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Many experiments on the minimal quantum requirement of photosynthesis have 
been reported. These experiments employed a variety of analytical techniques and 
physiological conditions. Despite this extensive study there exists as yet no unanimity 
or even a concensus of opinion regarding the actual value of this important  number. 
On the contrary, opinion is still divided between the values ranging from 2.8 to 4-5 
reported by WARBURG and co-workers 1, 2, 3, 4 and those around 8.0 reported by a number  
of other workers 5, 8, v, 8. 

Reviews criticizing the low requirement reported by WARBURG have generally 
pertained to the interpretation of the experimental data and to a discussion of the 
improbabil i ty of such an efficient energy transfer in such a complex and rapid process 9. 
Some criticism 9,10,11,12 however, has been directed to the manometric technique itself 
which was employed by WARBURG and co-workers in most experiments. 

The criticism of the interpretation of the data, which in many  instances involves 
a consideration of assumptions made in connection with respiration 12,13, loses some of 
its force when applied to WARBURG'S more recent papers la, in which long-term experi- 
ments at high light intensities are reported. In these experiments, the ratio of photo- 
synthesis to respiration rate is so high that  respiration corrections can be neglected, 
As for the objections to the very great efficiency of energy utilization for photosynthesis, 
it is possible to propose model systems for a four quantum process which do not seem 
too unreasonable 15. This is made easier by what is now known about the transfer of 
energy to the carbon reduction cycle 16, this transfer being about 8 5% efficient. Thus 
the ultimate resolution of this controversy may lie in the satisfactory evaluation of 
the manometric techniques. 

A complete evaluation of techniques is beyond the scope of this paper. I t  may be 
of interest, however, to note that  manometric techniques are critically dependent on 
small changes in solubility of carbon dioxide in the medium and that  this solubility 
will be influenced by changes in hydrogen ion concentration at any physiological pH. 
TOLBERT 17 has noticed that  under suitable conditions, in particular at high light intensi- 
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ties and high CO2 pressures, some algae secrete into the medium considerable amounts 
of glycollic acid. It  is conceivable that in some of the quantum requirement studies 
at rather high light intensities, where photosynthesis exceeds respiration by a factor 
of forty, acid secretion of this type could gravely endanger assumptions required in 
any purely manometric method. In view of this and other objections frequently raised 
to the manometric technique, it seemed desirable to calculate quantum requirements 
from measurements based on unique physical properties of oxygen and carbon dioxide 
independently. 

Furthermore, an investigation of the possible relation between respiration and 
photosynthesis seemed in order. Such a study was made more attractive by the work 
of BROWN TM, who has measured respiratory uptake of oxygen gas enriched with 0 TM and 
found that during alternate periods of light and dark of about fifteen or twenty minutes 
each, the rate of respiratory uptake in the light and dark is the same for Chlorella 
pyrenoidosa. This was found to be true at ratios of oxygen evolution during photo- 
synthesis to oxygen uptake during respiration which are estimated from his data to 
range from 0.5 to 12. Thus, BROWN'S study forms a basis for the assumption that  during 
these periods of alternating dark and light, the respiration is the same, so that  in 
quantum yield calculations it becomes possible to apply this dark respiration rate as 
a correction to the observed oxygen evolution in the light. Also important to the present 
discussion is BROWN'S observation that,  in some cases at least, there was an increase 
in the rate of respiration in the dark following a period of illumination as compared 
with the rate of respiration following a long period of darkness. This effect was found 
to last for some time following illumination and the enhanced rate continued into 
subsequent periods of illumination. Enhancement of respiration rate in the dark following 
a period of illumination was also reported earlier by EMERSON AND LEWIS  TM, by WEIGL 
et al. ~°, and by BRACKETT et al. 21. It  appears, therefore, that  the effect of illumination 
on respiration is a long-lived enhancement of the rate of respiration, which remains 
constant during periods of light and dark of the order of fifteen minutes or longer. 

