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ABSTRACT

Saline soils are responsible for the restriction in yield of many crop plants and/or the limitation of
marketable yield of several vegetable fruit crops such as sweet pepper. Whilst genetic solutions to
these problems are being sought, exogenously applied ameliorants are needed to reduce the effects of
salt. Experiments were carried out during the two growing seasons 2007 and 2008 to investigate the
effect of salinity stress on growth, yield and endogenous bio-constituents and to examine whether
salinity stress can be offset by the exogenous application of some antioxidant materials on sweet
pepper (Capsicum annuum L. cv. Orlando). Salinity stress (2, 4 or 6 g L) decreased growth at 75
days after transplanting and marketable yield. Applied antioxidants and bio-stimulants counteracted
the harmful effects of low and moderate salinity stress levels (2 and 4 g L) and partially couteracted
the harmful effects under the highest salinity stress level (6 g L™). Ascorbic acid and sea weed extract
(SWE) were the most effective agents in this respect Salinity stress levels increased super oxide
dismutase (SOD), ascorbic peroxidase (APX) activity, proline content, and Na content but decreased
photosynthetic pigment in the leaves and K in shoot of pepper plants. In addition, all of the applied
antioxidants alone or combined with different salinity stress levels slightly increased the content of
ascorbic acid and glutathione and the activity of SOD, APX. These results provide support for the field
application of bio-stimulants and antioxidant compounds to alleviate the symptoms and effects of salty
soils. -
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INTRODUCTION trace amounts of salts including sodium chloride
(Kijne, 2003). Soil salinity imposes stress
conditions on crop plants (Hajer et al., 2006)
and affect germination, growth and chlorophyll
content (Paridam and Das, 2005) and has been
shown to limit pepper yield (Navarro et al.,
2002).

Pepper is an important agricultural crop, not
only because of its economic importance, but
also for the nutritional value of its fruits, mainly
due to the fact that they are an excellent source
of natural colors and antioxidant compounds
important for human health (Howard ef al,
2000). Pepper is grown under protected
glasshouse conditions in temperate regions and

Plants subject to salinity stress conditions
produce cytotoxic activated oxygen that can

in the open field under warm Mediterranean
climates. Where it is grown in the soil, it is
frequently exposed to saline conditions brought
about by extensive use of irrigation containing
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seriously disrupt normal metabolism, through
oxidative damage of lipids, proteins, and nucleic
acids (Abbaspour, 2012). To defend against
such oxidants, plants have evolved specific
protective mechanisms, involving antioxidant
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molecules and enzymes that protect against the
potentially-cytotoxic  species of activated
oxygen, Several studies have shown that the
effects of cytotoxicity induced by salt stress can
be ameliorated by the exogenous application of
antioxidants (Sakhabutdinova ef af,, 2003) or by
compounds that enhance the natural defense
systems of the plant (Demir ef al, 2004, Schmidt
2005). If such amelioration can be sustained
then such treatments offer the opportunity for in-
field protection against this stress.

The objectives of this work were to study the
effect of salinity stress on growth, yield and
endogenous bio-constituents in sweet pepper
(Capsicum annuum L.) and to examine whether
the harmful effects of salinity stress can be
offset by the exogenous application of some
antioxidants and biostimulant materials.

MATERIALS AND METHODS

Two pot experiments were performed at the
Experimental Station Farm, Faculty of
Agriculture, Mansoura University during two
successive summer seasons (2007 and 2008).
Sweet pepper cv Orlando seeds provided by
Gohara Co. Cairo, Egypt were sown on 15 *
February in both seasons, and seedlings were
transplanted at 45 days (6-7 leaves) on the 1% of
April into pots (50cm inner diameter) containing
8 kg of air-dried loamy soil at of two plants/pot.
Each pot before planting was supplied with
nitrogen (N) as ammonium sulphate (20.5% N)
at 2.5 g per pot, phosphorous (P} as calcium
superphosphate (15.5% P,O;) at 1.5 g per pot
and potassium (K)-as potassium sulphate (K,0)
at 1 g per pot. Also further N (ammonium
sulphate 20.5% N) was added at 30, 60, and 120
days after transplanting at 1.5 g per pot.

Irrigation solutions containing one of four
levels sodium chloride were used : 0.32 gL"; 2
gL' 4gL"; 6 gL' Irigation solutions were
supplied daily according to plant need and to
maintain a slight reserve of water in the pot
saucer.

