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Abstract-The oxidation of ascorbate and reduction of its oxidized forms that occur when leaves are illuminated 
with green light (500-520 nm) are prevented if the leaf is previously exposed to either far-red radiation (I\mu 
730 nm) or blue light (&,.. 421 nm). After such treatment the leaf is said to be in an inactive state, but can 
be transformed into an active state by subsequent exposure. to red light (A,,, 655-660 nm). The wavelength 
of blue or far-red light capable of rendering the leaf inactive corresponds closely with the reported absorption 
of the Pn form of phytochrome in etiolated seedlings, that of red light which reverses this effect closely with 
the reported Amax of the P, form of phytochrome. It has also been shown that green light (&,x 514 mn) can, 
under certain specified conditions, prevent the development of the inhibition induced by blue or far-red light. 
The process of photoreduction, which alone is observed in cyanide poisoned leaves, is also controlled by the 
red-far-red light reaction. The latter reaction is not affected by the photosynthetic poison DCMU which 
does. however, inhibit the primary reaction of photo-oxidation and reduction. The reactions of oxidation and 
reduction of the ascorbate system that occur in the darkened leaf are not controlled by the red-far-red light 
reaction. The identity of this controlling system with phytochrome is discussed. 

INTRODUCTION 

IT HAS been shown’- 2 that the oxidation of ascorbate, and the reverse process the reduction 
of the oxidized forms of the vitamin that occurs in leaves when illuminated, are separate 
photochemical reactions. More recently we have shown 3 that these photochemical reactions 
(referred to in this paper as the primary photochemical reactions) are themselves conditioned 
by previous exposure of the leaf to either red or far-red light. Prior illumination of the leaf 
with red light (60&700 nm) ensured a positive and, illuminating with far-red (> 700 run) a 
negative response, to green light (500-540 mn). In the former case the leaf may be said to be 
in an “active” and in the latter in an “inactive” state. 

In these earlier experiments 1~2 the leaves used were initially in an “active” state since we 
have subsequently shown that daylight produces the same effect as red light. Nevertheless 
although we were measuring changes in oxidation-reduction of the ascorbate system that 
occu ed after short periods of illumination (O-60 set), it was possible that some of the effects 
described’~ 2 may have been due to changes induced by the red or far-red lit stimulated 
reactions (here called the secondary photochemical reactions), rather than to the primary 
photochemical reactions themselves. The present paper deals with a reappraisal of the 
results of our earlier experiments, and an extension of our observations on the effect of the 
red-far-red light reaction on the ascorbate system using leaves of cultivated strawberry 
(Rzguriu vescu var. Gladstone). 

1 L. W. MAPKIN, Biochem J. 85,360 (1962). 
s L.. W. MAPKIN, Phytochem. 3,429 (1964). 
3 L. W. MAP~ON and T. SWAIN, Natwe 2@4,886 (1964). 
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RESULTS 

The reaction of photoreduction may be distinguished iruer alia from that of photo- 
oxidation by the fact that only the former is inhibited by low concentrations of cyanide 
(- 10m5 M), and by its more heat-labile nature. l Both of these primary photochemical 
reactions are inhibited by the photosynthetic poisons (DCMU). o-phenanthroline and 
hydroxylamine, but may be observed in leaves in an atmosphere of nitr0gen.l 

Tn the first instance we examined whether these various trcatmcnts exerted their effect 
on the primary photochemical reactions or whether they acted by influencing the sccondar> 
(red-far-red light) reactions. We were able to separate the two sets of reactrons using green 
light of wavelength h,,, 514 nm (HW, bandwidth at 50 per cent transmission. 10 nm) to 
initiate the primary photochemical reactions. We were able to show that such light used for 
the short periods (l-120 set) necessary to initiate and establish the primary photochemical 
reactions, did not itself reverse the inhibitory effect of far-red light. or alter the effect of red 
light. 

Cyanide Poisoned Leaves 

Cyanide (5 x 10m5 M) poisoned leaves show photoreduction but no photo-oxidation. 
This behaviour is not affected by prior exposure to red light but is completely prevented by 
prior exposure to far-red light. Moreover red light. as with normal leaves. reverses the effect 
of far-red. At this concentration cyanide does not therefore interfere with the secondar! 
photochemical reactions, but suppresses the primary reaction of photo-oxidation. 

Sensitivity to Heat 

Photo-oxidation uncompensated by photoreduction is observed in leaves heated at 58’ 
for 5 min, the consequence of which on prolonged exposure to light leads to an extensive 
photo-oxidation of ascorbate.” This abnormal behaviour is not due however to any effect 
on the secondary reactions, for if the heated leaf is exposed to far-red, photo-oxidation is 
inhibited when the leaf is subsequently illuminated with green light. and red reverses the 
effect of far-red light. This heat treatment therefore affects only the primary photochemical 
reactions. 

Leaves Poisoned with DicAIoroplre~~~h~let~~~l L:rea (DCAI L;) 

Similarly leaves poisoned with DCMU (lO’-6 M) are as sensitive to the influence of red 
and far-red light as are normal leaves. In poisoned leaves photoreduction, although reduced 
in rate compared with normal leaves. occurs initially on illumination.? Prior exposure of th: 
leaf to far-red light. inhibits this photoreduction. and the effect may be rcverscd by red hght. 
Again we may conclude that DCMU exerts its effect on the primary photochemical reactmns 
and not on the secondary reactions. 

Oxidation alld Reductioll in the Durkened Leqf 

In the darkened leaf the enzymic reactions of oxidation and reduction of ascorbatr OCCUI 
on changing the oxygen tension. In air m strawberry lcaves a small but steady-state leicl of 
dehydro-ascorbate (15-30 pg:g) is normally maintained. These dark reactions’ which are 
independent of those of photo-oxidation and -reductron are also completely indcpcndent ot 
any control by the red-far-red light reaction. Thus the rate ofreduction ofdrhydro-aqcorbate 
in the dark when the leaf is transferred from air to nitrogen i\ as rapid in a leaf previousI> 
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exposed to far-red light as in one exposed to red. Moreover the rate at which the oxidation 
occurs in the dark when air is m-admitted is the same under both conditions. The linal 
steady-state level of dehydro-ascorbate attained is also unaffected by the prior exposure of 
the leaf to red or far-red light. 

