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Abstract

At the beginning of our century few scientists paid attention to the phenomenon of inactivation of photosynthesis
by high light intensities which was later called photoinhibition. In the period 1925-1950, the idea was established
that photoinhibition is a reversible inactivation, determined by light intensity and exposure time, followed by
irreversible damage of the photosynthetic apparatus. However, the absence of a uniform terminology demonstrates
that photoinhibition was not completely perceived and understood. In 1956, B. Kok gave the first definition of
photoinhibition as a photochemical inactivation of pigment complexes.
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1. Introduction

The current discussion on the phenomenon and
causes of photoinhibition neglects to deal with the
historical development. Reports on photoinhibi-
tion-like phenomena can be found as long ago as
the middle of the 19th century. This review does
not go back so far, but is restricted to a summary
from the beginning of our century to the first
definition of photoinhibition in 1956. In a further
article, the review will be continued to the 1980s.

2. The beginning

Pantanelli (1881-1951), Professor at the Uni-
versity of Bari, Italy, experimented in 1904 with
Elodea canadensis. He exposed it to variable light
intensities (1/36 to 54 times the intensity of full
sunlight, achieved by a complicated system of lenses
and mirrors) at a constant CO, content. By meas-
uring gas bubbles he determined the rate of oxygen
evolution [1]. As a result he measured an optimum
oxygen evolution at light intensities from 1/4 to
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four times that of sunlight. A strong decrease in
oxygen production was observed at four to nine
times the intensity of sunlight. On restoring the
experimental plants to optimal conditions the ox-
ygen evolution recovered and Pantanelli was able
to maintain this state at any time without decrease.
The recovery was faster for shorter exposures to
light and for lower light intensities.

These results are very similar to the phenomenon
of photoinhibition, as it is currently described.
Furthermore, Pantanelli was able to exclude dam-
age of the pigments by keeping the exposure times
short so that the plants were able to recover oxygen
evolution. Under these conditions we can presume
that Pantanelli, for the first time in our century,
had described the inhibition of photosynthesis by
intense light without bleaching of the pigments.

This phenomenon of inactivation of photosyn-
thesis by intense light was not given much attention
until Ursprung [2] (University of Freiburg, Ger-
many) published an article entitled “On starch
formation in the light spectrum”. He described
experiments with attached leaves of various plant
species (Phaseolus, Impatiens, Tropaeolum, etc.)
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exposed to light of different intensities and wave-
lengths. Before starting the experiments, the plants
were kept in darkness, i.e. they were starch free.
After an iodine test, the grade of density indicated
the formation of starch. From the technical point
of view this experiment was completely different
from Pantanelli’s experimental approach, as Ur-
sprung determined the rate of photosynthesis
through measuring its final product. He obtained
surprising results.

After long exposure of the leaves to intense
light, a decrease in density occurred, i.e. there was
a decrease in starch formation in intense light.
The density began to fall if the irradiation intensity
exceeded a certain maximum. Depending on the
wavelength and light intensity (unfortunately there
is no quantitative information on the light in-
tensity), after an exposure time of 4-6 h, the leaves
showed significant signs of “Entstarkung” (loss of
starch). A leaf of Phaseolus exposed for 5 h vertically
to sunlight showed high density, but the border
zone of the leaf showed an even higher density.
Later tests showed less and less starch formation
during the experiments. After 8.5 h there was only
a weak reaction colouring due to the formation
of the iodine-starch complex, with the exception
of the border zones whose maximum had not been
exceeded.

This phenomena of “Entstarkung” (loss of
starch), i.e. the halting of starch production and
the continuation of starch decrease at light in-
tensities or long exposure times, was termed by
Ursprung, “solarization”. This term was introduced
by him in botany for the first time. (He derived
this term from photography. Here this term denotes
the converse of a photograph, i.e. a decreasing
density in spite of increasing exposure.)

According to Ursprung, the cause of solarization
is the inactivation without damage of the chlo-
roplasts. He suggested that this phenomenon was
due to a rapid decrease in starch (it is now clear
that a decrease in starch is inhibited by light) and
a temperature effect, because he could not exclude
increasing temperature by intense insolation. As
a further (and it seems more modern) explanation,
he presumed that a high oxygen partial pressure
produced by assimilation let to the inactivation of
chloroplasts.

