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Abstract: The growing issue of salinity is a significant threat to global agriculture, affecting diverse
regions worldwide. Mitric oxide (NO) serves as an essential signal molecule in regulating pho-
tosynthetic performance under physiological and stress conditions. The present study reveals the
protective effects of different concentrations ((-300 pM) of sodium nitroprusside (SNE, a donor of NO)
on the functions of the main complexes within the photosynthetic apparatus of maize (£ murys L.
Kerala) under salt stress (150 mM NaCl). The data showed that SNP alleviates salt-induced oxidative
stress and prevents changes in the fluidity of thylakoid membranes (Laurdan GP) and energy redis-
tribution between the two photosystems (77K chlorophyll fluorescence ratio Fras /Faas ). Chlorophyll
fluorescence measurements demonstrated that the foliar spray with SMP under salt stress prevents
the decline of photosystemn II (PSII) open reaction centers (qP) and improves their efficiency ($exc),
thereby influencing (), ~ reoxidation. The data also revealed that SNP protects the rate constants
for two pathways of Qs ~ reoxidation (k; and kp) from the changes caused by NaCl treatment alone.
Additionally, there is a predominance of (s~ interaction with plastoquinone in comparison to the
recombination of electrons in s, Qg™ with the oxvgen-evolving complex (OEC). The analysis of
flash oxygen evolution showed that SN treatment prevents a salt-induced 100 increase in PSII
centers in the 5 state, i.e., protects the initial 5,5 state distribution, and the modification of the Mn
cluster in the OEC. Moreover, this study demonstrates that SNP-induced defense occurs on both the
donor and acceptor sides of the PSIL, leading to the protection of overall photosystems performance
{Pl 3 gs) and efficient electron transfer from the PSII donor side to the reduction of PSI end electron
acceptors (Pltotal). This study clearly shows that the optimal protection under salt stress occurs at
approximately 50-63 nmoles NO/g FW in leaves, corresponding to foliar spray with 50-150 uM SNP.

Keywords: chlorophyll fluorescence; photosystem 1I; oxygen-evolving complex; photosynthetic
function; membrane fluidity
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Abstract: Nitric oxide (NO) is an important molecule in regulating plant growth, development and
photosynthetic performance. This study investigates the impact of varying concentrations (0-300 uM)
of sodium nitroprusside (SNP, a donor of NO) on the functions of the photosynthetic apparatus in
sorghum (Sorghum bicolor L. Albanus) and maize (Zea mays L. Kerala) under physiological conditions.
Analysis of the chlorophyll fluorescence signals (using PAM and the JIP-test) revealed an increased
amount of open PSII reaction centers (qP increased), but it did not affect the number of active reaction
centers per PSIl antenna chlorophyll (RC/ABS). In addition, the smaller SNP concentrations (up to
150 uM) alleviated the interaction of Q4 with plastoquine in maize, while at 300 uM it predominates
the electron recombination on Q2Qg ™, with the oxidized S; (or S3) states of oxygen evolving in
complex ways in both studied plant species. At the same time, SNP application stimulated the
electron flux-reducing end electron acceptors at the PSI acceptor side per reaction center (REo/RC
increased up to 26%) and the probability of their reduction (@Ro increased up to 20%). An increase
in MDA (by about 30%) and H,O; contents was registered only at the highest SNP concentration
(300 uM). At this concentration, SNP differentially affected the amount of P700* in studied plant
species, i.e., it increased (by 10%) in maize but decreased (by 16%) in sorghum. The effects of SNP on
the functions of the photosynthetic apparatus were accompanied by an increase in carotenoid content
in both studied plants. Additionally, data revealed that SNP-induced changes in the photosynthetic
apparatus differed between maize and sorghum, suggesting species specificity for SNP's impact
on plants.

