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Resumo Parametros da fluorescéncia da clorofila a
foram investigados em plantas de orquidea (Cattleya
harrisoniana Batem Ex. Lindl.) submetidas a alta luz
durante 35 minutos, simulando uma mancha solar.
Redugdes em Fv’/Fm’, ®PSII e qP apos a exposicao
a alta luz foram atribuidas a dissipag@o nao-radioativa
da energia de excitacdo, como indicado pelo aumento
dos valores de 1-Fv’/Fm’, os quais contribuem para
a auto-regulacdo do fotossistema II (FSII) evitan-
do a super-reducdo do aceptor primario de elétrons,
quinona A (QA). Os resultados também indicam a
ocorréncia de fotoinibi¢do dinamica, evidenciada por
meio da recuperagdo de todos os parametros fotossin-
téticos apos a exposicao a alta luz.

Palavras-chave: Luz, Fluorescéncia da clorofila a,
Dissipagao de energia nao-radioativa, Ecofisiologia.

Abstract Parameters of chlorophyll (Chl) a fluores-
cence were investigated in orchid plants (Cattleya
harrisoniana Batem Ex. Lindl.) submitted to high li-
ght during 35 minutes, simulating a sunfleck. Reduc-
tions in Fv’/Fm’, ®PSII and gP after high light were
attributable to non-radiative energy dissipation, as
indicated by the increase of 1-Fv’/Fm’ values, whi-

ch contributed to a down regulation of photosystem
IT (PSII) avoiding the overreduction of the primary
electron acceptor, quinone A (QA). Our results also
indicated the occurrence of dynamic photoinhibition,
evidenced through of recovery back to control values
of all photosynthetic parameters after high light.

Keywords: Light, Chlorophyll a fluorescence, Non-
-radiative energy dissipation, Ecophysiology.

Introduction

Inside of a forest, sunflecks expose the leaves
to full sunlight for a few minutes. Sunflecks count
up to 85% of the total irradiance available during
the day and are important to increase both growth
and development of plants growing under canopy
(WAY; PEARCY, 2012). Sunflecks also play a role
in the carbon metabolism of lower leaves in dense
crops that are shaded by the upper leaves of the plant
(CHAZDON; PEARCY, 1991; KURSAR; COLEY,
1993; WAGNER; MCGRAW, 2013). However, de-
pending of intensity and duration of sunflecks, the
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leaves should be exposure to strong light intensity
resulting in inhibition of the activity of photosystem
IT (PSII) or photoinhibition (MURATA et al., 2007).
The photoinhibition is characterized by inactivation
and damage to the D1 protein, reduction of the maxi-
mum quantum efficiency of CO, uptake and the ac-
cumulation of oxygen reactive species (ROS) which
damage the cell membranes (TAKAHASHI; BAD-
GER, 2011). Further, the reduction of the maximum
photosynthetic rate reduces the carbon gain and plant
growth (VAN HEERDEN et al., 2007, GONCAL-
VES et al., 2010; TAKAHASHI; BADGER, 2011;
ADAMS III et al., 2013). The phenomenon of pho-
toinhibition is unavoidable in all photosynthetic or-
ganisms (MURATA et al., 2007).

However, several mechanisms should be used
by plants to minimizing the effects of photoinhibition
on photosynthetic apparatus, repairing effectively
the photodamage on PSII such as reversible phos-
phorylation of PSII core subunits and monomeriza-
tion and migration of the PSII core from the grana
to the stroma lamellae (ARO et al., 2005). In addi-
tion, an efficient enzymatic and non-enzymatic sys-
tem can scavenging the ROS formed due high light
(TAKAHASHI; BADGER, 2011; GHOLAMIA et
al., 2012). Also, the high light should be dissipated
as thermal energy (qE), fluorescence emission, cy-
clic electron flow (CEF) around photosystem I (PSI),
photorespiratory pathway and heat dissipation and
transference from PSII to FSI (NPQ) (RALPH; GA-
DEMANN, 2005; ARO et al., 2005; TAKAHASHI;
BADGER, 2011), which is connected directly to the
xanthophyll cycle. Thus, the excitation energy is dis-
sipated as heat (thermal dissipation) and therefore
protect against photoinhibition (KRAUSE; WEIS,
1991; ESSEMINE et al., 2012).

