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Summary

In this study, leaf chlorophyll fluorescence and mineral compositions was used to
compare pepper (Capsicum annuum L.) cultivars response to salt stress. Twenty-

six pepper cultivars were exposed to salt stress (100 mM NaCl) during two weeks.
Thereafter, chlorophyll fluorescence components, stress tolerance index (STI),
sodium, potassium and calcium content were measured. The results showed that

a significant difference has been found among pepper cultivars for all studied
characteristics. Reduced chlorophyll fluorescence parameters under salinity treatment
were different between pepper cultivars. Fo/Fm, Fv/Fm was declined, with NaCl
treatment in all cultivars. Fv/Fo, Fv/Fm, ®exc, ®PSII, ETR, qp, K*, K*/Na+ and
Cat**/Na* were decreased but leaf Na+ content was increased by salinity stress. A
significant correlation was found between salt stress tolerance index and fluorescence
characteristics such as Fo/Fm, Fv/Fo, Fv/Fm, Fv/Fm diminishing, ®exc, ®PSII,

ETR, and qp. Furthermore, there was a significant correlation between Na*, K*, Kt/
Nat+ and Ca*+/Na* with salt stress tolerance index. Overall, chlorophyll fluorescence
parameters followed by Na*, K*, K*/Na* and Ca**/Na* could be useful tool to screen
salt tolerance pepper cultivars.
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Introduction

Salt stress is one of the most important limiting factors for
plant growth and agricultural productivity all over the world
(Chaves et al., 2011). Salinity affects more than 6% of the arable
land and about 30 to 50% of irrigated land worldwide (Chaves
etal.,, 2011). The decline in availability of freshwater in arid and
semi-arid areas has resulted in the increased use of bad quality
water for irrigation of greenhouse crops that causes a salt stress
that may be harmful for plant production (Lycoskoufis et al.,
2005, Azuma et al., 2010).

Generally, the techniques used to evaluate plant tolerance
to environmental stress from plant materials are based on
methods that require sample destruction, a storage period and
measurement in laboratory, resulting in an important delay in
determining the crop status at certain moment. Chlorophyll
fluorescence provides a rapid, non-invasive, non-destructive
and accurate technique for evaluation of the plant tolerance to
stress (Li et al., 2006). Measuring chlorophyll fluorescence is a
sensitive method of assessing the efficiency of photosynthetic
system II (PSII) and the changes in photosynthesis caused by
environmental effects (Lichtenthaler, 1987). Ratio of the vari-
able to the maximum components of fluorescence (Fv/Fm) is
a measure of the capacity of PSII, which is sensitive to various
environmental factors inducing different kinds of stress (Baker
and Rosenqvist, 2004). Chlorophyll a fluorescence can give in-
formation on the ability of a plant to tolerate environmental
stresses (Zribi et al., 2009). Chlorophyll fluorescence can also
be useful in salinity-tolerance screening programs, because it
detects effects of salt damage before visible signs of deteriora-
tion (Kaouther et al., 2012). There are some reports showing that
chlorophyll fluorescence parameters could be useful to screen
salt tolerance (Corney et al., 2003; Zribi et al., 2009; Bacarin et
al., 2011; Mittal et al., 2012).

The nutritional status of plants with potassium (K) and cal-
cium (Ca) has been regarded as characterization of salt tolerance
in crop plants (Aktas et al., 2006). K*/Na* and Ca**/Na* ratios
and tissue Na* concentration are used in screening crop plants
for tolerance to salt stress (Munns and James, 2003). It was re-
ported that salt tolerant cultivars of pepper had higher values of
K+/Nat and Ca**/Nat ratios (Aktas et al., 2006; Zhani et al., 2012).

Pepper is one of the three most important Solanaceous veg-
etable crops in the world, which is generally considered as salt
sensitive (Azuma et al,, 2010). In greenhouse cultivation, all
over the world, the lack of good quality water made producers
to use saline underground water that causes severe reduction in
crop growth and yield (Lycoskoufis et al., 2005). So, in arid and
semiarid regions, salinity has a severe impact on the yield and
quality of pepper (Del Amor et al., 2012). Therefore, the present
study was carried out to determine whether chlorophyll fluo-
rescence components can be used as potential physiological in-
dicator for evaluating the salinity tolerance of pepper cultivars
in seedling stage.

