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The authors offered a tribute to Dr L . T . E v a n s for his full and clear 
presentation of their papers. Dr G r i l l reported that recent experi-
ments had shown that under certain conditions in turnip seedlings it 
was possible to observe a phytochrome response after several hours 
irradiation with blue or far-red light even though S i e g e l m a n and 
H e n d r i c k s had not detected it optically. It appeared, however, that in 
this particular case phytochrome might not act on a high energy 
reaction product but on the stored precursor material, since a pre-
irradiation treatment of 6 h blue or 6 h red or two cycles of 5 min red 
plus ι h darkness suppressed the effect of a following far-red irradiation 
to approximately 50-60 per cent. B u t l e r (1964) has shown such 
treatments to reduce total phytochrome to a very low level. It may 
therefore be suggested that the effect of continuous far-red irradiation 
may be largely attributed to phytochrome. As there is, however, no 
such effect on a subsequent blue irradiation the effect of blue light 
must be due to a photoreaction other than phytochrome. Dr M e i j e r 

referred to Dr E n g e l s m a ' s paper (1964) in which it was shown that for 
the synthesis of phenolic compounds in gherkin seedlings, cotyledons 
are necessary in red and far-red light but not in blue light and con-
trasted this with Dr G r i l l ' s work in which the presence of cotyledons 
was necessary for the synthesis of anthocyanins in blue light. He also 
reported that in Salvia occidentalis (SDP) red light in the first part of 
the dark period inhibits the long day effect of a night break as in the 
strain of Lolium temulentum used by Dr V i n c e . In Hyoscayamus niger 
(LDP), however, red light does not inhibit the L D effect of a night 
break during the first half of the dark period, but does so during the 
second half of the dark period. Dr M a n s f i e l d did not consider that 
chlorophyll screening as suggested by Dr E v a n s was likely to have 
been important because the measurements of stomatal aperture 
probably reflected the behaviour of the upper stomata rather than the 
lower. Secondly, a recent experiment confirmed that the peak action 
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lay at 700 nm. He emphasized that his conclusion that phytochrome 
was not involved was based on a comparison of his observations with 
those of BORTHWICK, HENDRICKS and PARKER who, using the same 
species of Xanthium, found that a single interruption with light of 
wavelength 660 nm rendered a single long night ineffective for 
flowering and this effect was reversed by far red. Thus if phytochrome 
is involved in the stomatal response, it behaves very differently in the 
two situations in the same leaves. This is not impossible and indeed 
guard cells do show marked differences in their metabolism from the 
rest of the leaf. However, the evidence at present available does not 
seem to be positively in favour of phytochrome and there is always the 
possibility that something else might be involved, such as the chloro-
phyll pigment Ρ 700. 

Dr KADMAN-ZAHAVI suggested that the term high-energy reaction 
was not appropriate as some of the effects were operated by intensities 
as low as 2 ft-cd and that perhaps long duration reaction or prolonged 
energy reaction might be better. Prof. M Ö H R defended the term high-
energy reaction on the grounds that it adequately described the 
conditions in which a large total number of quanta were required per 
square centimetre to evoke the reaction and that it was also clearly 
distinguishable from a high-intensity reaction. 

Dr KADMAN-ZAHAVI also stressed that there might be a mixture of 
reaction systems from the same pigment because she found no 
correlation between leaf elongation and the straightening of the epi-
cotyl hook in citrus seedlings even though both were responses to the 
same light regime. The possibility that the young leaves shadowed the 
hook and altered the real exposure did not seem feasible. Some of 
the conflicting results of these red-far-red displays might be due to the 
treatments being given at different times in the endogenous rhythm 
of the plants and she cited the importance of florigen arriving at the 
apex at the time of cell division for optimal inductive effect (ZEEVART, 
1963). The conflicting data relating to endogenous rhythms might 
also be the result of working with complicated systems. Different light 
treatments could affect such partial processes as cell division and 
translocation differently and the interaction of these processes might 
easily lead to the apparent rhythmical results. Dr CUMMING com-
mented that the beginning of the dark period (i.e. cessation of the 
high-intensity light period) set the rhythm in his strain of Cheno-
podium rubrum. 