The method here reported involves a rather direct measurement of oxygen evolution 
and light absorption during photosynthesis and of oxygen uptake during respiration 
without recourse to complex corrections. Special precautions and a new technique were 
employed in the measurement of absorbed light. The observations of the quantum 
requirement were made with a variety of light intensities, the lowest intensity being 
near the compensation point. This made possible an investigation of the contribution 
of energy from respiration to photosynthesis and of the validity of corrections for 
respiration in quantum requirement calculations. 

An at tempt was also made to observe the effect on the quantum requirement of 
adding a small increment of blue light to the red light which was used for all of the 
quantum requirement measurements. This study was suggested by the recent paper 
of WARBURG ~2, who found that  such an addition decreased the quantum requirement 
very markedly. Here again, however, it is possible that the blue light effect might 
involve a photoactivation of some acid-secreting enzyme. 

METHODS AND MATERIALS 

The  s y s t e m  used in th i s  e x p e r i m e n t  is shown  schemat i ca l ly  in Fig. i. The  essent ia l  pa r t s  of 
t he  s y s t e m  are  a cell (C) con ta in ing  the  suspens ion  of algae,  a ca rbon  dioxide  ana lyze r  (CO 2 in Fig. i) 
and  oxygen  ana lyze r  (02 in Fig. I), which  are connec t ed  wi th  each o the r  by  glass  t u b i n g  in a gas-  
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circulating system. By a stopcock (A), we can either open the sys tem for the introduction of a gas 
or close it for the observat ion of the rate  of photosynthes is  or respiration. The main flow of gas, 

which is indicated by  large solid arrows, is produced 
by the pump,  P v  A smaller gas flow is necessary 
for the oxygen analyzer and this is provided by a 
branched sys tem with a capillary (K) and another  
p u m p  (P2)" The oxygen analyzer is very sensitive 
to any change of the total" pressure of gas. To 
maintain  the sys tem at  a tmospher ic  pressure and 
to reduce small pulsat ion of pressure, a rubber  
membrane  (H) between the system and the a tmos-  
phere and a bulb (D) were used. J is the inlet 
for introduct ion of the suspension of algae and _M l 
and M 2 are flow meters.  

Oxygen was determined by a Beckman oxygen 
analyzer measur ing the pa ramagne t i sm of oxygen, 
and carbon dioxide was determined by [.iston- 

Fig. I, Schematic d iagram of appa ra tus  for Becker carbon dioxide analyzer measur ing the 
measur ing q u a n t u m  requi rement  of photo-  infra-red absorpt ion  by carbon dioxide. The two 

synthesis,  signals from the analyzers were automatical ly  re- 
corded by a mul t ipoint  recorder. The sensit ivity 

of the recording sys tem and the amplification of input  signals were so adjusted tha t  full scale on 
the recorder paper  represented a 2 % range for oxygen and a choice of either 2 % or 5 % for CO 2. 
There is a close linear relat ionship between the reading obtained from the oxygen analyzer and the  
t rue part ial  pressure of oxygen bu t  the response from the carbon dioxide analyzer deviates con- 
siderably from linearity. Therefore, the am oun t  of oxygen generated in photosynthes is  or absorbed 
in respirat ion was used for the calculation of q u a n t u m  requirement ,  while the change of carbon 
dioxide was used only for reference. 

In  order  to calculate the total  oxygen evolved or absorbed,  it is necessary to know not  only 
the sensi t ivi ty of the sys tem bu t  also the total volume for oxygen. Both calibrations are accomplished 
by  using two tubes, G, of known volume, from which pure  nitrogen gas can be added to the sys tem 
in two increments .  Observat ion of the change in scale reading with each addition of nitrogen provides 
the two equat ions from which the total volume and the sensit ivity can be calculated. The volume 
of the sys tem for oxygen was found to be 3o3 ml. After the volume was measured, the sensitivity 
of the sys tem was adjusted to o.2 ° o per large division, or 2 o; full scale, and again checked. 