Action Spectra 

By exposing the leaf first, to either red or far-red light for 5-min periods and then to light 
of various different wavelengths for the same period, we were able to determine the effective- 
ness of such light in reversing the red or far-red light reaction. After a dark period of IO-min 

FIG. 1. -CR BETWEEN TX-D3 DIFFERENCE SPECrRUM FOR pHyTocHRoME (Pfi- P,), 

HENDRICKS AND BORTHWICIC (1963), AND WAvELEN THOFLIG~RFFECITVRM~C+OR 

REACIlVATIUC3 THB PRIMARY IlEA- OP SulTABLY TREATED LRAVES. 

n Wavelength of light eEective in inhibiting primary reactions previously activated by red. 
n Wavelength of light elkctive in reactivation of the far-red inhibited leaf. 
0 Neutral region. 

duration, the activity of the primary reactions was determined by their response to illumina- 
tion by green light (A- 514 nm) for periods of 5 or 60 sec. With such light (intensity equal 
to 100 ergs/cm2/sec) on a leaf in a fully active state, 5 set illumination is sufTicient to reduce 
the dehydro-ascorbate from the normal 15 rg/g to zero (photoreduction), and after a further 
55 set the concentration of dehydro-ascorbate then increases to a new steady-state level 
equivalent to 90-100 pg/g of leaf (photo-oxidation). With a totally inactive leaf, no sig- 
nificant change occurs in the concentration of dehydro-ascorbate even after much longer 
periods of illumination (15 min). 

Results showing the wavelength of light capable of reversing red light activation are 
shown in Fig. 1 and indicate that light either between 390-490 nm or above 700 mn is capable 
of rendering the leaf inactive. Conversely, light between 530-700 nm reactivates after 
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exposure to far-red light. Light of wavelengths w 500-520 nm represents a change-01 er 
point, which neither reverses the effect of far-red nor of red light, and is therefore neutral 
in character. A further but sharper change-over pomt occurs at and around 700 nm. 

These results are consistent b\ith the hypothesis, though they by no means proie. that 
phytochrome is the active component concerned in the red-far-red light rcactlon studied here 
as can be seen from the comparison with the difference spectrum cf the t\s o forms of ph> to- 
chrome (P,,-P,) as reported by Hendricks and Borthwick4 for &&ted maize seedling3 

Wavelength, nm 

FIG. 2. ACTION SPECTRA t)i- RLL’L, F4R-RED AND RED LIGH 1. 

(aI Reversal of the inhIblting effect of far-red or blue light by red light. +-Leaf exposed 5 mm 
to far-red hght 1723 nm) to completely inactlrate the leaf, then exposed to Irght (5 \ 10 -13 emstems 
cm*,&) of wavelength Indicated for 1 mm. After a dark per& of IO-mm duration the activrt) 
tested by determinmg response to green light 1514 nmf. ._ ---Leaf treated with blue light (421 nm) 
to completely Inactivate. this followed dark period of 10 mm lhen treated red hght for I mm. After 
a further dark period (10 min) actlvlty tested as above. Red hght of different \+a~elenpths hct\\ccn 

580-700 nm= 5 Y 10-l’ cinsteins, cm2 Dec. 

t b) and (cl Wavelength of far-red or bluelightelTectl\e m mhibitmg photo-olldation of sscorhatr. 
Leaf exposed to green hght f 510-530 nm) for 2 min then elcpo.wd 1 mm to hght of sa\elmgth 
indicated. Blue light of ddfcrent wavelengths between 380450 nm=5 I lif- 12 emstems urn- sec. 

Far-red light of dtffcrcnt wttselengths betaeen h%k-780 ml= I -. Itf- ‘1 emem~ CI$ XC. 

(Fig. I). The interesting finding is that light in the blue region of the spectrum acts like 
far-red light in inhibitmg the pnmary reacttons. 

Light ofwavelength bet\ieen 570 and 700 nm which is capable ofrc\er$ng the inhibition 
induced by blue or far-red light has therefore been examined m more dctak The leaf N\;I~ 
first rendered completely inactive by expoburc to far-red (723 nm) for 5 min and then exposed 
for 1 min to iight of different \taveIengths between 570 and 700 nm of the same energ? Icvcl 
(4 x 10-l’ ein~teins~cm~ ‘secf. After a dark period the response of the primar! reacti~~ns to 
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green light were determined. The same procedure was adopted for measuring the activation 
by red light after exposure to blue light (421 nm), with the exception that an additional dark 
period was interposed between the removal of the blue and application of the red light. The 
results are illustrated in Fig. 2(a) and show that the optimum response (determined by measur- 
ing the rate of increase in the concentration of DHA) in reversing the inhibition by either 
far-red or blue light was obtained with light of approximately 655-660 nm the corresponding 
action spectra were also very similar. There is in fact no evidence to suggest that two separate 
photochemical reactions involving two different phytochrome-like compounds were neces- 
sary, one to reverse the inhibition due to far-red light, the other to reverse that due to blue 
light. 

In a similar manner the wavelength of either blue or far-red light most active in inhibiting 
the response of the leaf to green light was determined. In these experiments the leaves were 
illuminated by light (510-530 nm) and after the steady-state level of dehydro-ascorbate had 
been obtained, the leaf was illuminated in addition with blue or far-red liiht of different 
wavelengths of comparable energy levels. The rate of decrease in the concentration of DHA 
was followed. These results (Fig. 2(b) and (c)) show that for blue light h,, is in the region 
of 421 nm and for far-red light in the region of 730 nm. 

The Relative Eficiency of Far-red or Blue Light 
The results of exposing the leaf in the active state to varying levels of radiation by either 

far-red or blue light, show that the conversion of the leaf to the inactive state (as determined 
by response to subsequent illumination by green light) depends on the total radiation deter- 
mined by the product of intensity and duration (Table 1). Equally the results show that the 

TALSLE~. RELATION BETWEEN INlENSlTY AND DURA.lTON OF RLUE, FAR-RED OR RED RADIATION 

Intensity 
(eW/cmV=) 

Response to green light 
after dark period* 

I 
Duration Total radiation Imxase. in State of 

(=c) einsteins x lo-l*/cm* DHA &g-l activity 

Exposure to red light 

i 
9 45 21.5 ++ 

Leaf pretreated with 1:: 9 215 ++ 
far-red light to 215 34 ++ 
convert to inactive 
state 

4; 
2 

281 70 +++ 
12 287 +++ 

135 4 287 
5: 

+++ 

Exposure to far-red light 

1 

9 30 164 ++ 
45 6 164 z?I ++ 

L.eaf in active state 9 45 245 1 
1:: 9 3 245 245 I - 

Exposure to blue light 

Leaf in active state I 
9 45 147 4 

45 9 147 11 
100 4 147 6 

* Leaf exposed to green light (A,.. 514 nm 25 ergs/cmQec) for 2 min after elapse of 10&n dark period. 
+ + + , Completely active; + +, partially active; - , inactive or only slightly active. 
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same applies for the reverse process, namely the conversion of the leaf from an inactive to an 
active state by red light radiation. 

