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Effect of photoinhibition of sorghum leaves and isolated chloroplasts on chlorophyll fluorescence, peroxidation of thy-
lakoid lipids and activity of antioxidant enzymes were studied. Photoinhibition of intact leaves and isolated chloroplasts de-
creased Fv/Fm ratio and qP, while gN increased. Photoinhibitory damage was more at 5°C than at 30" or 50°C. Peroxidation
of thylakoid lipids was 5 times greater when photoinhibited at 50°C compared to control, Photoinhibition of chloroplasts un-
der low oxygen condition or when supplemented with anti-oxidants (P-carotene, ascorbate and GSH) resulted in signifi-
cantly less damage to photosynthesis (Fv/Fm ratio) and peroxidation level. Photoinhibition also resulted in many fold in-
crease in the activity of superoxide dismutase (SOD) and ascorbate peroxidase (APX) and decrease in catulase. Data pre-
sented here suggest that photoinhibition resulted in production of oxygen radicals and photoinhibition of chloroplasts in the
presence of low oxygen level or when supplemented with antioxidants decreased the damage to Fv/Fm ratio and peroxida-
tion level to a great extent since former prevented the formation of oxygen radicals and later could scavenge the oxygen
radicals thus the protection. Increase activity ol SOD and APX may also be to metabolise the oxygen radicals produced dur-
ing photoinhibition treatment, thereby, protecting the seedlings against photooxidative damage.

Photoinhibition occurs when photosynthetic organ-
isms are exposed to light level in excess to what can
be dissipated by their normal photochemical proc-
esses resulting in decreased photosynthetic capacity'.
Environmental stress factors such as temperature,
draught, salinity etc. often amplify the photoinhibi-
tion. Inhibition of photochemical processes of photo-
synthesis proceed from an initial damaging event
which affects components of PS Il system such as DI
protein, P680, QA etc. It is thought that photoinhibi-
tion of photosynthesis was due to interaction of mo-
lecular oxygen with plastoquinone resulting in oxygen
radicals which in turn cause damage to lipids and pro-
tein in the membrane. It has been shown that exposure
of thylakoid to photoinhibitory illumination is accom-
panied by singlet oxygen pl‘UdUC[i(‘Jn:'4, which attack
P680 itself, forming a triplet which subsequently in-
teract with oxygen to form superoxide radicals which
then attack the closest molecule. In other case oxygen
directly alters P680 itself by absorbing second quanta
and oxidising P680. Other oxygen radicals such as
superoxide (O,"), hydroxy radical (OH’) and hydrogen
peroxide (H,0,) are formed by reducing the oxygen
under conditions where reductant generated in the
photochemical reactions are not utilised by biochemi-
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cal reaction”. These oxygen radicals generated in the
photosynthetic reaction cause substantial damage to
molecules such as lipids in thylakoid and other cell
membranes, bleaching of pigments and oxidation of
proteins””

Plants have developed various defence mechanisms
in the chloroplasts to scavenge the toxic oxygen spe-
cies or prevent their formation, thereby, preventing
greater damage. This includes among other mecha-
nism, an increase in the activity of enzymatic and non
enzymatic antioxidant systems which metabolise oxy-
gen radicals thus provide protection against oxidative
damage. Only in cases where the anti-oxidant defence
system becomes overcharged these oxygen species
might have a significant damaging impact.

In this work, we have attempted to study activities
of antioxidtive enzymes such as superoxide dismu-
tase, ascorbate peroxidase, catalase and fluorescence
characteristics in sorghum leaves after photoinhibition
at 5%, 307 and 50°C as well. We have also examined
effect of photoinhibition on fluorescence in isolated
chloroplasts as well as effect of B-carotene, ascorbate
and glutathione after photoinhibition treatment.

Material and Methods

Plant material— Seeds of Sorghum bicolor L. cul-
tivar MSH-51 were obtained from Mahyco Hybrid
Seeds Company, Jalna, Maharastra, India and were
stored in a dessicator at room temperature.
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Growth conditions—Prior to sowing the seeds
were soaked in tap water for 1 hr and were surface
sterilised with HgCly (0.1%) for 2 min. The seeds
were grown densely in plastic pots (diam 10 em) con-
taining vermiculite and routinely bottom irrigated
with half strength Hoagland solution. The plants were
grown in a controlled environmental growth chamber
with 14 hr photoperiod provided with incandescent
bulbs and fluorescent tubes having a non photoinhibi-
tory level of light of 250 umol m™ s' PAR. The
day/night temperature was maintained at 30°+£2°C
and relative humidity at 60%. Seedlings of 8 day old
were used for the experiments.