The volume of algal suspension used was 93.5 ml in a disc-shaped cell 15.55 cm in diameter  
and o.84 cm thick (inside dimensions), giving a total volume of to3.5 ml. The vessel is made of 
clear colorless plastic ("lucite") and is equipped with a cooling water  jacket  (Q). 

The light source consisted of two spiral neon tubes made of special red glass to prevent  the 
t ransmiss ion of the light other  than  nearly monochromat ic  red light (6300 A). An examinat ion of 
the special dis t r ibut ion of energy coming from this source indicated tha t  more than  99 % of the 
emit ted energy lay in the wavelength region between 615o and 655o, with most  of the energy between 
626o and 639o, A weighted mean of the energies at  the several wavelengths gave 6376 A, and this 
was used in the calculation. Energy  at  wavelengths shorter  than 6ooo A is less the o.o2 % of the 
total. Two sheets of infra-red absorbing glass (F1) were set in front  of the light source to absorb  
thermal  radiation. At the same position, two sheets of plastic polaroid filters (F2) were inserted, 
so tha t  the incident light intensi ty could be controlled by rotat ing these filters relative to each other. 
The incident light intensi ty  was varied from 7.47" 1o 5 to 1.478. Io 3 wa t t s / cm 2 sec. Between these 
filters and a cell, an a luminum reflecting tube (N) was used to provide a more uniform field of diffuse 
light. The energy of light absorbed was observed with a Kur lbaum large-area bolometer  (l-I). A sheet 
of an opal glass (R) was a t tached to the face of the bolometer  2~. This is necessary because the detecting 
surface is far from the quar tz  window of the bolometer  so tha t  not  all the diffuse light entering 
the window reaches the detecting surface. ] 'he proport ion of light entering the window reaches the 
detecting surface. The propor t ion  of light entering the window which reaches the detecting surface 
is kept cons tan t  regardless of the diffuseness of the light incident to the opal glass since the opal 
glass scatters all incident light uniformly. 

The calibration of the bolometer  was carried out  with three different s tandard  lamps without  
an opal glass. The ratio of the sensitivities with and wi thout  opal glass was obtained by an experiment,  
in which the same neon light with infra-red absorbing filters was placed far fronl the bolometer 
in bo th  cases to provide a parallel light. This ratio was then used together  with the directly-measured 
sensit ivi ty of the bolometer  wi thout  opal glass to give the sensit ivity with opal glass. 

The bolometer  with a t tached opal glass was placed close by the cell wall, which was itself 
only o. 3 cm thick. The incident light was measured by placing water  in the cell while the t ransmi t ted  
light was measured with algae in the cell. The light absorpt ion by the cell itself was measured and 
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found to be negligible. Due to the thinness  oI the cell compared with its area, scat tering of light 
to the sides was negligible. The order of back scat ter ing (reflection) of the light was roughly checked 
and found to be small enough to be disregarded. The small non-uni formi ty  of bo th  the incident 
and t ransmi t ted  light fields was carefully mapped in each case wi th  a small photocell and a correction 
applied to the reading obtained with the bolometer  at the center area of the field which was quite 
uniform. 

The 93.5 ml suspension of algae occupied t io.6 cm 2 of the cell cross sectional area, while there 
was an unoccupied area of 12. 7 cm ~ above the suspension when no gas was passing through.  When  
the gas p u m p  was turned on, causing a gas flow rate of about  i i o o  ml/min,  the bubbl ing of gas 
th rough  the suspension resulted in a redistr ibut ion of the unoccupied area among many  bubbles.  
The gas p u m p  was turned off momentar i ly  during readings of the t ransmi t ted  light. The light energy 
absorbed was then calculated as the difference between incident and t ransmi t ted  light in wat t s  
per  cm 2, multiplied by the above " re s t "  area, i IO.6 cm 2. This calculation involves the assumpt ion  
tha t  the " r e s t "  area is the same as the "bubb l ing"  area. In  other  words, it is assumed tha t  each 
bubble  occupies the entire thickness of the cell, an assumpt ion  tha t  is in agreement  with the appear-  
ance of the bubbles during the experiment .  The greatest  
error  tha t  could result  f rom this assumpt ion  can be cal- 
culated by  considering the extreme case in which the 
bubbles  would occupy the entire area, bu t  only i2.7o / 
123. 3 of the thickness of the cell, In  this case, the ab- 
sorbed light energy would be about  4 %  greater. Since 
from the appearance the former case is much  nearer to 
reality, the actual  error cannot  be more than  about  2 %. 