Materials and methods

Plant material and treatments

The greenhouse experiment was conducted in 2013 at
University of Guilan, Rasht, Iran. Seeds of twenty six pepper

Table 1. Names of pepper cultivars that were used in
experiment

No.  Hybrid Fruit type Company
1 Ethem Yellow-Long Conical Petoseed
2 Dulce Green- Jalapeno Petoseed
3 Shanghai(SQ-Y) Yellow- Bell Petoseed
4 Luzon Yellow- Bell Bruinsma
5 PaxRGH Yellow- Bell Bruinsma
6 Paramo Orange- Bell Bruinsma
7 Lorca F1 Red- Bell Bruinsma
8 Mentor Red- Bell Bruinsma
9 Snooker (root stock)  Green- Conical Syngenta
10 Efests Red- Conical Nunhems
11 Semerkand Red- Conical Nunhems
12 SPADI Red- Conical Vilmorin
13 ACX 270 Red- Lamuyo ABBOT and COBB
14 Exp. 10 Red- Lamuyo Vilmorin
15 Tyson Red- Lamuyo Vilmorin
16 Daytona Red- Lamuyo Nunhems
17 Magic Red- Lamuyo Axia

18 Defender Red- Lamuyo Nunhems
19 Figaro Red- Lamuyo Vilmorin
20 Radin Red- Lamuyo Axia

21 ACX 248 Red- Lamuyo ABBOT and COBB
22 Maral Yellow- Lamuyo Axia

23 Wanado Red- Lamuyo Axia

24 Octavio Red- Lamuyo Vilmorin
25 Sereno Yellow- Lamuyo Vilmorin
26 Exp. 4 Red- Lamuyo Vilmorin

cultivars (Table 1) were surface sterilized for 10 min in sodium
hypochloride (5%), then washed with deionized water and germi-
nated for 12 days in perlite at 28°C in the incubator. Thereafter,
seedlings were transferred to greenhouse with controlled envi-
ronment at a temperature of 24+3°C and the relative humidity
variation between 90% at night and 60% at midday. The seed-
lings were transplanted into 15 L black plastic containers con-
taining aerated full nutrient solution consisted of macronutrients
4mMN,2mMK, 0.25mM P, 2 mM Ca, 1 mM Mg, and 1.88
mM S) and micronutrients (10 pmol B, 0.5 umol Mn, 1uymol Zn,
100 pmol Fe, 0.2 pmol Cu and 0.02 umol Mo). The solution was
completely replaced every three days (Aktas et al., 2006). Salt
stress treatments started when the pepper seedlings reached
six to seven true leaf stage with a salty solution containing 100
mM NacCl for 14 days. The nutrient solution without NaCl was
used as a control.

Measurement of chlorophyll fluorescence

Chlorophyll fluorescence parameters including minimal
fluorescence (Fo) and maximal fluorescence (Fm) of the young-
est fully expanded leaves were measured 30 min after darkness
adaptation of the leaves were measured using a pulse amplitude
modulated fluorometer (Mini- PAM- 2000; Walz, Germany)..
Steady-state yield of PSII fluorescence and fluorescence maxi-
mum (F’m)were measured in the light adapted leaves.

The other fluorescence parameters were calculated using the
below formulas:

— Fv/Fm (maximal photochemical yield of PSII in the dark-
adapted state) = (Fm - Fo)/Fm;
— Fv/Fo (the potential photosynthetic activity) = (Fm - Fo)/Fo;
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— OPSII (effective quantum yield of PSII photochemistry) =
[F'm - (Fs)]/F’m;

— ®exc (the efficiency of excitation energy capture by open
PSII reaction centres) = (F’m-F'o)/F'm;

— photochemical quenching coefhicient (gp) = (F’'m -Fs)/ (F'm
- Fo);

— non-photochemical quenching (NPQ) = [(Fm - F'm)/F’m];

— ETR (the electron transport rate) = yieldxPFDx0.5x0.84 (the
standard factor 0.84 corresponds to the fraction of incident
light absorbed by leaf);

— the physiological state of the photosynthetic apparatus (the
quantum yield baseline) = Fo/Fm.