The exogenously applied treatments were:
1- Tap water

2- Humic acid (1000 mg LY

3- Salieylic acid (250 mg L™)

4- Ascorbic acid (250 mg L)
5- Seaweed extract (1000 mg L™).

The humic acid (a.i. 80% leonardite-based)
was provided by Plant Wise Biostimulants
(Louisville, KY) and the seaweed extract
(extract of Ascophyllum nodosum) was supplied
by Acadian Sea plants Ltd. (Dartmouth, Nova

Scotia, Canada), both products are wused
commonly in  Turfgrass management
programmes.

Seeds were presoaked in the antioxidants for
8 hours before sowing, and then plants were
foliar sprayed to run-off with the same
antioxidant at 30, 60, 90, 120, and 150 days after
transplanting.

Each experiment therefore included 4 salinity
levels and 5 exogenous spray treatments, (20
treatments) replicated 6 times in a completely
randomized design.

In both growing seasons, 6 sample pots were
taken at 75 days after transplanting and the
following vegetative growth characters recorded:
plant height (cm); number of branches/ plant;
number of leaves/plant; shoot fresh weight (g);
shoot dry weight (g); leaf area (cm2/plant).

Fruit setting percentage was also determined
as the number of fruits set per number of flowers
produced. Two fruit picking were taken from
cach treatment at 180, and 210 days from
transplanting, total yield was calculated
(summation of the two pickings). Six plants from
each treatment were taken and the following
were recorded: number of fruits/plant; fresh weight
of fruits/plant (g); dry weight of fruits/ plant (g).

The following chemical determinations were
investigated in shoots at 75 days after
transplanting: photosynthetic pigments; total
soluble solids (T.S.8.); total soluble sugar
content; proline content; total free amino acids;
total ascorbic acid; total glutathione; super oxide
dismutase (SOD) activity; ascorbate peroxidase
activity; potassium content and sodium content.

Photosynthetic pigments were measured in
fresh leaf samples (0.5 g from the 3rd terminal
leaf) extracted by methanol for 24h at laboratory
temperature after adding a trace of sodium
carbonate. Chlorophylls and carotenoids were
determined spectrophotometrically (Spekol IT at
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wave-lengths 452, 650 and 665 nm) and
calculated according to the methodology of
Mackinney (1941).

Total soluble solids were determined by
hand-held refractometer A.O.A.C. (1975).
Reducing and non-reducing sugars were
extracted from 5 g crude dried material of the
3rd terminal leaf using 70% ethanol and kept
overnight at room temperature according to
Kayani, ef al. (1990) and then was filtered and
recorded as total soluble sugar content (TSS).

Total free amino acids were measured in
fresh leaf samples, which were extracted with
80% hot ethanol three times and evaporated to
dryness. The dried film was then dissolved in
10% aqueous isopropanol. A ninhydrin solution
was prepared by dissolving 2.0 g ninhydrin in 25
mL of acetone following by the addition of 250
ml 0.2 M acetate buffer (pH 5.5) and stored in a
brown bottle to be protected from light
degradation (Jayaraman,1985). Sample extracts
were pipetted into a series of test tubes, and the
total volume was made up to 4.0 mL with
distilled water. One mL of the ninhydrin reagent
was added to each tube and mixed well, and the
tubes were kept in a boiling water bath for 15
min. The tubes were then cooled and the volume
made up to 10 mL in a measuring flask with 50
% ethanol. The developed pink color was
measured using a spectrophotometer at 370 nm.
The concentration of free acids were calculated
from a standard curve of lysine. Proline content
was determined in leaves by the modified
ninhydrin method of Troll and Lindsley, (1955).

Total ascorbic acid content was determined
using the dye 2,6 dichlorophenol indophenol as
described by Ranganna (1979) and recorded as
mg/100 g fresh weight.

Total glutathione (GSH) was determined
with Ellman's reagent according to De Vos et al.
(1992). 300 uL of sample buffer was mixed with
630 pL of 0.5 M K,;HPO, and 25 pL of 5 mM 5,
5-dithiobis (2-nitrobenzoic acid) (final pH 7.0).
The absorbance at 412 nm was read after 2 min
and compared to a GSH standard.