The energy calculated above, together  wi th  the 
wavelength of the light, 6376 A, gives directly the num ber  
of quan t a  of light per  second absorbed by the algae. T h e  
slope of the oxygen evolution curve, taken over 2o to 3 ° 
minutes,  together  with the sensi t ivi ty of the ins t rument  
and the volume of the sys tem gives the n u m b e r  of 
molecules of oxygen evolved per  second of photosyn-  
thesis. A pho tograph  of a typical  char t  pr in t ing is shown 
in Fig. 2. 

The suspension of Chlorella pyrenoidosa was cultured 
with 4 % carbon dioxide in air wi th  shaking under  the 
i l lumination of white fluorescent lamps. At the same 
time each morning,  9o0 ml of the 11oo ml volume of 
cul ture was drawn out, and the same am oun t  of culture 
medium was added to the remaining 2oo ml, so t ha t  a 
reproducible s tate  of culture was obtained at  each har- 
vesting, several days after the initial inoculation. The 
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Fig. 2. Chart  recording of oxygen and 
carbon dioxide concentrat ion changes 

during photosynthesis .  

effect of the period between harvest ing on the q u a n t u m  requi rement  was checked, and every 24 
hours '  harves t  was found to be reproducible for the measurement  of q u a n t u m  requi rement  and to 
give a higher efficiency than  algae grown for either shorter  or  longer periods of t ime under  our 
growth  conditions. The harvested suspension was used immediately wi thout  fur ther  manipulat ion for 
the observat ion of the q u a n t u m  requirement .  The absorbence (optical density) of the suspension 
of algae used was between o.5o2 and o.615, and the p H  was 7.o-7.1. 

The effect of the concentrat ion of carbon dioxide in air on photosynthes is  rate  was tested 
a t  1% and 4 % .  The rate  at  4 %  CO2 was only 5 % higher than  the rate  at 1% CO2, so t ha t  the 
photosynthe t ic  rate  under  the light condition used can be considered to be sa tura ted  with respect 
to carbon dioxide at  4 % CO~. The da ta  described below are all obtained wi th  4 % CO2 in air. 

The effect of blue light on the q u a n t u m  requi rement  of photosynthes is  was studied. A pure 
cadmium lamp, which was used as a blue light source, was set on the opposite side of the algae 
vessel from the red neon light. To remove light of red and yellow wavelengths as well as ultra-violet,  
a light-blue filter was inserted between the blue light source and the cell. The energy of the blue 
light was varied from 3 % to 1o % of the energy of the main red light, which was 7.49" l O  4 wa t t s / cm 2, 
sec. The concentrat ion of the suspension of algae was also varied to permi t  from 25 % transmission 
to 80 % transmiss ion of red light, The rate of generat ion of oxygen was increased with added blue 
light, but ,  the increment  of the rate  was found to be jus t  propor t ional  to the addit ional quan t a  
of blue light, so that ,  in our  exper imental  condition, no catalytic blue-light effect was observed. 
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RESULTS AND DISCUSSION 

The results of one series of experiments are shown in Table I. The number of quanta 
absorbed per second by the algae suspension q, together with the net number of oxygen 
molecules evolved per second, G, and the number of oxygen molecules evolved per 
second corrected for respiration, P, give the uncorrected (I/O) and corrected quantum 
requirements (I/0)c respectively. The different experimental values were obtained at 
different incident light intensities (Io). Since the optical density (D) ranged only from 
0.502 to o.615, the number of quanta absorbed depends principally on the incident 
light intensity. 