The salt tolerance index

The stress tolerance index was calculated using the Fernandez
(1992) formula:

STI = (Y, xY,) (¥, )’
Y, = total dry weight in salt treatment, Y, = total dry weight
in control, Y, = total dry weight of all cultivar in control.

Determination of ion contents

K*, Nat and Cat* leaf content was analyzed by flame spec-
trophotometer.

The experimental design was completely randomized with
three independent replications and six plants for each replica-
tion. The data analysis was done using SPSS software 22.00. LSD
test was used to compare between means and to determine sig-
nificance between variables (P < 0.05).

Results and Discussion

Salt tolerance index

Salt tolerance index (STI) was significantly different among
pepper cultivars under salt stress conditions (Table 3). The cul-
tivars ‘Paramo’, ‘Sereno’ and ‘Efests’ were more tolerant and
‘PaxRGH’, ‘Exp. 10’ and ‘Mentor’ were more sensitive cultivars
to salt stress.

Previous study showed that STT is able to select cultivars with
high yield potential and greater tolerance to stress. This indica-
tor is based on the selection of cultivars with high yield in stress
and non-stress condition (Fernandez, 1992).

Chlorophyll fluorescence (Photochemical Efficiency)

Salt stress resulted with declining of all fluorescence chlo-
rophyll components except Fo, Fo’, Fo/Fm and NPQ (result not
shown). Fo and Fo’ were increased in 100 mM NaCl for all culti-
vars, but they were not significantly different from control plants.
The observed Fm and Fm’ did not significantly decrease in salt
stress compared to control. Fo/Fm (the quantum yield baseline)
increased significantly in 100mM NaCl for all cultivars. ‘Sereno’,
‘Paramo’ and ‘Efests’ showed higher values, while ‘PaxRGH’,
‘Exp. 10" and ‘Magic’ showed lower Fo/Fm than other cultivars.

The results showed that Fo/Fm ratio differed among pepper
cultivars and correlated with STI. Normal values of Fo/Fm, as
standard, were observed between 0.14 and 0.20 (Rohacek, 2002).
The higher Fo/Fm indicates that the initial rate of reduction of
the plastoquinone A (PQ,) was higher than the rate of plasto-
quinone B (PQjg) and the activity of photosystem I (PSI), when

plants were exposed to higher concentrations of NaCl (De Lucena
etal., 2012). Rohacek (2002) suggested the increase relation Fo/
Fm as stress indicator. Similar kind of results has been docu-
mented for Brassica species (Jamil et al., 2014).

In this study the higher values of Fv/Fo was found in ‘Sereno’,
‘Paramo’ and ‘Efests’ cultivars and the lower values in ‘PaxRGH’,
‘Exp. 10’ and ‘Magic’ cultivars. The correlation between Fv/Fo
and STI was completely dependent on pepper cultivars. Salinity
reduced Fv/Fo and the more tolerance cultivars had the higher
was Fv/Fo. In general, Fv/Fo ratio is a very sensitive index of
the potential photosynthetic activity of plants under different
environmental conditions. High salinity stress affects the effi-
ciency of the photochemical process and the electron transport
chain in PSII that resulted in decrease in Fv/Fo ratio (Li et al.,
2010). The reduction of Fv/Fo in response to salt stress has been
reported in Acer (Percival et al., 2003)