Super oxide dismutase (SOD) activity was
measured in fresh leaf sampies collected in an
ice bucket and brought to the laboratory. Leaves
were washed with distilled water and then
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blotted dry. Leaf samples (0.5 g) were
homogenized in an ice cold previously prepared
0.IM pH 7.5 phosphate buffer containing 0.5
mM EDTA in a pre-chilled pestle and mortar.
The homogenate was transferred to centrifuge
tubes and was centrifuged at 4°C in a
refrigerated centrifuge for 15 min at 15000 X g.
The supernatant was transferred to 30 mL tubes,
and SOD activity was estimated by recording
the decrease in absorbance of superoxide-nitro
blue tetrazolium complex by the enzyme. About
3 mL of reaction mixture ¢ontaining 0.1 mL of
1.5M sodium carbonate, 0.2 mL of 200mM
methionine, 0.1 mL of 2.25mM Nitro-blue
tetrazolium, 0.1 mL of 3mM EDTA, 1.5 mL of
100mM potassium phosphate buffer, 1 mL
distilled water and 0.05 mL of enzyme were
taken in test tubes in duplicate from each
enzyme sample. Two tubes without enzyme
extract were taken as control. The reaction was
started by adding 0.1 mL riboflavin (60 mM )
and placing the tubes below a light source of
two 15 w florescent lamps for 15 min. The
reaction was stopped by switching off the light
and covering the tube with black cloth. Tubes
without enzyme developed maximal color. A
non-irradiated complete reaction mixture which
did not develop color served as blank.
Absorbance was recorded at 560 nm and one
unit of enzyme activity was taken as the quantity
of enzyme which reduced the absorbance
reading of samples 50% of comparison with
types lacking enzymes (Dhindsa ef al.,1981).

Ascorbate peroxidase (APX) was assayed
spectrophotochemically according to Fielding
(1978). The assay was carried out at 25°C in a
1.0 cm light path cuvette and the reaction
mixture consisted of 1500 uL phosphate buffer,
20 ul. EDTA, 1000 uL sodium ascorbate and
enzyme extract (20 pL). After mixing the
reaction was initiated by adding the 480 pL
H,0, and measuring the decrease in optical
density at 290 nm against a blank (without
extract) was recorded at one and two minute .

Potassium (K) and sodium (Na) contents were
estimated by flame photometry (Peterburgski,
1968).

The determination of enzymatic and non-
enzymatic antioxidants as well as nutrient
elements were only determined in the first
experimental season.
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The data of all experiments were analyzed
statistically using analysis of variance according
to Gomez and Gomez, (1984). The treatment
means were compared using the least significant
differences (LSD).

RESULTS

All growth characters of sweet pepper plants
were decreased with increasing salinity stress
levels with the greatest reduction observed at the
highest salinity (Table 1). Applied antioxidant
materials led to growth improvements at all levels
of salt stress including the lowest level (0.32 gL.")
and were therefore acting as growth stimulants
(Table 1). It was shown that the applied
antioxidants could counteract the effects of low
salt stress (2 gL') and partially counteract the
harmful effect of medium and high salt stress (4
and 6 g L). Ascorbic acid and seaweed extract
gave the best protection against salt stress.

Fruit setting, total fruit yield and fresh and
dry weights of pepper fruit decreased with
increasing level of salinity stress with the high
salt stress reducing fruit yield by 67% (Table 2).
Applied antioxidants increased fruit setting, fruit
yield, and fresh and dry weights of pepper fruit
during both growing seasons and ascorbic acid
was the most effective of the antioxidants,
increasing fruit set and fruit size more than two-
fold compared to the untreated plants at the
lowest salt treatment. All of the antioxidants
counteracted the negative effects of low and
medium salt stress and partially offset the effects
of high salt stress. Ascorbic acid and secaweed
extract were the most effective of the
antioxidant applications.

Data in Tables 3, 4, 5 and 6 show that all
salinity stress levels (2, 4 and 6 g L) slightly
decreased total chlorophyll and carotenoids in
the leaves whereas T.S.S. content, total amino
acids and K while Na content increased.
Changes were incrementally related to the
increase in salt stress.