TABLE I 

1 
D (II'attslr~m 2 sec) e G R P : G -r R ( t  O) ( z / O )  c 

0.502 0.747" lo-4 1.8o. lO In _,a o . lo7,  loin + 0.26. IO an + 0.367. Io TM I6.8 4.91 
0.598 1.82 4.78 o.516 0.33 0.846 9.26 5.65 
o.615 2.57 6.83 0.756 0.43 [. 19 9.04 5.74 
0.608 3'25 8.59 1.03 0.39 1.42 8.34 6.o 5 
0.584 5.29 13. 7 1.7 ° o.41 2. I 1 8.05 6.49 
0.605 7.49 I9 .8 2.55 0.42 2.97 7.77 6.67 
0.524 14.8 36.3 4.77 0-45 5 .22 7 .61 6.95 

In Fig. 3, these results are shown graphi- 
cally. The points for the evolution of oxygen 
uncorrected for respiration lie on a straight line 
which does not pass through the origin. This 
line can be represented by 

G = o ~ o q - - R o  

where 0 is the slope of the uncorrected line and 
corresponds to the reciprocal of the quantum 
requirement at very high intensity i f  no light 
saturation could occur, R o is the number of mole- 
cules of oxygen absorbed during dark respiration 
following a long period of darkness and is ob- 
tained by extrapolation of the uncorrected line 
to zero light absorption. 

The difference between the G and P value 
for any experiment is, of course, R, the respira- 
tion rate following photosynthesis. Values of R 
are plotted against quanta absorbed during the 

// • Uncorrected (0) ¢L 

/ /  
,-0~, I I I 

10 20 30  
q x 10 -f6 (quonf'o/sec) 

Fig. 3- Corrected and uncorrected rates  
of oxygen evolution during photosynthes is  

previous period of photosynthesis in Fig. 4. It  as a function of rate of light absorption. 
can be seen that the respiration increases with 
the light absorbed during the previous period of photosynthesis. The value Ro is not 
an experimental point but derived from Fig. 3 as previously mentioned. Since the present 
experiments were all at photosynthesis rates above the compensation point, little can 
be said about the Kok effect 22 in this case. An important point in the present experiment 
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~ 0 . 5  

aJ 

0.1 

is that following higher light intensities the respiration rate approaches a constant 
maximal value which results in the corrected curve (P in Fig. 3) having the same final 

slope as the uncorrected line. This curve 

t 

_~ can be expressed as 

P = o~o q - - R o  + R 

Since the uncorrected oxygen evo- 
lution curve contains both the oxygen 
evolution by photosynthesis and the 
oxygen absorption by respiration in 
the light, it should be a straight line 
over the entire range studied only 
under one of two possible circum- 
stances. The first is that the quantum 

l I = 
0 10 x 1200"~ " 30 q ( quanta/see ) 

Fig. 4- R a t e  of oxygen  absorp t ion  du r ing  resp i ra t ion  
as a func t ion  of p rev ious  l ight  abso rp t ion  rate .  

yield of photosynthesis be completely 
independent of respiration and the respiration be constant or linearly dependent on 
light absorption. In this case the corrected curve would also be straight line which it 
is not. The second possibility is that  respiration varies with light intensity and the 
quantum requirement of photosynthesis depends on the amount of respiration. Further- 
more, the interrelation would have to be such that the effect of oxygen absorbed 
by respiration would be approximately compensated by the contribution of energy 

I? 
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ol  .~ l b l ~ 2 b  3b 4'o 
q x10 -16 

Fig. 5- Re la t ion  be tween  quan -  
t u m  r e q u i r e m e n t  in p h o t o s y n -  
thes is  and  the  ra t io  of pho to -  
syn the s i s  to resp i ra t ion  ra te  
(Q uncor rec ted ;  O corrected) .  

extra respiration is obtained. 

