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ABSTRACT

High salinity level of NaCl and CaCl (4000 mg/L) markedly increased whereas the low levels and its combination
decreased electrolyte leakage percentage (E.L. %) in sweet pepper leaves as compared to the unstressed plants. In
addition, application of all selected bio-regulators used at both applied levels, in most cases, alleviated the harmful effect
of salinity on E.L. % especially ascorbic acid at 50 mg/L.

Relative water content (RWC) and photosynthetic pigments were significantly increased thereafter decreased as
salinity levels increased. In addition, CaCl, at low level caused a great increase in RWC % followed by NaCl+CaCl, and
NaCl (2000 mg/L). While, pre-soaking seeds in both levels of the applied bio-stimulants caused a significant increase in
RWC % and the photosynthetic pigments concentrations . In addition, AsA at 50 mg/L or SA at 75 mg/L was more
effective in this respect as compared to the untreated plants.

Ascorbic acid, proline, total phenols as well as total soluble carbohydrates concentrations in sweet pepper shoot
were increased with increasing salinity levels from 2000 to 4000 mg/L of all salinity types. In addition, NaCl led to a great
increase followed by NaCl+CacCl, and CacCl, as compared to the unstressed plants. In addition, pre-soaking seeds in SA,
AsA, a-tocopherol and yeast extract at both levels increased ascorbic acid, proline, total phenols as well as total soluble
carbohydrates concentrations under saline conditions. Moreover, AsA at 50 mg/L or SA at 75 mg/L was more effective in
this respect as compared with the other treatments.
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INTRODUCTION

Sweet pepper (Capsicum annuum L.) is among the most important crops for the world human nutrition and its
fruits have a good nutritional value in respect to antioxidant compounds, such as vitamin C and carotenoids (Navarro et
al., 2006).

It is a moderately-sensitive to salt stress (Lycoskoufis et al., 2005). It cultivated under open field and
greenhouses conditions. In Egypt the cultivated area is around 71428.57 Feddan in 2008, yielded 475000 tons (FAO,
2008)*1. In addition, productions throughout the world are around over 24 million tons every year (Casado-Vela et al.,
2007). Dry land salinity is also an important, and increasing, problem in some areas of the world (Tester and Davenport,
2003). The effect of salinity on plant caused various physiological and biological changes in plants. It damaged
photosynthetic components, i.e. lipid peroxidation (Winston, 1990) and injuries to plant metabolism (Meneguzzo and
Navarilzzo, 1999) and/or water deficit, ion uptake, salt-specific damages (Cumming and Elliot, 1991) and oxidative stress
in plants (Xiong et al., 2002). Salinity also induces water deficit, even in well-watered soils by decreasing the osmotic
potential of soil solutes, thus making it difficult for roots to extract water from their surrounding media (Koca et al., 2007;
Sankar et al., 2007). Excessive sodium (Na') inhibits the growth of many salt-sensitive plants and glycophytes, which
include most crop plants. High concentrations of salt in soil enhanced generation of reactive oxygen species (ROS)
including -0?, H202, and -OH (Wang et al., 2008; Li, 2009). To prevent damage to cellular components by ROS, plants
have developed a complex antioxidant system. Many components of this antioxidant defense system can be found in
various sub-cellular compartments (Hernandez et al., 2000).

Nutrient Film Technique (NFT) crop production (commonly known as NFT cropping is air method of growing in
which the plants have their roots in a shallow stream of recalculating water in which are dissolved all the elements
required . A root mat develops which is partly in the shallow stream of recalculating water and partly above it. Thus the
stream is very shallow and the upper surface of the root mat develops above the water, although it is the air. So around
the roots which are in the air there is a film nutrient solution, hence its named nutrient film technique (Cooper, 1979).

Therefore, the present investigation was performed to study the effect of different sources of salinity (NaCl, CaCl,
and its combination 1:1) on certain phytochemical constituents of sweet pepper plant. Moreover, it was intended to
investigate effects of pre-soaking seeds in some materials such as vitamins (ascorbic acid and a-tocopheral), bio-regulator
(salicylic acid) and Yeast extract to alleviate the harmful effects of such salinity types.

