefore, appear  to rule out  the 
suggestion t ha t  far-red and  blue act  only by  ma in ta in ing  a low level of 
Pfr phytochrome over a long period of time. The observed synergism 
between far-red (or blue), and  red also makes it  unl ikely  t ha t  the reactions 
leading to an thocyan in  synthesis in  the former wavebands  are independent  
of those occurring in  red light, and  affords some suppor t  for the sugges- 
t ion  t ha t  in  far-red and  blue substratcs  for phytochrome act ion are 
1" 
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produced. MEIJER and ENGELSMA (1965) have also shown that  a rela- 
t ively short irradiation with blue or: far-red light increases the effective- 
ness of a subsequent exposure to continuous red light in the inhibition of 
growth in length of gherkin hypocotyls. 

The yield from 48 hours of red light is rather less than the combined 
yields from 6 and 42 hours, as would be expected if the reaction is vir- 
tually saturated after a few hours of red light. In  the t reatments  without 
high temperature the yields after 42 and 48 hours red are the same. The 
rather large differences that  occurred when the high temperature treat- 
ment was given appear to have resulted from a loss of some of the high 
temperature effect during the 6 hours of darkness at 25 o C before transfer 
to 42 hours of red light ; in the 48-hour t reatment  plants were transferred 
directly from high temperature to red light and the expected increase in 
yield resulted. 

2. The E//ect o/Far-Red 
The hypothesis that  two inter-dependent steps are required for antho- 

cyanin synthesis was investigated in two further experiments by shorten- 
ing the total  duration of exposure to red and far-red light. In  the first 
of these, brief exposures to red, to far-red, or to red followed by far-red 
were given before and after a main light period of six hours in far-red 
(Figure 1). All t reatments  followed a previous exposure to high tempe- 
rature to increase the response to a brief terminal red treatment.  The 
results show that  the amount of anthocyanin produced after six hours of 
far-red was approximately doubled by a short terminal exposure to red 
(note tha t  the absorbance value in darkness is always about 0.120 and 
does not represent anthocyanin (SIEGELMAN and HENDRICKS, 1957) ; this 
effect of red was almost completely reversed by subsequent far-red. A 
pre-irradiation sequence with red light, however, depressed anthocyanin 
yield slightly and this depression by  red was reversed in the red/far-red 
pre-treatment.  Pre- i r radia t ion with far-red shots alone increased the 
total  amount of anthocyanin formed. 

As total  anthocyanin yield was found to be increased by a pre-treat- 
merit with far-red shots, a comparison was made between the effects of 
intermittent and continuous exposures to far-red with, and without, a 
terminal red treatment.  During a four hour pre-treatment period seed- 
lings received continuous far-red, or 8 or 16 exposures to 5 minutes of 
far-red; they were then placed in the dark immediately or after one, or 
more, exposures to red light. (The first exposure to red without preceding 
far-red was made at the end of the high temperature t reatment  to avoid 
any loss of its effect, and subsequent exposures were given at hourly 
intervals). The results (Fig. 2) show that,  while far-red shots had little 
effect on anthocyanin synthesis when given alone, they resulted in a 
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manyfold increase in the effect of a single exposure to red light; this 
increase was in proportion to the logarithm of the total far-red dose given 
beforehand. Only in continuous far-red, however, was the anthocyanin 
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Fig .  1. The effect of shor t  exposures to red and  far-red l ight  g iven  before and  a f te r  continuous far-red.  
All seedlings received h igh  t empera tu re  before beginning  the i r rad ia t ion  sequences. The pre-treat-  
men t s  were g iven  over  a per iod of 4 hours,  dur ing  which plants  received pour  equally spaced shots  of 
5 min  red  (I~), 5 ra in  red followed by  5 m i n  far-red (R /FR) ,  or 5 m i n  far-red (FI~). The p re - t rea tment  
was followed by  6 hours  of continuous far-red,  a f te r  which plants  were t ransferred  to darkness  im-  
media te ly ,  or  a f te r  10 m i n  red or 10 ra in  red followed by  10 m i n  far-red.  P lan ts  receiving no l ight  
p re - t r ea tmen t  (D) remained  for a fur ther  4 hours  in  darkness  a t  850 C before t ransfer  to 6 hours of far-  
red. Seedlings were 57 hours  old and  grown in 5 x 10 -3 M. phenylalanine.  * S igni f icant  difference at  
P = 0.05. [] t e r m i n a t e d  by  dark.  [ ]  t e rmina t ed  by  10 m i n  :K; [ ]  t e rmina t ed  by  10 ra in  1~/10 ra in  :FR 