Salinity also significantly affected Fv/Fm ratio, which was
measured in the dark adapted leaves of all pepper cultivars. In
control plants, (Fv/Fm) ratio was in the range of 0.80 to 0.82 for
all cultivars. In 100 mM NaCl, declines of approximately 6.65%
to 19.96 % were found for ‘Efests’ and ‘PaxRGH’ cultivars respec-
tively. The degree of Fv/Fm declining was dependent on pepper
cultivars. The lowest declining of Fv/Fm was observed in ‘Efests’,
followed by ‘Paramo’, ‘SPADI’ and ‘Sereno’ and the highest value
was observed in ‘PaxRGH’, followed by ‘Exp.10’ and ‘Magic’ cul-
tivars. In this study, it has been observed that salinity caused a
significant reduction in the values of Fv/Fm (quantum yield of
PSII), suggesting that salinity can induce perturbations in elec-
tron transport of PSII (Megdiche et al., 2008). In other hands,
salt stress prevents the electron transfer from the primary ac-
ceptor, PQ, to the secondary acceptor, PQg at the acceptor side
of PSII that resulted in the decrease in Fv/Fm (Shu et al., 2012).
The increase of NaCl in chloroplasts of plants causes the restric-
tion of PSII and increases susceptibility to photodamage (Sudhir
and Murthy 2004). The maximum photochemical efficiency (Fv/
Fm) for a leaf in normal conditions varies between 0.75 and
0.85 and a reducing of this parameter shows photo-inhibitory
damage (Kaouther et al., 2012). The effect of salinity stress on
the maximum quantum yield of PSII (Fv/Fm) depends on the
salt tolerance among the species or even among the genotypes
(Lee et al., 2004; Jiang et al., 2006). Fv/Fm has been used vastly
as a technique for early stress detection (Baker and Rosenqvist,
2004). Our results match with the studies in Capsicum annuum
(Kaouther et al., 2012), Solanum melongena (Wu et al., 2012),
Lycopersicon esculentum (Al-aghabary et al., 2005), Cucumis sa-
tivus (Shu et al., 2012), Triticum aestivum (Kanwal et al., 2011),
Brassica juncea (Wani et al., 2013) and Brassica species (Jamil
et al., 2014).

‘Sereno’, ‘Paramo’ and ‘Maral’ had significantly higher values
of ®exc while ‘Exp. 10°, ‘PaxRGH’ and ‘Tyson’ lower values of
Dexc compared with other cultivars. ®exc has been shown ef-
ficiency of excitation energy that reaches to reaction centers of
PSII and the decrease in ®exc could be attributed to decrease
in Fv/Fm or increase in NPQ of PSII (Zribi et al., 2009). In this
study, Pexc was more affected by increasing salt stress in sensi-
tive cultivars. These results are in agreement with the findings
reported in tomato (Zribi et al., 2009) and in coastal plant spe-
cies (Naumann et al., 2007).
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Table 2. Correlations between chlorophyll fluorescence parameters , Na*, K+, K¥/Na*, Ca**/Nat+ and stress tolerance index

measured in pepper cultivars

Fo/fm  Ev/Fo  Ev/Em FvFm e oPSI ETR  qp Na* K*  K'/Na' Ca™/Na' STI
iminishing
Fo/Fm 1
Fv/Fo -0.99*%* 1
AF/Fm -1.00**  0.99*%* 1
Fv/Fm diminishing ~ 0.99**  -0.98**  -0.99** 1
Qexc -0.84**  (0.85** 0.84%* -0.81** 1
@PSIT -0.66**  0.67** 0.66** -0.65** 0.79**
ETR -0.66**  0.67** 0.66** -0.65** 0.79%**  1.00** 1
qp -0.53**  0.53** 0.53** -0.53*%* 0.63**  0.97** 0.97** 1
Na* 0.82%%  -0.80** -0.82** 0.82*%* -0.66**  -0.60**  -0.60**  -0.52** 1
K* -0.67**  0.66** 0.67** -0.66** 0.38 0.21 0.21 0.13 -0.65** 1
K*/Na* -0.86**  0.86** 0.86%* -0.87** 0.66**  0.55** 0.55%* 0.46% -0.94%  0.79%* 1
Ca**/Na* -0.88**  0.88** 0.88** -0.88** 0.73*%%  0.64** 0.64** 0.54*%  -0.95%*  0.64** 0.97** 1
STI -0.86**  0.87** 0.86%* -0.87** 0.72%%  0.65** 0.65%* 0.56%*  -0.86**  0.64** 0.92*%* 0.95%* 1

*, ** Correlation is significant at the 0.05 and 0.01 level 2-tailed, respectively.