Aq = P/oo~ - -  q 

from respiration to photosynthesis. 
Since respiration in the dark does vary with the light 

intensity to which the plants are accustomed, not only in 
these experiments but also in those of BROWN 18 and of 
WEIGL ~°, and since the report by BROW~ shows that  
the respiration rate is constant in the light and in the 
dark for alternating periods of about twenty minutes 
light and dark, it can be assumed that  the respiration 
rate does vary with the light intensity and is equal at 
any given light intensity to the rate observed in a 
subsequent dark period. Consequently, the second of 
the above hypotheses seems correct; This leads to the 
concept of "extra  respiration" given by the difference 
R - -  Ro which represents the enhancement of respiration 
rate at any light intensity due to photosynthesis. 

The effect of respiration on quantum requirement is 
shown in Fig. 5, where corrected and uncorrected require- 
ments are plotted as a function of the ratio of photosyn- 
thesis to respiration. The contribution of energy from 
respiration to photosynthesis at any light intensity can 
be related to the difference between the quantum require- 
ment at "infinite light", I/0~, and the actual quantum 
requirement I/¢. If this difference is muItiplied by the 
number of molecules of oxygen evolved per second during 
photosynthesis, P, the number of quanta "saved", Aq, by 

Aq = P(z/ooo - -  I/o) /Iq = P ( I / O o e  - -  q/P) 
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If  Aq is divided by the respiration enhancement, R - -  Ro, there is obtained the number 
of "quanta saved" for each extra molecule of oxygen absorbed by extra respiration. 

,J q (P/ooo)  - -  q 

R - R o R - -  Ro 

But, it was found experimentally that 

P ~ o . q  T R - - R o  

Therefore, 

which reduces to 

zlq t ( o ~ o q + R - - R o q  ) 
R - -  Ro R ~ -  R o ooo 

/Jq t 
R - -  Ro ooo 

This result, which is the consequence of the linearity of the G function in Fig. 3, 
means that in this experiment, each extra molecule of oxygen absorbed by enhanced 
respiration results in the conservation of the same number of quanta as would be 
required for the evolution of a molecule of oxygen at a light intensity so high that 
the contribution of respiration to photosynthesis is negligible. This equivalence, while 
fortuitous, is not unreasonable if we consider existing biochemical evidence. 

The requirements for the operation of the carbon reduction cycle leading to the 
reduction of a carbon dioxide molecule are now fairly well known and include two 
molecules of two-electron reducing agent (reduced triphosphopyridine nucleotide 
TPNH) and three molecules of adenosine triphosphate (ATP) TM. Of the latter, two 
molecules of ATP are required for the reduction of the two molecules of phosphoglyceric 
acid (PGA), formed in each carboxylation, to two molecules of triose phosphate, while 
one ATP molecule is required for the formation of one molecule of ribulose diphosphate 
(RuDP) from ribulose monophosphate. 

ATP + RuMP ~RuDP + ADP 
H~O + RuDP + CO s--~ 2 PGA 
2H + + 2PGA + 2ATP + 2TPNH--+ 2 Triose phosphate + 2ADP + 2TPN + 

The triose phosphate molecules are rearranged to sucrose and ribulose monophosphate 
without further energy requirement. 

While there are many possible ways in which the reducing agent might be formed 
with light energy, it seems reasonable to suppose that one quantum may be required 
for the transfer of each electron from water to the electron acceptor which then becomes 
the reductant. Since two molecules of two-electron reductant are required for the 
reduction of one COs molecule, only four quanta would be required, if all the ATP 
could be supplied from respiration. This is in agreement with the experimental result 
shown in Fig. 5 in which the corrected quantum requirement at the lowest light intensity 
is 4.9 and the corrected curve is tending toward 4 at P / R  = O. 

At high light intensities, when respiration is inadequate to supply the requirement 
of ATP, some reductant must be oxidized with oxygen or some in termedia te  in  oxygen 

evolut ion to provide energy for the formation of ATP. The number of ATP molecules 
formed from each molecule of reductant consumed is not known in photosynthesis, but 
studies of oxidative phosphorylation during respiration 2t indicate that in that case the 
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number  may be two or three. In photosynthesis, since two quanta  are required for the 
formation of one molecule of reductant,  either one or 2/3 quantum respectively are 
required for the formation of each molecule of ATP. Therefore, the total  quantum 
requirement to form 2 T P N H  and 3 ATP molecules will be either 7 or 6. 