MATEREIALS AND METHODS

An experiment was carried out in the glasshouse of the Agricultural Botany Dept., Fac. of Agriculture, Mansoura
Univ. during the growing season of 2008, to study the response certain phytochemical constituents of sweet pepper plant
to different sources of salinity i.e. NaCl, CaCl, and its combination (1:1 w/w); and how to minimize its harmful effects
through pre-soaking seeds in vitamins (Ascorbic acid or a-tocopherol) or bio-regulator (Salicylic acid) or Yeast extract.

Plant materials

The seeds of sweet pepper (Capsicum annuum L. cv. Orlando), a hybrid ‘California Wonder’ used in this investigation
were secured from the Gohara Co. Cairo, Egypt.

Chemicals:-

1. Vitamins, ascorbic acid Vit. C (AsA) and a-tocopherol Vit. E (a-tocopherol) were supplied by Sigma Chemicals Co.,
USA and used at the concentration of 50 or 100 mg/L each.

2. Bio-regulator, salicylic acid (SA) (2-hydroxybenzoic acid) was obtained from Sigma Chemicals, Co., USA. and initially
dissolved in 100 pL dimethyl sulfoxide and used at the concentrations of 75 and 150 mg/L,

3. Yeast extract, active dry yeast (Saccharomyces cervisiae) was applied at the concentration of 1000 or 2000 mg/L.
4. Salts:

4.1. Sodium Chloride (NaCl) from EL-Gomhoria Co., Egypt and was used at the concentrations of 2000 and 4000
mg/L.

4.2. Calcium Chloride (CaCly) from EL-Gomhoria Co., Egypt and was used at the concentrations of 2000 and
4000 mg/L.

4.3. Their combination, NaCl: CaCl, 1:1 (w/w) was used at the concentrations of 2000 and 4000 mg/L.

** FAO: Food and Agriculture Organization of the united nation, Statistical agricultural database sector.
www.http:// faostat.fao.org/site/567/
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Table (1): The Molarity (Mol), Electrical Conductivity (E.C.) and pH values for different nutrient solutions.

Nutrient N.S.+ NaCl N.S.+ CaCl, N.S.+ {NaCl+CaCl,} (1:1) w/w
solution
2000(NaCi+Cacly) 4000 (NaCl+CaCly)
(N.S.) mg/L 2000 4000 2000 4000
NaCl NaCl CaCl, CaCl, 1000 1000 2000
N.S. NaCl cacl, Nacl | 2000cacl
Mol (M) 0 2 2 2 2 2 2 2 2
(Control) 3.4x10 6.9x10 2.0x10 3.6x10 1.7x10 0.9x10 3.4x10 2.0x10
Ec dSm™ 2.00 5.42 8.42 459 7.60 5.08 8.08
pH 5.50 5.77 5.80 5.19 5.30 5.45 5.34

Table (2): Weights (g) of pure substances to be dissolved in 1000 liters of water to give the theoretically
ideal concentrations (Cooper, 1979).

Substance Formula Weight
Potassium dihydrogen Phosphate KH2PO4 263
Potassium Nitrate KNO3 583
Calcium Nitrate Ca(NOs). 4H20 1003
Magnesium Sulphate MgSO.. 7H,0 513
EDTA Iron CH2.N(CH».COO0),], Fe Na 79.0
Manganous Sulphate MnSO,4.H>0 6.10
Boric Acid H3BOs 1.70
Copper Sulphate CuS04.5H,0 0.39
Ammonium Molybdate (NH4)6M07024.4H,0 0.37
Zinc Sulphate ZnS04.7H,0 0.44

After soaking, the sterilized seeds (25 seeds/dish) were placed in glass Petri dishes (11 cm) with a double layer
of Whatman No. 1 filter paper. The dishes were left in an incubator in the dark for seed germination at 25 + 2°C and 90%
relative humidity, and then dishes were covered with aluminum foils for darkness. In order to avoid water losses, 5 ml of
the nutrient solution were added to Petri dishes, every 5 days. Thiram was added to the solution at a concentration of 2%
(w/v) to control the fungi infection.

The following experiment was carried out in the glasshouse of the Agric. Bot. Dept., Fac. of Agric., Mansoura
Univ. during the spring—summer period of 2008 in a glasshouse under condltlons of ambient light during winter, spring and
early summer, with 10/14 light/dark period at 800—1100 pmol m>"' PPFD, a day/night average temperature cycle of
26/15 °C and 65+5% relative humidity.