Table 3. Comparison of trait means of chlorophyll fluorescence parameters correlated with STT on pepper cultivars in salt stress

Cultivar Fo/fm  Fv/fo  Fv/Fm . EVEM  pexc  opSII
iminishing
Ethem 0.31b-f 225a-f 0.69a-f 14.66a-e 049e-h 0.19d-g
Dulce 0.28ef 2.54a-d 0.72ab 12.47c-e 052ch 0.28a-f
Shanghai 0.32a-e 2.15c¢cf 0.68b-f 158la-d 0.52c-h 03la-c
Luzon 0.32a-e 217c¢f 0.68b-f 15.17a-e 0.51d-h 0.25a-g
PaxRGH 0.35a 1.86 f 0.65f 19.96 a 0.48 gh 0.15¢
Paramo 0.27f 2.72a 0.73a 9.87 e 0.58 ab 0.33a
Lorca F1 0.31b-f 229a-f 0.69a-f 1395b-e 0.52b-g 0.25a-g
Mentor 0.32a-e 214cf 068b-f 1590a-d 0.49fh 0.20a-g
Snooker 0.30b-f 232a-f 0.70a-f 13.83b-e 0.51ch 025d-g
Efests 027f  272ab  0.73a 9.65e  0.55a-d 0.32a-c
Semerkand 0.30b-f 2.38a-e 0.70a-f 13.27b-e 0.52c¢-h 0.24a-g
SPADI 0.28fe  2.6la-c 0.72ab 10.08e  0.55a-e 0.35a
ACX 270 0.29d-f 254a-d 0.71a-c 1243ce 0.54af 033ab
Exp. 10 0.34 ab 1.98ef  0.66ef 18.42ab 0.46h  0.19e-g
Tyson 0.31b-f 229a-f 069a-f 13.70b-e 049fh 0.22b-g
Daytona 0.28d-f 2.55a-d 0.72a-c 11.25de 0.53a-g 0.21c-g
Magic 0.33a-c  20lef 0.67d-f 17.34a-c 049fh 0.24a-g
Defender 0.30b-f 2.33af 0.70a-f 14.70a-e 0.56a-d 0.32a-c
Figaro 0.30b-f 2.39a-e 070a-f 13.16b-e 0.53a-g 0.24a-g
Radin 031a-f 222b-f 0.69a-f 14.98a-e 0.51d-h 0.18fg
ACX 248 0.29cf 248a-e 0.71a-d 1232ce 0.56a-d 0.28a-f
Maral 0.28d-f 2.54a-d 072a-c 1220c-e 0.57a-c 0.32a-c
Wanado 03laf 225af 0.69a-f 14.64a-e 0.53a-g 0.33ab
Octavio 0.33a-d 2.06df 067cf 16.65a-d 049f-h 0.24a-g
Sereno 0.27 f 2.74a 0.73a 10.17 e 0.58a 0.30a-d
Exp. 4 029cf 243a-e 07lad 11.85c-e 0.53a-g 030a-e

ETR Qp Na* K K*/Na* Ca**/Na*  STI
2408d-g 039e-g 1425b-d 3790a-e 266jk 0.55m-0 0.49hi
3477af 053af 996hj 3885a-d 390de 083cf 1.02¢
39.17a-c 0.60ab 119le-g 3341d-f 281j 068hl 0.64d-h
3146a-g 049a-g 19.07a 31.58f 1660 044pq 0.56e-i