As for the value of Aq (R - -  Ro), the contribution of respiratory energy to photo- 
synthesis in terms of quanta saved compared to extra oxygen consumed, it has been 
est imated that  about six or seven molecules of ATP are formed for each molecule of 
oxygen consumed by respiration. If it is true that  one quantum is required for the 
formation of one ATP when photosynthetic reductant is oxidized, as stated above, then 
each molecule of oxygen taken up as a result of enhanced respiration will "save" about 
seven quanta. Thus the relation 

I/Oo~ = 7.4 = Zlq/(R-- Ro) 

is not unreasonable. 
The increase in both light and dark respiration rate which results from conditioning 

of the plants to a given level of photosynthesis as compared with the respiration rate 
of the algae after a long period of darkness probably is due to the increase in availability 
of free sugars newly formed by photosynthesis. Thus, after a long period of darkness, 
the level of respiration is maintained by breakdown of starch and other storage products 
and is just enough to maintain the plant 's  "basic metabolic rate".  This basic respiration 
would supply no energy to photosynthesis when the plants are again placed in the light. 
Such energy contributions would be possible only after the plant had laid down some 
sugars by photosynthesis and the respiration rate had increased. Thus the low quantum 
requirements obtained when the plants are photosynthesizing at low light intensities 
following a long period of photosynthesis are obtained at the expense of chemical energy 
stored during previous photosynthesis. 

Failure to obtain the blue-light effect reported by WARBURG may have been due 
to the culture conditions used for the algae. According to WARBURG, the blue-light 
effect was found with algae grown in winter by a north window with an incandescent 
light for additional illumination but  not with algae grown in the summer. The winter 
light and incandescent lamp may  be somewhat deficient in blue light. In any event 
we never had algae with a very high quantum requirement in pure red light, a condition 
that  is probably necessary if one is to observe the blue-light effect. 

S U M M A R Y  

I. The  ra tes  of p h o t o s y n t h e s i s  and  s u b s e q u e n t  resp i ra t ion  of Chlorella pyrenoidosa were m e a s u r e d  
us ing  an  oxygen  ana lyze r  (sensi t ive to p a r a m a g n e t i s m ) .  The  energy  absorbed  du r ing  the  pho to -  
s y n t h e s i s  per iods  was d e t e r m i n e d  and  t he  q u a n t u m  r e q u i r e m e n t  calculated.  

2. D a r k  resp i ra t ion  ra te  was found  to depend  on the  ra te  of l ight  absorp t ion  du r ing  the  period 
of  p h o t o s y n t h e s i s  and  increased wi th  increas ing  p h o t o s y n t h e s i s  rate .  

3. The  q u a n t u m  r e q u i r e m e n t  corrected for respi ra t ion ,  var ied  f rom 4-9 a t  a rat io  of photo-  
s y n t h e s i s  to resp i ra t ion  of I. 4 to 6.9 a t  a ra t io  of 12. Bo th  uncor rec ted  and  corrected q u a n t u m  
r e q u i r e m e n t s  app roach  an  e x p e r i m e n t a l  va lue  of 7-4 a t  h igh  l ight  in tens i ty .  

4. The  lower q u a n t u m  r e q u i r e m e n t  ob ta ined  a t  low l ight  i n t ens i t y  is bel ieved to be due  to 
a re la t ive ly  g rea te r  i m p o r t a n c e  of con t r i bu t ion  of energy  f rom resp i ra t ion  to p h o t o s y n t h e s i s .  The  
re la t ion  be tween  th is  c on t r i bu t i on  and  the  e n h a n c e m e n t  of da rk  resp i ra t ion  due  to t he  level of 
p h o t o s y n t h e s i s  to which  the  p l an t s  are condi t ioned  is der ived.  

