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Abstract We evaluated the salt tolerance of hybrids of
pepper (Capsicum annuum L.) during germination. Treat-
ments were applied at 0, 25, and 50 mM NaCl with prepara-
tions of supplemental extracts of the microalgae Dunaliella
salina and Phaeodactylum tricornutum to determine the
percentage germination rate as well as measured indicators
of oxidative stress caused by the salt treatments during seed
germination. We found that root growth was favorably influ-
enced by the microalgae leading to increased germination rate.
Tissues were analyzed in terms of superoxide radical produc-
tion, lipid peroxidation, and activity of antioxidant enzymes
viz. superoxide dismutase, catalase, and glutathione peroxi-
dase. Our results suggest that application of microalgae
extracts significantly reduced (p<0.05) superoxide radi-
cal production, as well as lower lipid peroxidation in
comparison to plants without extracts of microalgae.
The antioxidant enzymes increased in the presence of
microalgae showing a significant difference (p<0.05).
The results suggest differences in oxidative metabolism
in response to the magnitude of salt stress and concen-
trations of microalgae help mitigate salt stress in plants
during the germination process.
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Introduction

Progressively, it is more difficult to obtain high yields of
cultivated plants due to declining water supplies and salini-
zation of soils. Globally, more than 800 million hectares are
affected by salinization (FAO 2008; Munns and Tester
2008). In Mexico, large arid and semi-arid regions depend
on irrigation water, but unfortunately the water contain large
amount of dissolved salts. This problem is exacerbated by
inappropriate chemical fertilization practices, consequently
resulting in osmotic imbalance between soil and plant where
salinization is produced in the root zone at concentrations
that can damage crops and fundamentally reduce yields
(Goycovic-Cortez and Saavedra del Real 2007).

Salinity lead to metabolic stress by excessive production
of reactive oxygen species (ROS) such as O2

*−, H2O2 and
OH• that interfere with proteins, lipids, DNA, and cell
damage in general (Inze and Von Montagu 1995; Mittler
2002). Many reports have studied these reactions: ROS
involvement in plant tissue damage induced salinity (Shalata
and Neumann 2001; Aktas et al. 2005) and as primary medi-
ators of plant senescence oxidative damage (Del Río et al.
1998). Production and removal of ROS are controlled mainly
by enzymatic mechanisms that are sequester-free radicals,
including superoxide dismutase (SOD), glutathione perox-
idase (GPx), catalase (CAT), and ascorbate peroxidase
(Mittler 2002; Apel and Hirt 2004).

Efforts to mitigate adverse effects of salinity by imple-
menting various agronomic practices, including leaching
salt from the soils, microlevel irrigation, and improving
drainage (Ayers and Westcot 1994). Alternatively, fertilizers
based on seaweeds may act as biological agents and soil
amendments (Lopez-Canales 1999) as well as the applica-
tion of algal antioxidant extracts to provide protection
against oxidative stress in plants (Abd El-Baky et al. 2008)

Handling Editor: Friedrich W. Bentrup

M. A. Guzmán-Murillo (*) : F. Ascencio :
J. A. Larrinaga-Mayoral
Centro de Investigaciones Biológicas del Noroeste, S. C.,
Mar Bermejo 195, Colonia Playa Palo de Santa Rita, La Paz,
Baja California Sur 23090, Mexico
e-mail: toni04@cibnor.mx

Protoplasma (2013) 250:33–42
DOI 10.1007/s00709-011-0369-z



In this paper, we report on the use of marine microalgae
extracts from Phaeodactylum tricornutum and Dunaliella
salina as supplements to reduce saline stress during germi-
nation of bell pepper (Capsicum annuum L.) seeds to induce
vigorous seedling radicules that permits recovering seed-
lings from soils irrigated with brackish water and transplant-
ing them into more suitable fields. This objective has
possible economic consequences since the bell pepper is one
of Mexico’s most important crops for export and domestic
consumption.