1926g 032g 1936a 31.74f 1640  04lq  0.07j
4206a 058a-c  872j 39.58ab 4.54a  096a  136a
31.02a-g 047a-g 1039g§ 3474bf 3341 079d-g 096¢
2469d-g 04lc-g 1454bc 37.64a-e 259kl 058ln  045i
31.88a-g 048a-g 9.49ij 3829ae 4.04cd 081d-g 1.20ab
4049a-c 058a-c  9.23i 4172a  452a 092ac 1.28a
3043a-g 046a-g 10.66g-i 3920a-c 3.68fh 073gj 073de
44052  0.64a  9.20ij 3879a-d 4.22bc 0.89a-d 1.23ab
41.03ab 0.60ab  8.85ij 37.50a-e 424b 0.89a-d 1.20ab
2350fg 04lc-g 17.76a 32.80ef 1.85n 0450-q 045i
2732b-g 045b-g 1064gi 33.54df 3.15i 074fi 0754
2655¢c-g 039d-g 983h 369laf 3.76e-g 084b-e 1.07bc
29.84a-g 048a-g 1538b 3586b-f 233m 051n-q 053hi
40.10a-c 057a-d 1266d-f 33.67cf 266jk 0.64i-m 0.72d-f
2993a-g 044b-g 10.64g-i 37.74a-e 355h 077eh  0.76d
2282e-g 036fg 13.93b-d 3868a-d 278jk 053n-p 0.54gi
3535af 049a-g 9.38i 36.02b-f 384ef 085b-e 1.07bc
40.10a-c 056a-e 1371b-e 3355d-f 245lm 0.63j-m 0.63d-h
4152ab  0.6lab 11.59fh 32.83ef  283j 0.69hk 071d-g
3040a-g 049a-g 1299cf 3536b-f 272jk 0.60kn  0.55e-i
37.83a-d 052af 9.02i) 39.65ab 4.39ab 094ab  1.29a
37.36j-e 0.55a-e 10.37g-j 3697af 3.56gh 071gj 0.72de

Numbers with the same letters are not statistically different (P < 0.05)

The highest values of ®PSII were observed in ‘SPADT’,
‘Paramo’ and ‘Wanado’ while the lowest value was in ‘PaxRGH’,
‘Radin’ and ‘Exp. 10”. OPSII reflects electron transport rate, which
is the lowest at 100 mM NaCl, indicating that the plants couldn’t
convert photon energy into chemical energy (Li et al., 2010). In
our experiment @PSII was less affected in tolerant cultivars than
in sensitive ones indicating better PSII functioning under the
salt stress (Hanachi et al., 2014). ®PSII (actual PSII efficiency)
account efficiency of light use for electron transport by PSII and
the principal factor assessing this efficiency is the ability of pho-
tosynthetic system to remove electrons from the quinone accep-
tors of PSII (photochemical quenching) (Zribi et al., 2009). ®PSII

is good indicator for PSII activity and its regulation (Hanachi et
al., 2014). Similar conclusions have been demonstrated for egg
plants (Hanachi et al., 2014), coastal plant species (Naumann et
al., 2007) and cucumber (Stepien and Klbus, 2006).

After exposure to salinity, electron transport rate (ETR) value
was decreased significantly in all cultivars. ‘SPADI’, ‘Paramo’ and
‘Wanado’ showed higher, while ‘PaxRGH’, ‘Radin’ and ‘Exp. 10’
lower values of ETR compared with other cultivars. It was report-
ed that the ETR decreases under salinity stress (Allakhverdiev et
al., 2000; Moradi and Ismail, 2007; De Lucena et al., 2012). Salt
stress increases the salt concentration in the cytosol and causes
the decomposition of plastocyanin or cytochrome ¢553 complex
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of PSI causing decline in the rate of electron transport mediated
by PSI and PSII (Allakhverdiev and Murata, 2008). In the pre-
sent study the results showed that ETR in all cultivars was de-
creased at the 100 mM NaCl concentration. This decrease was
more pronounced in sensitive cultivars. Similar conclusions have
been demonstrated for tomato (Zribi et al., 2009) and Brassica
species (Jamil et al., 2014).

Comparison of the cultivars showed that ‘SPADI’ and
‘Wanado’ followed by ‘ACX 270’ had the highest values, while
‘PaxRGH’ followed by ‘Radin’ and ‘Ethem’ lowest values in qp
under salinity stress. In contrast, NPQ was not affected signifi-
cantly by the salt treatments. Our result shows that the treat-
ment of pepper cultivars with 100 mM NaCl caused a decrease
in the qp correlated with STI. The photochemical quenching (qp)
represents the number of photons used by photochemical reac-
tions per the absorbed photon numbers as well as the PSII abil-
ity to reduce the primary electron acceptor PQ, under salinity
(Hanachi et al., 2014). The qp can help to protect the photosyn-
thetic apparatus by shifting electrons to O, under salinity stress
(Ort and Baker, 2002). These results are in agreement with those
reported by Zribi et al. (2009) and Jamil et al. (2014).