~lig. 2. The effect  of p re - t rea tments  w i t h  far-red on an thoeyan in  yield a f te r  subsequent  i n t e r mi t t en t  
exposures to red l ight .  All seedlings were g iven  h igh  tempera tu re  before beg inn ing  the i r rad ia t ion  
sequences. The far-red pre- t rea tment ,  which was g iven  over  four  hours,  consisted of continuous l ight  
(4 h r  F R ) ,  or 8 (8 x :FI~) or  16 (16 x F R )  equally spaced 5 m i n u t e  shots;  plants  rece iv ing  no far-red 
p re - t rea tment  (0) were t ransfer red  f rom h i g h  t empera tu re  immed ia t e ly  into the  i n t e r mi t t e n t  red l igh t  
t r ea tmen t s ,  which were g iven  as one 5-minute  shot  every  hour.  Seedlings were 60 hours  old and  grown 

in 5 x 10-~M, phenylalanine,  * Signif icant  difference a t  P = 0.05 

yield appreciable in the absence of a subsequent exposure to red light. 
These results also support the suggestion that the first light step (in far- 
red) supplies substrates for phytochrome action and it is interesting that 
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this reaction can proceed with intermittent irradiation as predicted by 
the model for a "high-energy" reaction proposed by SAL~, Vn~c~ and 
Pnv~ (1964) on the basis of results obtained with blue light in the control 
of stem elongation in Pisum and Tropaeolum. The low anthocyanin yield 
obtained with intermittent far-red shots alone suggests that  the second 
light step which finally results in anthocyanin synthesis requires a higher 
concentration of Pfr (a terminal exposure to red) or the maintenance of 
a low concentration over a long period (exposure to continuous far-red). 
I t  is also clear that  several exposures to red increase anthocyanin yield 
when compared with one; the slope of the response to an increasing 
number of red shots appears to increase slightly as the total pre-treatment 
dose of far-red light is increased, and this point is being investigated 
further. 

Previously (GRILL and VI~cv~, 1965) the effect of a long exposure to 
far-red was shown to be markedly reduced if plants were first exposed to 
continuous or intermittent red light; results obtained at low tempera- 
tures and in nitrogen suggested that  the pre-treatment with red acted 
by destroying phytochrome. From the results presented in Fig. 3 it 
can be seen that  the enhancement effect of a 6-hour exposure to far-red 
given before transfer to continuous red was almost completely prevented 
if preceded by four hours of red light ; it is, therefore, concluded that  any 
additional effect of far-red compared with red is lost if phytochrome is 
first destroyed as a result of a pre-irradiation treatment with red. 

3. The E//eet o/Blue 
In the previous paper it was shown that,  in contrast to the results 

obtained with far-red, the substitution of red for the first six hours of a 
long irradiation with blue light did not decrease the yield of anthocyanin 
and it was concluded that  the "high-energy" reaction in blue light 
probably operated through a photoreeeptor other than phytochrome. 
The results of Fig. 3 support this conclusion: a pre-treatment with 
six hours of blue or far-red both increased the subsequent effect of con- 
tinuous red but  the enhancement by blue light was only slightly decreased 
if preceded by red. 

The interrelationships between blue and red, or far-red, effects were 
examined further by again reducing the total duration of light. A 4-hour 
pre-treatment with continuous or intermittent red, far-red or blue was 
given before transfer to a main light treatment consisting of six hours of 
continuous blue; plants were then placed in the dark immediately, or 
after exposure to 10 minutes red light. All treatments followed a previous 
exposure to high temperature. The results (Fig. 4) show that  the effect 
of six hours of blue was increased by the terminal red exposure; the 
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absolute increase (0.150) was similar to that after far-red, but the per- 
centage increase was less. 