Ursprung attempted to determine the biological
sense of solarization: the plants are organized in
such a way that assimilation is near optimum within
a range of low and normal light intensities. Ex-
ceptionally high light intensities will not produce
a surplus assimilation but, at the same time, high
light intensities are not injurious for the plant.

An interpretation of solarization as photoinhi-
bition seems possible (inactivation of chloroplasts
without bleaching, reversibility of inactivation), but
the technical arrangement and the use of starch
formation as a criterion for photosynthesis effect
are in many respects inexact and vague. In addition,
the evaluation of density and the missing infor-
mation on light intensities limit the evidence of
these experiments. Further development in the
investigation of photoinhibition showed that the
final product of photosynthesis was not a suitable
measure of the light reaction. The whole system
is too complex and there are too many diverse
influencing factors from light reaction to starch.
Holman [3] repeated the experiments of Ursprung
and in principal recorded the same results.

3. The phenomenon of photoinhibition from
1925 to 1950

The discovery of the inhibition of assimilation
by intense light was an accidental result at the
beginning of the 20th century and not intended
in the experiments. In the period from 1925 to
1950, however, many articles dealing with this
problem were published. The inhibition of assim-
ilation and the inactivation of chloroplasts were
explained and established as a subject of exper-
imental research. Initially this problem was in-
vestigated from an ecological point of view and
in connection with the light conditions of plants
in their natural habitat. The physiological approach
to photoinhibition did become apparent until the
1940s. At this point a transfer from ecological to
physiological questioning occurred and the cause
and mechanisms of photoinhibition were the sub-
jects of interest.

In 1926, Kostytschew [4], Professor of Plant
Anatomy and Physiology at St. Petersburg (Russia),
talked about the “inactivation of photosynthesis
by sunstroke”, i.e. a stagnation of CO, assimilation
despite the continuation of light. During the night
recovery took place; sunstroke was therefore a
reversible inactivation. Thus the phenomenon of
the inhibition of assimilation by light was for-
mulated and the term ‘“‘sunstroke”, first utilized
by Kostytschew, was introduced into science.

In 1928, Marshall and Orr [S5] (Marine Station
Millport, England) published experiments on the
photosynthesis of diatoms, “The photosynthesis of
diatom cultures in sea”. They described their
observations on the oxygen production of algae
in the sea at various depths and weather conditions.
If the sky was overcast the O, maximum was on
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the surface; if the sky was clear the O, maximum
was situated at a depth of about 5 m and sunlight
caused a decrease in oxygen production within a
depth of 5 m from the surface. It was concluded
that this inhibition was caused only by a light
effect, because an influence of temperature on the
results could be excluded. It seems that these
observations can also be explained by photoinhi-
bition, but Marshall and Orr did not examine the
phenomena in detail and did not try to find an
explanation for their results.

From experiments examining the light adaptation
of algae, Camill Montfort (University of Halle/
Saale, Germany) also observed the inhibition of
photosynthesis by intense light. In 1928, Montfort
and Neydel [6] published an article entitled “On
estimation of ‘inactivation’ and of the ‘time factor’
of light effects at assimilation of stomata-less shade-
type ferns”. In discussions on the inhibition of
assimilation it had been suggested that the closing
of stomata was the only reason for the decrease
in photosynthetic rate. Therefore the experiments
of Montfort and Neydel [6] were carried out with
ferns which do not have stomata. During the
treatment with sunlight of various intensities the
ferns were kept submerged at a constant tem-
perature. The oxygen evolution was measured by
the method of Winkler [28]. The ferns showed an
onset of assimilation inhibition in the range of }
to 3 of the intensity of full sunlight. (In comparison
with the result of Pantanelli, who found inhibition
of photosynthesis at four times the intensity of
sunlight, it should be noted that Pantanelli worked
with Elodea canadensis, i.e. a heliophyte [1],
whereas Montfort worked with an extreme shade-
type fern.) Furthermore, Montfort and Neydel [6]
detected a recovery of inhibition, i.e. inactivation
was reversible. Because there were no stomatal
effects and the temperature was constant, it was
concluded that this inhibition was a photic in-
activation. Furthermore, they observed a displace-
ment of chloroplasts (so-called side wall position).
However, this could not be the cause of the decrease
in assimilation as a further increase in light intensity
should have led to an increase in assimilation.
Therefore, it was concluded that the inhibition
was due to a combined effect of a simple chloroplast
displacement and a photic (photochemical) in-
activation. When light exposure was prolonged a
“sunstroke” effect was observed (Montfort and
Neydel used the term coined by Kostytschew in
1926); on further prolonged exposure an “extreme
sunstroke effect” was found, which causes irre-
versible structural changes, for example bleaching
of chlorophyll, imbibition of the stroma, etc., lead-