Keywords: chlorophyll fluorescence; JIP parameters; nitric oxide; photosystem I; photosystem 1I;
photosynthetic performance
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Abstract: In this study, the impacts of the foliar application of different sodium nitroprusside (SNE,
as a donor of nitric oxide) concentrations (0=300 uM) on two sorghum varieties (Sorghumt bicolor L.
Albanus and Sorghum bicolor L. Shamal) under salt stress (150 mM NaCl) were investigated. The data
revealed that salinity leads to an increase in oxidative stress markers and damage of the membrane
integrity, accompanied by a decrease in the chlorophyll content, the open photosystem 11 (PSII)
centers, and the performance indexes (Pl aps and Pl jopa1). as well as having an influence on the
electron flux reducing photosystem I (PS1) end acceptors (REo/RC). Spraying with SNI alleviated
the NaCl toxicity on the photosynthetic functions; the protection was concentration-dependent,
and greater in Shamal than in Albanus, ie, variety specific. Furthermore, the experimental results
revealed that the degree of SNP protection under salt stress also depends on the endogenous nitric
oxide (NO) amount in leaves, the number of active reaction centers per PSIL antenna chlorophylls, the
enhanced electron flux reducing end acceptors at the acceptor side of PSL, as well as the stimulation
of the cyclic electron transport around P51 The results showed better protection in both varieties
of sorghum for SNI concentrations up to 150 uM, which corresponds to about a 50% increase in
the endogenous NO leaf content in comparison to the control plants. Our study provides valuable
insight into the molecular mechanisms underlying SNP-induced salt tolerance in sorghum varieties
and might be a practical approach to correcting salt intolerance.

Keywords: NaCl treatment; nitric oxdde; photosynthesis; JIP test; chlorophyll fluorescence; membrane
damage; 700 photooxidation
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Abstract: Functions of the photosynthetic apparatus of C3 (Pisum sativum L) and C4 (Zea mays
L.) plants under physiological conditions and after treatment with different NaCl concentrations
(0-200 mM) were investigated using chlorophyll a fluorescence (pulse-amplitude-modulated (PAM)
and JIF test) and Py photooxidation measurement. Data revealed lower density of the photosynthetic
structures (RC/CSo), larger relative size of the plastoquinone (') pool (N} and higher electron
transport capacity and photosynthetic rate (parameter Rpg) in C4 than in C3 plants. Furthermore,
the differences were observed between the two studied species in the parameters characterizing
the possibility of reduction in the photosystem (PSI) end acceptors (REo/RC, REo/CSo and 5Ro).
Data revealed that NaCl treatment caused a decrease in the density of the photosynthetic structures
and relative size of the PQ pool as well as decrease in the electron transport to the PSLend electron
acceptors and the probability of their reduction as well as an increase in the thermal dissipation. The
effects were stronger in pea than in maize. The enhanced energy losses after high salt treatment in
maize were mainly from the increase in the regulated energy losses (@ypg), while in pea from the
increase in non-regulated energy losses (®yp). The reduction in the electron transport from Q4 to
the PSl end electron acceptors influenced PSLactivity. Analysis of the Py, photooxidation and its
decay kinetics revealed an influence of two P51 populations in pea after treatment with 150 mM and
200 mM NaCl, while in maize the negligible changes were registered only at 200 mM NaCl. The
experimental results clearly show less salt tolerance of pea than maize.

Keywords: NaCl treatment; 11 test; PAM chlorophyll fluorescence; pea; photooxidation of Pay); maize
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Abstract: The impacts of different NaCl concentrations (0-250 mM) on the photosynthesis of new
hybrid lines of maize (Zea mays L. Kerala) and sorghum (Serghum bicolor L. Shamal) were investigated.
Salt-induced changes in the functions of photosynthetic apparatus were assessed using chlorophyll a
fluorescence (PAM and OJIP test) and Py photooxidation. Greater differences between the studied
species in response to salinization were observed at 150 mM and 200 mM NaCl. The data revealed
the stronger influence of maize in comparison to sorghum on the amount of closed PSII centers (1-qp)
and their efficiency (®g.), as well as on the effective quantum yield of the photochemical energy
conversion of PSII (®pgpr). Changes in the effective antenna size of PSII (ABS/RC), the electron flux
per active reaction center (REo/RC) and the electron transport flux further Qa (ETo/RC) were also
registered. These changes in primary PSII photochemistry influenced the electron transport rate (ETR)
and photosynthetic rate (parameter Rg4), with the impacts being stronger in maize than sorghum.
Moreover, the lowering of the electron transport rate from Q4 to the PSI end electron acceptors
(REo/RC) and the probability of their reduction (@Ro) altered the PSI photochemical activity, which
influenced photooxidation of Py, and its decay kinetics. The pigment content and stress markers
of oxidative damage were also determined. The data revealed a better salt tolerance of sorghum
than maize, associated with the structural alterations in the photosynthetic membranes and the
stimulation of the cyclic electron flow around PSI at higher NaCl concentrations. The relationships
between the decreased pigment content, increased levels of stress markers and different inhibition
levels of the function of both photosystems are discussed.