The focus of the current experiment was to provide fundamental biological understanding and knowledge on
sweet pepper plants growing in nutrient film technique (NFT), under different sources of salinity NaCl, CaCl, and their
combinations 1:1 (w/w); and how to minimizing the harmful effects through pre-soaking seeds in vitamins (Ascorbic acid,
a-tocopherol) or bio-regulator (Salicylic acid), or Yeast extract. The seeds of sweet pepper were sown on Jan, 13, 2008.
A homogenous sweet pepper seeds were placed in 100 ml beakers and 20 ml of 1% sodium hypochlorite was added for
sterilization. These were left in the solution for 5 min followed by washing under running tap water and ionized water twice.
Then divided into 9 sets. The first set was soaked (24hours) in distilled water as control and the remaining sets (8) were
separately soaked for 24 h in aqueous solution of AsA or a—toco. at (50 or 100 mg/L) each or SA at (75 or 150 mg/L) or
Yeast extract at (1000 or 2000 mg/L). Then germinated in seedling trays (209 eye) containing peat moss and perlite (1:1)
as a rooting medium moistured by nutrient cooper solution (Cooper, 1979). Trays containing the seeds were placed in a
glasshouse at 28 +2°C to germinate.

The experimental layout consisted of 7 automatic hydroponic units (groups) (experimental plots). Each hydroponic
unit comprised of two plastic channels (4 m long * 10 cm in diameter) placed on one side of the holder (4m length * 1.5 m
height). Each channel had 40 pores (6 cm dlameter) Every unit was provided by an electrlc pump representing seven
groups (Table, 1) nutrient solutlon (2.0 dSm*as a control), 2000 mg/L NaCl (5.42 dSm’ ) 4000 mg/L NaCI (8.42 dSm’ )
2000 mg/L CaCl, (4.59 dSm 1y, 4000 mg/L CaCl, (7.60 dSm™), 2000 mg/L NaCl+CaCl, (1:1) (5.08 dSm™) and 4000 mg/L
NaCl+CacCl;(1:1) (8.08 dSm™ )
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Table (3): Composition of yeast extract (according to, Nagodawithana, 1991)

Constituents Value (%)
Protein 47
Carbohydrates 33
Minerals 8
Nucleic acids 8
Lipids 4

Approximate composition of vitamins
Vitamines Value ( pg/g)
Cholin 4000
Niacin 300-500
Thiamine (B1) 60-100
Pantorhenate (Bs) 70
Riboflavin (By) 35-50
Pyridoxine HCL (Be) 28
Folic acid 5-13
Biotin 1.3
Vit. B1o 0.001

Approximate composition of minerals
Minerals Value (mg/g) Minerals Value (pg/g)
K 21 Cu 8.00
P 13.50 Ni 3.00
S 3.90 Sn 3.00
Mg 1.65 Cr 2.20
Ca 0.75 Mo 0.40
Zn 0.17 Se 0.10
Na 0.12 Li 0.17
Si 0.03 Va 0.04
Fe 0.02 Mn 0.02

The seedlings were transplanted to the experimental installation on Feb, 26 , 2008 (after 45 days from pre-
soaking) at the stage of four/five true leaves. Two uniform seedlings were transplanted to 6 cm perforated pots
(reticulated) containing peat moss and perlite (1:1) as a rooting medium.

Every two channels was divided into 9 sets, the first set was soaked in distilled water (control), AsA, a—tocopherol at (50 or
100 mg/L) each, SA at (75 or 150 mg/L), and Yeast extract at (1000 or 2000 mg/L). Each set contained (8 replicates) 16
seedlings (two seedling/pot) spaced 10 cm representing a Nutrient Film Technique (NFT).

To keep the concentrations of sodium chloride and mineral nutrients constant, the solution was changed every 7
to 10 days and the volume of the solution was maintained by adding distilled water as required after measuring the
electrical conductivity by digital conductivity meter Lutron CD-4301. A nutrient solution was pumped into the channels at a
flow rate of one liter per minute from a reservoir containing 10 liters.