Materials and methods

Seed germination

Twenty seeds were germinated in cotton and Whatman no. 1
filter paper in petri dishes (9 cm diameter). Each dish was
saturated with distilled water (control) or NaCl solutions (25
and 50 mM NaCl). Once wet, the substrates of the Petri
dishes were added microalgae extracts. Petri dishes were
tightly sealed using Parafilm to prevent evaporation. Incu-
bated in a dark germination chamber at 25±0.5°C, Petri
dishes were placed in groups according to replications on
separate shelves and were moved three times weekly to
minimize unknown environmental effects on germination.
A seed was considered to have germination at the emer-
gence of the radicle (Chartzoulakis and Klapaki 2000). The
germination rate was calculated according to Murillo-
Amador et al. (2002), M0n1/t1+n2/t2+… n12/t12. Where
n1, n2… are the number of germinated seeds at time
t1, t2….t12 (days). The number of germinated seeds was
recorded daily (germination rate) and the final germination
percentage was determined after 12 days (ISTA 1996).
Means germination time (MGT) were determined by Demir
et al. (2003) to assess the rate of germination. MGT0Σfx/f,
where fx is the number of seeds newly germinated on a day
and f is the days from beginning. Shoot and root length, and
shoot and root weight were measured on the 12th day.

Culture conditions microalgae

The Phneodnctylum tricornutum strain from the Pharmacy
Faculty collection of the University of Santiago de Compos-
tela, Spain was provided by Bertha O. Arredondo-Vega
from CIBNOR, México. The strain was cultured in f/2
culture medium (Guillard and Ryther 1962). Cultures were
incubated at 20±2°C in 125-ml flasks containing 75 ml f/2
culture medium under continuous light of 150 μmol
photon−2 S−1 from a cool light source (Friedman et al.
1991). After the cultures reached the midlogarithmic growth
phase in ∼7 days, P. tricornutum was transferred to 250-ml
flasks and topped up to 150 ml with fresh culture medium.

After incubation for 7 days, the culture was scaled up to
1,000-ml flasks containing 500-ml medium, then to 2,800-
ml flasks containing 1,500-ml culture, and finally, the
1,500-ml microalgae culture was transferred to plastic bags
containing 15-L culture medium and incubated for 12 days.
D. salina was isolated from the Salina de Guerrero Negro in
Bahía de Sebastian Vizcaino, adjacent to the Laguna Ojo de
Liebre (27° 42′N, 113° 56′ 30″W). Seawater samples were
collected from the salt concentration ponds to isolate
microalgae in f/2 culture medium (Guillard and Ryther
1962), which were incubated at 20±2°C in 125-ml
flasks containing 75 ml f/2 culture medium under continuous
light of 150 μmol photons m−2 s−1 from a cool light source
(Friedman et al. 1991). After the cultures reached the
midlogarithmic growth phase at ∼14 days, the microalgae
were scaled up to 15 l, as described in the previous
paragraph.

Microalgae extracts

On reaching the exponential phase, microalgae cells
were harvested by centrifugation, cells were then broken
down to recover intracellular polysaccharides by shaking
the biomass of microalgae with glass beads (∼0.5 mm)
and the concentration of total carbohydrates was determined
(Dubois et al. 1956). Extracts of the two microalgae
were adjusted to a concentration of 3.4 mg ml−1 total
carbohydrates.

Superooxide radical production

Production of O2
*− was measured using the indirect spec-

trophotometric method based on reduction of ferricyto-
chrome c (Drossos et al. 1995). Briefly, 100 mg tissue was
placed in an assay tube with 1 ml bicarbonate Krebs buffer
(composition: 118 mM NaCl, 4.7 mM KCl, 1.2 mM
MgSO4, 1.2 mM NaH2PO4, 25 mM NaHCO3, and 11 mM
glucose); 15 μM cytochrome c was added and the reaction
mixture was incubated for 15 min in a water bath at 37°C.
Then, 3 mM N-ethylmaleimide was added to stop the cyto-
chrome c reduction. The mixture was centrifuged at
1,800×g at 4°C for 10 min and the absorbance of the
supernatant was read at 550 nm in a spectrophotometer
(Jenway UV/Vis 6305, Dunmow, Essex, UK). A blank for
each sample, cytochrome c and N-ethylmaleimide, were
added to the tissue and incubated for 15 min at 37°C. The
samples were then centrifuged at 1,800×g at 4°C for
10 min; absorbance of the supernatant was read at
550 nm. The amount of O2