The effects of sunflecks on photochemical
activity were registered in other plant species, such
as Swietenia macrophylla King (Meliaceae) and
Minguartia guianensis Aubl. (Olacaceae), Bauhinia
forficate Link (Fabaceae) and the late successional
Esenbeckia leiocarpa Engl. (Rutaceae) (DIAS; MA-
RENCO, 2006; PORTES et al., 2006). However, in
orchids plants, no study regarding the effects of high
light simulating sunfleck was made. Thus, in this stu-
dy, we evaluated the Chl a fluorescence in Cattleya
harrisoniana (Orchidaceae) Batem ex. Lindl. an or-
chid species adapted to partial shade.
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Methods

Cattleya harrisoniana specimens, obtained from a
private nursery (Sao Mateus, Espirito Santo State,
Brazil), were used in this study. In this nursery, the
plants were grown under approximately PPFD 100-
200 pmol m=s™! and temperature of the air ranging
from 24 to 30°C until the begin of experiment. Rela-
tive humidity was 70-80%. The plants were watered
daily and fertilized with a nitrate-based commercial
fertilizer (N: P: K ratio of 1: 1: 1) when necessary.
The experiment consisted of exposure of plants to
full sunlight (which occurred at 13h under ~2260
umol m?s™) in a clear day for 35 min. Before (at 8h),
the first Chl a fluorescence measurement (considered
as control) was carried out on plants raised in the nur-
sery. Afterwards, the measurements were performed
during the day in intervals of 2 hours until 19h. In
order to test the recovery capacity of plants, a new
evaluation was performed after 24 hours (8h after
the last day). Irradiance was recorded with a quan-
tum sensor (QSPAR, Hanstech, UK). Chl a fluores-
cence measurements were performed on intact leaves
fully expanded using a pulse-amplitude-modulated
(PAM) Chl fluorimeter (FMS-2, Hansatech, UK).
Measurements were taken of the middle part of the
leaf. The following parameters were determined:
initial fluorescence, Fo., maximal efficiency of PSII
photochemistry, Fv/Fm; effective efficiency of PSII
photochemistry, Fv’/Fm’; the non-radiative energy
dissipation, 1 — (Fv’/Fm’); photochemical quenching
coefficient, qQP = (Fm’ - Fs)/(Fm’ - Fo’); actual
quantum yield of PSII electron transport in ligh-
t-adapted state and PSII = (Fm’ - Fs)/Fm’ (GEN-
TY et al., 1989). Data were subjected to analysis of
variance (ANOVA). A Tukey test (p<0.05) was used
to compare means among treatments.

Results

The photosynthetically active radiation (pumol
m?s?) and leaf temperature (°C) of C. harrisoniana
were significantly (p<0.05) high through the duration
of the sunfleck and decreased until 19h. After 24 hou-
rs (8h after the last day), both RFA and leaf tempera-
ture were nearly to control conditions, evidencing the
recovery to initial conditions observed at 8h (Fig 1).
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Figure 1 Daily course of photosynthetically active radiation - PAR [umol(photon) m~s™'] and leaf
temperature (°C) of C. harrisoniana. Values are means (+S.E.) for four plants (Tukey test, p<0.05).

Figure 2 shows the relationship between Chl a flu-
orescence parameters evaluated in C. harrisoniana
specimens submitted to high light. The Fv’/Fm’ ra-
tio, which expresses the effective efficiency of PSII
photochemistry measured in light-adapted samples

(ROHACEK, 2002), was initially unaffected by high
light. However, a strong decrease in Fv’/Fm’ values
of about -68% (0.227 to 0.071 from 13 to 19h, res-
pectively) occurred 6h after sunfleck (Fig. 2A).
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Figure 2 Effective efficiency of PSII photochemistry in dark-adapted state (Fv’/Fm’ - A), actual
quantum yield of PSII electron transport in light-adapted state (¢PSII — B), the non-radiative
energy dissipation [1 - (Fv’/Fn’) — C], the photochemical quenching coefficient (qP — D) in speci-
mens of C. harrisoniana submitted to high light during 35 minutes, simulating a sunfleck. Arrow in-
dicates the application of sunfleck (13h). Values are means (£S.E.) for four plants (Tukey test, p<0.05).
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Discussion