Sampling dates:

Two fresh leaf samples were taken at 30 and 45 days after transplanting (75 and 90 days from sowing) to study
the following measurements.
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Phytochemical Constituents Analysis:

Electrolyte leakagewas used to assess membrane permeability according to Lutts et al. (1996); Relative water content
(RWC) was determined following the methods of (Jones and Turner, 1978); Photosynthetic pigments (mg/g FW) according
to Mackiny (1941); ascorbic acid concentration according to (Sadasivam and Manickam, 1996), Proline concentration
according to Troll and Lindsley (1955); Total soluble carbohydrates according to (Sadasivam and Manickam, 1996) and
total phenols concentration according to (Kayani et al., 1990)

Statistical analysis:

The obtained data were subjected to statistical analysis of variance according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Electrolyte Leakage %

Data presented in Table (4) revealed that high salinity level of NaCl and CacCl, (4000 mg/L) markedly increased
electrolyte leakage percentage (E.L. %) in sweet pepper leaves. While, NaCl, CaCl, and its combinations at 2000 and
4000 mg/L caused a marked decrease in this respect as compared to the unstressed plants. In addition, application of all
applied bio-stimulants at both applied levels decreased significantly E.L. %. The most effective treatments were ascorbic
acid at 50 and 100 mg/L at both sampling dates. As for the interaction between salinity type and concentration (A*B) it is
clear that E.L. % was decreased under low level of salinity (2000 mg/L). While, the maximum decrease was recorded
under NaCl+CaCl, (1:1) followed by CaCl, and NaCl, thereafter increased gradually with increasing salinity level.
Meanwhile, under saline condition , application of the selected bio-stimulants, in most cases, counteracted the harmful
effect of salinity on E.L. %, especially, ascorbic acid at 50 mg/L as compared to untreated plants under saline conditions.

Membranes are the most important structural in plants for regulating ion content in the cells (Greenway and
Munns, 1980). In addition, membrane structure and integrity are directly affected by changes in the ionic environment,
where membrane damage representing as electrolyte leakage was increased with increasing salt concentration (Table, 4).
Increasing the calcium/sodium ratio in the external solution alleviates the effect of salinity on depolarization and selectivity
of the plasma membrane (Rinaldelli and Mancuso, 1996).

Moreover, the beneficial effects of calcium additions to the root environment of sodium chloride stressed plants
are associated with the maintenance of cell membrane integrity, reducing sodium and favoring potassium absorption in
salt stressed plants (Epstein, 1998).

Relative water content (RWC)

Data in Table (5) revealed that RWC in plant leaves grown under low levels of all of salinity types (2000 mg/L)
NaCl, CaCl; and its combination (1:1) was increased significantly at 75 and 90 days from sowing. In addition, RWC %
under CaCl, at 2000 mg/L showed a remarkable increase followed by NaCl+CaCl, (1:1) and NaCl at 2000 mg/L. On the
other hand, increasing salinity from 2000 to 4000 mg/L decreased gradually RWC and gave the great reduction at the
highest salinity level of NaCl.

However, pre-soaking seeds in selected chemicals used (AsA, o-tocopherol SA, or yeast) at both levels had a
significant increase on RWC % under non-saline condition. Furthermore, pepper seeds presoaked in AsA at 50 mg/L, SA
at 75 mg/L or a-tocopherol at 50 mg/L resulted in higher RWC % as compared with the other treatments.

Regarding the interactions, between salinity levels and the applied bio-stimulants (A*C) the data in the same table indicated
that RWC % was significantly increased as compared with unstressed seeds. It inferred from the results obtained in this
experiment that all treatments enhanced RWC %under high salinity levels. Furthermore, AsA at 50 mg/L or SA at 75 mg/L
was more effective in this respect as compared to the untreated plants grown under non-saline or saline conditions. The
decrease in RWC% could be attributed to root systems which are not able to compensate water lost by transpiration
through a reduction of the absorbing surface (Gadallah, 2000).
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Table (4): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on Electrolyte Leakage % of sweet
pepper grown under non-saline and saline conditions at 75 and 90 days from sowing using NFT.

