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HE CHANGES of growth and some physiological parameters in

faba bean (Vicia. faba L. cv. Masr-1) and wheat (Triticum vulgare
L. cv. Sakha-94) treated with NaCl levels and seeds soaking for 12 hr
in 1% seaweed water extracts from Sargassum dentifolium or Padina
gymnospora collected from the red sea, Hurghada, Egypt were studied.
Fresh, dry mass and photosynthetic pigments contents (Chl.a, Chl. b
and Car.) of both plants significantly decreased in response to salt
stress. The highest salinity levels (150 and 200 mM NacCl) resulted in
injurious effects led to death of the tested plants (faba bean and wheat,
respectively). Salinity induces a significant decline in the activity of
ascorbate peroxidase (APX) of faba bean and peroxidase (POD) of
wheat. On the other hand, there was marked increase in the activity of
superoxide dismutase (SOD), catalase (CAT), of the two plants, POD
of faba bean and APX of wheat compared to untreated plants.
Application of 1% aqueous extract of S. dentifolium or P. gymnospora
by seed soaking was accompanied by stimulation in growth,
photosynthetic pigments and the activity of antioxidant enzymes. The
higher activity was observed for extract of S. dentifolium. In contrast,
treatment with seaweed water extracts resulted in significantly
decreased in MDA content, which increased under salinity stress. All
the previous findings suggested the possibility that seaweed water
extracts may play an important role in increasing plant resistance by
stimulating the antioxidant enzyme system which associated with a
marked retardation in the MDA content.

Keywords: Antioxidant, Sargassum dentifolium, Padina gymnospora;
Salinity, Lipid peroxidation.

Abbreviations - APX, ascorbate peroxidase; CAT, catalase; POD, peroxidase;
SOD, superoxide dismutase; MDA, malondialdehyde; ROS, reactive oxygen
species; LPO, lipid peroxidation; LOX, lipoxygenases; SLF, seaweed liquid
fertilizer; ROI, reactive oxygen intermediates.
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Seaweed liquid fertilizers (SLF) will be useful for achieving higher agricultural
production, because they are containing growth promoting hormones, trace
elements and vitamins (Renuka Bai et al.2011). Among them, Fucus spp., Padina
spp., Laminaria spp., Sargassum spp., and Turbinaria spp. are used as
biofertilizers in agriculture (Hong et al., 2007). Treatment crops with seaweed
liquid fertilizers increased resistance to diseases have been reported (Mercier et
al., 2001; Anisimov et al., 2013.). Seed soaked with marine algal extracts
ameliorate adverse effects of salinity on crop plants and used as biofertilizers in
agriculture (Shaddad, et al., 2013). Physiologically, many processes are affected
by salt stress. However, reduced cell growth, leaf area, biomass and yield are
most notable (Shannon, 1997). Salinity affects photosynthesis per unit leaf area
indirectly through stomatal closure, and to a smaller extent through direct
interference with the photosynthetic apparatus (Netondo et al., 2004; Ehsanzadeh
et al., 2009). Stomatal closure minimizes transpiration and this affects chloroplast
light-harvesting and energy-conversion system leading to alteration in chloroplast
activity (lyengar and Reddy, 1996). Reduction in chlorophyll content of plants is
accompanied by a lower efficiency of PS Il and senescence. Another possible
factor contributing to decreased photosynthesis is the inhibitory effect of salt
stress on the efficiency of translocation and assimilation of photosynthetic
products (Ehsanzadeh et al., 2009). In addition, salinity decreases whole plant
photosynthesis by restricting leaf area expansion (Netondo et al.,, 2004;
Ehsanzadeh et al., 2009).