ing to “sundeath” of the cell. Montfort and Neydel
saw a similarity between their observations and
the solarization effects of Pantanelli, but they did
not presume a direct relation between the two
phenomena because of the different methods ap-
plied. The work done by Montfort and Neydel [6]
distinguished between a reversible photic inacti-
vation and an irreversible bleaching of chlorophyll.
Thus photoinhibition itself became an independent
subject of research.

In further investigations of Montfort and co-
workers the reversible inactivation of photosyn-
thesis by intense sunlight in relation to habitat
was repeatedly described. In 1930, Montfort’s
scholar Neydel (University of Halle/Saale, Ger-
many) continued the experiments on photic in-
activation. In his article, “Comparative studies
about the effect of light and increasing temperature
on CO, assimilation by various light intensities”,
he described experiments on the effect of various
light intensities on CO, assimilation with the sto-
mata-less shade-type fern Trichomanes radicans
and the heliophyte alga Cladophora spec. [7]. When
the light intensity was increased from 1.78 to 1.118,
the maximal photosynthetic activity of Cladophora
decreased to 50% (unfortunately Neydel operated
only with relative degrees of light intensity; 1.118
denotes full sunlight). This “photic inactivation”
was reversible even with shade-adapted Cladophora
and did not induce changes in the structure of
chloroplasts, whereas permanent exposure of a
frond of the shade-type fern to high light intensity
produced sunstroke effects associated with mor-
phological and physiological changes. It is im-
portant to note that in this work Neydel differ-
entiated between an always reversible photic
inactivation (we can compare this with photo-
inhibition) and sunstroke (accompanied by bleach-
ing and photo-oxidation).

In 1933, Harder [8] (University of Gottingen,
Germany) published an article on the decrease in
photosynthesis in the light. He obtained interesting
results from his experiments with Fontinalis an-
tipyretica: ‘“The strong decrease of capacity appears
only if the light intensity of assimilation experi-
ments is more intense than the intensity to which
the plant has been adapted” [8]. The new concept
was that not the absolute intensity of the exper-
imental light, but the difference between the latter
and the light intensity during cultivation, is re-
sponsible for the decrease in capacity. The observed
decrease was compared with the photic inactivation
described by Neydel in 1930.

In 1935, Singh and Kumar [9] (Benares Hindu
University, India) reported the inactivation of chlo-
roplasts without damage to the leaves and without
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bleaching of the chlorophyll during experiments
with radish leaves.

In the same year, Blagoweschtschenski [10] (Pro-
fessor of Physiology at Tashkent, USSR) ascer-
tained, by experiments in the high mountain chains
of the Pamir, a strong decrease in CO, assimilation
in the light. In a region with extreme changes in
temperature, permanent clear sky, high solar ra-
diation and a very low CO, content (up to contents
of 0.18-0.19 mg 1), Blagoweschtschenski mea-
sured a very early maximum assimilation
(0730-1000 hours), followed by a strong decrease
with the rising sun, and at 1200 hours the assim-
ilation curve no longer reached the compensation
point. According to present theory we can presume
that this phenomenon represents the (chronic?)
photoinhibition of high mountain plants. Nowa-
days, it is generally accepted that a low CO, content
promotes photoinhibition. Under these ecological
conditions additional water stress and low tem-
perature may produce or reinforce photoinhibition.
In addition, the high UV intensity in high moun-
tains may be a reason for photoinhibition.

In 1937, Montfort reported that increasing res-
piration in the light may also be a cause of inhibition
of assimilation [11]. The results of further inves-
tigations on enhanced respiration in the light by
the coworkers of Montfort are not considered
here. Montfort concluded that the effect of light
depends on the photic resistance of complex pro-
tein compounds, which are very unstable in plants
adapted to low light intensities. In later publi-
cations, Montfort called these protein compounds
pigment—protein complexes. Their photic resis-
tance determines whether or not a plant suffers
photoinhibition. It is interesting to compare Mont-
fort’s early findings with the currently discussed
concept of the involvement of D1 protein turnover
in photoinhibition [12-15].