Considering only those treatments receiving a terminal red exposure 
(Fig. 4, hatched bars), a lore-irradiation sequence with continuous or 
intermittent red did not change the yield from six hours b]ue; however, 
lore-treatment with either intermittent far-red or blue resulted in a small 
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Fig .  3. The effect of a p re - t r ea tmen t  wi th  red  l ight  on an thocyan in  synthesis  dur ing  a subsequent 
irradiation sequence wi th  far-red/red or blue/red. Seedlings were 60 hours  old and  grown in 5 x 10 -8 N .  

phenyla lanine .  D = d a r k ;  1~ = r e d ;  B = blue;  F I ~ =  far-red. * Signif icant  difference a t  P = 0 . 0 5  

Fig .  4. The effect  of i r rad ia t ion  p re - t rea tments  g iven  before exposure to cont inuous blue f ight .  All 
seedlings received h igh  t empera tu re  before beg inn ing  the  i r rad ia t ion  sequences.  Dur ing  the  four  hour  
p re - t r ea tmen t  plants  rece ived continuous blue (B), far- red (FI~) or red  (1~), or four  5-minute  shots  of 
blue (4 x B), far- red (4 • F R ) ,  or  red  (4 x tl,) g iven  once eve ry  hour .  The p lants  wi thou t  p re - t r ea tmen t  
(D) r ema ined  for a fu r the r  4 hours  in  darkness  a t  35 ~ C before t ransfer  to blue l ight .  Af te r  the  main 
l igh t  t r e a t m e n t  of 6 hours  cont inuous blue, plants  were placed in darkness  immed ia t e ly  (open bars)  
or  a f te r  10 minu te s  of red l ight  (hatched bars).  Seedlings were 58 hours  old and  grown in 5 x 10 ~ ~ .  

phenylalanine.  * Signif icant  difference at  P =0.05 

increase in yield. A continuous pre-irradiation with blue increased yield 
slightly, but significantly, more than intermittent blue or far-red; con- 
t inuous far-red resulted in a further large increase in yield. 

When treatments without a terminal exposure to red are considered 
(Fig. 4, open bars), pre-irradiation with intermittent or continuous blue 
or red, and intermittent far-red gave approximately equal yields. Pre- 
treatment with continuous far-red again resulted in an appreciably 
greater yield. 
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A further  comparison was made  between the effects of continuous or 
in termit tent  exposures to blue with, and without,  a terminal  red treat-  
ment.  When  followed by  red, the yields in blue (Table 2) were similar to 
those obtained with the comparable far-red pre- t reatments  (Fig. 2); 
wi thout  a terminal  exposure to red all t r ea tments  with blue gave higher 
anthocyanin  yields than  the equivalent  far-red pre-treatments.  Inter ,  
mi t tent  blue resulted in the format ion  of an appreciable amount  of 

Table 2. The E//ect o/a Single 5-Minute Exposure to Red Light Given Alter Various 
Pre- Treatments with Blue 

All seedlings were given high temperature before beginning the irradiation 
sequence. They were 60 hours old and grown in 5 • 10 -a M phenylalanine 

Light t reatment  

During first four hours Immediately 
before transfer 
to darkness 

- -  none 
5 rain red 

8 • (5 rain) shots of blue none 
5 rain red 

16 • (5 rain) shots of blue none 
5 rain red 

Continuous blue none 
5 rain red 

Antho-  Effect of 
cyanin red l ight  
(absorbance 
a t  525 rim) 

0.126 40.041 
0.167 

0.201 4t-0.027 
0.228 

0.240 40.044 
0.284 

0.317 44-0.090 
0.407 

Significant difference at P = 0.05; 0.040. 

an thocyanin  and here it does not  appear  to  be possible to separate the 
first f rom the second light step. I t  is, therefore, presumed tha t  the Pfr 
concentra t ion in blue light is sufficiently high to permit  the format ion 
of some anthoeyanin  even with one 5-minute exposure every 30 minutes. 