Isolation of chloroplasts—Leaves (25 g) of 8 day
old sorghum seedlings were cut into pieces (50 mm)
and homogenised in a kitchen blender (Braun) for
10 sec at full speed in 200 ml isolation medium
containing sorbitol (0.33 M), 30 mM of TES buffer
(pH 7.2 with KOH), EDTA (1 mM), MgCl, (1 mM),
MnCl, (I mM), dithiothreitol (5 mM: DTT) and 0.5%
BSA (bovine serum albumin). The homogenate was
filtered through 2 and 8 layers of muslin, respectively.
The filtrate was again filtered through a nylon cloth
(75 uM) in order to remove the bundle sheath. The
filtrate was centrifuged (1000 g) for 8 min in a swing-
ing bucket rotor. the supernatant was discarded and
the pellet was washed twice and resuspended in a sus-
pension medium containing sorbitol (0.33 M), 50 mM
of tricine buffer (pH 7.8 with KOH), MgCl, (4 mM),
EDTA (2 mM), MnCl, (2 mM), NaCl (10 mM), DTT
(5 mM) and 0.5% BSA. Chlorophyll concentration
was measured according to Arnon'’. Per cent intact-
ness of isolated chloroplasts was 60% of A type, de-
termined according to Leegood and Walker'' by as-
saying the rate of light dependent oxygen evolution
after addition of NH,Cl with osmotically shocked
chloroplasts (A) and unshocked chloroplasts (B) in

assay medium containing sorbitol (0.33 M), 50 mM of

HEPES buffer (pH 7.6 with KOH), MgClL, (I mM),
MnCl, (1 mM) EDTA (2 mM) and chloroplasts
equivalent to 100 pg ml'. The percentage of intact-
ness of the chloroplasts preparation was calculated as
% intactness = A-B/A x 100.

Photoinhibition treatment—Intact leaves and iso-
lated chloroplasts were exposed to irradiance of 3600
umol m? s at 5° 30° and 50°C temperature for a
duration 0-6 hr in case of leaves and for 0-60 min in

case of isolated chloroplasts. Six halogen lamps of

15V and 250 W were used to provide the required
light intensity. The leaves were kept on top of a me-
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tallic box with water circulating facility to maintain
the desired temperature during the treatment.
Photoinhibition of isolated chloroplasts was done in a
metal cuvette used for measuring chlorophyll fluores-
cence under in vitro conditions attached with PAM
chlorophyll fluorometer (Walz, Germany). Isolated
chloroplasts (type A: 1 ml) of I mg chlorophyll ml”
concentration were placed in the cuvette and irradi-
ated from top to high light (3600 pmol m~ s"') using
Schott KL 1500 electronic light source. Chloroplasts
were kept constantly stirred during the photoinhibi-
tion treatment.

Effect of non-enzymatic antioxidant—[3-carotene,
ascorbic acid and glutathione in final concentration of
0.5 mM was added to the chloroplasts prior to the
photoinhibition. The photoinhibition treatment was
given according to the method as described for
photoinhibition of isolated chloroplasts.

Photoinhibition under anaerobic  conditions—
Chloroplasts were also photoinhibited under anaero-
bic conditions (low oxygen conditions) and normal
aerobic conditions. The anaerobic condition during
the photoinhibition treatment was created by flushing
the chloroplasts with nitrogen throughout the treat-
ment through the small pore provided in the cuvette
for adding reagents or taking out sample without dis-
turbing the fluorescence measurements.

Fluorescence measurements of intact leaves and
isolated chloroplasts— Leaves after photoinhibition
treatment were dark adapted for 30 min prior to
measurements at room temperature. The leaf was en-
closed in the leaf chamber provided for the measure-
ment of chlorophyll fluorescence from intact leal.
Similarly, isolated chloroplasts were dark adapted for
5 min prior to measurement, and chlorophyll fluores-
cence of isolated chloroplast was measured in a cu-
vette (Walz, Germany). The dark adapted leaf or iso-
lated chloroplasts, as the case may be, were exposed
to a modulated light with an intensity of 4 pgmol m~ s’
to measure initial fluorescence (Fo). This was fol-
lowed by an exposure 1o a saturating pulse of white
light of 4000 pumol m~? s to provide the maximum
fluorescence (Fm). After measurement of Fm the leaf
was allowed to reach a steady state fluorescence (Fs)
while exposed to actinic light intensity of 800 pumol
m™ s”'. Another short burst of saturating light at Fs
state was given to measure Fm’. After reaching to the
steady state again, leaf was exposed to far-red radia-
tion to measure Fo’. The coefficient of variable fluo-
rescence  (Fv=Fm-Fo), photochemical quenching
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(qP=Fm’-FS/Fm’-Fo") and non-photochemical
quenching (QN=Fm-Fm’/Fm-Fo”) were calculated ac-
cording to Schreiber'”.