Dr ROMBACH pointed out that in the case of Lemna fronds, 32 h 
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after the last 8-min period of illumination of the lighting programme, 
both total phytochrome content (determined by Dr S p r u i t ) and 
mitotic activity decreased. He thought that phytochrome content in 
his material was governed by the ratio of phytochrome synthesis and 
phytochrome destruction and that it was the former that may have a 
connection with mitotic activity. Dr T o r r e y raised the point that it 
was difficult to see what the role of phytochrome might be in the root 
since it is typically in the dark. Nevertheless, it is a convenient system 
to study phytochrome effects. The isolated root in culture is hetero-
trophic, dependent on the various constituents of the medium for its 
development. Root initiation, that is the initiation of cell division 
leading to lateral root initiation is auxin dependent. Such initiation is 
inhibited reversibly by the red-far-red system. This is one of the first 
clear cases of the relationship between auxin induced cell division and 
phytochrome. The isolated root system offers a useful tool to approach 
the problems of the biochemical effects which follow the light reaction. 
Dr T o r r e y referred again to the fact that, in these roots, segments 
which show optically-detectable phytochrome are insensitive to red 
light inhibition while subcultured roots which show progressively 
lower amounts of phytochrome are most sensitive to red-light inhibi-
tion when no phytochrome is optically detectable. Dr B u t l e r took up 
this point by comparing * Grand Rapids ' lettuce seed which shows 
red-far-red effects yet has little phytochrome with bean seeds which 
have much phytochrome, but no light effects. He suggested that the 
insensitivity of the bean was due to the fact that, even though the 
proportion of P f r to P r could be maintained low, the total quantity of 
the P f r remaining could still be quite high, so that it was impossible to 
reduce the concentration of P f r below the threshold level for an overall 
P f r effect. 

Dr O t t enquired whether any standard type of * white' light 
existed for he had experienced wide variations in growth response to 
changing from cool white to daylight white fluorescent lamps and even 
over a period of years for lamps bearing the same label from the same 
manufacturer. Would such differences have affected the papers under 
discussion ? Dr M e i j e r replied that the major differences between the 
various more or less white lamps lay in their far-red emission. Lamps 
with a higher far-red emission were more effective in daylength 
extension, but they also allowed greater elongation. The results under 
discussion were not liable to troubles from ill-defined sources because 
most workers used magnesium arsenate lamps for red and tungsten 
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lamps with filters for far-red light, all of which were well-defined 
sources. Dr EVENARI advised workers to make their own white light 
by mixing the principal colours or to rely on sunlight, the spectrum of 
which was well-known. He also remarked that the terms long-day 
plant and short-day plant did not mean very much except with respect 
to white or natural light. 

The discussion about the 'best ' lamp for artificial illumination 
reminded Prof. T H I M A N N of the similar discussions some years ago 
about the 'best ' nutrient solution. It is known now that the require-
ments are different for different plants, some for example having a 
high manganese requirement. No doubt the light requirements show 
corresponding specific differences. These differences between plants 
suggested a more general point. The review of Prof. EVENARI and the 
papers reported by Dr EVANS added many new facts to those already 
on record, but Prof. T H I M A N N suggested that we had accumulated so 
much ' phenomenology ' that now we mainly needed to look for under-
lying principles. With this in mind the similarities and differences 
between seeds where germination is promoted by light (lettuce, 
6 Grand Rapids ') and those which are inhibited (Phacelia tanacetifolia) 
had been examined. If lettuce is imbibed but not illuminated, then 
after 30 h or so it no longer responds to light, yet if the seed coat is 
removed it germinates at once. Similarly if Phacelia is imbibed and 
kept in white light it presently becomes ' licht-hert ' and will no longer 
germinate in darkness, yet if the seed coat is removed it, too, germinates 
at once. Thus in both seeds the inhibition is imposed by the coat and 
they believed that light controls the secretion of one or more enzymes 
which attack the coat and thus allow the radicle to penetrate. The 
actions of phytochrome in the two types of seed parallels its actions in 
long- and short-day plants ; in one it is considered that P f r promotes a 
reaction leading to flowering, in the other, such a reaction is inhibited. 
In both types of seed, gibberellin promotes germination which agrees 
with its known effect in promoting activation or synthesis of poly-
saccharides. Indeed they had been able to secure germination of 
' Grand Rapids ' lettuce in the dark by injection of polysaccharidase 
enzymes. 

Dr EVENARI pointed out that as far as germination was concerned all 
the complicated phenomena could be brought into a single scheme. 
As far as the seed coats were concerned they had at least two functions. 
There is the one found by IKUMA and T H I M A N N (1959) of mechanical 
destruction, but there is a second effect first noted by GASSNER in which 
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dormancy was maintained when the seed coat was replaced by filter 
paper suggesting a control via the gas exchange of the embryo. 