In further research we meet Montfort again. In
1938, he and his scholar Fockler published an
article about the significance of light respiration
[16]. The results are not important for our dis-
cussion, but the method is worth mentioning. So
that photosynthesis did not affect photo respiration
data, it was eliminated by means of “sunstroke”.
This is the first time, in photosynthesis research,
that photoinhibition was not the subject of research,
but was instead used as a means. The method of
inhibition of photosynthesis by sunstroke was ap-
plied to facilitate the distinction between different
overlapping phenomena in the light.

In 1939, Fockler (University of Halle/Saale, Ger-
many) in his article entitled “About the influence
of light on respiration of colourless and assimilating

23

tissue and its role by ‘functional sunstroke’ clar-
ified the role of photo respiration in the inhibition
of assimilation in the light [17]. He was able to
show in his experiments with the shade-type fern
Trichomanes a significant enhancement of respi-
ration in light-exposed fronds. However, the extent
of photo respiration was not great enough to explain
the inhibition of assimilation. Thus he could not
exclude a participation of respiration while meas-
uring photoinhibition, but it was not sufficient to
be the exclusive cause.

Fockler postulated a two-step damage mecha-
nism of chlorophyll by oxidation processes in-
creased by light as the cause of inhibition of CO,
assimilation in the light. Initially there is a re-
versible damage step and subsequently an irre-
versible damage step. These two steps correspond
to reversible and irreversible sunstroke. At this
time this mechanism was generally accepted.

In 1939, Stalfelt [18] (University of Stockholm)
published a very comprehensive study entitled,
“Light and temperature inhibition of carbon diox-
ide assimilation”, in which he discussed reversibility
and epistemological problems in photosynthesis
research. He concluded that the recovery time is
an important factor. Pathological changes, e.g. by
light, may seem reversible if there is enough time
for recovery. In experiments with lichen, Stalfelt
took 12 h in darkness as a recovery time. (Whether
or not, within 12 h, the repair processes involved
in the recovery from irreversible damage may have
begun cannot be decided here. This shows the
difficulty of the terminological basis of reversibility
without a concrete reference quantity in time and
subject.)

In an article entitled, “Light-paralysis and light-
bleaching of water plants”’, Montfort [19] reported
experiments which aim directly at the relationship
between the bleaching of chloroplasts and the
inactivation of photosynthesis. In this study, various
shade-type water plants were tested for their pho-
tosynthetic rate and content of chlorophyll. Ex-
treme shade-type plants showed a strong decrease
in photosynthesis, and an anatropus curve of light
intensity and photosynthetic capacity was observed
over time. From the measurement of the chlo-
rophyll content it was clear that light paralysis
may be associated with bleaching, but there was
a significant difference in the time course between
these two phenomena. The beginning of chlorophyll
loss occurred long after the onset of photosynthetic
inactivation. Because of the significant later dam-
age of the pigment, Montfort [19] presumed that
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the damage to chlorophyll was a consequence of
the previous inactivation of photosynthesis. Further
experiments showed a very rapid inactivation of
photosynthesis by UV light, which could not be
caused by photo-oxidative damage to pigments and
protoplasm, because (after a short exposure) the
inactivation was completely reversible.

Because both, the enrichment of photosynthesis
products and the photo-oxidation of pigments could
be excluded, Montfort concluded that the unstable
architecture of certain protein complexes inside
and outside the grana may be the reason for the
light paralysis. According to Montfort this is caused
by the “deciding effects of primary photochemical
changes of pigment-binding to protein compounds
in certain grana layers” [19]. The reversibility of
this phenomenon, where very strong inhibition of
photosynthesis occurs without pigment damage,
shows that the chlorophyll-protein complex, after
a pause, is able to recover completely from the
harmful photochemical reaction.

The theory of chlorophyll-pigment complexes
as the primary site of light paralysis (photoinhi-
bition) suggests an analogy with D1 protein deg-
radation during photoinhibition. Of course, Mont-
fort and the other workers at that time could not
have known very much about the molecular or-
ganization of the photosynthetic apparatus. Never-
theless, the suggestion of chlorophyll-protein com-
plexes as the primary site was, in principle, verified
40 years later.