Si'g;ity N.S.+ NaCl N.S.+ CaCl, N'S'J'(&':\'BCV\';V(V:""C'Z)
Mean
Treatment Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean ©
(©) mglL N.S. [ 2000 | 4000 | (A*C) [2000 | 4000 | (A*C) 2000 | 4000 | (A*C)
75 days from sowing
Water 31.57 | 30.13 | 42.60 | 34.77 | 29.10 | 32.50 | 31.06 | 25.80 | 28.97 | 28.78 | 31.53
SA 75 29.10 | 26.63 | 38.87 | 31.53 | 27.73 | 24.70 | 27.18 | 24.17 | 28.07 | 27.11 | 28.61
SA 150 24.90 | 27.60 | 38.13 | 30.21 | 25.43 | 29.07 | 26.47 | 21.03 | 28.27 | 24.73 | 27.14
AsA 50 28.57 | 29.13 | 38.57 | 32.09 | 27.63 | 28.33 | 28.18 | 19.53 | 25.93 | 24.68 | 28.31
AsA 100 25.07 | 25.57 | 41.10 | 30.58 | 23.63 | 26.53 | 25.08 | 18.33 | 21.40 | 21.60 | 25.75
a-toco 50 24.77 | 27.10 | 37.40 | 29.76 | 25.20 | 31.60 | 27.19 | 19.40 | 22.60 | 22.26 | 26.40
a-toco 100 | 24.93 | 22.20 | 35.87 | 27.67 | 21.43 | 28.53 | 24.97 | 23.80 | 25.43 | 24.72 | 25.79
Yeast 1000 | 30.47 | 30.33 | 35.10 | 31.97 | 26.60 | 30.47 | 29.18 | 23.40 | 23.83 | 25.90 | 29.01
Yeast 2000 | 29.70 | 27.83 | 35.13 | 30.89 | 26.13 | 28.63 | 28.16 | 23.50 | 21.70 | 24.97 | 28.00
A 31.05 27.49 24.97

& [B |27.67 25133072
= aB 27.39 | 38.09 25.88 | 28.93 ‘ 2211 | 25.13 |

LSD at 0.05 | A; 0.44 ‘B; 0.44 ‘c; 0.75 | A*B; 0.75 ‘A*C; 1.31 ‘ B*C; 1.31 }A*B*C; 2.26

90 days from sowing

Water 51.00 | 46.27 | 62.73 | 53.33 | 44.97 | 55.07 | 50.34 | 35.83 | 45.67 | 44.17 | 49.28
SA 75 42.50 | 47.10 | 54.53 | 48.04 | 35.50 | 51.67 | 43.22 | 32.27 | 43.17 | 39.31 | 43.53
SA 150 45.80 | 40.77 | 54.60 | 47.06 | 33.97 | 52.50 | 44.09 | 34.03 | 45.43 | 41.76 | 44.30
AsA 50 39.63 | 42.17 | 50.77 | 44.19 | 30.10 | 51.00 | 40.24 | 33.07 | 49.43 | 40.71 | 41.71
AsA 100 51.20 | 51.90 | 52.57 | 51.89 | 25.83 | 52.20 | 43.08 | 27.10 | 34.60 | 37.63 | 44.20

a-toco 50 43.60 | 50.40 | 56.33 | 50.11 | 25.37 | 38.67 | 35.88 | 34.83 | 49.53 | 42.66 | 42.88
a-toco 100 43.23 | 50.07 | 55.13 | 49.48 | 32.07 | 47.33 | 40.88 | 29.27 | 45.33 | 39.28 | 43.21
Yeast 1000 | 40.57 | 44.80 | 54.10 | 46.49 | 32.53 | 50.97 | 41.36 | 31.53 | 39.03 | 37.04 | 41.63
Yeast 2000 | 46.63 | 48.83 | 55.67 | 50.38 | 29.30 | 52.80 | 42.91 | 52.73 | 33.67 | 44.34 | 45.88

A 49.00 42.44 40.77
8 B | 44.91 | 37.87 | 49.43
=

A*B 46.92 | 55.16 32.18 ‘ 50.24 ‘ ‘ 34.52 ‘ 42.87

LSD at 0.05 | A; 0.89 ‘B; 0.89 ‘c; 154 | A*B; 1.54 ‘A*C; 2.66 ‘ B*C; 2.66 ‘A*B*C; 4.62

—————————————————————————————————————————————————————————————————————————————————————————————————————————

| AsA = Ascorbicacid ' a-toco. = a-tocopherol

' Yeast = Yeast extract
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Table (5): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on Relative water content % of sweet
pepper grown under non-saline and saline conditions at 75 and 90 days from sowing using NFT.