I V .  D i s c u s s i o n  

1. The E//eet o] Far-Red and Red 

Two lines of evidence have been presented in this paper. Results from 
experiments in which exposure to far-red has preceded exposure to red 
have shown a synergistic increase in an thocyanin  yield compared with 
the yield from the two wave-lengths given separately. Furthermore,  the 
effect of a single short exposure to red light, which alone causes almost  
no an thocyanin  synthesis, is markedly increased by  a prior irradiation 
with a few hours of continuous or in termit tent  far-red light, and this is 
completely reversible by  a subsequent short  exposure to far-red. The 
results with in termit tent  far-red are part icularly interesting as, when 
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given alone, this yields little anthocyanin. I t  is interesting to compare 
here the results of Ko~IsHI and GALSTON (1963), who found that  brief 
far-red flashes were more effective than brief red flashes in causing the 
synthesis of some unidentified phenolic compounds; it is therefore pos- 
sible that  a phenolic precursor of anthoeyanin is produced as a result of 
the first light step in turnip. 

These results taken alone can be interpreted to mean that  two photo- 
chemical reactions are involved in the formation of anthoeyanin in 
turnip. One occurs in continuous or intermittent far-red light and 
appears to lead to the production of a precursor, perhaps a phenolic 
compound; the second is the photochemical formation of Pfr phyto- 
chrome, which results in the synthesis of anthoeyanin; an adequate con- 
centration of P~r is maintained with intermittent red and in continuous 
far-red, but not with intermittent far-red. A different approach also led 
to the conclusion that  two light steps are necessary for anthoeyanin 
synthesis in turnip (GRILL and VI~C~, 1964). 

We may now turn to the second line of evidence, which shows that 
a prior irradiation with red light almost completely prevents the pro- 
moting effect of far-red. I t  was shown (Fig. 3) that,  if four hours of red 
preceded the exposure to six hours far-red ~- 38 hours red, the final yield 
was similar to that  obtained in continuous red. Similarly it was found 
previously (Gl~rLL and VI~cE, 1965) that  a pre-treatment with red for 
a period of several hours markedly depressed the amount of anthoeyanin 
formed in continuous far-red; brief exposures to red and far-red showed 
that  this depended on the formation of Pfr. Furthermore, as the depres- 
sion was largely prevented if plants were maintained at low temperature 
or in nitrogen during the pre-treatment period, it was suggested that  it 
resulted from the destruction of phytochrome. The photoreeeptor in 
both red and far-red was, therefore, assumed to be phytochrome, the 
yield in each wave-band depending on the relative rates of formation and 
destruction of Pfr. 

The situation appears to be more complex than this, however, if two 
inter-dependent photochemical reactions are involved, the first (far-red 
promoted) yielding products for the second (red-promoted) reaction. 
There seems little doubt that  the latter is the red/far-red reversible 
reaction of phytochrome and depends on the production of Pfr in red or 
continuous far-red. The far-red promoted reaction also seems to require 
phytoehrome, as the far-red enhancement is almost entirely prevented 
by a pre-treatment with red light, presumed to act by destroying phyto- 
chrome. Thus there appear to be two phytoehrome dependent steps 
involved in anthocyanin synthesis in turnip, the first occurring better in 
far-red light because of the rapid rate of phytochrome destruction in red. 
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I t  is known that  there are two kinds of phytochrome; of the total phyto- 
chrome present in etiolated tissue a large fraction is photolabile, while 
a small fraction remains active even in continuous light. I t  is possible 
that  the pigment mediating the "far-red promoted" reaction is the 
destructible type of phytochrome, while the final red-promoted reaction 
depends on the non-destructible type. 

At present this suggestion cannot be supported by evidence of any 
chemical difference between the two kinds of phytochrome and it must 
be emphasised that  the depressing effect of a pre-treatment with red 
light has not been conclusively proved to be due to phytochrome destruc- 
tion. Other interpretations are possible. For example, red may act to 
cause the dissipation of a stored precursor by forming a substance which 
cannot react to yield anthocyanin in the absence of the product of the 
far-red reaction. If this were the case, then the pigment mediating the 
response to far-red is not necessarily phytochrome. 