Environmental stresses including salinity increased formation of reactive
oxygen species (ROS), which degrade important cellular components (Gapinska
et al., 2008). Reactive oxygen species (ROS) attack proteins, lipids and nucleic
acids, and the degree of damage depends on the balance between formation of
ROS and their removal by the antioxidative scavenging systems. Expression of
antioxidant defense genes would in turn be triggered to defend the cell against
oxidative damage (Menezes-Benavente et al., 2004). Plants are equipped with
oxygen radical detoxifying enzymes, such as superoxide dismutase (SOD),
catalase (CAT), peroidase (POD) and ascorbate peroxidase (APX) and
antioxidant molecules, like ascorbic acid (AA) and reduced glutathione (GSH) to
survive under stress conditions (Rahnama &Ebrahimzadeh, 2005). Lipid
peroxidation (LPO) was measured in term of malondialdehyde (MDA) content
produced as a result of peroxidation of unsaturated fatty acids (Kukreja et al.,
2005). Lipid peroxidation can also be initiated enzymatically by lipoxygenases
(LOX) (Axelord et al., 1981) and these enzymes incorporate molecular oxygen
into linoleic and linolenic acids to form lipid hydroperoxides (Elkahoui et al.,
2005).

Thus, the aim of the present study was to determine the changes of growth,
photosynthetic pigments, antioxidant enzymes activity and lipid peroxidation in
faba bean and wheat plants. The ameliorative role of seaweed water extracts from
Sargassum dentifolium or Padina gymnospora in regulating salt-induced changes
in these parameters was also studied.
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Material and Methods
Collection of seaweeds
The seaweeds used in the present study were Sargassum dentifolium and
Padina gymnospora belonging to the class Phaeophyceae. They were collected
from the coastal area of red sea, Hurghada, Egypt during June, 2009, according to
(Bhosle et al., 1975).

Experimental design

Seeds of faba bean (Vicia. faba L. cv.Masr-1) and grains of wheat (Triticum
vulgare L. cv. Sakha-94) plants were obtained from the breeding program of
Agriculture Research center, Dokky, Cairo, Egypt. Seeds were sterilized with
mercuric chloride (0.1%) for 5 minutes then were rinsed 3 times with distilled
water. The seeds or grains having the same size, colour and weight were chosen
for the experimental purpose. Seeds and grains were soaked in 1% aqueous
extract of S. dentifolium or P. gymnospora for 12 hr. The sterilized seeds or
grains as well as those soaked in seaweed extracts were cultivated in pots
containing 3kg of clay oven dry soil. Eight seeds were sown in each pot and three
replicates (planted pots) from each level of NaCl were considered. The pots were
subjected to the desired salinization levels (0, 50, 100 and 150 mM NaCl ) in case
of faba bean seeds and reached to 200 mM NaCl in wheat grains. Thereafter, the
test plants were daily irrigated with tap water according to the field capacity. The
plants were left to grow under the different salinization levels until the end of the
experimental period (40 days).

Growth criteria and chemical analysis:

At the end of experiment (after 40 days), plants were harvested, washed
carefully under tap water and dried on a paper towel. The plant fresh weight was
recorded. Plants were then dried in an oven at 80 °C for 48 hr, followed by shoot
and root dry weights determinations. Photosynthetic pigments (Chl. a, Chl. b and
Car.) were quantitatively determined spectrophotometrically (“SPECTRONIC®
GENESYS"™ 2PC”) according to Metzner et al. (1965).

Estimation of some antioxidant enzymes activities: Fresh samples were
prepared according to Mukherjee and Choudhuri (1983). Superoxide dismutase
(SOD) activity (EC 1.15.1.1) was measured according to the method of Dhindsa
and Matowe (1981). Catalase (CAT) activity (EC 1.11.1.6) was assayed
according to Havir and Mellate (1987). Peroxidase (POD) activity (EC 1.11.1.7)
was determined according to Klapheck et al. (1990). Ascorbate peroxidase (APX)
activity (EC 1.11.1.11) was determined from the decrease in absorbance at 290
nm due to oxidized ascorbic acid (Asada and Chen 1992). The level of lipid
peroxidation was measured as malondialdehyde (MDA) content using the method
of Heath and Packer (1968).
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The data of all experiments were subjected to analysis by the least significant
differences test (L.S.D.) using SPSS program.