*− produced was calculated
from the extinction coefficient of the reduction of ferri-
cytochrome c to ferrocytochrome c, 21 nm L−1 cm; the
results are expressed as nanomole O2

*− per minute per
milligram protein.
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Tissue extracts for enzyme assays

Frozen tissue samples (100 mg) were homogenized (Polytron,
Brinkmann Instruments) in ice-cold 50 mM potassium
phosphate containing 100 mM NaKPi buffer, pH 7.0,
0.1 mM ethylenediaminetetraacetic acid (EDTA), 5 mM
cysteine, 0.2% (v/v) Triton X-100, 1% (v/v) polyvinyl-
polypyrrolidone, and 0.1 mM phenylmethylsulphonyl
fluoride. The mixture was vortexes and cooled for
30 min at 4°C. The extract was centrifuged at 1,000×g
for 10 min and the supernatant was recovered, centri-
fuged at 10,000×g for 20 min. The volume obtained
was divided into aliquots for total protein analysis,
enzymatic activity of SOD, GPx, and CAT.

Antioxidant enzyme activities and lipid peroxidation degree

Superoxide dismutase (E.C. 1.15.1.1) activity was deter-
mined by quantifying the inhibition of the reduction of
0.025 mM nitroblue tetrazolium (NBT) by the O2

*− gener-
ated as a by-product of the xanthine/xanthine oxidase sys-
tem with spectrographic absorbance at 560 nm. The assays
were carried at 25°C by mixing 50 mM sodium carbonate
buffer containing 0.1 mM xanthine, 0.025 mM NBT,
0.1 mM EDTA, xanthine oxidase (0.1 Uml−1), and 1 mM
EDTA. Reaction was started by adding a 1:20 (v/v) dilution
of the tissue homogenate. One unit of SOD activity is
defined as the amount of enzyme needed to inhibit the
reaction of O2

*− with NBT by 50% (Paoletti et al. 1986;
Suzuki 2000). Activity is expressed in units of SOD per
milligram of protein. Catalase (E.C. 1.11.1.6) activity was
determined following the disappearance of H2O2 (10 mM)
in NaKPi (50 mM, pH 7.0) at 240 nm after adding the tissue
extract. All the reagents were maintained at 25°C (Aebi
1984). One unit of enzyme activity is defined as the amount
of catalase needed to reduce 1 μmol of H2O2 per minute.
Results are expressed in units per milligram of protein.
Glutathione peroxidase: (EC 1.11.1.9) activity was measured
by monitoring the continuous decrease in NADPH concentra-
tion, using H2O2 as a substrate (Flohé and Günzler 1984). In a
cuvette, 500 mM potassium phosphate buffer, 50 mM EDTA,
20 mM sodium azide, glutathione reductase (15 Uml−1),
1.5 mM NADPH, 250 mM reduced glutathione, sample, and
10 mM H2O2 were mixed; the absorbance was measured at
340 nm, and the change in absorbance min−1 (ΔA340) was
calculated. Two blanks, one without H2O2 and another with-
out a sample, were run simultaneously. Enzyme activity was
expressed in units of GPx activity per milligram of protein.
One unit of GPx activity is defined as the amount of enzyme
that oxidizes 1 μmol NADPH per minute. Lipid peroxidation
was assayed as the tissue content of thiobabituric acid
reactive substances (TBARS; Persky et al. 2000). A standard
curve was prepared with 1, 1, 3, 3-tetraethoxypropane

(malondialdehyde-bis). Tissue samples (100 mg) were
homogenized in 20 volumes of cold 0.9%NaCl solution using
a homogenizer (Polytron, Brinkmann Instruments, and
Westbury, NY, USA). Homogenates were incubated for
15 min in a water bath at 37°C, the reaction was stopped with
a solution of 0.8 M HCl-12.5% trichloroacetic acid followed
by adding 1.0% thiobarbituric acid. The reaction mixture was
incubated at 100°C for 10 min, allowed to cool at room
temperature and then centrifuged at 3,225×g for 10 min at
4°C. Absorbance of the supernatant was read at 532 nm in a
spectrophotometer (Jenway UV/Vis 6305). Results are
expressed in nmol of TBARS gram−1 protein.