Peroxidation of thylakoid lipids— Peroxidation of
thylakoid lipids was assayed according to Halliwell
and Gutteridge” by 2-thiobarbituric acid-malondi-
aldehyde (TBA-MDA) adduct formation. Malondial-
dehyde formation was followed by adding equal
amount of 0.5% TBA in 20% tri-chloro acetic acid to
an aliquot of the incubation buffer containing 50 mM
tris (pH 8.0), 175 mM, NaCl and chloroplasts equiva-
lent to 50 pg of chlorophyll. The solution was incu-
bated at 95°C for 25 min and centrifuged at 250 g for
2 min to pellet out the protein precipitated by TCA.
The clear supernatant was used for determination of
lipid peroxidation. Absorbance at 600 nm was sub-
tracted from absorbance at 530 nm in order to correct
for the non specific turbidity. Amount of MDA for-
mation was calculated using an extinction coefficient
of 155 mM "' em™.

Assay of antioxidant enzymes

Extraction—\Leaves (0.5 g) were homogenised in
chilled extraction buffer containing 50 mM potassium
phosphate buffer (pH 7.5), EDTA (1 mM), triton X-
100 (0.1%) and 1% (w/v) soluble polyvinyl pyro-
phosphate. The homogenate was filtered and centri-
fuged at 12000 g for 15 min at 4°C. Protein content of
the supernatant was measured according to Lowry
et al . Supernatant equivalent to 50 pg was used for
the estimation of enzyme activity.

Assay of superoxide oxidoreductase (EC 1.15.1.1)—
Activity of superoxide dismutase (SOD) was assayed
according to Badiani er al . The assay medium con-
tained 50 mM potassium phosphate (pH 7.8), EDTA
(di sodium; 0.1 mM), cytochrome ¢ (10 mM), xan-
thine (0.1 mM) and the leat homogenate equivalent to
50 pg of protein. The reaction was followed spectro-
photometrically as reduction of cytochrome ¢ at 550
nm. One unit of SOD activity was defined as the
amount of enzymes required to inhibit the rate of cy-
tochrome ¢ reduction by 50%.

Assay of hydrogen peroxide oxidoreductase (EC
1.11.1.7) peroxidase— Peroxidase activity was moni-
tored according to Afilthile er al**. Activity was as-
sayed in a reaction mixture containing guaicol (3.4
mM), H-0, (0.9 mM) and 50 mM potassium phos-
phate (pH 6.0) and leaf extract equivalent of 50 pug of
protein. The mixture was incubated for 5 min at 25°C
and the reaction was stopped by adding 0.5 ml of 5%
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(v/v) sulphuric acid. Enzyme activity was calculated
using an extinction coefficient of 25.5 mM"' cm™ at
470 nm for tetra-guaicol.

Assay of hydrogen peroxide: Hydrogen peroxide
oxidoreductase (EC 1.11.1.6) catalase— Activity of
catalase was determined spectrophotometrically by
following the decomposition of hydrogen peroxide at
240 nm at 25°C in a reaction mixture containing po-
tassium phosphate (50 mM), H-O- (11 mM) and the
leal extract equivalent of 50 pg of protein, according
to Mishra er al '°.

Results and Discussion

Room temperature chlorophyll fluorescence meas-
urements (Fv/Fm ratio, photochemical quenching; qP
and non-photochemical quenching; gN) of sorghum
leaves photoinhibited at 3600 umol m™ s at 59, 30°
and 50°C are shown in Fig. 1 A-C. It was observed
that with the increase in the duration of photoinhibi-
tory treatment of intact leaves, Fv/Fm ratio decreased
linearly. Decrease in Fv/Fm ratio was greater in
leaves photoinhibited at 5°C than at 30” or 50°C (Fig.
IA). Photochemical quenching (qP) also declined
linearly when leaves were photoinhibited at 5°C,
however, leaves photoinhibited at 30° and 50°C
showed an initial increase in qP followed by a de-
crease (Fig. 1B). Non-photochemical quenching (gN),
however, increased due to photoinhibition. Increase in
gN was greater when photoinhibited at 30°C than at
5% or 50°C (Fig. 1C). Photoinhibition of isolated
chloroplasts (up to 60 min) also resulted in linear de-
crease in Fv/Fm ratio (Fig. | D) and gP (Fig. | E) and
increase in gN (Fig. 1F) at all the three temperatures.
Photoinhibition at 5°C resulted in the maximum de-
crease in Fv/Fm ratio and qP and increase in gN (Fig.
1D- F).