Results

NaCl salinity caused a highly significant decrease in the production of fresh and
dry mass in shoots and roots of the tested plants compared to the unsalinized plants.
The high salinity levels (150 and 200 mM NaCl) induced injurious effects led to death
of the (faba bean and wheat) respectively. Accordingly, the faba bean (cv. Masr-1)
was more salt sensitive species when compared to wheat (cv. Sakha-94) (Fig.1).

The effects of seaweed water extracts on tested plants grown in the salinized
conditions were positive as indicated by the marked stimulatory effect on fresh
and dry weight without regard to the contentration of salinity, which partially
alleviated the adverse effect of salinity on growth (Fig.1).
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Fig. 1. Fresh and dry weight (gm plant ™) of faba bean and wheat cultivars affected by
NaCl salinity and seed soaking in 1% seaweed extracts after 40 days growth.
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Salinity treatment induced an inhibitory effect on the content of the
photosynthetic pigments (Chl. a, Chl. b and Car.) as well as the total pigments in
the tested each of plants whatever the salinity level used. Presoaking in 1%
aqueous algal extract resulted in significant increases in pigments content as
compared with the salinized plants (Fig.2). Such stimulatory influence on the
growth and photosynthetic pigments was much more pronounced in plants treated
with the extract of S. dentifolium than plants treated with P. gymnospora
whatever the salinity level used.
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Fig.2. Photosynthetic pigments (mg g™ FW) of faba bean and wheat affected by NaCl
salinity and seed soaking in 1% seaweed water extracts after 40 days growth.

Superoxide dismutase (SOD), Catalase (CAT), peroxidase (POD) and ascorbate
peroxidase (APX) enzymes activities were greatly affected to the interactive effect of
NaCl salinity and seeds soaking in 1% of aqueous seaweed extracts from Sargassum
dentifolium or Padina gymnospora. There was a slight increase in the activity of
SOD enzyme of faba bean shoots and roots. In wheat, marked and progressive
increases in this enzyme activity in both shoot and root under salt stress compared to
the absolute control (Tables 1, 2). NaCl stress stimulated the activity of CAT of faba
bean shoots and roots, while in wheat shoots and roots, CAT activity increased highly
significantly with increasing salinity in the soil. CAT activity reached a maximum
values (more than 2;fold higher than control) in shoot and root at the level of 150 mM
NaCl. In salinized faba bean, POD activity was non-significantly changed with
increasing salinity in shoot, while in root organ there was a highly significant increase
in the activity of this enzyme by more than 2-fold of the absolute controlat 100 Mm
NaCl. On the other hand, there was a gradual reduction in POD activity of wheat
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shoots and roots. This reduction was more pronounced in shoot than in root especially
at the higher doses of the salt by reduction percentage was 60 % and 32 %
respectively compared to control at 150mM NaCl (Tables 1, 2). The data show in
Tables 1,2 indicated a significant reduction in APX activity of faba bean. On the other
hand, there was marked increase in APX activity in both shoot and root of wheat
plants under salinity stress. This increase was much more obvious in shoot than in
root by increase percent was 78 % and 42 % respectively over control plants
(at150 mM NacCl).

Presoaking the seeds in seaweed water extracts improved the activity of all the
antioxidant enzymes (SOD, CAT, POD and APX) in both faba bean and wheat
plants compared to the corresponding salinized plants. The higher activity was
observed for extract of Sargassum dentifolium.

TABLE 1. Superoxide dismutase (SOD), Catalase (CAT), Peroxidase (POD) and
ascorbate peroxidase (APX) activity [unit min™ g™ FW] of wheat affected
by NaCl salinity and seed soaking in 1% seaweed water extracts after

40 days growth.
NaCl Shoots Roots
Treatments (MM)
SOD | CAT POD  APX | SOD CAT POD  APX
0 3222 | 2111 | 19620 | 1113 | 3.778 | 4778 | 8520 | 0910
50 4044 | 3556 | 17.333 | 1406 | 4333 | 5444 | 7.800 | 1.077°
Reference 100
control 4889° | 500° | 11.060°| 1.786° | 4.944° | 9333° | geEoe | 1.200°
150 | 5056° | 7.00° | 7700° | 1.987° | 5.444° | 10.889° | 5760 | 1.30°
200 IE IE IE IE
0 4333% | 5778 | 23.833% | 2450 | 5.444° | 6.778% | 16.390" | 1.797°
50 b b b b b b b
Padina 5.056° | 7.111° | 21.243 | 2.557° | 6.000° | 9.333" | 14.223° | 1.975

gymnospora | 100 | 53590 | g111° | 17.027 | 2.660° | 6.333° | 13.667° | 12.910° | 2.022°
extract +