Dr M A T H O N presented some results which he and his collaborators 
had obtained which were contrary to some general conclusions in the 
papers being reviewed, and in particular concerning Pharbitis nil and 
the role of 'phytochrome'. They had found that daylengths in excess 
of 16 h at light intensities of 6000 ergs and 2000 ergs/cm2/sec using 
Phillips 5 5 white fluorescent lamps caused progressively earlier 
flowering with increasing daylength to continuous light. This occurred 
also with tungsten light and mixtures of tungsten and fluorescent 
light. Only in green light (Phillips ' T L ' 17 at 2000 ergs/cm2/sec) did 
it show normal short day plant responses. These experiments were at 
a constant temperature of 22 ± 2 0 C . Dr K A D M A N - Z A H A V I asserted that 
her Pharbitis never flowered in continuous light. The principal 
cultural conditions appeared to be comparable and the seed source 
identical so that it was felt that some other cultural conditions, 
possibly soil nutrients, age of the plant or the temperature regime, as 
was suggested by Dr MONSELISE. 

Prof. M Ö H R gave two salient features in support of his hypothesis 
that the high energy reaction and phytochrome systems acted in-
dependently and not in an obligatory sequence. First, in lettuce 
('Grand Rapids') the seed normally germinates without a plumular 
hook. This may be induced by red light and red-light effect is reversed 
by far red given immediately afterwards. Once the hook is formed after 
24 h it cannot be reversed by far-red radiation but can be by blue and 
far-red light of larger total dose. Secondly, in mustard the amount of 
anthocyanin formed depends on both the high-energy reaction and the 
phytochrome system and these effects are strictly additive. The action 
of the high-energy reaction and phytochrome P f r can best be explained 
by the hypothesis that a differential gene action is evoked. This 
hypothesis is supported by a number of biochemical data and by 
logical conclusions from facts of morphogenesis. 

Dr HOLDGATE said that their recent results on germinating rye seeds 
showed that there was probably a change in part of the R N A syn-
thesized after treatment with red and far-red light compared with the 
dark controls, giving support to the control of development via 
changes in the available genetic information. 

Prof. CHOUARD reported the remarkable flowering behaviour of 
Scrophularia arguata Sol. which is a true long-day plant in the main 
leafy axis, but at the same time day neutral for flowering on the pair of 
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basal plagiotropic lateral branches. In long days both the terminal and 
plagiotropic branches flower, but in short days only the plagiotropic 
branches flower. The following explanation was offered. Flowering is 
strongly inhibited by very young primordia of future large leaves, for 
if these are debladed on a plant in short days, flowers soon appear in 
the axils. In long days, photoperiodic induction promotes something 
in the expanded leaves which counteracts the inhibition by the young 
leaves. In the basal plagiotropic axillary stems there are only bracts 
and no fully laminate leaves. The primordia of these bracts presumably 
have no inhibitory effect, so that plagiotropic stems are not dependent 
on the daylength sensitive substance to counteract the flower inhibitor 
of the laminate leaves. If the main axis is removed, the plagiotropic 
laterials grow upwards, develop laminate leaves and a photoperiodic 
requirement. 

Flowering of plants growing in short days can be produced by either 
the phytochrome system—a night break of red or white light in the 
middle of the dark period, or the photosynthetic system—by giving a 
very high light intensity of white light in the short-day period of 
illumination. 

For an all-embracing explanation of the wide display of phenomena, 
it is necessary to bear in mind, first, that there is probably a rather small 
number of fundamental internal mechanisms (e.g. photosynthesis, 
phytochrome, auxin, etc.) and, secondly, that at each stage of the life 
of a plant it uses several of the mechanisms simultaneously but at 
different levels, some very important and limiting, and some of little 
importance, the actual levels depending on the species, variety, organ 
and external conditions. Prolonged work will be necessary to find a satis-
factory explanation of the behaviour of even the single plant quoted. 

In concluding Prof, VAN DER VEEN acknowledged the mass of both 
facts and unresolved problems and likened it to the similar position in 
which understanding of the mechanism of photosynthesis was some 
15 years ago. More facts were doubtless needed but there was every 
reason to expect a great simplification in the next 5 or 10 years. 
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