Results indicated that photoinhibition caused dam-
age to Fv/Fm ratio, suggested that efficiency of trans-
fer of excitation energy from LHC to reaction centre
was declined, more so in leaves photoinhibited at 5°
and 507 than at 30°C. Results showed decrease in P,
an indicator of utilisation of harvested light by photo-
chemical reaction. Results also showed increase in
gN, indicative of dissipation of excessive energy in
the pigment bed, thereby, preventing over excitation
of reaction centre under high light condition. Chilling
and high temperature exacerbated the effect. Photoin-
hibition of isolated chloroplasts also indicated similar
pattern except that the extent of damage was greaier
in short duration. However, damage under in vivo and
in vitro conditions cannot be compared with each other.
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Photoinhibition of sorghum leaves increased per-
oxidation of thylakoid lipids (Fig. 2A) as indicated by
MDA formation. Photoinhibition treatment at 5°C for
6 hr caused an increase of 265% in peroxidation level
of thylakoid lipids compared to 128% observed at
30°C and 533% at 50°C for the same duration with
respect to control (Fig. 2A). Photoinhibition of iso-
lated chloroplasts showed similar results as seen for
intact leaves except for greater level of peroxidation
under in vitro conditions (Fig. 2B). Increase in MDA
formation as a result of photooxidation of thylakoid
lipids in our study indicated that photoinhibition
caused oxidative damage to seedlings probably by
producing oxygen radicals. These radicals if not
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quenched by the various processes such as carote-
noids and enzymatic and non-enzymatic processes
cause peroxidation of thylakoid lipids. Lipid
peroxidation has also been linked to effects such as
increased ion permeability, loss of fluidity, cross
linking of amino lipids and polypeptides, inactivation
of membrane enzymes and receptors resulting in a
decrease in photosynthesis®'”.

Earlier results indicate damage to photosynthesis
which involves at least in part, peroxidation of thyla-
koid lipids, suggesting the involvement of lipids in the
functioning of chloroplasts'®. Thylakoid lipids in
addition to fulfilling a structural role in membrane
organisation, also play a functional role in the activity
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Fig. | —Effect of photoinhibition of intact leaves (A, B & C) and isolated chloroplasts (D,E & F) at 5°C (---e---), 30°C (---0---) and 50°C
(--- A---) temperature up to 6 hr for intact leaves and up to 60 min for isolated chloroplasts, on Fv/Fm ratio (A & D), photochemical
quenching (B & E) and non-photochemical quenching (C & F). The photoinhibition treatment was given at 3600 pmole m™ sec™’, The
points represent 5 separate set of experiments. Vertical bars show standard deviation.
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of several integral membrane protein complex'”. The
composition of membrane lipids and the degree of
their unsaturation appear to be important for protec-
tion against stress and photoinhibition may alter this
balance. It has been shown that resistant plants to
photoinhibitory damage show higher unsaturation
level of chloroplastic and mitochondrial membranes™.
A 4 fold increase in ratio of unsaturated to saturated
fatty acids in cold tolerant cultivars of burmudagrass
has been reported under photoinhibition conditions™'.
Data with photoinhibition of isolated chloroplasts
flushed with N, gas showed that Fv/Fm ratio and per-
oxidation of thylakoid did not result in much damage
compared to that observed in control (chloroplasts
photoinhibited under normal aerobic condition; Table 1).
These results indicated that oxygen radicals were in-
volved in the photoinhibition of photosynthesis as
photoinhibition under anaerobic conditions resulted in
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less damage to photosynthesis and peroxidation of
thylakoid lipids. This may be due to the generation of
low level of oxygen radicals under the experimental
conditions, thereby, less damage'™.