Keywords: NaCl treatment; OJIP test; PAM chlorophyll fluorescence; photosynthesis; pigment
composition; stress markers
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Abstract: Drought is one of the main environmental stress factors affecting plant growth and yield.
The impact of different PEG concentrations on the photosynthetic performance of maize (Zea mays L.
Mayflower) and sorghum (Sorghum bicolor L. Foehn) was investigated. The activity of the photosyn-
thetic apparatus was assessed using chlorophyll fluorescence (PAM and JIP test) and photooxidation
of Pyy. The data revealed that water deficiency decreased the photochemical quenching (qP), the
ratio of photochemical to nonphotochemical processes (Fv/Fo), the effective quantum yield of the
photochemical energy conversion in PSII (®pgy), the rate of the electron transport (ETR), and the
performance indexes Ply,; and Plygs, as the impact was stronger in sorghum than in maize and
depended on drought level. The PSI photochemistry (P, photooxidation) in sorghum was inhibited
after the application of all studied drought levels, while in maize, it was registered only after treat-
ment with higher PEG concentrations (30% and 40%). Enhanced regulated energy losses (®npg) and
activation of the state transition under drought were also observed in maize, while in sorghum, an
increase mainly in nonregulated energy losses (®no). A decrease in pigment content and relative
water content and an increase in membrane damage were also registered after PEG treatment. The
experimental results showed better drought tolerance of maize than sorghum. This study provides
new information about the role of regulated energy losses and state transition for the protection of
the photosynthetic apparatus under drought and might be a practical approach to the determination
of the drought tolerance of plants.

Keywords: chlorophyll fluorescence; PEG treatment; Py, photooxidation; pigment composition;
membrane injury; maize; sorghum; relative water content
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ARTICLE INFO ABSTRACT
Keywords: This study investigates the impacts of zinc oxide nanoparticles: bare (Zn0 NPs) and Zn0 NPs coated with silicon shell
Zn0 and Zn0-5i nanoparticles (Zn0-5i NPs), on Pisum sativum L. under physiological and salt siress conditions. The experimental results revealed that
PAM chlocaphyll flusrescence the foliar spray with Zn0-5i NPs and 200 mg/L ZnO NPs did not influence the stomata structure, the membrane integrity,
:;Usm thetic o ) and the functions of both photosystems under physiological conditions, while 400 mg/L ZnO-5i NPs had beneficial
Sa;: st:; “He plaments effects on the effective quantum yield of photosystem 11 (PSII) and the photochemistry of photosystem I (PSI). On the

contrary, small phytotoxic effects were registered after spraying with 400 mg/L ZnO NPs accompanied by stimulation of
the cyclic electron flow around PSI and an increase of the non-photochemical quenching (NPQ). The results also showed
that both types of NPs (with exception of 400 mg/L Zn0 NPs) decrease the negative effects of 100 mM NaCl on the
photochemistry of PSI(P700 photooxidation) and PSII (gp, Fv,/Fm, Fv,/Fo, ®psy, ©eye), as well as on the pigment content,
stomata closure and membrane integrity. The protective effect was stronger after spraying with ZnO-5i NPs in com-
parison to ZnO NPs, which could be due to the presence of Si coating shell. The role of Si shell is discussed.