Soluble proteins determination

Total soluble protein in each sample was determined using
the Bio-Rad© Kit, which is based on the method described
by Bradford (1976), adjusted to microplate and using bovine
serum albumin as the standard. Coomassie® blue dye
protein concentration was measured at 595 nm.

Statistical analysis

Data were evaluated by analysis of variance (ANOVA).
Enzyme activities are reported asmeans±SE. Significant differ-
ences between sodium chloride and microalgae were evaluated
by means of ANOVA and Duncan’s test, with significance set
at p<0.05. Additionally, a discriminate function analysis was
run to detect the variables that significantly contribute to differ-
ences in saline stress in seedling. Statistical analyses were
performed using the Statistica 6.0 software (Statistica 2001).

Results

Germination

It was observed that there was a significant difference in
seeds treated with different concentrations of NaCl in terms
of percentage cumulative germination (p<0.05), but not
between treatments with extracts of microalgae tested
(p>0.05). The highest percentages of germination (Fig. 1a)
were obtained at 25 mM NaCl in all cases and decreased
with increasing concentration of NaCl (50 mM). In seeds
treated with P. tricornutum extracts, the largest decrease
(25%) in germination respect to the control group (15%) at
50 mM NaCl was presented. Whereas with extract of D.
salina at the same salinity, the germination percentage was
(5%) lower than the control.

MGT (Fig. 1b) is found to be proportional to the concen-
tration of NaCl in the untreated seed with microalgae. In the
treatments with both microalgae, MGT proved to be 52%
greater than in controls without NaCl. At 25 mM NaCl, it
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observed that the value of MGT were 41% and 36% higher
with microalgae (P. tricornutum and D. salina, respectively)
than the control. No statistical difference was found in MGT
with respect to the concentration of NaCl (p>0.05) but
differences were found compared to treatment with micro-
algae extracts (p<0.05). Table 1 shows the growth data of
length, weight of shoot and root, and the ratio between the
lengths of shoot and root at 12 days after germination.

In a principal components analysis of data matrix of
germination parameters, the total variation was absorbed in
the first two components with 69.90%. Both components
tend to have the same influence on the parameters in them
combine. In the first principal component, the variables with
most weight were in the order: root length, ratio between the
length of stem and root length, followed by the length of
stem. In the second principal component, weight variables
were: percentage (%) of germination, stem fresh weight, and
mean germination time (Table 2).

In Fig. 2, the relationship between the treatments can be
appreciated. Two groups are distinctly defined: (a) consists
of seedlings without microalgae in different NaCl concen-
trations; seedlings with 0 mM NaCl plus the two extracts of
microalgae tested, and seedlings at 25 and 50 mM NaCl
with D. salina and (b) which consists of seedlings at 25 and
50 mM NaCl with P. tricornutum.

The germination rate is shown in Fig. 3; in all case,
the higher rate was in the concentration 25 mM of
NaCl, and regarding extracts of microalgae tested, the
germination rate was higher in seeds treated with the
extract of P. tricornutum where the relative percentage
was 56% at 0 mM, 113% to 25 mM, and 75% at 50 mM;
followed by seeds treated withD. salina (36%, 49%, and 26%
at 0, 25 and 50 mM of NaCl, respectively). The lowest
relative percentage of germination rates were obtained
in seeds without microalgae (28% to 25 mM and 18%
at 50 mM).
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Superoxide radical production

The relative production of radical superoxide to 50 mM
was higher with D. salina extract followed by treatments
at 0 and 25 mM without microalgae extract (Fig. 4a).
The lowest values were obtained with the extract of P.
tricornutum in all NaCl concentrations tested. In the
relative production of radical superoxide, significant dif-
ferences were found between microalgae type (p<0.05)
and there were insignificant differences based on salinity,
but the interaction of both extracts indicated significant
difference (p<0.05).