The applied antioxidants increased chlorophyll,
carotenoids in leaves, and T.S.S. contents, total
amino acids and contents of ascorbic acid and
glutathione and increased the activity of SOD
and APX, and the potassium to sodium ratio.
Furthermore the data show that the applied

antioxidants completely counteracted the
harmful effects of salinity stress levels (2 and 4
g L") on photosynthetic pigments in the leaves.
The ascorbic acid and seaweed extract
treatments were most effective in increasing
photosynthetic pigments in most cases. Humic
acid was most effective in alleviating the
harmful effect of salimity stress in terms of
enhancing TSS content.

Applied antioxidants also promoted soluble
sugar accumulation, proline accumulation, total
amino acid content and K, content, and seaweed
extract was the most effective in this respect.

DISCUSSION

The inhibitory cffects of salinity on growth
of pepper plant reported here were typical of the
effects of high soil salt availability and are
probably due to decreased water absorption and
perturbed metabolic processes leading to
decreased meristematic activity and/or cell
enlargement (Khadr et al, 1994) coupled with
an increase in respiration rate resulting from
higher energy requirements. Yang et al. (1990)
reported that there are two ways that salinity
could retard growth, by damaging growth cells
so that they cannot perform their functions or by
limiting their supply of essential metabolites.
Salinity stress is known to retard plant growth
through its influence on several vital factors of
plant metabolism, including osmotic adjustment
(Sakr and El-Metwally, 2009) nutrient uptake
(Saied, et al, 2005), protein and nucleic acid
synthesis, photosynthesis (Zaibunnisa, ef al,
2002), organic solute accumulation, enzyme
activity, hormonal balance and reduced water
availability at the cell level all of which result in
reduced plant growth and ultimately reduced
yield. Khan and Panda (2002) attributed the
depressing effects of salt stress on plant growth
to an increase in reactive oxygen species which
play an important role in damaging all classes of
biologically important macromolecules including
DNA and the generation of H,0O, and lipid
hydro-peroxides which cause membrane changes.
Reductions in fruit yield are largely attributable
to decreases in the viability of pollen or the
receptivity of the stigmatic surface (Sakr ef al.,
2004) and substantially increased abscission of
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Table 1. Effect of salt stress and exogenously applied antioxidants on growth characters of
pepper plant at 75 days after transplanting averaged across two growing seasons (2007
& 2008); HA: Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE: Seaweed

extract
Plant height No. of leaves/plant
Salinity levels Salinity levels
Control Low Med. High Control Low Med High
Mean Mean
032gL" 2gL" 4gL' 6gL” 032gL" 2gL? 4gL” 6gL”
Water 39.0 290 248 19.4 28.00 46.0 375 207 260 3475

HA (1000 mgL-1) 53.8 443 353 272 40.10 61.4 50.5 383 285 44.65
SA (250 mgL-1) 51.6 43.5 332 294 39.40 61.2 505 416 283 4530
ASA (250 mgL-1) 58.2 460 372 318 43.25 66.5 569 421 303 50.00

SWE (1000 mgL-1) 60.4 48.1 36.5 309 43.90 65.9 536 405 264 43.05

Mean 52.57 42,18 3338 27.72 60.18 4978 3843 27.88
LSD at 5% Antioxidant 2.22  Salinity 1.56 Interaction 4.35 Antioxidant 2.9 Salinity 1.9 Interaction 5.8
Leaf area {(cm2) Shoot dry weight (g)
Salinity Levels Salinity Levels
Control Low Med  High Control Low Med High
Mean Mean
032gL" 2gL"' 4gL’ 6gL 032gL" 2gL! 4gL7 6gL
Water 14330 11920 8265 4950 986.00 109 7.6 6.1 3.1 6.85

HA (1600 mgL™) 18780 14745 11265 688.0 129150 175 11.6 83 52 1055
SA (250 mgL™) 19425 13310 990.0 6445 1227.00 18.1 11.9 7.4 5.8 10.75
ASA 250 mgL™) 20700 15825 13150 806.5 1443.50 20.2 13.7 108 69 1285
SWE (1000 mgL™") 19595 15415 10270 4955 1256.00 20.0 140 104 7.0 1280
Mean 1856.60 1424.30 1057.00 625.90 1731 1L73 8§36 5.57

LSD at 5% Antioxidant 52.2  Salinity 36.1 Interaction 103.2 Antioxidant 1.02 Salinity 0.71 Interaction 2.01
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Table 2. Effect of salt stress levels and exogenously applied antioxidants on yield of pepper plant
at 75 days after transplanting averaged over two growing seasons (2007 & 2008 HA:
Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE: Seaweed extract