150 | 55560 | .222° | 13.380° | 2.990° | 6.778° | 15.333° | 12.233° | 2.167"
200 | 5778 | gggo® | 11.280° | 3.181° | 7.333° | 16.111° | 11.187° | 2.233
0 4556% | 6.000° | 27.330° | 2526° | 6.111° | 9.222° | 16.503" | 1.843°
sargassum | ° | 5444 | 72220 | 23667 | 27330 | 633" | 13556 | 5q900 | 1 gap0
dentolum 1100 | 53330 | 922" | 21310 | 2900° | 6889° | 14.444° | 15300° | 2.240°
150 7.222"° | 15.000°

5.389° | 9.556° | 15.763 | 3.057° 14.027° | 2.255°

200 | 5833b | 10.222° | 13.097° | 3.252° | 8.000° | 16.556" | 11.693" | 2.500°

LSD 5% 0.872 1171 3.882 0.442 0.777 1.913 1.519 0.198

1% 1174 | 1577 | 5227 | 0595 | 1.047 | 2577 | 2046 | 0.267

Means values in each column which are significantly different (P = 0.05) are followed by a letter and
the highly significantly different (P = 0.01) are followed by b letter as compared to control
(0.0 NaCl). IE injurious effects and the plant failed to survive.
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TABLE 2. Superoxide dismutase (SOD), Catalase (CAT), Peroxidase (POD) and
ascorbate peroxidase (APX) activity [unit min® g FW] of faba bean
affected by NacCl salinity and seed soaking in 1% seaweed water extracts
after 40 days growth.

Roots
NaCl Shoots

(mM)

Treatments
SOD CAT POD APX SOD CAT POD | APX

0 6.833 10.88 | 2.907 | 1.700 | 4111 | 4778 | 1.400 | 0.53

Reference 50 7.056 11.11 3.077 1.500 4.278 6.556 | 2.033% [ 0.45
control )

100 7.333 14.00 | 3.210 1.300 | 4.667 9.111 3167° | 029
150 IE IE IE IE

0 14.333° | 12111 | 4.343° | 2.633° | 5278 | 7.444° | 2.897° | 1.447°

Padina 50 | 14.889° |14.778°| 5.457° | 2.257° | 6.222° | 8.889° | 3.143" | 1.213°
gymnospora

+extract | 10909 | 15500 |17.556"| 5.953° | 1.870 | 7.778" |11.222°| 3.600" | 0.873"
150 | 17.000° |19.222°| 6.753° | 1453° | 8111 |14.778"| 4.096° | 0.593

0 15444° |13556° | 5500° | 3.610° | 6.389% | 8667 | 2.953" | 1.867°

Sargassum | 50 | 16.000° |17.778° | 5.650° | 3.293° | 7.111° | 7.556° | 3.167° | 1.537°
dentifolium
+ extract | 100 | 17.111° [19.778° | 6.233" | 2583°| 8.056° |13.222° | 3.867° | 1.050°

150 | 18.778" |20556° | 6.416° | 1.800 | 9.500° [15.111° | 4.203° [ 0.763
LSD 5% | 2796 | 2367 | 0777 | 0092 | 1.792 0781 0.046 | 0174

1% 3.765 | 3.187 | 1.046 | 0.248 | 2414 2104 0.687 | 0.235

Regardy there was a highly significant accumulation in MDA content as
increasing salt in the soil in shoots and roots of faba bean and wheat cultivars.
This accumulation was more pronounced in faba bean than in wheat plants. At
100 mM NaCl, MDA content was the highest by about 3.5-fold and 2-fold of the
control value in shoot and root of faba bean respectively.