Lipid peroxidation degree and antioxidant enzymes
activities

Lipid peroxidation is greater in groups of seedlings without
extracts of microalgae, compared with the treated groups,

Table 2 Relationship between each variable studied in the
germination of the bell pepper (Capsicum annuum L.) based on the
first factor (NaCl) and the second factor (microalgal extracts)

Variable Factor loading extraction:
principal components
(marked loading is >0.7)

Factor 1 Factor 2

Germination rate (GR) −0.6874 −0.0620

Germination percentage (GP) −0.0100 −0.0864

Mean germination time (MGT) −0.0274 −0.7476

Shoot height (SH) 0.7361 0.2249

Root length (RL) 0.9164 −0.1872

Ratio shoot/root (RS/R) −0.8691 0.3774

Fresh weight shoot (FWS) 0.4133 −0.7500

Fresh weight root (FWR) 0.0332 0.1123

Variation of the component (Expl. Var) 2.8571 2.4955

Proportion of total variance (Prp. Totl) 0.3571 0.3119

Table 1 Length and fresh weight of shoot and roots of the seedlings of the bell pepper (Capsicum annuum L.) at the 12th day of incubation

NaCl (mM) Treatments Shoot height (mm) Root length (mm) Shoot/root ratio (mm) Fresh weight (mg)

Shoot Root

0 Without microalge 22.68 b 67.90 b 0.3340 b 10.720 b 3.193 c

25 23.10 ab 67.58 b 0.3418 b 13.120 a 2.300 c

50 22.34 b 63.64 b 0.3510 b 9.873 bc 2.193 cd

0 Phaodactylum tricornutum 23.54 ab 71.26 ab 0.3303 b 13.440 a 5.133 b

25 21.51 b 53.24 b 0.4040 a 13.653 a 2.740 c

50 19.66 c 47.29 c 0.4157 a 8.753 c 7.346 a

0 D. salina 23.92 a 90.86 a 0.2632 c 13.82 6 a 7.300 a

25 22.02 b 83.86 a 0.2625 c 13.600 a 6.386 ab

50 20.74 bc 58.50 b 0.3545 b 12.933 a 3.706 bc

NaCl P<0.05 P<0.05 P>0.05 P<0.05 P<0.05

Phaodactylum tricornutum P<0.05 P<0.05 P<0.05 P>0.05 P<0.05

D. salina P>0.05 P>0.05 P>0.05 P<0.05 P<0.05

NaCl×P. tricornutum P<0.05 P<0.05 P<0.05 P<0.05 P>0.05

NaCl×D. salina P<0.05 P<0.05 P>0.05 P<0.05 P<0.05
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except the group of seedlings treated with D. salina at
25 mM NaCl, where lipid peroxidation was higher than
the control group and that seeding with P. tricornutum
(Fig. 4b). Lipid peroxidation presented significant differ-
ences with respect to the microalgae type, salinity, and
interaction of both (p<0.05).

At concentrations 0 and 25 mM NaCl, SOD activity was
higher in controls without extract of microalgae, while
50 mM, SOD activity was higher in treatments with micro-
algae than the control group in the same concentration of
NaCl (Fig. 4c). Significant differences were found between
the types of algae and salinity (p<0. 05).