Fruit set (%) No. of fruits/plant
{ Total fruit yield )
Salinity Levels Salinity Levels
Control Low Med. High Control Low Med High
— Mean Mean
0.32gL" 2gL' 4gL? 6gL’ 032gL" 2gL" 4gL' 6gL"
Water 13.0 11.6 8.7 37 7.98 7.6 5.1 39 2.7 3.88
HA (1000 mgL") 23.6 183 138 10.5 1418 9.5 8.0 7.0 4.0 6.32
SA (250 mgL™) 23.1 179 151 123 1507 9.7 89 64 30 607
ASA (250 mgL.™) 27.0 202 178 135 1712 9.3 82 7.5 47 6.77
SWE (1000 mgL™")  26.0 21,5 153 125  16.38 9.7 9.5 7.0 4.0 6.83
Mean 2251 17.87 1410 1047 9.15 791 635 366
LSD at 5% Antioxidant 1.35 Salinity 0.92 Interaction 2.8]1 Antioxidant 1.01 Salinity 0.67 Interaction 1.92
Fresh weight of fruits/plant (g) Dry weight of fruits/plant (g)
Salinity Levels Salinity Levels
Controf Low Med High Control Low Med High
Mean Mean
032gL" 2gL" 4gL’ 6gL’ 032gL" 2gL" 4gL"' 6gL’
Water 2995 211.5 1450 780 183.50 20.0 11.5 9.9 62 920

HA (1000 mgL") 551.0 3680 2380 1180 24133 377 207 163 82 1502
SA (250 mgL™") 589.5 428.5 2760 108.0 270.83 35.6 253 197 87 17.87
ASA (250 mgL™) 649.5 473.0 2940 1380 301.67 47.2 248 229 95 19.05
SWE (1000 mgL™") 597.0 469.0 2945 1355 299.67 41.6 307 219 85 2035
Mean 537.30 3%0.00 24950 115.50 36.39 2259 18,10 8.20

LSD at 5% Antioxidant 29.2 Salinity 19.4 Interaction 57.8 Antioxidant 6.9 Salinity 5.7 Interaction 8.7
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Table 3. Effect of salt stress and exogenously applied antioxidants on photosynthetic pigments in
the leaves of pepper plant at 75 days after transplanting averaged over two growing
seasons (2007 & 2008), HA: Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE:
Seaweed extract '

Total Chlerophyll content (mg/g) Carotenoids content (carotene mg/g)

Salinity Levels Salinity Levels

Control Low Med. High Mean Control Low : Med High_ Mean

032gLl™ 2gL" 4gL” 6gL” 032gL”  2gL" 4gL” 6gL”
Water 1.6 1.2 10 07 099 0.4 04 05 06 048
HA (1000 mgL™") 2.8 23 1.6 13  L73 0.4 05 06 0.6 057
SA (250 mgL™") 2.6 2.1 17 11 164 0.4 05 05 06 0.53
ASA (250 mgL™) 3.0 26 21 13 197 0.5 05 06 06 057
SWE (1000 mgL™) 3.0 2.7 19 15 204 0.5 05 05 06 057
Mean 260 218 166 1.17 0.45 048 053 062
LSD at 5% Antioxidant 0.22 Salinity 0.14 Interaction 0.36 Antioxidant 0.027 Salinity 0.017 Interaction 0.06

Table 4. Effect of salt stress and exogenously applied antioxidants on biochemical constituents
in pepper plant shoots at 75 days after transplanting averaged over two growing
seasons (2007 & 2008), HA: Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE:
Seaweed extract

Total soluble solids (TSS %) Total soluble sugars (mg/g d.w.}
Salinity Levels Salinity Levels
Control Low Med. High Control Low Med High
= | e | | €an T T ) = Mean
0.32gl” 2¢gl” 4d4gl” 6gL 0.32¢gl.” 2gl7 4pgL” 6gL
Water 6.8 6.1 54 4.5 5.30 73.5 82.0 98.5 133.5 104.67
HA (1000 mgL™) 10.4 9.9 8.0 6.8 8.22 161.5 175.0 211.0 2335 206.50
SA (250 mgL™") 10.0 9.0 7.2 6.2 7.43 149.0 165.0 188.0 194.0 182.33