Further fundamental work at this time originated
from the USA. Myers and Burr [20] (University
of Minnesota) published a report entitled, “Studies
on photosynthesis: some effects of light of high
intensity on Chlorella”. These workers established
a new definition of the term ‘“solarization”: a
decrease in photosynthetic rate during a longer
exposure time. The aim of the experiments was
to show solarization (in its new interpretation!)
of a suspension of Chlorella vulgaris in a special
buffer as a function of time and light intensity at
constant temperature. The oxygen evolution was
measured. The result was a decreasing O, curve
as a function of time. At higher light intensities
the course of the curve was steeper, and the same
degree of inhibition of photosynthesis occurred
earlier. These results, in principle, were similar
to those obtained previously.

The new approach in this publication was the
measurement of the recovery curve of the pho-
tosynthetic rate after a short pause of 30 min (and
not after about 12 h or even 5 days as performed
by Stalfelt [18]). The results showed that the longer
the exposure and the stronger the damage, the

slower and more incomplete the recovery. It is
interesting that the recovery also occurred in the
dark. If the curve of inhibition and subsequent
recovery was plotted as a function of exposure
time to high light intensity, a significant dependence
of oxygen evolution and recovery on the exposure
time was seen. If the exposure was prolonged for
a long period, e.g. 200 min, there was no recovery
detectable in the dark, i.e. a prolonged exposure
time was followed by progressive damage.

These results show that, above a critical light
intensity, which depends on the history of the
organism, the oxygen evolution decreases with
increasing light intensity up to O, uptake. (This
verified the suggestion of Harder [8], according
to which the relationship between cultivation and
experimental light plays the decisive role.)

From the experimental data, the following hy-
pothesis was derived. In the first 20-30 min, com-
plete inactivation of the photosynthetic mechanism
occurs, followed by progressive destruction of cel-
lular material. The process of inactivation may be
based on the damage of an unknown factor of
the photosynthetic mechanism. This inhibition is
initially a completely reversible process, which
changes to progressive damage of the photosyn-
thetic mechanism.

In 1942, the Danish botanist Steemann-Nielsen
[21] (Royal Danish School of Pharmacy) published
a comprehensive article on the mechanism of
photosynthesis, in which he reported on the in-
hibition of photosynthesis in the light. This process
increases with increasing light intensity and coun-
teracts the rate of photosynthesis. The effects soon
neutralize each other and result in a horizontal
assimilation curve. If the exposure becomes
stronger and stronger, the inhibition will exceed
the rate of photosynthesis and the curve begins
to fall. This inhibition factor, induced by light,
will regulate or reduce the effect of photosynthesis.
According to Steemann-Nielsen the cause is an
enzymatic factor, which regulates the activation
of chlorophyll molecules, inactivated by assimi-
lation.

This concept of the inhibition of photosynthesis
was formulated more precisely by Steemann-Niel-
sen in 1949 [22]. From experiments with Cladophora
insignis he obtained the following results. The
process of reactivation was independent of light
and seemed to be chemical, regulated by one or
more enzymes. In contrast, the process of inac-
tivation is photochemical. Steemann-Nielsen
clearly differentiated between inactivation of pho-
tosynthesis and photo-oxidation. He noted that
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reversible inactivation (inhibition) of photosyn-
thesis by intensc light (up to 40 000 lux, approx-
imately 160 W m~?) is a part of photosynthesis
itself. The photo-oxidation processes will only occur
at higher light intensitics, but will not result in
severe damage such as complete bleaching or even
cell death.

This review of the most important publications
in the period 1925-1950 shows the development
of the concept in which a reversible inactivation
of photosynthesis is followed by irreversible dam-
age. The former is determined by the exposure
time and light intensity.

4. The 1950s

The 1950s were not a period of great innovation
in photoinhibition research. The chloroplast iso-
lation technique was applied and Kok [23] pro-
duced the first definition of photoinhibition. Stee-
mann-Nielsen [24] questioned whether the
mathematical product of exposure time and light
intensity could be the criterion of inhibition of
photosynthesis, because he obtained very similar
results when the product of thesc two parameters
was identical.