The efficiency with which blue or far-red light inactivates the leaf with regard to the 
primary reactions was then determined. The leaves in the active state were transferred to 
dark and then illuminated with low intensities of either far-red or blue light. for varying times. 
After a succeeding period in the dark (10 min) the leaves were tested for their response to 
illumination by green light (A,, 514). The duration of illumination by either blue or far- 
red light (9 ergscm?!sec) was increased to a point at which complete conversion of the leaf 

Total radutmn (emstems x IB’*/cm: ) 

FIG. 3. EHICIENCY OF BLUE. FAR-RED ASD RR) LIGHT. 

1. Leaves from daylight (“active state”): tIlluminated wtth blue light (A,,, 421 nm, 
3 5~ IO-r2 einstems.cm&ec) to give total radiation as indtcated, this followed by dark pertod 
110 mint before response to green light determmcd. -Illuminated with far-red light (AmAr 
723 nm. 5.5~ 10-J' emstems cm*,‘sec) to gave total radtatron as mdtcated. thts followed by darh 
period (10 mm) before response to green light detcrmmed. 

II. Leahes illuminated with far-red to convert to “mactn~e state”: 
15 ’ 10-r’ rinstems’cm’,sec) for 2 nun; A -fat-red (A,,,_ 

Far-red (A,,, 723 nm. 
713 nm. 5 J. lo I2 emsteins cm2.sec) for 

I mm. lhummated with red hght (A,,,, 655 nm, 5 )I IO- 12 cmsrcins cm’ set) to gne total radtatmn 
as rndtcated. this followed b> dxh permd (10 mmt heforr responsr of Ic.?f to green hgl!t 
dctermincd. 

Keqxmr to grtm hght (\ , ,,,d, .51-i nm) measured by dctctmmmg changes III rhc concentmttan 
of DHA after txpu~~~~-e to th hght 13 crg\‘cmJ SCC’) for 2 mm. 

to the inactive state \\as achieved. The results showing the relation bctltcecn einsteins CSI 
Incident blue or far-red light and the degree ofinactivation are gilcn in Frg. 3. These mdicatc 
that blue light xias more effective than far-red light. and furthermore that an absorption of 
-40 einstcins x IO-“cm’ of far-red light energy and somewhat smaller absorption ot 
radiatron by blue light t _ 70 rm\teiiis x IO--” cm’) occurred before any significant ui- 
activation rc\ulted. 
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Eficiency of Red Light 

The leaf was first inactivated with far-red light (26 ergs/cm*/sec) for 2 min and then 
exposed for varying times to red light (635 mn, 9 ergs/cm2/sec). After a succeeding dark 
period (10 min) the degree of reactivation achieved was measured by determining the increase 
inconcentrationof DHAwhen the leafwas exposed to green light for 2 min. The results (Fig. 3) 
show that in this case an even greater radiation of red light energy appears to be necessary 
N 140 einsteins x lo-l2 before any sign&ant change in the degree of activation of the leaf is 
achieved. Thereafter, however, the relation between the radiation and response was found 
to be similar to that observed with far-red light. Further experiments indicated that if the 
far-red radiation was increased three times above the minimum necessary for complete 
inactivation, this did not alter the radiation energy of red light necessary to restore the leaf 
to the active state. 

Reversion in the Dark 

One of the characteristics of the phytochrome system in plant tissue is the instability of 
the p/l form of phytochrome when the tissue is placed in the dark, either because of reversion 

Pretmtnlent 
Dark period at 15” 

(hr) 

Respollse.togrecnlight* 
photo-oxidation 

(mcrease in DHA M/g) 
I 
305ec 6Osec 

1 Rcdlight,t2min 
2 Red light,7 2 min 
3 Redlight,t2min 
4 Red light,? 2 min 
5 As(4)butrwqosedredlight,2min 
6 Red light, 2 min 
7 Daylight, 5 min 
8 Daylight, 5 min 
9 As(8)butnwxpowd2min,redlight 

10 Daylight, 5 min 
11 Daylight, 5 min 

0.2 32 65 
24 28 65 
46 14 54 
70 8 
0.2 35 ;9 

72 - 
76 f 72 
84 
0.2 37 ;: 

96 42 79 
120 41 - 

* Green light, A,,, 514 rncc, 25 ergs/cmVwc. 
t Red light, hll, 634 rnk 250 ergs/cmVxc. 

to the inactive P, form or to destruction of P,+. Dark reversion of PJ, to P, has been demons- 
trated in cauliflower florets,’ artichoke hearts and parsnip roots,6 and destruction of Pfr 
in etiolated seedlings.7 No data are available, however, concerning the stability of the p/I 
form in the green leaf. In the present study the active condition of the leaf, induced by 
exposure to red radiation, changed on keeping the leaf in the dark. The results (Table 2) 
show that the leaf lost 80 per cent of its activity after being held for 75 hr at 15” in the dark. 
The rate of inactivation was negligible over the first 24 hr of darkness, but increased with time. 
Brief re-exposure of the leaf to red light restored the activity to its initial value indicating that 
reversion to the inactive state had occurred during the dark period. These results are in 

5 W. L. BUTLER, H. C. LANE and H. W. ~IXMAN, Plunt Physiol. 38,514 (1963). 
6 W. S. HEWN, Am. J. Botany 51,1102 (1964). 
7 P. J. DE LINT and C. J. P. SPRIJIT, Meakdel. Lundbouwhogeschool Wugeningen 63,1(1963). 
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agreement with the characteristics of the phytochrome system described above. although the 
periods of darkness here found to be necessary for inducing inactivation are longer than those 
reported for other tissues. suggesting that if phytochrome is involved its I’,, form i, more 
stable in leafy tissue. The small loss of activity in the first 24 hr of darkness compared I\ ith 
the greater rate of loss III succeeding periods may indicate that the concentration of the P,, 
form in the leaf is higher than the minimum necessary to maintatn the primary reactitrnr at 
their maximum rate, and thcsc are not seriously affected until the concentration of the P,, 
form falls belw this threshold level. This is possibly the reason for the obser\ ation that thcrc 
is no inactt\ation by far-red or blue light immedratcly on clposure hut onl! after cxpoburc to 
a certain amount of radiation (cf. Fig. 3). 