Sa("Ar;'ty N.S.+ NaCl N.S.+ CaCl, N'S'J'(f.\lf;cv\';ﬁ acly)
) Mean
Treatment (C Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean ©)
mg/L
g N.S.[ 2000] 4000, (A*C)[ 2000 4000 (A*C)[ 2000] 4000| (A*C)

75 days from sowing
Water 42.88 50.38 41.56| 42.88| 76.48/ 46.76) 42.88| 69.28 48.88 51.33| 42.88
SA 75 5458 62.47| 43.860 54.58| 80.75 53.98 54.58 | 72.04 42.86 57.74| 54.58
SA 150 57.97| 59.26| 40.35 57.97| 79.73 60.23 57.97| 70.52 53.65 59.74| 57.97
AsA 50 53.87| 60.34| 51.26 53.87| 7151 58.42 53.87| 68.82 46.11 57.56| 53.87

AsA 100 51.30| 65.92 49.39 51.30| 72.56| 57.60, 51.30| 61.96 50.83 56.91| 51.30
o-toco50 | 65.64 64.45 62.45 65.64| 78.38 50.08) 65.64| 68.07] 59.16 64.39| 65.64

a-toco 100 | 57.31] 71.69 54.15 57.31| 80.77] 52.24 57.31| 71.59 54.23 61.84| 57.31

Yeast 1000 | 46.13 57.45 44.09 46.13| 78.51 50.01 46.13| 65.220 54.28 54.22| 46.13

Yeast 2000 | 51.34| 52.80 39.60 51.34| 64.84] 48.09 51.34| 81.67] 53.06) 54.90| 51.34

C A 53.80 6081 58.27
é B | 53.45 68.79 50.64
AB 6053 47.41 75.95‘ 53.05 69.01 51.45

LSD at0.05| A; 2.01‘ B; 2.01‘ C;3.48 A*B;3.48‘ A*C;4.26‘ B*C;4.26‘ A*B*C; 10.44

90 days from sowing
Water 62.32 64.40 48.62 58.45| 80.78 51.79] 64.96| 67.66 49.37] 59.78| 61.06
SA 75 72.41 85.63 61.96 73.33| 90.38 74.75 79.18 | 90.79 67.63 76.94| 76.49
SA 150 67.75 75.96| 61.49 68.40| 83.12] 66.60, 72.49| 78.77| 62.64 69.72| 70.20
AsA 50 77.620 85.36| 66.35 76.44| 91.35 72.25 80.41| 86.11 64.57| 76.10| 77.65
AsA 100 69.03 72.61 55.46 65.70| 91.26/ 66.51] 75.60| 77.45 60.84 69.11| 70.14
o-toco50 | 77.02] 78.93 55.94 70.63| 86.67| 57.44 73.71| 78.37] 56.29 70.56| 71.63
a-toco 100 | 63.83 78.26 56.77] 66.29| 95.63 73.57| 77.68| 83.70 62.59 70.04| 71.33
Yeast 1000 | 62.71] 71.87] 52.27| 62.29| 87.91] 58.16] 69.59 | 72.65 52.60| 62.65| 64.84
Yeast 2000 | 67.28 77.36 53.10 65.92| 89.95 59.60 72.28 | 82.37] 59.76 69.80| 69.33

c A 67.49 73.99 69.41
g B | 68.89 81.68 60.33
A*B 76.71 56.88 88.56‘ 64.52‘ ‘ 79.76‘ 59.59‘

LSD at0.05| A; 1.94‘ B;l.94‘ C:3.36 A*B;S.SG‘ A*C;5.82‘ B*C;5.82‘ A*B*C: 10.08

—————————————————————————————————————————————————————————————————————————————————————————————————————————
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Photosynthetic pigments concentration