Isolated chloroplasts were also supplemented with
[-carotene, ascorbic acid and glutathione during photo-
inhibition in order to see if addition of these antioxi-
dant provided any protection against photoinhibition
of photosynthesis under in vitro conditions (Fig. 2 C-E).
This was carried out as under in vitro condition inher-
ent protection as well as cellular recovery processes
were either not functioning or functioning at minimal
level. The results were compared with the chloro-
plasts photoinhibited without adding antioxidants
(Fig. 2B) to find out the relative extent of protection
to photosynthesis provided by addition of the antioxi-
dants. It was seen that addition of antioxidants during
the photoinhibition decreased peroxidation of thylakoid
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Fig. 2—Effect of photoinhibition on MDA formation of intact leaves (A), 1solated chloroplasts (B) and isolated chloroplasts supple-
mented with antioxidants -carotene, ascorbate and glutathione (C) prior to the treatment on peroxidation of thylakoid lipids (expressed
as formation of umol of MDA per 50 pg chlorophyll). The photoinhibition treatment was given at 3600 pwmole m™ sec™ PAR at 5°C
(---@---), 30°C (---0---) and 50°C (--- A ---) temperature up (o 6 hr to intact leaves and up to 60 min to isolated chloroplasts. The points
represent 5 separate set of experiments. Vertical bars show standard deviation.
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lipids. indicating less damage, compared to control
(chloroplast photoinhibited without addition of anti-
oxidants). Results show that photoinhibition of iso-
lated chloroplasts supplemented with f-carotene,
ascorbic acid and glutathione resulted in 23, 28 and
27% less peroxidation of thylakoid lipids respectively
as compared to control (Fig. 2C-E) indicating protec-
tion against photodamage by non-enzymatic antioxi-
dant.

Chlorophyll fluorescence was also measured in iso-
lated chloroplasts supplemented with antioxidants ([3-
carotene, ascorbate and GSH) after photoinhibition.

>
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Results showed that damage to Fv/Fm ratio was less
than control at 5° and 50°C when chloroplasts were
supplemented with antioxidants during the photoin-
hibition treatment (Fig. 3A-C).

Role of f-carotene in radical trapping antioxidant
is of much current interest and many aspects of this
are still not understood™. Protective role of B-carotene
has also been reported by others'****. B-carotene can
inhibit photo-oxidised oxidation™ and is therefore, an
efficient quencher of singlet oxygen™. Protection to
photodamage provided by addition of ascorbate in this
study may be due to ascorbate being a excellent scav-
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Fig. 3—Effect of photoinhibition of chloroplasts, isolated [rom normal leaves and supplemented with antioxidants f-carotene, ascorbate
and glutathione at 5%, 30° and 50°C on chlorophyll fluorescence parameters, Fv/Fm ratio (A), P (B) and gN (C). The photoinhibition
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enger of free radicals and act as reductant’. Ascorbate
can also facilitate the activity of ascorbate peroxidase,
an enzyme which catalyzes H>O, and thereby prevent
oxidative damage’ and may also facilitate de-
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epoxidation of violaxanthin (V) te zeaxanthin (Z),
since the same ascorbate pool (chloroplastic) is used
for APX activity and de-epoxidation of V to Z under
these conditions™. It has been reported that high con-
centration of ascorbate in sun acclimated tissue may
be necessary for de-toxification of singlet oxygen™.
Glutathione may also provide similar kind of protec-
tion against photodamage, as has been seen in this
study. Glutathione is a substrate which is reduced by
NADPH dependent glutathione reductase. Reduced
glutathione in turn is used to maintain a pool of re-
duced ascorbate. Glutathione and ascorbate are major
reductant of plant cells and offer protection against
adverse effects of several active oxygen species ™’
Glutathione facilitates rapid regeneration of reduced
ascorbate pool, thereby, better scavenging of oxygen
radicals through activity of APX. Glutathione may
also have effect on rapid de-epoxidation of V to Z by
maintaining ascorbate pool essential for the activity of
membrane bound violaxanthin de-epoxidase.

There are reports of induction of endogenous anti-
oxidants in improving photoprotection™’. Mort-
enssen et al.”’ have studied the mechanism and rate of
free radical scavenging by carotenoids and reported
that rate constant for radical scavenging are in the
order of 10"-10” m? sec’. They have also reported
that mechanism and rate of scavenging is strongly
dependent on the nature of oxidising radical species,
but less dependent on structure of antioxidant.
Mortensen and Skibsted” have established the hierar-
chy of antioxidant studied as ¢-tocopherol, lycopene,
[-carotene, Z-A-tocopherol and lutein.