Of interest U’S the dilfercnt bchaviour of the leaf when this was ckposcd to daylight rather 
than to red light before the ensuing period of darkness. Under these conditions. although 

the leaf was left for period5 up to 120 hr in the dark there MS no decrease in the photo- 
oxidative activity of the leaf in its response to illumination by green light. The twson for thts 

different behaviour must a\vait further experimentation. 
In contrast to the instability of the leaf in the active condition after red radiation. the 

Inactive state (induced by previous exposure of the leaf to far-red radiation) \vas completely 
stable. After period of up to 144 hr in darkness at 15 , there was only a slight resetsion to the 

active state (< 10 per cent of the initial activity) but complete reactivation could bc achreved 

At zero time prmw~ rextwns imtiated by yrscn Irpht ~510-435 nm. 25 crh\ on- XX). 

After 2 mm far-red hght (700-800 nm) apphed (MM) erg\ cm’ <es). 
After 2 mln far-red light nppllcd, green light removed. 
After 2 mm leaf returned to the dark. 
Treatment as l hut after II mm far-red light removed rcplaccd by red hght ~AHL-700 nm. 

NU ergs cm2 secj. 
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at any time by brief exposure to red light. This result is also consistent with the known 
properties of phytochrome. 

Effect of Red, Far-red or Blue Light on the Primary Reactions in Progress 

In most of our previous experiments a dark period was interposed between the exposure 
of the leaf to red or far-red light before being illuminated with green light. We wished to 
study in more detail the inhibiting effect of far-red or blue light under conditions in which the 
primary reactions were aheady in progress. Leaves were exposed to green light (h- 514 nm) 
for sulhcient time (2 min) to allow the primary reactions to become fully established, @HA 
88 pg/g) and at this stage the leaf was illuminated with a beam of far-red light in addition. 
As the results illustrated in Fig. 4 show, there was an abrupt return to the steady-state level of 
dehydro-ascorbate (15 pg/g) normally observed in the dark. The rate of fall of dehydro- 
ascorbate was found not to be increased if the green light was removed at the same time as 

Time, min 

Fw. 5. ~ENCB BETWEEN INHIBITION OP PRIMARY RUClWNS BY BLUE LIGHT AND DEVELGP- 
MENT OF INACTIVITY TO GREEN LIGHT AFlTlt DARK PERIOD. 

+ + + Completely active. 
+ + Partially active. 

= Inactive. 
Green light, 25 ergs/cm~/sec; blue light, 72 ergs/cm~jzc. 

the far-red light was applied. It is noteworthy that the rate of reduction in the level of 
dehydro-ascorbate was about double that observed when the leaf returns to the dark level 
normally. Moreover no induction phase was detectable when the reaction was terminated by 
far-red light, but a short induction phase was always present when the reaction was terminated 
by removal of light. This treatment with far-red converted the leaf to the inactive state, but 
as with our earlier experiments the primary oxidation reactions could be re-established by 
illumination with red light (Fig. 4). 

In view of our earlier results we expected that blue light (395-425 nm) might act very 
similarly to far-red light, and in many respects this has been found to be so. Thus if the 
primary reactions are initiated by green lit and the leaf then illuminated in addition with 
blue light, prompt cessation of the primary reactions are observed (Fig. 5). Moreover, 
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coincident with the arrest of the primary reactions. the leaf changes from the active to the 
inactive state. 

There is one major difference, however. between blue light and the far-red light. AS 
shown in our earlier publications light of ~ase~ength of 730 nm or above cannot initiate the 
primary photochemicaf reactions, even in a leaf m an active condition. whereas bfue fight 
(in the region of 436 nm 1 is very active. This difference is revealed \\ hen lea\e‘s in the active 
condition are illuminated filth either blue or far-red light alone. Onl~ in the former case 
was ~1 similar sequence of p~lotoreducti~~n and photo-o~idatlon observed. Again, as with 

. .-_ _ . _ 

ia; 

-..“A.----__ _ ._.._- . . _- ___ ^_ 

FIG. 6. EFFECT ON I-HE PRIWRY R~ACTIOM I-JF ILL~‘~~.~T~~G HIGH BLLF OR GRFFV LIL~H~. 

(a) Prrmary reactions imtiated by blue hght (A,,, 421 nm, 72 ergs cm’ set) at zero ttme. Blue 
ltght removed after .1 mm. followed by dark period 10 mm, when blue hght req~phed. A--1nhlhmon 

rnduced by blue reversed hy apphcatlon of red hght. 

(b) Primary reactions moated by green hght (&,, 5X nm. 15 ergs cm’ bet) LZfter 3 mm. green 
ItgIlt removed-followed hc dark perlnd 10 mm. A--Prtmarj rcactrons rcwted on reapphcatron 

of green light. 

green light primary reactions continued until the blue light MS remoted. Hotfever if‘tfrc leaf 
was then left 10 min in the dark. re-illumination with blue or green light gave no reaction 
except in some cases where a feeble photoreducti(~n reaction has been observed (Fig. o,~. 
Increasing the intensity of radiation of the blue Iight by a factor (>I’ tno did not alter the 
situation. In fact. as previot$ $hown, with blue light the minimum radiation necessary to 
render the leaf completely insensitive to further radration by green light under the above 
circumstances is of the order of 160 einsteins x IO- “,cm (Fig. 4). c\cn so radratron at about 
halfthis level is stiil capable of initi~Lting the primary reactions. It IS not therefore possibie to 
use blue light to stimulate the secondary. jtithout at the same time imtiating the primacy 
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photochemical reactions. Control experiments with green light which has itself no measur- 
able effect on the secondary reactions, showed that in this case the primary reactions were 
as marked during a second period of illumination following a dark period, as they were 
during the first period (Fig. 6). 

The above results might be interpreted on the basis that with blue light the primary 
photochemical reactions may be observed because, owing to their more rapid response, they 
occurred before the initiation of the secondary reactions could be established. However if 
this is the whole explanation, it is difficult to see why on continued illumination ( > 3 min) 

I i I I I I 

0 
I ,..A! I I 

25 3.‘h 
I 

45 5 

lime, mm 

FR3.7. RELATION BElWF.ENRATEOFDEUiNEtXTHE PRLMARY REAcxwNs AFrER REMOVAL OF LIGHT, 

AND RATE OF DEVELOPMBBT OF lNSENSlTWEY To FDRTHRR ILLUME’IATION. 