ASA (250 mgL™) 10.3 10.0 8.0 6.3 8.07 165.5 189.5 2220 2495 22033
SWE (1000 mgL™") 9.9 8.5 7.8 6.7 7.67 166.5 188.0 1995 2260 204.50

Mean 947 868 7.26 6.07 143.20 159.90 183.80 207.30
LSD at 5% Antioxidant 0.91 Salinity 0.65 Interaction 1.87 Antioxidant 0.71 Salinity (.73 Interaction 1.68
Proline concentration (mg/g d.w.) Total free amino acids (mg/100g d.w.)
Salinity Levels Salinity Levels
Control Low Med  High Control Low  Med High
032 -1 -1 -1 -1 ean -1 -1 -1 -1 Mean
gl” 2¢gl.” 4gl” é6gL 032gl 2gL 4gl” 6gL
Water 2.2 385 505 6.5 4,40 725 63.0 540 425 5317
HA (1000 mgL™) 1 1.15 3.1 3.85 2.70 134.0 99.5 81.0 590 79.83
SA (250 mgL") 1.35 1.8 2.5 4.05 2.78 110.0 92.0 83.5 79.5  85.00

ASA (250 mgL™) 1.25 1.55  2.55 3.15 2.42 132,0 1240 880 825 98.17
SWE (1000 mgL™") 1.3 155 295 35 2.67 147.5 1090 905 B80S 9333
Mean 142 198 323 421 119.20 9750 7940 68.80

LSD at 5% Antioxidant 0.45 Salinity 0.30 Interaction 1.00 Antioxidant4.91 Salinity 3.33 Interaction 9.59
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Table 5.Effect of salt stress and exogenously applied antioxidants on enzymatic and non-
enzymatic antioxidant content in pepper plant shoots at 75 days after transplanting
during the season 2007, HA: Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE:
Seaweed extract

o SOD (units/g f.w.) APX (units/g protein/min)
Salinity levels Salinity levels
Control Low Med. High Control Low Med High
‘ -1 -1 -1 5 Mean 1 Y K} == Mean
0.32gl 2¢gL 4 ¢l 6 gL 032gl” 2gl” 4gL” 6gL
Water " 307.0 3500 3550  362.0 35567 125.0 133.0 137.0 141.0 137.00
HA (1000 mgL.™") 3100 3350 3470 358.0 346.67 1300 135.0 140.0 146.0 140.33
SA (250 mgL™") 312.0 3200 3250 328.0 32433 1300 145.0 1500 154.0 149.67
ASA (250 mgL") 3140 3500 360.0 390.0 366.67 1350 1550 160.0 170.0 161.67
SWE (1000 mgL") 315.0  360.0 380.0 390.0 376.67 1400 148.0 1550 160.0 154.33
Mean 311.60 343,00 35340 36560 132.00 143.20 14840 154.20
LSD at 5% Antioxidant 0.71 Salinity 0.73 Interaction 1.65 Antioxidant x0.71 Salinity 0.73 Interaction 1.65
Total GSH (umol/g f.w.) AsA (mg/100 g f.w.)
Salinity levels Salinity levels
Control Low Med High Control Low Med High
3 = - = Mean = . - = Mean
0.32 gLl 2gL 4 gL 6 gL 032gLl™ 2gl” 4gl” 6gL
Water 220.0 2250 238.0 246.0 23225 129.0 153.0 184.0 2150 184.00
HA (1000 mgL™) 2220 2270 2300 2400 23233 1540 177.0 275.0 294.0 248.67
SA (250 mgL™) 2270 2320 2350 2420 23633 164.0 203.0 280.0 290.0 257.67
ASA (250 mgL™) 2450 2600 280.0 240.0 260.00 175.0 245.0 300.0 364.0 303.00
SWE (1000 mgL™) 2580 2700 280.0 2950 281.67 1740 196.0 2990 322.0 272.33
Mean © 23460 24280 25260 252.60 159.20 194.80 267.60 297.00
LSD at 5% Antioxidant 3.1 Salinity 2.8 Interaction 4.5  Antioxidant 10.9 Salinity 7.3 Interaction 21.8