The decrease of ®PSII in C. harrisoniana
after sunfleck suggest that lower light energy could
be delivered to the reactions center (MULLER et al.,
2001), reflecting in reduced PSII photochemical ef-
ficiency and dissipation values (Fig. 2A,B). The de-
cline of Fv’/Fm’, ®PSII and qP after high light was
attributable to non-radiative energy dissipation, as
indicated by the increase of 1-Fv’/Fm’ values. Incre-
ases in non-radiative dissipation of excitation energy
in response to high light decrease the probability of
photodamage by relieving the excitation pressure on
PSII, resulting in the maintenance of a greater open-
ness of PSII centers. In this study, the relevance of
non-radiative dissipation of excitation energy pro-
cess in C. harrisoniana appeared especially during
the first times after high light exposition. The non-
-radiative dissipation of excitation energy is one of
the most important photoprotective processes and
it should be used to quantify the operation of pho-
toprotective processes as well as the extent of pho-
toinhibitory damages. In this study, the increase of
dissipation (1-Fv’/Fm”) followed to the decrease of
parameters related to photochemical efficiency (Fv’/
Fm’, ®PSII and qP) contributed to a down regulation
of PSII avoiding the overreduction of the primary
electron acceptor (QA) in C. harrisoniana speci-
mens. Thus, these results give us evidence about the
capacity of C. harrisoniana to coupe with high ener-
gy of excitation common in the natural environment,
which are subject to fluctuations in irradiance on a
time-scale ranging from seconds to seasons and must
cope with the quantity of the photons varying over
several orders of magnitude (STROCH et al., 2004).

Augusti etal. (2001) and Hanachi etal. (2014)
discussed the role of these non-photochemical dissi-
pations process such as mechanism of photoprotec-
tion in Ramonda serbica Panc. (Gesneriaceae) under
drought stress and in eggplant (Solanum melongena
L.) cultivars growing on different salt concentrations,
respectively. During drought stress, the plants of R.
serbica showed an increase of the content of zeaxan-
thin (and antheraxanthin), which are a prerequisite for
non-photochemical dissipations process (AUGUSTI
et al., 2001). Others components, such as ascorbate
and glutathione, also are efficient mechanism of pro-
tection and it could be efficiently utilized in response
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to high light. In other studies, significant increases
in non-photochemical dissipations also were repor-
ted in stressed plants, with significant reduction in
the maximum quantum yield of PSII photochemistry
(Fv/Fm) and the electron transport rate (MORADI,
ISMAIL, 2007; ZRIBI et al., 2009).

Conclusion

The results of the present study indicate the
occurrence of dynamic photoinhibition in C. har-
risoniana, evidenced through of recovery back to
control values of all photosynthetic parameters
analyzed after high light. Non-radiative dissipation
has a major photoprotective mechanism against
photoinhibition in C. harrisoniana after sunfleck.

Acknowledgement

The authors are grateful to Fundagdo de
Amparo a Pesquisa e Inovagdo do Espirito Santo
(FAPES) for the financial support.

References

Adams III WW, Miller O, Cohu CM, Demmig-A-
dams B (2013) May photoinhibition be a consequen-
ce, rather than a cause, of limited plant productivity?
Photosynthesis Research 117: 31-44.

Aro EM, Suorsa M, Rokka A, Allahverdiyeva Y, Pa-
akkarinen V, Saleem A, Battchikova N, Rintamiki
E (2005) Dynamics of photosystem II: a proteomic
approach to thylakoid protein complexes. Journal of
Experimental Botany 56: 347-356.

Augusti A, Scartazza A, Navari-Izzo F, Sgherri
CLM, Stevanovic B, Brugnoli E (2001) Photosystem
II photochemical efficiency, zeaxanthin and antioxi-
dant contents in the poikilohydric Ramonda serbica
during dehydration and rehydration Photosynthesis
Research 67: 79-88.

Chazdon RL, Pearcy RW (1991) The importance of
sunflecks for forest understory plants. Bioscience 41:
760-766.

Dias DP, Marenco RA (2006) Photoinhibition of pho-



Zampirollo JB et al.
Photochemical activity of Cattleya harrisoniana
ISSN 1806-7409 www.naturezaonline.com.br

tosynthesis in Minquartia guianensis and Swietenia
macrophylla inferred by monitoring the initial fluo-
rescence. Photosynthetica 44: 235-240.