Effect of photoinhibition treatment of intact leaves
on various antioxidant enzymes was also studied (Fig.
4A-C). Photoinhibition treatment for 6 hr at 5°C re-
sulted in an increase of 144% in superoxide dismutase
as compared to 216 and 124% increase observed when

Table 1—Effeet of photoinhibition treatment of isolated chloroplast at 3600 pmole m™ sec”' PAR at
30°C on chlorophyll fTuorescence and peroxidation of thyalkoid lipids under acrobic and anaerobic
(low oxygen condition).

| Values are mean £ SD ol 4 replications]

Duration of Chlorophyll fluorescence

Peroxidation of thylakoid lipids

treatment (Fv/Fm ratio) (umole/50pg chl)

(min) A B A B

0 0.692+0.07 0.710+0.05 0.45+0.04 0.45£0.05
5 0.612£0.05 0.685+0.06 0.53+0.09 0.45£0.03
15 (.519+0.06 0.648 +0.08 0.95+0.08 0.56+0.09
30 0453 £0.04 0.623+£0.05 1.27+0.1 0.641+0.08
60 0.362+0.04 0.608+0.06 1.45+0.18 0.88£0.1

A—acrobic; B—uanaerobic condition
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photoinhibited at 30” and 50°C respectively, with re-
spect to control (Fig. 4A). Activity of ascorbate per-
oxidase also showed similar trends. A 6 hr photoin-
hibition treatment at 5°C resulted in an increase of
124% in APX as compared to control (Fig. 4B).
Unlike the activity of SOD and APX, catalase activity
declined due to photoinhibition treatment at all the
three temperatures (Fig. 4C).

Increase in the activity of antioxidant enzymes was
mainly influenced by temperature (Fig. 4A-C).
Photoinhibition at chilling temperature caused in-
crease in APX and SOD. Apparently, the activity of
these antioxidant enzymes increased in response to
metabolise the increase level of oxygen radicals and
free radicals generated due to treatment.

Bichler and Fock™ have reported a role of Mehler-
Peroxidase reaction in oxygen consumption in
drought stressed wheat. Over-expression of glu-
tathione reductase (5-8 times) and SOD (3-4 times)
due to photoinhibition has been reported *. Some re-
ports suggest that over production of SOD in the
chloroplasts or in cytosol resulted in no protection
against photoinhibition™ . However, others have
shown that higher production of SOD in light stressed
plants provided protection against photodamage™*.
Jansen et al™® have reported that photoinhibition
causes overexpression of several other antioxidant

enzymes. Our results also showed similar results of

elevated level of SOD and APX under photoinhibitory
conditions. Wherever treatment resulted in higher ac-
tivity of SOD and APX such as when leaves photoin-
hibited at 30°C the damage to photosynthesis (Fv/Fm
ratio) and photooxidation of lipids was less indicating
relationship between the two i.e. higher induction of
SOD and APX and less photodamage. In most of the
cases reported, even a moderate increase in chloro-
plastic SOD activity has led to improved tolerance to
oxidative stress™". Arisi er al.”’ have also reported
that in some cases enhancement of SOD activity
brought about increase in the oxidative stress toler-
ance which afforded better tolerance against photo-
damage to PS I1. Catalase is an enzyme which is lim-
ited in effectiveness to metabolise H-O, to H>O by its
relatively poor affinity for H,O, and its subcellular
location in peroxisomes and also susceptible to
photoinactivation and degradation ***', which could
explain the decrease in activity of catalase under our
experimental conditions. Also catalase being more
functional during photorespiration reaction to metabo-
lise H,O> was not required to function at higher level
as sorghum being C4 plants will not show a high
photorespiratory rate.
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Present results showed that sorghum seedlings il-
luminated with high light experienced inhibition of
photosynthesis seen as decline in Fv/Fm ratio and gP.
Damage was enhanced when photoinhibition was
given at chilling or high temperature. The results also
indicated oxidative damage to plants during photoin-
hibition treatment, which was indicated by higher
peroxidation of thylakoid lipids under aerobic condi-
tion than seen under anaerobic conditions. The work
showed that non-enzymatic antioxidant such as [}
carotene, ascorbate and glutathione provided protec-
tion against photodamage, probably by scavenging
oxygen radicals generated during photoinhibition.
Activity of SOD and APX increased during the treat-
ment which may be useful to metabolise the oxygen
radicals and provide protection against photodamage.
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