Table 6. Effect of salt stress and exogenously applied antioxidants on nutrient contents (K &
Na) in pepper plant shoots at 75 days after transplanting averaged over two growing
seasons (2007 & 2008), HA: Humic acid, SA: Salicylic acid, ASA: Ascorbic acid, SWE:
Seaweed extract

Na (%) K (%)
Salinity levels Salinity levels

Control Low Med. High Mean Control Low Med High Mean

032gL” 2gL” 4gL” 6gL" 032gL" 2gL" 4L 6gL”!
Water 4.7 2.8 22 2.0 232 0.75 1 14 185 142
HA (1000 mgL™) 5.5 48 41 25 378 0.55 0.7 1.1 1.6 113
SA (250 mgL™) 5.7 50 38 2.8 3.85 0.65 075 105 1.6 113
ASA (250 mgL.™") 6.1 52 43 3.1 4.17 0.45 0.6 09 135 095
SWE (1000 mgL™") 6.7 54 43 33 430 0.55 07 085 1.55 1.03
Mean 5.73 462 372 271 0.59 075 106 1.59

LSD at 5%

Antioxidant 0.71 Salinity 0.73 Interaction 1.67 Antioxidant 0.71 Salinity 0.74 Interaction 1.68




Zagazig J. Agric. Res,, Vol. 39 No. (4) 2012

flowers or young fruit due to ethylene induction
by salinity. Other factors affecting cell division
and cell expansion, such as tissue water status
and the concentration of certain plant hormones
c.g. ABA are also involved in the regulation
fruit set under stress. Also increasing salinity
decreased economic of fruit yield due to the
decreased number of perfect flowers fruit set
and imperfect fruit production and this has been
reported elsewhere (Grattan er af, 2002).
Furthermore a reduction in leaf area index
results in reduction in the supply of carbon
assimilate due to a decrease in the net
photosynthetic rate and biomass accumulation
(Sakr et al, 2007). According to the data
recorded in this investigation, it was shown that
salinity stress decreased many parameters
including leaf number, leaf area, accumulation
of dry matter, photosynthetic pigments,
potassium uptake, and sugar content all of
which will ultimately decrease pepper yield.

Photosynthetic pigments in pepper leaves
were significantly decreased with increasing
salinity levels and this reduction may be related
to enhanced activity of the chlorophyll-
degrading enzyme, chlorophyllase, as suggested
by Mishra and Sharma (1994) who indicated
that increasing saline increased oxidation of
chlorophyll leading to its decreased concentration
(Pell and Dann, 1991). Carotenoids are
synthesized and accumulate in chloroplasts
where they play a critical role in the light
harvesting coupling assembly and function.
Carotenoids protect chlorophyll against photo-
oxidation and their decreased content leads to
severe chlorophyll degradation under stress
(Munne-Bosch et al,, 1999).

Salinity stress levels and applied antioxidants
both increased proline content in pepper shoots
during the two growing seasons. Several
functions are proposed for the accumulation of
proline in tissues submitted to stress including
osmotic adjustment, stabilization of proteins
and membranes, being a scavenger of free
radicals, improvement of the stability of some
cytoplasmic and mitochondrial enzymes, and
increased protection of proteins and enzymes or
membranes (Ozdemir ef al, 2004 and Sakr et
al., 2007).
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The data show that salinity stress levels
increased sodium and decreased potassium
contents in the shoot of pepper plants which is a
typical response of plants in saline environments
arising from the inability of plants to distinguish
between sodium and potassium ions (Storey et
al., 1983). The increase in Na' content mainly in
the vacuole provides an osmotic adjustment of
salt affected plants (Sakr et al, 2007). This
accumulation might be due to the important role
of sodium in increasing ogmotic pressure. The
most abundant inorganic cation in vacuoies is
K', which plays a large part in maintaining cell
turgor pressure and K° homeostasis between
cytoplasm and vacuole (Heelebust et al,, 1976).
Excess of Na’ and CI', the predominant ions in
saline soils, creates high ionic imbalance that
may impair the selectivity of root cell
membranes (Bohra and Doerffling, 1993).

To mitigate and repair .damage initiated by
reactive oxygen, plants have developed a
complex antioxidant system. The primaty
components of this system include carotenoids,
ascorbate and enzymes such as superoxidase
dismutase {SOD). Many components of these
antioxidant defence system can be found in
different sub-cellular compartments (Vaidyanathan
et al, 2003). These antioxidant enzymes and
metabolites are reported to increase under
various environmental stresses {(Yu and Rengel,
1999) and this increase was also evident in the
current work. Salinity stress levels clearly
affected ascorbic acid (ASA) in pepper shoot.