At zero time primary reactions initiated, and steady-state level of DHA established by illumina- 
tion with blue light (&,, 421 nm, 60 crgs~Cma/sec). 
O-O Rate of decnx~ of DHA in the dark following removal of blue light. 
0-0 Dtxxase in the steady-state level of DHA obtained after a second period of illumination 
(2 min) following increasing intervals in the dark. 

f Blue light off. 4 Blue lit on again. 

with blue light the primary reactions are not subsequently inhibited. Blue light in this respect 
is thus different from far-red light and appears to be capable of converting the leaf to the 
inactive state o&y after a dark period has intervened, which in turn may mean that it cannot 
block the primary reactions if these are already in progress, a conclusion which is consistent 
with the results of the following experiments. After illumination with blue light the rate at 
which the leaf becomes insensitive to further illumination parallels very closely the rate at 
which the primary reactions decline on removal of light. This relationship is illustrated by 
the results recorded in Fig. 7 in which it is shown that the fall in the level of DHA with time 
after the blue light is removed, is arrested but not reversed to any appreciable extent by 



840 L. W. Merso~ and T. SWMU 

subsequent illumination. Illumination thus prevents the fall that would otheraise occur if 
the leaf \tas left in the dark. but it does not restore the steady-state Ieke to that observed in 
the completely active leaf. 

INTER-RELATIONSHIP BETWEEN BLUE, GREFN AND FAR-RED LIGHT 

Ilhmir~ation by gweu foliwetl bv blue light. As shown above the inhibitor> eRect of blue 
light can be demonstrated, without the interbcntion of a dark period. b> exposing the leaf 
to this light (72 ergs’cm”sec) in addition to and folIoking green light (25 ergs cm? wc) 
(Fig. 5). Under theqe conditions the primary reactions elicited hy green hght are arrested. 
and the leaf after a dark period is then in the inacti\tz state. The ablllt> to arrest the primary 
reactions depends not only on the intensity and duration of the radlutmn b> blue light but 
also on the previous cstent of radiation by green light. The results (Table 3) indicate that in 

TlllX3, mm 

b Primary reactions mltlated by green light (2 ergs’cm’ set) followsd after IO mm uuh hluc light 
(30 ergs’cm’:sec) m addltlon. 

0 Same pretreatment but green light removed ; as blue hght apphed. 

Condition of leaf: + + t . senkltlbc: to green hght after dark prmd I 10 IINIIL -. Insensuive to 
green light after darb pcrlod. 

the majority of cases if the ratio of the product (intensity and duration) of radiation by blue 
light compared to that of green light exceeds a value of w 1-I) the primary reactions are totally 
inhiblted. The chief exception to this occurs when the green light IS of \cry low intensity 
(2 ergs cm’;sec), and the leaf 15 exposed to blue light. Under these circumstances the primary 
reactions are enchanced. the low steady-state Ieke of DHA achie\cd I\ ith the grew light rises 
on the addition of blue to a new high stead)-state lexl (Fig. 8). In all cawb hwevcr after a 
dark period (10 min). \\hen the rutlo of the t\vo radiation tweeds ;I \aIuc of 4 1.0. the lc.tf 
behaves like a leaf treated Mlth blue light alone, and doe\ not respond or wponds only \\txthl~ 
to illumination by green light. 

Although thew experiments indicate an “antagonism” exists bct\\een blue and green 
light, it can also be shown that the effect of blue hght in inhibiting the pnmar> reactions III 

progress and in rcnderlng the leaf insensitive after a dark pcnod to further illuminati~~n by 
green light. is completely &wr~rl~wl on the presence of wmc green light, Thus. ac the results 
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in Table 3 show, if when the primary reactions have become established, the green light is 
switched off simultaneously with the application of blue light, the leaf after a dark period 
remains in the active condition. These results are obtained even under conditions when the 
value of the ratio of the radiation of blue to green is as high as 30. As the results in Table 3 
indicate only a very low level of geen radiation is necessary for blue light to convert the leaf 
to the inactive state. This is further exemplified by the results illustrated in Fig. 8 where 
although the effect of blue light, on the primary reactions initiated by green light of low 
intensity, appear to be identical in the two experiments, the leaf which is illuminated by blue 
in addition to green light is converted to the inactive state whereas that exposed to blue light. 
with simultaneous removal of green, remains active. 

We may conclude that when the primary reactions elicited by green light are in progress, 
blue light can only arrest these if of sufficient intensity in relation to that of green, and further- 

Tme, mm 

FIG. 9. IKHILUTIONBY FAR-REDLIGHTOFREACTIONSINITIATED BYGREEN LIGHT. 

0 Far-red light applied at C in addition to green light. 
A Green light removed at 1 as far-red light apphed. 

Green light--25 erg:cm2kec; far red-26 erg,‘crn’ sec. 

more only in the presence of green light are the primary reactions arrested directly and the 
leaf converted to the inactive state. Green light thus has a “synergistic” influence with blue 
light in arresting the primary reactions and converting the leaf to the inactive state. 

IlIunui~ation /my greeu jollowed hi* jar-red light. Although far-red light. under the same 
circumstances, was stall capable of inhibiting the primary reactions in progress and rendering 
the leaf inactive (Table 1). there is some evidence that in the absence of green light it is al\o 
somewhat less effective. Thus the arrest of the primary reactions by far-red light are slightly 
delayed in the absence of green light (Fig. 9) and the relative intensities of radtation of far- 
red to green must be higher to convert the leaf to the inactrvc state. A ratio of radiation of 
far-red to green light equal to x I.0 or above is sufficient for this purpose providing the leaf 
is also exposed to green light, but in the absence of the Iattty the far-red radiation must be 
increased about three times If the same result is to be achieved (Table 4). It should be noted 
that these observations were made n ith far-red light of Ion jntensitics. if far-red light of high 
intensity relative to green light is used. then as indicated in Fig, 4 there is no detectable 
difference in the rate at ahrch the primary reactionsare inhibited in the presence or absence o1 
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green light. Despite these resemblances between the relation of blue to green light on the one 
hand and far-red and green on the other, nevertheless blue light e\en when used in relatively 
high intensity compared with green appears unable to inhibit in the absence of green. \vhereas 
far-red light can, under simdar conditions, achieve this. 

If the primary reactions arc initiated \\ith blue light (72 ergs;cm’ WC) and, when these have 
reached a steady state, the leaf ih then illuminated with green light (25 ergs,cm’,sec) in 
addition. in contrast to the rrkerse procedure. only a transitory fall in the concentration of 
DHA is observed. n-ith a w-establishment of the steady-state level as illumination \\ith green 
light continues. The results ofa typical experiment in which the leaves v.ere illuminated with 

blue light (73 ergs.‘cm’, set) for 2 min and then additionally illuminated with green light for 

varying times are given in Fig. IO(a). Coinciding ikith the transitory fall in the concentration 

(b) 

FIG. 10. EFFKCT OF (IREEY LIGHT ON PRlhlARY REACTIONS INlliA~ED HY BLUE LIGHT. 