Stomata structure
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Abstract: The present study shows the effect of salinity on the functions of thylakoid membranes from
two hybrid lines of Paulownia: Paulownia tomentosa x fortunei and Paulownia elongate x elongata, grown
in a Hoagland solution with two NaCl concentrations (100 and 150 mM) and different exposure
times (10 and 25 days). We observed inhibition of the photochemical activities of photosystem |
(DCPIH; — MV) and photosystem II (H20 — BQ) only after the short treatment (10 days) with the
higher NaCl concentration. Data also revealed alterations in the energy transfer between pigment-
protein complexes (fluorescence emission ratios Fyy5 /Fegs and Fggs,Fegs), the kinetic parameters of
the oxygen-evolving reactions (initial §-S; state distribution, misses («), double hits () and blocked
centers (Sg)). Moreover, the experimental results showed that after prolonged treatment with NaCl
Paulownia tomentosa x fortunei adapted to the higher concentration of NaCl (150 mM), while this
concentration is lethal for Paulownia elongala x elongata. This study demonstrated the relationship
between the salt-induced inhibition of the photochemistry of both photosystems and the salt-induced
changes in the energy transfer between the pigment-protein complexes and the alterations in the Mn
cluster of the oxygen-evolving complex under salt stress.

Keywords: electron transport; low-temperature chlorophyll fluorescence; thylakoid membranes;
NaCl treatment




rs

Plant Physiology and Biochemistry 101 (2016) 54-59

Plant Physiology and Biochemistry

journal homepage: www.elsevier.com/locate/plaphy

Contents lists available at ScienceDirect

Research article

Effects of salinity on the photosynthetic apparatus of two Paulownia @immm

lines

Martin Stefanov °, Ekaterina Yotsova ®, Georgi Rashkov ?, Katya Ivanova °,
Yuliana Markovska °, Emilia L. Apostolova * "

* Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences, Acad.G. Bonchev Str. 21, Sofia 1113, Bulgaria
b Faculty of Biology, University of Sofia, 8 Dragan Tsankov Blvd., 1164 Sofia, Bulgaria

ARTICLE INFO

Article history:

Received 4 December 2015
Received in revised form

19 January 2016

Accepted 21 January 2016
Available online 28 January 2016

ABSTRACT

Keywords:
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The effects of soil salinity on the functional activity of photosynthetic apparatus and pigment compo-
sition of two Paulownia lines (Paulownia tomentosa x fortunei and Paulownia elongata x elongata) were
investigated. PAM chlorophyll fluorescence measurements revealed that salinity leads to: (i) an increase
of the photochemical quenching coefficient (gP) and the linear electron transport rate (ETR) in both lines
of Paulownia, while the maximum quantum yield of the primary photochemistry of PSIl in the dark
adapted state (F,{Fy) was unaffected; (ii) improved the efficiency of the photochemical energy conver-
sion (Ppgy); (iii) an impact on the chlorophyll fluorescence decrease ratio (Rgg), which correlates to the
net CO; assimilation rate; (iv) an impact on Qa~ reoxidation. The analysis of the kinetics of P700"
reduction upon turning off far-red irradiation revealed that salinization lead to a delay of the cyclic
electron transport around PSI in both studied lines as the effect on this process is more pronounced in P
tomentosa x fortunei than in (in comparison with) P elongata x elongata. The present experimental results
suggested high salt tolerance of the studied lines Paulownia, but P. tomentosa x fortunei is more tolerant to
salinity than P. elongara x elongata. Molecular mechanisms involved in the Paulownia response to the soil
salinity are discussed.

© 2016 Published by Elsevier Masson SAS.
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Article history: In the present work the effects of exogenous 24-epibrassinolide (EBR) on functional and structural
Received 11 December 2013 characteristics of the thylakoid membranes under non-stress conditions were evaluated 48 h after

Accepted 22 March 2014

- h spraying of pea plants with different concentrations of EBR (0.01, 0.1 and 1.0 mg.L™"). The results show
Awailable online 31 March 2014

that the application of 0.1 mg.L" EBR has the most pronounced effect on the studied characteristics of
the photosynthetic membranes. The observed changes in 540 nm light scattering and in the calorimetric
transitions suggest alterations in the structural organization of the thylakoid membranes after EBR
treatment, which in turn influence the kinetics of oxygen evolution, accelerate the electron transport
Chlorophyll fluorescence rate, increase the effective quantum yield of photosystem Il and the photochemical quenching. The EBR-
Oxygen evolution induced changes in the photosynthetic membranes are most probably involved in the stress tolerance of
Pea plants plallts.