Determination of ion contents

The results showed that NaCl treatments significantly in-
creased Na* content and decreased K* content, K*/Na* and Ca*+/
Nat ratio of pepper cultivars respectively (Table 3). ‘Paramo’,
‘ACX 270’ and ‘Sereno’ showed lower, while ‘PaxRGH’, ‘Exp. 4’
and ‘Exp. 10” higher values of Na+ as compared with other cul-
tivars. The highest values of K*, K*/Na* and Ca**/Na* were ob-
served in ‘Paramo’, ‘Efests’ and ‘Sereno’. ‘PaxRGH’, ‘Exp. 4’ and
‘Exp. 10’ showed the lowest values of K*, K*/Na* and Ca**/Na*
among all cultivars. Low concentrations of Na+ were observed
in leaves of control plants (results not showed). NaCl treatment
amplified Na* contents in leaves in the all cultivars and de-
creased K* (significantly) and Ca*+ content (not significantly).
It seems that the decrease in potassium and calcium content
is due to an antagonistic effect between sodium with potas-
sium and calcium. The achieved result was in agreement with
the work of Chartzoulakis and Klapaki (2000), Lycoskoufis et
al. (2005), Niu et al. (2010), and Zhani et al. (2012). In parallel
with Na+ accumulation a decline in K* content, the K*/ Na* and
Ca*+*/ Nat ratio was observed in all pepper cultivars (Table 3).
Aktas et al. (2006) showed that potassium and calcium content,
K*/Nat and Ca**/Na* ratio decreased due to salinity in sensi-
tive pepper cultivars more than in tolerant cultivars. Zhani et
al. (2012) suggested that K*/Nat ratio has a potential value as
selection criterion for salt tolerance. According to these results,
it was concluded that cultivars ‘Paramo’, ‘Sereno’ and ‘Efests’
were the most salt stress tolerant due to its less Na* absorption,
more K* accumulation and higher K¥/Na* and Ca*+/Na* ratio
compared with the other studied cultivars.

Bivariate Pearson correlations

We evaluated the correlation between chlorophyll fluores-
cence characteristics, leaf Nat, K* and Ca*+ content and stress
tolerance index (Table 2). Results showed a high correlation (<
0.6) between Fo/Fm, Fv/Fo, Fv/Fm, Fv/Fm diminishing, ®exc,
®PSIIL, ETR, gp, Nat, K+, K*/Na*, Ca*+/Na*, and STI. Therefore,
these characteristics could be considerable indicators for screen-
ing salt tolerance pepper cultivars.

Conclusion

To research the effect of the salinity stress on PSII, pho-
tochemistry was measured in twenty six pepper cultivars. In
our study, the results showed that Fo/Fm, Fv/Fo, Fv/Fm, ®exc,
@PSIL, ETR, and qp wereaffected significantly by salinity stress.

Chlorophyll fluorescence components at leaf scale can pro-
vide useful tools for non-destructive determination of plant tol-
erance under salt conditions. Based on the presented results, Fo/
Fm, Fv/Fo, Fv/Fm, Fv/Fm diminishing, ®exc, ®PSII, ETR, and
qp are sensitive indicators to salinity stress, thus are well suited
for salinity stress detection. In addition, due to significant cor-
relations observed between the STI and aforementioned traits,
are good indicators for salinity tolerance screen. This parame-
ter has a potential to be the effective and nondestructive tool to
screen pepper cultivars for salt tolerance. In addition, ‘Paramo’
was tolerant and ‘PaxRGH’ susceptible among studied cultivars.

Abbreviations

Fo, Fm, Fv: minimum, maximum and variable fluorescence
in dark-adapted state, Fo/Fm: the quantum yield baseline , Fv/
Fo: the potential photosynthetic activity, Fv/Fm: maximal pho-
tochemical yield of PSII, @exc: the efficiency of excitation energy
capture by open PSII reaction centers, ®PSII: effective quan-
tum yield of PSII photochemistry, ETR: the electron transport
rate, qp: photochemical quenching coefficient, NPQ: non-pho-
tochemical quenching.
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