Blue hght (72 ergsxm’kec) was used to initrate the primary reactions followed by: (a). green 
light 75 ergs,‘cm’,sec: (b,. green hght 2 ergskm’,‘sec. + + + Actke, and - inoctne after darh period. 

of DHA following illumination \vith green light, the condition of the leaf changes. as the 
duration of exposure to green light is increased. from the inactive to the complctel} active 
state. 

Other results in Table 5 illustrate. in addition, the ability of green light to prevent or 
reverse the inhibition induced by blue light. The effecti\cness of the green hght depends, as 
previously (Table 3). on the relative Intensities of the two lights and the duration of exposure. 
Green light is thus more effecti\,e if’ blue light is removed as the green light applied. There IS 
also some evidence to shoM that the loqyr the leaf is lirst csposed to blue light the greater the 
ease with which green light prccents the development of inactivation. B’ith prior csposure 
to blue light (71 ergs:cm?, set) for 2 min. reversal by green light occurred when the ratio of 
green to blue radiation eweeded a value of 0.14. With longer prctreatmcnt wItI blue light 
for 5 or 10 min this reversal by green light occurred when the value of the ratio of’ the two 
radiations exceeded 0.05 and 0406 respectively. The results (Table 5) also show that If a 
dark period (10 min) is interposed between the removal of blue light and the application of 
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green, then the inactive state induced by blue light 1s not changed by subsequent exposure to 
green light. 

When an intensity of green light (2 ergs/cm”/sec). which the results in Table 5 indicate i\ 
insufficient to reverse the effect of blue, is applied to a leaf already exposed to blue light, this 
results in the complete arrest of the primary reactions in progress. Thus in the experiment 
illustrated in Fig. IO(b) the primary reactions were initiated by blue light (421 run. 72 ergs 
cm’;sec) and illumination continued for 2 min to establish a steady-state level of DHA. At 
this point when the leaf was illuminated with green light in addition the steady-state level of 
DHA fell to the value observed in darkened leaves. and in contrast to the experiment illus- 
trated in Fig. 10(a) the leaf remained in an inactive state. These two experrments illustrate that 
green light, depending on its intensity, can either block completely the primary reactions 
initiated by blue, or reverse the effects of blue light by restoring the leaf to the active state. 
In the latter case only a temporary blocking of the primary reactions is observed. 

There was evidence that green light was also capable of preventing the inactivation 

X 

I 

I u- 

t 
FR 

I I 
.I L’ 4 0 2 4 6 

Time, mnn 

FIG. 11. REVERSAL BY GREEN LIGHT OF THE INHIBITION OF THE PRIMARY REACTIONS INDUCED a\ 

FAR RED LIGHT. 

At zero time leaf exposed to far-red hght. In (a) 9 ergskm%ec, and rn (b) 26 crgq’cm’,sec. 
tFR far-red removed, ) green light (25 ergs;cm’:‘sec) applied. 

Notation as m previous figures. 

induced by far-red provided that (I) the period the leaf was exposed to far-red light of low 
intensity was of short duration ( l-2 min) and (2) that the green light was applied immediately 
the far-red light was removed. The results (Table 6) show that under these conditions a ratio 
of radiation of green/far-red in excess of 2-O is sulhcient to prevent or reverse the inhibition 
which would otherwise result from exposure to far-red radiation. In the same elperimcnts 
it was shown that the change-over from a leaf in the inactive to the active condition corres- 
ponded with the initiation of the primary reactions by green light (Fig. 11). The green light 
used in these experiments had a wavelength of A,,,, at 5 I3 nm decreasing to 1 per cent or less 
transmission at 500 and 540 nm. The possibility that sufficient “red” light in the region of 
540 nm was being transmitted and reversing the effect of blue or far-red could not be entire]! 
excluded. That this was not the case however was shown by the fact that if under conditions 
in which green light had been shown to be effective for reversing the inhibition of far-red a 
dark period was interposed between the removal of far-red and application of green light. no 
activation by green light was observed (Table 6). 
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These results emphasize the difference between the ability of green light on the one hand 
and ofrcd light on the other to prevent or relcrse the effect of far-red r.idialion. In the first 
case green light acts only it’it is npplicd at the same tlmc or immcdiatel!: after a hhorl period 
of radiation by far-red: in this wnsc it preients the inhibition that would othemisc develop. 
Red light on the other hand can reverse the inhibitron Induced by far-m1 radiation r\ en &high 

intensll! and after the Iraf’ ha\ remained for long periods in the d:wk. 

The rc4ts of a beries of experiments on cyanide poisoned Icave\. in \\hich only the 

primary reaction of photorcduction is observed on illumination (resultmg III ~1 thll of‘ he 

dark stcady+tatc lcvcl of DH.\ to zero) are illuwatcd in Fig\. 12 and 13. Thc\e sho\r that 
both far-red or blue light arc each capable of arresting the procrs~ of photoreduction cccn 
when the reaction is in progress. In these eupcrimcnt3 the primary rcwlon (~fphotorcductioli 

\v;L~ initiated by green light, and after the DHA had fallen to 7erij the leaf \\a additionullq 
illuminated with far-red or blue light. The rapid return of DHA to the \tcady-state Icv~l of 
fhc darkened leaf v hich folhmcd. indicates that the process of photoreductiCw ha\ been 
complrtell inhibited. This inhibition. can u\ with normal Ieu\,es. bc immediatel! rcbcrwd b> 
substituting red for far-red or blue light. An cuperitncnt illustrating thi\ mcrsal hy red light 
is given in Fig. 12. 

As in the rvpcrimrnts previously described the dependcncc of blue light on the prewncc 
of green light for blocking these reactions may ~150 bc obwr\ed. If the procc~~ of photo- 
reduction ir initiated by green light (35 ergs cm2 wc) and when fully cscabli\hed thi\ light i\ 
removed simultaneously uith illuminatron by blue light (73 rrg\,c‘mJ \cc) onl ;1 cran4torq 
(temporary rise in DHA cnnccntratinn) but no permanent arwt of the photorcduction 
process is observed (the concentration of DHA remains at zero) (I’$. 13(a)). SimllxI> ifthe 
photoreduction process is initiated by blue light and then illuminntcd b> green light of 
sufficient intensity (35 ergs cm’ set) only a tcmporrrry arrert of the primarv reactions i\ 
observed (Fig. 13(b),. If. hwc\cr. green hght of loner intensity (2 ergs cm: VX) IS used. 
complete arrest of the reactions of photoreduction arc observed l~t~ncentr;ltion of DH.4 
increases to the value obsel\cd in ;t darkened leaf) (Fig. 13(b)). 