Generally, algal extracts pre-treatment significantly decreased MDA content
in wheat and faba bean plants and could successfully alleviate the harmful effect
of salinity on MDA content of the two plants. The highest decrease in the MDA
content was recorded for S.dentifolium extract that decreased MDA content in
shoot of faba bean from 159 to 49 nmol™ g fresh weight and in root of faba bean
from 93 to 34 nmol™ g™ fresh weight (at 100 mM NaCl) (Table 3).
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TABLE 3. Malondialdehyde (MDA) content (nmol g™ FW) of wheat cultivar and faba
bean affected by NaCl salinity and seed soaking in 1% seaweed water
extracts after 40 days growth.

NaCl wheat cultivar faba bean
Treatments
(mM) Shoots Roots Shoots Roots
0 107.980 75.430 45131 44,774
50 168.720° 94.030° 88.422° 64.778°
Rs;iﬁzfe 100 171.321° | 107.470° | 159567° | 93.730°
150 175.447° 120.897° IE IE
200 IE IE IE IE
0 64.403"° 59.560 40.474 35.627°
Padina 50 70.487° 63.330 50.822 42.220
gymnospora+ 100 74.347° 70.330 55.681° 45.883
extract 150 87.670° 83.700 60.010° 55.400°
200 96.460° 96.8092 IE IE
0 60.000° 40.030"° 21.709° 21.453"°
Sargassum 50 71.847° 45.470° 37.211 30.033°
dentifolium + 100 78.070"° 50.630° 49.083 34.297"
extract 150 84.847° 75.314" 51.188 44.417
200 945132 79.905 IE IE
LS 5% 10.287 16.980 8.067 6.557
1% 13.854 22.867 10.864 8.831

Means values in each column which are significantly different (P = 0.05) are followed by a letter and
the highly significantly different (P = 0.01) are followed by b letter as compared to control (0.0 NaCl).
IE injurious effects and the plant failed to survive.

Discussion

Marine algal extract plays an important role in elicit a biotic stress tolerance
in plants and that the bioactive substances derived from seaweeds impart stress
tolerance and enhance plant performance (Wajahatullah et al., 2009) and
considerable interests have focused on seaweed liquid fertilizer (SLF) due to its
ability to exhibit enhanced salt tolerance (Mancuso et al., 2006).

The results obtained in the present work clearly demonstrated that the values
of growth parameters (fresh & dry weight) of the test plants were generally
lowered by increasing salinity. This reduction was more obvious in faba bean
than wheat plant. Root growth was less affected than shoot growth especially in
case of wheat plants.
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The retardation in growth might either be caused by a reduced ability to adjust
osmotically as a result of saturation of the solute uptake system, or because of
excessive demand on the energy requirements of such systems (Khan et al., 2000).

The biosynthesis of pigments (Chl.a, Chl.b and Car.) was substantially
affected by the different salt levels and the response different between faba bean
and wheat plants. The results obtained in this study are in agreement with those of
Hameed and Ashraf, (2008).

The decrease in chlorophyll might be attributed to increased chlorophyllase
activity (Jaleel et al. 2008). It has also been reported that CI" may be more
injurious than Na*, causing leaf chlorosis in several plant species (Alaoui-Sossé
et al., 1998).

Seaweed water extracts from S.dentifolium or P. gymnospora used in this
work may act as growth stimulant which can play a role in reversing the effect of
NaCl on metabolic activity relevant to growth through enhancing cell division
and/or cell enlargement (Arumugam et al. 2008: Mooney and Van Staden, 1986).
In addition, the growth enhancing potential of the seaweed water extract might be
attributed to the presence of macro and micronutrients (Shaddad et al., 2013:
Sathya et al., 2010).

Soaking the seeds in marine algal extracts in most cases, did not only alleviate
the inhibitory effect of salt stress on the biosynthesis of photosynthetic pigments,
but also induced a significant stimulatory effect greater than estimated in control
plants, a response which may be contributed directly to the effectiveness of
photosynthetic apparatus and in some way can alter plant productivity. The
results obtained in this study are in agreement with those of (Blunden et al., 1997:
Sathya et al., 2010), also (Thirumaran et al., 2009) found that Ascophyllum
nodosum and Rosenvingea intricata increased the photosynthetic pigments in
cluster bean. According to the result increase in the photosynthetic pigments of
wheat and faba bean plants may be due to the presence of magnesium which is
the chief constituent for chlorophyll synthesis (Kalaivanan et al., 2012).