The increased water potential valucs in SA
pre-treated pepper plants under osmotic stress
suggest that accumulation of inorganic or
organic osmolytes increases the relative water
contents of tissues (Szepesi er al, 2005).
Salicylic acid decreased the Na+/K+ ratio in the
roots and increased it significantly in the leaves.
Na+, accumulated in the leaf tissues where it
functions as an inorganic osmolyte, and results
in an increased water potential and water content
and SA has been reported to improve the
photosynthetic performance of plants under
stress conditions (Ananieva et al, 2004). Our
results sugpgest that SA-pre-treatment may
improve the gross rate of carbon assimilation
during osmotic stress. The application of SA led
to an accumulation of different compatible
osmolytes including sugars, sugar alcohol and
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proline.  Superoxide dismutase (SOD),
peroxidase (POD), ascorbate peroxidase (APX)
and glutathione reductase (GR) have all been
reported to exhibit different changes in plants at
10"M SA or 10*M SA (Sakhabutdinova et al,,
2003). Senaratna et al. (2000), reported that SA
and APX confer tolerance to pepper plants and
the tolerance was associated with changes in
antioxidants such as glutathione reductase,
dehydroascorbate reductase and monode-
hydroascorbate reductase. SA treatment also
increased the level of reduced glutathione
(GSH) with an increase in the ratio of reduced to
oxidised glutathione (GSSG) indicating higher
antioxidant potential {Srivastava and Dwivedi,
1998). Proline is one of the important
components of the adaptation of plants to
salinity (Kuznetsov and Shevyakova, 1999) and
pretreatment with SA also contributed to
accumulation of this amino acid under stress
possibly through maintaining an enhanced level
of ABA in the plants (Ervin, 2005).

Biostimulants such as sea-weed extracts
(SWE) can alleviate the harmful effect of
salinity or drought stress through enhancing leaf
water status and possibly by reduced uptake of
Na and Cl ions (Nabati, 1994) and as a
consequence increase K and Ca content in the
leaves stimulating chloroplast development and
enhancing phloem loading and delaying
senescence (Demir et al, 2004). Also,
stimulation of the uptake of N, P, K, Mg, Ca,
Zn, Fe, and Cu by the plants also can alleviate
the inhibitory effect of Na toxicity and restore
growth (Nelson and Van Staden, 1984). In
addition, enhancement of antioxidant enzymes
(80D, GR, ASP) for protection against adverse
environmental conditions (Schmidt, 2005) and
stimulation the biosynthesis of tocopherol,
ascorbic acid and carotenoids in chloroplasts
which can protect the PSII photosynthetic
apparatus (Zhang :and Schmidt, 2000). The
enhancing effect of humic acid on alleviation of
salinity or drought stress may be through a
stimulation of germination and vigour of seed
and plant growth by accelerated cell division,
increasing the rate of development in root
systems, (Clapp et al., 2002). Also, humic acid
has been shown to increase the permeability of
plant membranes, promoting the uptake of
nutrients N, P, K, Ca, and Mg (Mackowiak et

al, 2001} and enhancing root development
(Vaughan and Macdonald, 2005). In addition,
the manufacturers claim that it aids
photosynthesis, stimulates plant enzymes and
acts as an organic catalyst. Humic acids also are
claimed to chelate sodium ions in the soil which
helps plants tolerate higher soil sodium
concentrations avoiding toxicity and osmotically
related problems (Super-Grow, 2006). It is also
possible that these biostimulants are capable of
stimulating the genetic pathways leading to
improve plant defense mechanisms evidenced
by the improved end product enhancement of
antioxidants.

The results presented here clearly indicate
that it i1s possible to ameliorate the effects of
salinity by the exogenous application either of
anti-oxidants or compounds known to
upregulate the plants natural defences against
salt stress. No attempt was made to model the
cost-effectiveness of these treatments from an
agricultural point of view, but it was interesting
to note that the relatively inexpensive and
commercially available compounds, SWE and
humic acid, were both effective as protectors
against salt. The implications of this work are
that it may be possible to develop field applied
protection against salt stress.
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