Essemine J, Govindachary S, Joly D, Ammar S, Bou-
zid S, Carpentier R (2012) Effect of moderate and
high light on photosystem II function in Arabidop-
sis thaliana depleted in digalactosyl-diacylglycerol.
Biochimica et Biophysica Acta 1817: 1367-1373.
Genty B, Briantais JM, Baker NR (1989) The rela-
tionship between quantum yield of photosynthetic
electron transport and quenching of chlorophyll fluo-
rescence. Biochimica et Biophysica Acta 990: 87-92.
Gholamia M, Rahemib M, Kholdebarinc B, Raste-
garb S (2012) Biochemical responses in leaves of
four fig cultivars subjected to water stress and reco-
very. Scientia Horticulturae 148: 109-117.
Gongalves JFC; Silva CE; Guimaraes DG; Bernardes
RJ (2010) Andlise dos transientes da fluorescéncia da
clorofila a de plantas jovens de Carapa guianensis ¢
de Dipteryx odorata submetidas a dois ambientes de
luz. Acta Botanica Brasilica 40: 89-98.

Hanachi S, Van Labeke MC, Mehouachi T (2014)
Application of chlorophyll fluorescence to screen
eggplant (Solanum melongena L.) cultivars for salt
tolerance. Photosynthetica 52: 57-62.

Jiao D, Ji BH, Li X (2003) Characteristics of chloro-
phyll fluorescence and membrane-lipid peroxidation
during senescence of flag leaf in different cultivars of
rice. Photosynthetica 41: 33-41.

Krause GH, Weis E (1991) Chlorophyll fluorescen-
ce and photosynthesis: the basics. Annual Review of
Plant Physiology and Plant Molecular Biology 42:
313-349.

Kursar TA, Coley PD (1993) Photosynthetic induc-
tion times in shade-tolerant and short-lived leaves.
Oecologia 93: 165-170.

Moradi F, Ismail AM (2007) Responses of photosyn-
thesis, chlorophyll fluorescence and ROS scavenging
system to salt stress during seedling and reproductive
stages in rice. Annals of Botany 99: 1161-1173.
Miiller P, Li XP, Niyogi KK (2001) Non-photoche-
mical quenching. A response to excess light energy.
Plant Physiology 125: 1558-1566.

Murata N, Takahashi S, Nishiyama Y, Allakhver-
diev SI (2007) Photoinhibition of photosystem II un-
der environmental stress. Biochimica et Biophysica
Acta 1767: 414-421.

Portes MT, Alves TH, Souza GM (2006) Water de-
ficit affects photosynthetic induction in Bauhinia
forficate Link (Fabaceae) and Esenbeckia leiocarpa

025

Engl. (Rutaceae) growing in understory and gap con-
ditions. Bazilian Journal of Plant Physiology 18:
491-502.

Ralph PJ, Gademann R (2005) Rapid light curves: a
powerful tool for the assessment of photosynthetic
activity. Aquatic Botany 82: 222-237.

Stroch M, Spunda V, Kurasova I (2004) Non-radia-
tive dissipation of absorbed excitation energy within
photosynthetic apparatus of higher plants. Photosyn-
thetica 42: 323-337.

Takahashi S, Badger MR (2011) Photoprotection
in plants: a new light on photosystem II damage.
Trends in Plant Science 16: 53-60.

Van Herdeen PDR, Swanepoel JW, Kriiger GHJ
(2007) Modulation of photosyntesis in two desert
scrub species exhibiting C3-mode CO2 assimilation.
Environmental and Experimental Botany 61: 124-
136.

Wagner A, McGraw JB (2013) Sunfleck effects on
physiology, growth, and local demography of Ameri-
can ginseng (Panax quinquefolius L.). Forest Ecolo-
gy and Management 291: 220-227.

Way DA, Pearcy, RW (2012) Sunflecks in trees and
forests: from photosynthetic physiology to global
change biology. Tree Physiology 32: 1066-1081.
Zribi L, Gharbi F, Rezgui F, Salwa R, Hassan N, N¢-
jib RM (2009) Application of chlorophyll fluorescen-
ce for the diagnosis of salt stress in tomato Solanum
lycopersicum (variety Rio Grande). Scientia Horti-
culturae 120: 367-372.