The conditions under u hich the primary rcacGons are blocked bl blue or green hght are 

thus identical in both normal and cyanide poisoned leave\. In the tatter case photil-oxidation 
has been suppressed by cqanidc w that Lhcsc cxpcrlmcnts lndiczle that both the photo- 
reductive and photo-ouidnti\c rcactionh are contrl,llcd by cs\entlall> the bamc mcch:lnism. 

The charactcristich of Ihe system rcsponsiblc for \\hat \%e ha\,e called the \rcondurj 
photochemical reactions are in sebernl respects similar to those reported for phytochrome. 
Equally, many of our results arc suwcptlblc of interpretation in term\ ~\f the activity ot 
phytochromc or of a phytochrome-lihe compound. P. Th~h COII~~OUI~LL il is aw,umed. 13 
capable of existence in three allo\teric forms P,. P2 and P,. WhiM the primary rcxtion4 may 
not nccsaarily bc initiated under the influence of light energy h!, the P compound their 
functioning is dependent on the txi\tencc of the P compound in an ;rcti\c form. Thus the 
P compound, when prrxnt tither as the PI or P2 form. \viIl alloy the prlrnx? rc;Ictlons to 
proceed. whereas when present ns P, no electron transfer can occur. 

Since the primary reactions of photoreduction nnd oxidation ot’ascorbnte are inhibIted 
when the P compound is in the inactive form, rhis positions the P compound in an inter- 
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tm, mm 

FIG. 12. INHIB~ONOFPHMOREDU(SIIONINCYAMDEWISONEDLEAVESBYFAR-REDAND~REVERSAL 
BY RED LIGHT. 

Photoreduction initiated by green light (25 ergs/cnG/sec). After 2 min J- far-red light in addition 
(100 ergs/cmz/sec). After 6 min f far-red light removed and 4 red light applied (100 ergs/cm*/sec). 

Illumination by green light continuous throughout experiment. 

1 (a) 

40- ( 
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J -115. 
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Tme, mm 

FIG. 13. EFFECTOFBLUEANDG~EENLIGHTONCYANIDEP~B~NEDLEAVES. 

(a) Photoreduction initiated by green light (25 ergs/cmz/sec) Q-0. After 2 min A-A blue light 
(72 ergs/cmQzc) in addition. After 2 min H green hght removed as blue light applied. 

@) Photoreduction initiated by blue light (72 ergs/cma/sec) O-O. After 2 min 0-0 green light 
(25 ergs/cmQec) in addition. Afkr 2 min A -A green light (2 ergs/cmz/sec) in addition. 
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mediate position between the source of electrons generated by visible light energy and the 
ascorbate couple. As both photoreduction and oxidation of the ascorbate couple appear to 
be dependent on the existence of P in an active form, this suggests that it does not control the 
electron flow by itself participating in it. If only photoreduction or photo-oxidation 11as 
affected when P was converted to its inactive form then it might be positioned before or after 
the ascorbate couple. The fact that both photo reactions are inhihitcd suggests that it blocks 
electron flow both into and out of the system by some other means. As shown in earlier 
publicntronsr 1 the visible light energy active in this respect is that at the blue and red end 
of the spectrum though green light (5 IO-560 nm) can also stimulate. Thus the absorption by 
the leaf of light energy of different wavelengths will have two separate effects in the reaction\ 
studied here: ( 1) it will generate electrons by being absorbed by other components of the leaf, 
e.g. chlorophyll and (2) it wrll modify the form of the phytochromr-hkc compound P so that 
electron flow along path\\ay\ controlled by this compound \vill be tither inhibited or 
promoted. 

Leaf in active state I Leaf in inactilre slate 

Primary reactions, Primary reactions 
initiated by light 

/ 
blocked 

FIG. 14. EIFECT OF DIFFXRFN r WAVELENGTHS OF LIGHT ON ‘miz PHYTOC HROME-I KE sysnhf IYVOL\ FD 

IN THI SECWNDAR’I REACTIOVS. 

The scheme here proposed to explain our results. especially the inter-conversion of the 
different forms of P catalysed by light of different wavelengths (photo-allosteric comersron). 
IS outlined in Fig. 1-k 

The main features of this scheme are as follows: 

I. 

2. 

3 _. 

4. 

5. 

Far-red light (730 nm), absorbed by P,. catalyses the reaction PI - P1 - P!. the 
conversion of PI -- - P, w assume to be rapid, and this 13 followed by a slower con- 
version to PS under the stimulus of far-red radiation. 
Blue light (421 nm). also absorbed by PI. converts PI - P?. but does not catalyse the 
conversion of Ps ---- P+ 
Green light (514 nm) absorbed by the P1 form can catalyse either the reactron P> -- - P, 
or the reaction PZ - - Pt. 
Red light (660 nm) catalyses the P3 - P: -- PI reaction thereby reversing the effect 
of far-red or blue light. 
The ease with which the PZ form is connected to PJ is greater when the electron flow 
is low or absent. e.g. in the darkened leaf, and conversely least when the electron flow 
is high. 

Such a scheme, put forward chiefly as a working hypothesis for future pork. has the merit 
of rationalizing most of the results obtained. Thus in a leaf in the active state, when the 
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primary reactions are initiated by green light, the electron transfer path is open, (Pi form 
present) and after a dark period may be reinitiated by further illumination. On the other 
hand, when the primary reactions are initiated by blue light, electron flow is established by 
the conversion of Pi --f Pz reaction. However, during a succeeding dark period, Pz is con- 
verted to P3 as electron flow subsides. After such a dark period the leaf becomes insensitive 
to further illumination because the P compound has been converted into its P3 form. This 
can then only be reversed by exposure of the leaf to red light which converts P3 + Pi. 