Zurzycki [25] (University of Krakoéw, Poland)
described the three effects of intense light observed
on plants up to this time: chloroplast displacement,
chlorophyll destruction and inhibition of photo-
synthesis. From his experiments he concluded that
neither chloroplast displacement nor chlorophyll
destruction causes photoinhibition. Inactivation of
photosynthesis proceeds more quickly than both
processes. In addition, he distinguished between
the measuring light and the inhibitory light, e.g.
the rate of photosynthesis was measured at 2500
Ix, but the light treatment before measurement
was carried out at 100 000 lux.

In 1956, Kok [23] (University of Wageningen,
Netherlands) published a paper entitled “On the
inhibition of photosynthesis by intense light”. This
article deals with the short-term effects of the
inhibition of photosynthesis of a Chlorella sus-
pension by high light intensities. The experiments,
which were performed at light intensities up to
100 000 foot candles (about 1000 lux or 4000 W
m~?) showed a decrease in photosynthetic rate
to zero or even below the compensation point for
very strong light intensities. For an explanation
of these curves, Kok made the following assertion:
the rate of photosynthesis is proportional to the
concentration of a light-sensitive compound U. If
the synthesis of this compound is in equilibrium

with its destruction in the light, the concentration
of U is still constant and with it the rate of
photosynthesis. However, if with increasing light
intensity the destruction rate of U cxceeds its rate
of synthesis, the concentration of U and the rate
of photosynthesis fall. According to Kok we can
talk about a photochemical inactivation of the
pigment system, because the process of photo-
inhibition in only slightly affected by temperature.
In the history of the inactivation of photosynthesis
by light, Kok [23] gave the first definition of
photoinhibition: “We therefore reach the conclu-
sion that photoinhibition is to be conceived as the
photochemical inactivation of complete pigment
complexes or photosynthetic units” [23].

The new and important factor here is the un-
derstanding of photoinhibition as a process which
depends on one or more intermediate steps. So,
in addition to light, other factors may also cause,
directly or indirectly (through their influence on
the light effect), phenomena similar to photo-
inhibition. From this it is clear that the term
“photoinhibition” used by Kok, suffered a gen-
eralization which has been preserved until today.

Kok explicitly emphasized that the investigation
of photoinhibition could serve as a means to
increase our knowledge of pigment organization
and to obtain new information in other fields of
photosynthesis research.

5. On the terminology used in the publications
in the above-mentioned period

In 1956, Kok [23] first used the term photo-
inhibition. However, before this time many articles
on this subject had been published. The termi-
nology used was not uniform, but often varied
even within the same publication. Initially, the
observed effects (the phenomena) were described.
Workers talked about inhibition of assimilation
(this reflects the method) and about “fatigue” and
“inactivation” of chloroplasts [1]. Cause and con-
sequence were not separated.

In his description of the still unknown phe-
nomenon, Ursprung [2] referred to photography
and introduced the term “solarization” by means
of an analogy into the discussion. The level of
information in this term was raised: the final cause
of inhibition was the supraoptimal light intensity.
Unfortunately, this term was associated with the
method of starch detection as a criterion of pho-
tosynthetic rate, which made a general application
impossible.

By means of an analogy with a similar phe-
nomenon, the term “sunstroke” was introduced
in 1926 [4]. To render this term concrete, Montfort
and Neydel [6] talked about “functional sunstroke”,
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which effected a “photic inactivation”. In this
context these workers also used terms such as
“photic fatigue”, but it was not clear what was
the cause and what was the effect. Montfort also
made use of terms such as “photoinactivation”
[26, 27], “pure photochemical inhibition” of chlo-
roplasts [11], “light paralysis” and “photochemical
paralysis” [19] to determine the same phenomenon.
Neydel, who defined the photic inactivation of
Montfort as a reversible phenomenon and sun-
stroke as an irreversible phenomenon, did not
succeed in standardization of the terminology.
Nevertheless, Neydel [7] reached a separation of
photoinhibition and photo-oxidation.

The utilization of the terms ‘“reversible and
irreversible sunstroke” by Fockler [17] a few years
later showed clearly the lack of standardization
of the terminology. Myers and Burr [20] interpreted
the term “solarization” in a new way, i.e. the
decrease in photosynthesis rate by prolonged ex-
posure time. Therefore, this term, established by
Ursprung [2], was liberated from its methodical
chains, but nevertheless did not become popular.

The coexistence of the various terms demon-
strates that the problem of photoinhibition was
not completely understood up to the 1950s. The
uncertainty of dealing with this phenomenon is
reflected in the wide variability of the terminology.
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