2. The E//ect o/Blue Light 
In blue light the situation is equally complex. Some P~r must be 

present because of the absorption band of Pr in blue, although the effect 
of a six-hour irradiation was considerably increased by a short terminal 
exposure to red (Fig. 4). This cannot, however, be the only reaction 
occurring because a few hours of blue, given before transfer to continuous 
high intensity red light, results in a large increase in yield. Pre-irradiation 
with red does not markedly reduce anthocyanin formation in blue light 
nor does it prevent the enhancement effect when blue is followed by 
prolonged red; furthermore, pre-treatment with blue light markedly 
decreases the yield in far-red (GBxLL and VINCE, 1965) and presumably, 
therefore, causes phytoebrome destruction. These points seem strong 
evidence in favour of the existence of another photoreceptor, in addition 
to phytoehrome, mediating the reactions that  occur in blue light. The 
marked synergism that  occurs when blue light precedes exposure to red 
suggests that, in blue light also, substrates for phytochrome action may 
be produced. 

The interrelationship between the reactions occurring in blue and 
far-red is still obscure. Results from experiments not reported here show 
a synergistic increase in yield when blue follows far-red. Here (as in the 
experiment shown in Fig. 4) blue light probably has two actions: firstly 
the presence of Pfr during the irradiation with blue and for some time 
afterwards results in anthocyanin formation ntilising substrates accu- 
mulated during the first irradiation with far-red and, secondly, the blue 
"high-energy" reaction will lead to anthoeyanin formation (possibly also 
by the production of substrates for phytochrome action). The observed 
synergism between far-red and blue may thus depend entirely on Pfr 
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formation in blue light; how closely the "high-energy" reaction in blue 
is linked with the reactions proceeding in far-red is not known. 

Znsammenfassung 

Die Substitution der ersten 6 Std einer Hellrot-Dauerbestrahlung 
dutch Dunkelrot fiihrte zu einem starken Anstieg im Anthocyangehalt, 
der hSher war als die Summe aus Dunkelrot und Itellrot, wenn beide 
Bestrahlungen getrennt gegeben wurden. Folgte auf intermittierende 
Dunkelrot-Bestrahlung eine einmalige Dosis Hellrot, bildete sich eine 
betriichtliche Menge Anthocyan, obwohl jede Bestrahlung ffir sich kaum 
wirksam war. 4 Std Dauerdunkelrot induzierten bereits mel3bare Antho- 
cyanbildung, die dutch kurze Hellrot-Bestrahlung welter gesteigert wer- 
den konnte; der Effekt dieser tcrminalen Dosis Hellrot konute dutch 
nachfolgende kurze Dunkelrot-Bestrahlung wieder riickgiingig gemacht 
werden. Daraus wird geschlossen, da~ wenigstens zwei photochemische 
Reaktionen bei Bestrahlung mit Hellrot und Dunkelrot ablaufen, wobei 
die erste Substrat(e) ffir die zweite produziert. 

Wurde vor einer Dunkelrot-ttellrot-Sequenz mit Hellrot bestrahlt, 
ging die fSrdernde Wirkung yon Dunkelrot fast vollsti~ndig verloren und 
der Anthocyangehalt entsprach anni~hernd dem in ttellrot. Der Effekt 
der Itellrot-Vorbestrahlung wird auf die Destruktion von Phytochrom 
zuriickgeffihrt u n d e s  wird vermutet, dai~ Phytochrom das einzige Pig- 
ment ist, das bei der Anthocyansynthese in ttellrot und Dunkelrot 
beteiligt ist. Eine mSgliehe Interpretation w~re, dal3 die ,,Hoehenergie- 
reaktion" in Dunkelrot und die ttellrot-Dunkelrot reversible Nieder- 
energiereaktion durch verschiedene Formen yon Phy~ochrom vermittelt  
werden. 

Die Substitution der ersten 6 Std einer Dauerbeliehtung mit Hellrot 
durch Blau ergab ebenfalls eine synergistische Zunahme im Anthocyan- 
gehalt. Der f5rdernde Effekt yon Blaulicht konnte jedoch durch Vorbe- 
strahlung mit Hellrot nicht verhindert werden. Daraus wird gesehlossen, 
dal3 Phytochrom nicht das einzige Pigment sein kann, das die Reaktionen 
in Blaulicht vermittelt. Der Synergismus zwischen Blau und Hellrot l~$t 
vermuten, dal3 die Hochenergiereaktion in Blau zur Produktion yon 
Substrat f~hrt, mit dem Phytochrom reagieren kann. 
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