We have shown that green light when applied immediately after a short period of far-red 
radiation (itself sutlicient to induce complete insensitivity to further illumination) can prevent 
the inhibition that would otherwise develop. The question as to whether the green light 
under such conditions has merely prevented or delayed the inhibition induced by far-red 
(or blue) light developing or whether it has actually reversed the inhibition is difficult to 
answer conclusively, since it is conceivable that the conversion of the leaf to the inactive 
state, under the influence of either far-red (or blue) light, may only become established 
during a succeeding dark period. In this respect it should be emphasized that these apparent 
reversal effects of green light are only observed after short periods (N 1 min) of radiation by 
far-red light of low intensity. If this is prolonged for 5 min or if a dark period of even short 
duration (24 min) succeeds a short period of far-red radiation no reversal by green light 
occurs (Table 6). Such results suggest that a time factor may be involved in the develop 
ment of the inactive state. This might be occasioned by the formation of an intermediate 
between the active form of the compound responsible and the inactive form, the conversion 
to the fully inactive form being a slower reaction and requiring time to develop fully. The 
intensities of far-red radiation used in these experiments were low, with higher intensities 
it seems possible that such an intermediate state would not be detected owing to its 
rapid transformation to the fully inactive compound. On the present hypothesis prevention 
of the inhibition by green light is due to the regeneration of the Pi form from the Pz 
intermediate form, produced by far-red radiation. The failure of green light to effect this 
change after longer periods of radiation by far-red or after a short period of far-red radiation 
followed by a dark interval is due to the inability of green light to a%3 the Ps form once this 
has been formed. The same explanation accounts for the ability of green light to prevent the 
development of the inhibition induced by blue light. In this case it is possible to prevent this 
inhibition developing if the green light is applied after blue light is removed irrespective of 
the length of the time the leaf has been exposed to this light. This different behaviour is 
explicable for with illumination by blue lit alone no conversion of the PZ form to the P3 
occurs until a dark period intervenes, in which case the degree to which the green light can 
prevent inhibition developing decrease s as the time interval between removal of blue lit 
and application of green is increased. In fact the rate of development of insensitivity closely 
parallels the rate at which the primary reactions subside after removal of blue light, and this in 
turn suggests that the intermediate Pa form of the phytochrome-like compound is stabilized 
when the electron flow is high, but as this decreases so the conversion of the Pz to the P3 form 
is promoted. 

We cannot pretend that this theory completely explains all the e6ect.s observed when the 
leaf is exposed to mixed radiation (green or blue light). It does explain why blue light alone 
will not inactivate the primary reactions already in progress unless green light of low intensity 
is applied (stimulation by green light of Pz --f P3 reaction). It is also easy to visualize why 
higher intensities of green light, following blue light under the same conditions, inhibit the 
primary reactions only temporarily and then restore these to their original activity, moreover 
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the leaf after a succeeding dark period remains in the active state. This on the scheme above 

suggests that the P, form has been converted back to the Pt form. Thus with low-intensity 
green light the predominant reaction appears to be Pz -- P, with higher intensities. the 

predominant effect i4 P2 - PI and this result may be due to the direct antagonism between 

blue and green light on reaction PI 2 P2. so that with a high ratio of blue, green radiation 

the concentration of P, is high so that the P2 - P3 reaction is favoured. whereas with grten 
light of higher intensity in relation to blue the concentration of PZ is rcduccd to a sufhcicntly 
lo~v value by the stimulation of the P2 - P, reaction thus rcductng or climinattng the 
P2 --- P, reaction. 

More dtfficult to intcrprct is why the primary reactions arc arrested in the rcversc pro- 
cedure to the above cxpertmrnt when blue light is applied to a lcsf prcviousl! exposed to 
green light of high intensity. The ansv.cr to this uould appear to rwdc in the fact that the 
Intensity of green radiation ncccssary to prevent the inhibition due to blue hght developing 
decreases H ith the length of time the leafis csposed to blue light (Table 6). Such results suggc>t 

that the intensity of green radiation necessary to rcversc the PI - P? reaction &crease> a\ 

the blue radiation is prolonged. In the lirst case under consideration the leaf was exposed 
to blue light for 2-3 mm before the application of green. in the second case inhibition of the 
prtmary reactions occurred immediately on the application of blue. Thus the intenstty ot 
green radiation in the first r\pcriment was sufficient in the continued ptesencc of hluc light to 
promote the reaction P2 --- P,. in the second experiment this \$a\ nllt ho and the chref effect 
of green was to promote the P, - P3 reaction and thus cause an arrest of the primary rcac- 

tions. WC cannot at the moment offer any reasonable explanation for the apparent increase 
in actlrlty of green radiation following periods of blue radiation. 

It is also possible to see why, when the primary reactions are initiated with green light 
and blue light is applied at the same time as green light is removed. there is only a transient 
arrest of the primary reactions which are re-established with continued illumination by blue 
light. Thts may be explained on the scheme above as being due to the change from P, - P, 

form under influence of blue light, but if this is so it is difficult to explain why after a succeed- 
ing dark period the leaf still remains in the active state. One w-ould have anticipated that the 

P, form would have been converted to the inactive P3 form in the dark. i.e. the leaf should 
have been rendered inactive to light as in the case when a darh period succeeds a pertod of 
illumination by blue light alone. 

The fact that the leaf. activated by exposure to red light. reverts very slowly in the dark 
to the inactive state suggests that Pt is converted to P3 under such conditions. The prevention 

of this process when the leaf is exposed to daylight rather than red light. suggests the formation 
of some stabilizing factor presumably by a photochemical reaction. 

We have no information as to the mechanism whereby the P compound controls the 
primary photochemical reactions and speculation at this stage seems pointless. One possi- 
bility is that the phytochrome-like compound exists in photochemically interconvertible 
allosteric forms and that one or more of the enzymes catalysing reactions involved in the 
electron flow also exist in allosteric forms whose configuration is determined by that of the 

phytochrome. Further insight into the reactions involved must a~ ait further experimentation. 

EXPERIMENTAL 

Estimation of ascorbic and dehydroascorbic acids. These estimations wet-c carried out by 
the indophenol method previously described.’ 
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Light sources. The source of light was a high intensity tungsten lamp, the far-red com- 
ponent of which was, where necessary, selectively absorbed by the use of a filter consisting of 
1 cm of 5 % w/v CuClr solution. 

Monochromatic light was obtained by (1) the use of a Monochromater (high intensity 
grating, Bausch & Lomb), (2) the use of selective interference filters (Bausch & Lomb) and 
gelatine filters (Wratten and Ilford) or (3) by combination of both. 

Light energy. The intensity of monochromatic light of different wavelength used in the 
experiment was controlled by the use of a photo-electric selenium cell calibrated at the 
different wavelengths used in terms of ergs by reference to a standard thermophile. 

Leaves. The leaves of the strawberry plants (var. Gladstone) grown in pots in a cool 
greenhouse were picked on the day of the experiment and left for 30 min in darkness before 
being subjected to the experimental procedures. All experiments were conducted at 15”. 
Cyanide treatment of the leaves was carried out as described by Mapson’ and the con- 
centration of cyanide used in the present experiments was 5 x 1F5 M. 