5. A t t e m p t s  to ob ta in  the  b lue- l ight  s t i m u l a t i o n  of p h o t o s y n t h e s i s  wi th  algae p h o t o s y n t h e s i z i n g  
in red l igh t  were unsuccessfu l .  
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Rt~SIJM1~ 

i. Les vitesses de la photosynth~se  et de la respirat ion subs~quente de Chlorella pyrenoidosa 
ont  6td mesurdes gt l 'aide d 'un  analyseur  d 'oxyg~ne (sensible au paramagndt isme) .  L'~nergie absorb6 
au cours des pdriodes de photosynth&se a 6td d~termin~e et le nombre  de quan t a  exigds calculi. 

2. La vitesse de la respirat ion obscure ddpend de la vitesse d 'absorp t ion  de la lumi~re pendant  
la pdriode de photosynth~se  et augmente  quand  la vitesse de photosynth&se crolt. 

3. Le nombre  de q uan t a  exig~s, corrig6 pour  la respiration,  varie de 4.9, pour  un rappor t  de 
photosynth~se  & respiration de 1. 4 g 6.9 pour  un rappor t  de 12. Les hombres  exigds corrig~s ou non 
eorrig4s tendent  tous les  deux vers la valeur exp~rimentale de 7.4 pour  une intensitd lumineuse 61ev6e. 

4. Le fait que le nombre  de quan t a  ndcessaires observ~ ~ intensitd lumineuse raMble soit plus 
bas est p robab lement  dfl & l ' impor tance  re la t ivement  plus grande de la contr ibut ion d'dnergie fournie 
par  la respirat ion & la photosynth~se.  La relation entre cette contr ibut ion et l ' augmenta t ion  de la 
respirat ion obscure, lide au niveau de photosynth~se  auquel les plantes sont  conditionndes, en ddrive. 

5. Les auteurs  ont  essayd sans succ~s d 'obteni r  la s t imulat ion de la photosynth~se  par  la lumi~re 
bleue avec des algues assimilant  en lumi&re rouge. 

Z [ !SAMMENFASSUNG 

i. Die Geschwindigkeit  der Photosynthese  und der nachfolgenden Atmung  von Chlorella 
pyrenoidosa wurde an Hand  eines auf Pa ramagne t i smus  reagierenden Sauerstoffanalysators  gemessen. 
Die w/ihrend der photosynthe t i schen  Perioden absorbier te  Energiewurde  bes t immt  und der Quan tum-  
bedarf  berechnet.  

2. Es wurde festgestellt, dass die Geschwindigkeit  der dunklen Atmung  v o n d e r  Geschwindigkeit  
der w~hrend der photosynthe t i schen  Perioden s ta t tgefundenen Lichtabsorbt ion abh~tngig ist und 
*nit ansteigender Geschwindigkeit  der Photosynthese  erh6ht  wird. 

3. Der mit  Riicksicht auf die A t m ung  korrigierte Q uan tumbe da r f  wuchs von 4.9 - -  bei einem 
Verhgltnis der Photosyntbese  zu der A t m ung  gleich 1. 4 - - a u I  6 . 9 -  bei Verh&ltnis gleich 12. I m  
Falle einer s tarken Lichtintensit&t ngher t  sich sowohl der unkorrigierte,  als auch der berichtigte 
Quan tumbeda r f  dem experimentellen Werte yon 7-4- 

4. Es wird angenommen,  dass der niedrigere Q uan t umbeda r f  bei schwaeher Lichtintensit&t dem 
verh~ltnissmgssig grossen Beitrag der Atmungsenergie  zur Photosynthese  zuzuschreiben ist. Als 
f o l g e r u n g  wird das Verh~ltnis zwischen diesem Beitrag und der E rh6hung  der dunklen A t m u n g  
durch das photosynthe t i sche  Niveau, auf welches die Pflanzen kondit ioniert  wurden,  festgestellt. 

5. Es wurde vergeblich versucht ,  die Photosynthese  bei in ro tem Lichte assimilierenden Algen 
dutch Anwendung  von blauem Lichte zu steigern. 
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