The increased activity of catalase was found in the groups
treated with extract of D. salina at 0 and 50 mM NaCl,
whereas decreased activity of CAT was obtained at 25 mM
with the same extract (Fig. 4d). In the groups treated with
extract of P. tricornutum enzyme, activity was very similar
between the different concentrations of NaCl. The statistical
difference was significant for the type of microalgae added
(p<0.05) but not by salinity (p>0.05), and the interaction of
both show significant differences (p<0.05)

In germinated seeds treated with extracts of microalgae,
the activity of the enzyme glutathione peroxidase was
higher than controls (Fig. 4e), except in germinated seeds
at 25 mM NaCl in which controls showed a significantly
higher GPx activity relative to those treated with microalgae
extracts. Whereas GPx was zero in germinated seeds with-
out microalgae extract at 50 mM NaCl as well as in seed-
lings treated with extracts of D. salina to 25 mM NaCl.
Statistically significant differences regarding GPx activity
was detected in all plants analyzed between microalgae and
salinity tested (p<0.05).

The principal component analysis of the data matrix of
oxidative stress in germinated pepper plants absorbed in the
first two components the 64.85% of the total variation.
Component 1 has greater influence on the parameters when
they are combined, with greater weight variables were in
order: GPx and superoxide radical, while in the principal
component 2, the SOD is the heaviest variable (Table 3).
Seen in Fig. 5, the formation of four groups in relation to
certain variables: (1) the upper right quadrant are the seed-
lings with the highest TBARS, (2) in the upper left quadrant
are the seeds in the increased superoxide radical formation
and increased CAT activity, (3) lower left quadrant are seed-
lings with increased activity of the enzyme GPx and SOD,
and (4) in the lower right quadrant are the other plants
seedlings.

Discussion

The observed effects on the germination of bell pepper under
salt stress may be related to the crop's ability to reduce excess
salt in the external environment as the salinity increased, the
efficiency of nutrient mobility decreases as well as potential
osmotic consequence of the presence of toxic ions in the
medium (Greenway and Munns 1980). The present study,
we observed at 25 mM NaCl, was with the highest rate of
germination and reduced to 50 mM. These results were con-
sistent with those obtained by Larrinaga-Mayoral (2001) in
nine pepper cultivars, the pepper plant generally classified as
sensitive to salinity (Lycoskoufis et al. 2005); their threshold
of salinity is considered at 25 mMNaCl. In other species such
as beans, peas, and sunflower, it has been reported that ger-
mination is inversely proportional to the concentration of
NaCl in the medium (Murillo-Amador et al. 2002; Okçu et
al. 2005; Kaya et al. 2006) and TGM is proportional to the
concentration of NaCl (Larrinaga-Mayoral 2001; Kaya et al.
2006; Goycovic-Cortez and Saavedra del Real 2007).

In this study, the adverse effects of salt stress were
decreased by adding to the seed extracts of microalgae,
which acted directly on the time when the seeds germinate
although there is an increase over the control of 52%, 69%,
and 55% extract of P. tricornutum and 52%, 63%, and 25%
D. salina at 0, 25, and 50 mM NaCl, respectively. Probably
delaying the time when germination occurs corresponds to a
waiting period during which metabolic changes can occur to
later manifest physiological changes that promote positive
adaptation to salt stress as observed in other species such as
tomato (Cuartero and Fernández-Muñoz 1999; Singh and
Chatrath 2001).

The root length of bell pepper seedlings was inversely
proportional to the concentration of NaCl, coinciding with
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the results reported by Demir et al. (2003). However, the
seeds were treated with extracts from D. salina root length
increase (34% at 0 mM and 24% at 25 mM NaCl) compared
to their controls without algae, which may benefit the ab-
sorption of water and mitigate the toxic effects caused by the
presence of salts in the medium (Cavalcante and Perez 1995;
Dodd and Donovan 1999; Shonjani 2002; Fanti and Juliano
2004).

The fresh weight of roots are also affected by the pres-
ence of salt, but this effect is diminished with microalgae
extracts treatments, seedlings with added D. salina, while
the weights of roots decreased with increasing NaCl; these

were higher than controls (0 mM, 129%, 25 mM, 100 mM
NaCl and 50%, 16%). It is generally known that the roots
are the primary organs of plants to suffer due to exposure to
environment. Chartzoulakis and Klapaki (2000) mention
that seedling growth emergence are more sensitive to salt
stress that the germination of seeds.

