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Abstract 
 
Salt stress is one of the abiotic stresses that limits plant growth and yield of plants world wide, 
and have a strong influence on the photosynthesis. It is known that high salt concentrations 
alter on the protein composition, the amount of pigments, the total lipid and the fatty acid 
content of the photosynthetic apparatus, which is accompanied by changes in the structure and 
function of chloroplast.  Electron microscopic studies have shown that increasing the amount 
of salt leads to the destruction of chloroplast envelope, a damage to stromal thylakolds and a 
disintegration of the granal thylakoid systems. All these changes decrease the efficiency of 
photosynthesis, as the effects depend on the plant species as well as the dose and the duration 
of stress. The studies of plants with different sensitivity to salt stress as well as their defence 
mechanisms is an important step in better understanding how plants can acclimate to the 
adverse environments like salt and other stresses. In this chapter, we review the effects of salt 
stress on the structure and the function of the photosynthetic apparatus as well as the defence 
mechanisms in plants focusing mostly on the antioxidant defence system and the osmolites. 
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Abstract: The effects of short-term treatment with phe-
nylurea (DCMU, isoproturon) and phenol-type (ioxynil) 
herbicides on the green alga Chlorella kessleri and the 
cyanobacterium Synechocystis salina with different 
organizations of photosystem II (PSII) were investigated 
using pulse amplitude modulated (PAM) chlorophyll 
fluorescence and photosynthetic oxygen evolution meas-
ured by polarographic oxygen electrodes (Clark-type 
and Joliot-type). The photosynthetic oxygen evolution 
showed stronger inhibition than the PSII photochemis-
try. The effects of the studied herbicides on both algal and 
cyanobacterial cells decreased in the following order: 
DCMU > isoproturon > ioxynil. Furthermore, we observed 
that the number of blocked PSII centers increased sig-
nificantly after DCMU treatment (204–250 times) and 
slightly after ioxynil treatment (19–35 times) in compari-
son with the control cells. This study suggests that the 
herbicides affect not only the acceptor side but also the 
donor side of PSII by modifications of the Mn cluster of 
the oxygen-evolving complex. We propose that one of 
the reasons for the different PSII inhibitions caused by 
herbicides is their influence, in different extents, on the 
kinetic parameters of the oxygen-evolving reactions (the 
initial S0 − S1 state distribution, the number of blocked 
centers SB, the turnover time of Si states, misses and 
double hits). The relationship between the herbicide-
induced inhibition and the changes in the kinetic para-
meters is discussed.

Keywords: Chlorella kessleri; herbicides; PAM chlorophyll 
fluorescence; photosynthetic oxygen evolution; Synecho-
cystis salina.

1  Introduction
The application of herbicides in agricultural practice 
leads to an increase of pollution levels in soil and water, 
causing environmental problems. Their high toxicity, even 
at low concentrations, is dangerous for all living organ-
isms. A number of herbicides with an agricultural impor-
tance are reported to act on photosystem II (PSII). They 
can be differentiated into two groups according to their 
chemical specification and inhibitory patterns: urea/tria-
zine and phenol-type herbicides [1]. PSII is a major mul-
tisubunit chlorophyll-protein complex embedded in the 
thylakoid membrane, which drives electron transfer from 
water to plastoquinone (PQ) to produce molecular oxygen 
and protons using energy derived from light [2–4]. The 
herbicides, affecting the functions of PSII, inhibit electron 
transfer from QA to QB due to the competition of herbicides 
with PQ binding to the exchangeable QB site in the PSII 
complex [5, 6]. An accumulation of reduced QA, as a result 
from blocking of the electron transfer from QA to QB, leads 
to an increase in the proportion of QB nonreducing centers 
and an influence of the PSII function. It is known that the 
phenylurea-type and phenol-type herbicides interact with 
different amino acid residues on the D1 protein of PSII [7].

Moreover, Ajlani et al. [8] have suggested that the phe-
nol-type herbicide ioxynil inhibits both the acceptor and the 
donor side of PSII. In addition, studies with mutants presup-
posed that asparagine 266, valine 249, phenylalanine 255 
and alanine 251 participate in the binding niche of ioxynil 
[8]. It has also been shown that the mutant of Synechocystis 
6714, in which asparagine at position 266 of the D1 protein 
is replaced with tyrosine, is resistant to ioxynil but not to 
the phenylurea herbicide DCMU [8]. Later studies on the 
double mutant of Synechocystis 6714  with additional sub-
stitution of serine by alanine at position 264 revealed that 
this mutant is insensitive to DCMU [9]. Therefore, all these 
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Abstract The present study was conducted to

investigate the effect of exogenous salicylic acid

(SA) added to the nutrient solution on the growth

parameters and the functions of the photosynthetic

apparatus of rice plants under cadmium (Cd) stress.

Our investigations have shown that 10 lM SA has an

optimal effect in rice plants grown hydroponically.

Pulse amplitude modulated chlorophyll fluorescence,

low-temperature chlorophyll fluorescence, oxygen

evolution (measured with Clark-type and Joliot-type

electrodes) and P700 photo-oxidation measurements

were carried out to assess the effect of SA on the

activity of the photosynthetic apparatus. The levels of

three important parameters associated with oxidative

stress (hydrogen peroxide, lipid peroxidation and

proline content) were measured. The application of

low concentration of SA significantly decreased the

levels of hydrogen peroxide, lipid peroxidation and

proline under Cd stress. The results revealed that low

concentration of SA, applied in plants exposed to

150 lM CdCl2, significantly improves plant growth,

photochemical activities of both photosystems, the

electron flow from QA to plastoquinone, energetic

distribution between pigment-protein complexes and

the kinetic parameters of oxygen-evolving reactions.

This study suggests that exogenous application of

10 lM SA through the rooting medium has a protec-

tive effect against Cd toxicity in rice plants. The

possible molecular mechanisms involved in the

defence effect of SA on the function of photosynthetic

apparatus are discussed.

Keywords Cadmium stress � Chlorophyll
fluorescence � Oxidative stress � Photochemical
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1 Introduction

Heavy metals are one of the major environmental

pollutants, whose concentrations have been increasing

continuously in the soil and in the water, and their

quantities are often sufficient to present a risk to the

human health. Plants grown in metal-polluted envi-

ronments, exhibit altered metabolism, growth and

biomass reduction, lower crop yields and metal

accumulation (for review see Parmar et al. 2013; Tran

and Popova 2013).

Cadmium (Cd) is one of the most toxic heavy

metals because of its high solubility in water, its easy

absorption through the roots and its accumulation in

plant tissues (see Li et al. 2017). This metal strongly

E. K. Yotsova � A. G. Dobrikova � M. A. Stefanov �
E. L. Apostolova (&)

Institute of Biophysics and Biomedical Engineering,

Bulgarian Academy of Sciences, Sofia, Bulgaria

e-mail: emya@bio21.bas.bg

M. Kouzmanova

Department of Biophysics and Radiobiology, Biological

Faculty, Sofia University, Sofia, Bulgaria

123

Theor. Exp. Plant Physiol. (2018) 30:57–70

https://doi.org/10.1007/s40626-018-0102-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s40626-018-0102-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40626-018-0102-9&amp;domain=pdf
https://doi.org/10.1007/s40626-018-0102-9







	Improvement of the rice photosynthetic apparatus defence under cadmium stress modulated by salicylic acid supply to roots
	Abstract
	Introduction