Thylakoid membranes © 2014 Elsevier Masson SAS. All rights reserved.
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Calorimetric transitions
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Temperature sensitivity of photosystem II in isolated thylakoid membranes from
fluridone-treated pea leaves
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Abstract: High temperature-induced changes in the photosystem 1T (PSII) activity of thylakoid membranes isolated from pea (Pisum
sativum L. ‘Ran’) plants treated with low (10 M) and high (107 M) concentrations of fluridone were investigated. Pulse amplitude
modulated (PAM) chlorophyll fluorescence and photosynthetic oxygen evolution (measured by polarographic oxygen rate electrode)
were used to estimate the effect of high temperature on the functional activity of PSIL. Higher temperature treatments lead to stronger
inhibition of the flash oxygen evolution than the primary photochemistry of PSII (F /F ). The inhibitory eftect of higher temperature on
the PSIla centers is stronger than on the PSIIP centers. The heat-induced damage in the PSIIa centers as well as in the donor side of all
PSII centers (PSIla and PSIIP) is accentuated by fluridone.

Key words: Fluridone, PAM chlorophyll fluorescence, photosynthetic oxygen evolution, PSIla centers, PSIIP centers, carotenoids
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Abstract

The sensitivity of the photosynthetic apparatus of Antarctic Synechocystis
salina and Chlorella vulgaris after UV-B irradiation was compared. Our results
clearly demonstrate that UV-B induced changes in the energy transfer between
chlorophyll-protein complexes, primary photochemistry of photosystem Il and
photosynthetic oxygen evolution, are stronger influenced in the cyanobacterium
Synechocystis salina than that in the green alga Chlorella vulgaris.

Key words: UV-B, photosynthetic apparatus, photosynthetic oxygen evo-
lution, Synechocystis salina, Chlorella vulgaris
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ABSTRACT

The aim of this study was to assess the impact of the microalgae Chlorella vulgaris on the rice seedlings at phy-
siological conditions and under cadmium (Cd) stress. We examined the effects of C. vulgaris in the nutrient solu-
tion on rice seedlings grown hydroponically in the presence and the absence of 150 uM CdCl,, using the low
{77 K) temperature and pulse amplitude modulated (PAM) chlorophyll flucrescence, P700 photooxidation mea-
surements, photochemical activities of both photosystems, kinetic parameters of oxygen evolution, oxidative
stress markers (MDA, H20; and proline), pigment content, growth parameters and Cd accumulation. Data
revealed that the application C. vulgaris not only stimulates growth and improves the functions of photosynthetic
apparatus under physiological conditions, but also reduces the toxic effect of Cd on rice seedlings. Furthermore,
the presence of the green microalgae in the nutrient solution of the rice seedlings during Cd exposure, signifi-
cantly improved the growth, photochemical activities of both photosystems, the kinetic parameters of the oxy-
gen-evolving reactions, pigment content and decreased lipid peroxidation, H;0; and proline content. Data
showed that the alleviation of Cd-induced effects in rice seedlings is a result of the Cd sorption by microalgae,
as well as the reduced Cd accumulation in the roots and its translocation from the roots to the shoots.
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Abstract. In this study, the effects of salt stress on the photosynthetic processes in sorghum
(Sorghum bicolor L. Albanus concep) and maize (Zea mays L. Mayflower) were compared. The plants
were grown in half-strength Hoagland solutions containing different NaCl concentrations (0, 50,
150 and 250 mM NaCl) for 6 days. Pulse Amplitude Modulated chlorophyll fluorescence,
photooxidation of P, and pigment analysis were used for characterization of the salinity effects on
the studied plants. The treatment of plants with the high concentrations of NaCl led to an inhibition
of the chlorophyll fluorescence parameters like the photochemical quenching, the rate of
photosynthesis and the linear electron transport in sorghum and maize. All these changes
corresponded to decrease in the pigment content and changes in chlorophyll a/b ratio. The analysis
of the Px photooxidation revealed that the photosystem I photochemistry was inhibited at the
highest NaCl concentration in both studied plants. Data also revealed that sorghum is more
sensitive to salt stress than maize. The reasons for different effects of salt stress on the maize and
sorghum are described.