The increase in the index of the relationship between
shoot and root length with increasing NaCl concentration
may be due to preferential division of carbohydrates in the
roots, a well-known phenomenon, where nitrogen and phos-
phorus deficiency been observed to occur in other species
(Fredeen et al. 1989; Munns and tester 2008). While in
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activity of superoxide
dismutase (SOD, U mg−1

protein), d specific activity of
catalase (CAT; U mg−1 protein);
e glutathione peroxidase
activity (GPx; U mg−1 protein).
Bars indicate the SD. Different
letters (a, b, c) indicate
significant statistical differences
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glycophytes, this has been associated with the ability to limit
the absorption or transport of ions, especially sodium and
chloride in the root zone to aerial parts of plants (Greenway
and Munns 1980; Munns and Tester 2008).

Our results suggest that the significant increase in the
ratio obtained between shoot and root length in the treat-
ments with extracts of P. tricornutum where although are not
the longest roots, the presence of microalga could benefit
the absorbing water and nutrients and thus reduce the neg-
ative effects associated with high concentrations of NaCl in
the medium, as has been reported in other species (Goy-
covic-Cortez and Saavedra del Real 2007) and this is
reflected in the rate of germination.

Treatment with D. salina showed an increase in CAT
activity (51.2 units per milligram protein CAT) that is related
to increased SOD activity, enzyme that catalyze the produc-
tion of O2*

− radical to formH2O2, requires the participation of
CAT to convert H2O2, to water and oxygen, inhibiting the
formation of OH* radicals and subsequent damage to the cell
(Arora et al. 2002). GPx may also be involved in removing
H2O2 when constant among remains (Hung et al. 2005). The
results of the specific response to the formation of ROS,
caused by the change in the basal metabolism of the cell as a
result of stress induced by high ionic concentrations of Na+

and Cl− ions and the decrease in Ca2+, Mn2+, Mg2+, and K+ to
characterize by their antagonism. In this regard, treatment with
D. salina showed an increase in CAT activity (51.2 units per
milligram protein CAT) that is related to increased SOD
activity, enzyme that catalyze the production of O2* radical
to form H2O2, requires the participation of CAT to convert
H2O2, to water and oxygen, inhibiting the formation of OH*
radicals and subsequent damage to the cell. GPx may also be
involved in removing H2O2 when remaining constant (Hung
et al. 2005). The highest concentration of MAD observed
occurs in the seedlings without microlagae at 50 mM NaCl,
which suggests that had the highest toxic effects at salt stress
compared with microalgae treatments (Zhu 2001; Mittler
2002; Sairam and Tyagi 2004; Arora et al. 2008). In general,
the results obtained from the use of D. salina extract showed
that the antioxidant enzyme system responded by SOD and
CAT in the same manner as discussed in Kotchoni and
Gachomo (2006) and Arora et al. (2002) to be better than P.
tricornutum.
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Fig. 5 Relationship between
enzyme activity based on the
first factor (NaCl) and the
second factor (microalgae
extracts), where 0 NaCL
without microalgae (1.1), 0
NaCl with P. tricornutum (1.2),
0 NaCl with D. salina (1.3),
25 mM NaCl without
microalgae (2.1), 25 mM NaCl
with P. tricornutum (2.2),
25 nM NaCl with D. salina
(2.3), 50 mM NaCl without
microalgae (3.1), 50 mM NaCl
withP. tricornutum (3.2), 50mM
NaCl with D. salina (3.3)

Table 3 The relationship between each variable studied in the oxida-
tive stress of seedlings of the bell pepper (Capsicum annuum L.) based
on the first factor (NaCl) and the second factor (microalgal extracts)

Variable Factor loading extraction:
principal components
(marked loading is >0.7)

Factor 1 Factor 2

O2
•− −0.8267 0.4877

SOD −0.1869 −0.8625

CAT −0.5667 0.1038

TBARS 0.3994 0.5371

GPx −0.8673 −0.0994

Variation of the component (Expl. Var) 1.9516 1.2910

Proportion of total variance (Prp. Totl) 0.3903 0.2582
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