The hypothesis that antioxidant enzymes are critical components in preventing
oxidative stress in plants is based on several lines of evidence. (a) The activity of one
or more of these enzymes is generally increased in plants exposed to stressful
conditions, and this elevated activity correlates with increased stress tolerance. (b)
Pretreatment of plants under one form of stress can increase tolerance for a different
stress. This phenomenon is known as cross tolerance. (c) Plant lines selected for
resistance to reactive oxygen intermediates (ROI) have increased levels of one or
more of these enzymes and can also exhibit cross-tolerance (Gressel and Galun,
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1994). These observations indicate that exposure to environmental stress can
stimulate plants to enhance their ROI scavenging systems and this enhancement can
apparently provide generalized stress protection. Our results coincide with the
previously mentioned ones on that salinity treated plants reported a marked increase,
in most levels of salinity in SOD, CAT activities in the shoots and roots of the tested
plants. This increase was much more obvious in wheat cv. Sakha-94 (tolerant
genotype) than faba bean cv. Masr-1(sensitive genotype). This increase might be
chare in the protection of these plants from oxidative stress (Seyed et al., 2011:
Sairam et al., 2005).

Peroxidase (POD) behaved differentially in the two tested plants, that while
the POD activity decreased in shoots and roots of wheat, the opposite event was
obtained in faba bean. The increase in POD activity suggests an accelerated
production in active oxygen species in the tissues (Okuda et al., 1991). The
activity of APX varied significantly between faba bean and wheat plants that
while the activity of APX enzyme increased in wheat it decreased in faba bean
plants. The marked increase in APX activity might reduce the elevated H,O,
concentration and increased the salt tolerance in wheat (Sairam et al., 2005).

The improved protection in wheat plants may reflect a more efficient
antioxidant enzymes as evidence of a higher activity CAT, and APX enzymes.
However the higher MDA content in faba bean plants appeared to be correlated
with a lower activity of CAT, and APX enzymes, accordingly the lower MDA
content and higher activity of the most antioxidant enzymes in wheat than for
faba bean plants under salt stress was better able to curtail lipid peroxidation
(Esfandiari et al., 2007).

Thereafter it can be pointed out that the variation in the activity of the
antioxidant enzyme among the two plants might be used as a suitable marker for
the differences in salt tolerance between these tested plants (Durmus and
Kadioglu, 2005). This was confirmed with the data of MDA content that, while
MDA content increased by 253% and 109% of absolute control in shoot and root
of faba bean respectively (at 100 mM NacCl) ,the corresponding increase in MDA
content in wheat was only about 60% in both shoot and root (at 150 mM NaCl)
which indicated that, faba bean shoot is more salt sensitive than root, while in
wheat, the salt tolerance of shoot and root seemed to be more or less similar.

Exogenous brown algae, S.dentifolium or P. gymnospora extract generally
improved the activity of antioxidant enzymes (SOD, CAT, APX and POD) in the
shoots and roots of the two tested cultivars compared to the corresponding
salinized plants, which associated with a marked retardation in the content of
MDA, which in turn decreased membrane damage, this improved the growth
criteria and the survival of these cultivars. The lower MDA content indicates that
the plants treatments with seaweed extracts are more tolerant to oxidative stress
under salinity conditions (Abd El-Baky et al., 2008).
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In conclusion, application of seaweed water extracts significantly increased
growth, photosynthetic pigments and the activity of SOD, CAT, POD, and APX.
On the other hand, treatment by seaweed extracts resulted in a decrease in MDA
compared to plants treated with salinity. Marine algal extracts may act to alleviate
salinity stress in faba bean and wheat plants by decreasing permeability of plasma
membranes and membrane lipid peroxidation, and by maintaining membrane
integrity and function.
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