Key words: chlorophyll fluorescence, pigment content, salt stress, sorghum, maize.



rii

Ind J Plant Physiol. (October—December 2015) 20(4):333-338
DO 100 1007 /540502-01 5-0183-2

'tg‘-’}::f CrossMark

ORIGINAL ARTICLE

Influence of the sanosil-induced oxidative stress
on the photosynthetic apparatus of different strains of green algae

and cyanobacteria

Emilia L. Apustnlmra] * GGeorgi Rashkov' « Kolyo Dankov' - Irina Puneva®

Recerved: 24 Apnl 2015/ Accepted: 4 October 2015/ Published online: 22 October 2005

@ Indian Society for Plant Physiology 2015

Abstract Photosynthetic oxygen evolution (measured by
polarographic oxygen rate electrode) and pulse amplitude
maodulated chlorophyll fluorescence were used to assess the
effect of sanosil-induced oxidative stress on photosystem [1
(PSII}) in the green alga Chlorella vulgaris and the
cyanobacterium  Synechocystis  saling  isolated  from
Antarctic and mesophilic environments. This study
revealed a relatively stronger influence of sanosil (espe-
cially its main component, hydrogen peroxide) on the
donor site (oxygen evolving complex) compared to the
acceptor side of the PSII in both green algae and
cyanobacteria. The inhibition of the oxygen evolution
results mainly from a decrease in the fast operating PSII
centers. In addition, the obtained data showed that the
effects of the oxidative stress on the cyanobacterium and
the green alga strongly depend on the antenna size of PSIL
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Introduction

Oxidative stress leads to inhibition of the photosynthesis
and respiration processes and thus influences the growth of
the photosynthetic organisms. This stress is the result of
disturbance in the balance between the production of
reactive oxygen species (ROS) and antioxidant defenses.
The balance between the formation and elimination of ROS
is an important aspect of the prevention of photo-oxidative
damage of the photosynthetic apparatus (Arora et al. 2002;
Pospizil 2014). A common feature of extreme environ-
mental stress factors is their potential to increase produc-
tion of ROS, such as singlet oxygen ('O:). superoxide
anion (037 ), hydroxyl radical (OH') and hydrogen peroxide
(H,0,). which can induce functional andfor structural
modification of the photosynthetic membranes ( Arora et al.
2002}. In photosynthetic membranes ROS are formed when
light absorbed by chlorophylls exceeds the light utilized by
photosynthetic apparatus (Pospisil 2012). Although ROS
are mainly produced by photosystem 1, the production of
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Abstract: Salt stress significantly impacts the functions of the photosynthetic apparatus, with varying
degrees of damage to its components. Photosystem II (PSII) is more sensitive to environmental
stresses, including salinity, than photosystem [ (PSI). This study investigated the effects of different
salinity levels (0 to 200 mM NaCl) on the PSII complex in isolated thylakoid membranes from
hydroponically grown pea (Pisum sativum L.) and maize (Zea mays L.) plants treated with NaCl for
5 days. The data revealed that salt stress inhibits the photochemical activity of PSII (H20 — BQ),
affecting the energy transfer between the pigment-protein complexes of PSII (as indicated by the
fluorescence emission ratio Fggs /Fegs), Q4 reoxidation, and the function of the oxygen-evolving
complex (OEC). These processes were more significantly affected in pea than in maize under salinity.
Analysis of the oxygen evolution curves after flashes and continuous illumination showed a stronger
influence on the PSlle than PSIIP centers. The inhibition of oxygen evolution was associated with an
increase in misses (), double hits (£), and blocked centers (Sg) and a decrease in the rate constant
of turnover of PSII reaction centers (Kp). Salinity had different effects on the two pathways of Q4
reoxidation in maize and pea. In maize, the electron flow from Q- to plastoquinone was dominant
after treatment with higher NaCl concentrations (150 mM and 200 mM), while in pea, the electron
recombination on Q4 Qg- with oxidized S; (or S3) of the OEC was more pronounced. Analysis of
the 77 K fluorescence emission spectra revealed changes in the ratio of the light-harvesting complex
of PSII (LHCII) monomers and trimers to LHCII aggregates after salt treatment. There was also a
decrease in pigment composition and an increase in oxidative stress markers, membrane injury index,
antioxidant activity (FRAP assay), and antiradical activity (DPPH assay). These effects were more
pronounced in pea than in maize after treatment with higher NaCl concentrations (150 mM-200 mM).
This study provides insights into how salinity influences the processes in the donor and acceptor
sides of PSII in plants with different salt sensitivity.