The data in Tables (6-8) clearly show that low salinity levels of all salinity types NaCl, CaCl, and its combination
(1:1 w/w) at 2000 mg/L caused a high significant increase in the photosynthetic pigments concentrations in sweet pepper
leaves (total chlorophylls, carotenoids, chlorophyll a, b as well as chlorophyll a/b ratio) while chlorophyll/carotenoids ratio
was decreased after 90 days from sowing. Moreover, sweet pepper plants growing under NaCl+CacCl2 (1:1) at 2000 mg/L
resulted a greater increase in total chlorophylls, carotenoids, chlorophyll a, b as well as chlorophyll a/b ratio, and
decreased chlorophyll/carotenoids ratio followed by CaCl2 and NaCl at the same level. In addition, increasing salinity
levels from 2000 to 4000 mg/L caused a significant decrease in the photosynthetic pigments concentrations.

As regard to the effects of pre-soaking seeds in SA, AsA, a-tocopherol and yeast extract at both levels, total chlorophylls,
carotenoids, chlorophyll a, b and chlorophyll a/b ratio as well as chlorophyll/carotenoids ratio were increased under non-
saline conditions. In addition, pre-soaking seeds in SA at 75 mg/L was more effective as compared with the other
treatments. Moreover, means (A*B) indicated that total chlorophyll, carotenoids, chl. a concentrations as well as
chlorophyll a/b ratio were significantly increased under low salinity level of all salinity types at 2000 mg/L.

From the above mentioned results it could be concluded that photosynthetic pigments (chlorophyll a, b and their
total as well as carotenoids) concentrations in the leaves of sweet pepper were increased under low salinity level of NaCl,
CaCl2 as well as its combination, thereafter decreased with increasing salinity level as presented in Tables(6-8) and also
supported by El-Banna (2006) and Arafa et al. (2009). Moreover, all applied bio-stimulants enhanced photosynthetic
pigments concentrations under high salinity levels (4000 mg/L) and SA at 75 mg/L was more effective in this respect.

The stimulating effect of low salinity level (NaCl, CaCl, as well as its combination) on photosynthetic pigments
may be due to enhancing cytokinin, auxin and GAs content, which stimulated chlorophyll and delay chlorophyll destruction
then delay senescence (Ghallab and Nesiem, 1999).

The reduction in chlorophylls was accompanied with an irregular fluctuation values regarding chl a/b ratio whereas,
chlorophylis/carotenoids ratio decreased due to the increase in carotenoids values and the decrease in chlorophylls.
These reduction in photosynthetic pigments was related to an enhancement in the activity of chlorophyll degradation
enzyme chlorophyllase (Saha et al., 2010) and/or the inhibitions effects of chloride on the activity Fe-containing enzymes
cytochrome oxidase, which may decrease the rate of chlorophyll biosynthesis as well as an increase in chlorophyll
degradation (Santos et al., 2001) and increased ABA content resulting in promoting chlorophyll breakdown and leaf
senescence (Hatung, 2004), and/or a disturbed chloroplast structure, number and size which affected chlorophyll content
(Arafa et al., 2009) In the present study, salinity decreased carotenoid content (Table, 6) due to degradation of a-carotein
and formation of zeaxanthin, which protect the plant against photoinhibition (Sharma and Hall, 1991).

The stimulating effect of phytohoromnes, vitamins and yeast extract on photosynthetic pigments concentration
may be due to; stabilizing active site of enzymes (Hare et al., 1998). Furthermore, SA caused considerable enhancement
in photosynthetic pigments under non-saline or salt stress which may be due to increased auxin and zeatin as well as
gibberellin in leaves (Shehata et al., 2000) and/or increased the rate of photosynthetic electron transport and/or increased
the photochemical quenching parameter in the presence of sodium (Tari et al., 2002) and/or activated the synthesis of
carotenoids and decreased chlorophyll pigments (Moharekar et al., 2003).

Concerning AsA, it caused considerable enhancement in photosynthetic pigments under non-saline and salt
stress which may be due to the fact that it is an important primary metabolite in plants that functions as an antioxidant, an
enzyme cofactor and a cell signalling modulator in a wide array of crucial physiological processes, including biosynthesis
of the cell wall, secondary metabolites and phytohoromnes, stress tolerance, photoprotection, cell division and growth
(Wolucka et al., 2005)
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Table (6): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on total chlorophylls and carotenoids
concentrations (mg/g FW) in sweet pepper leaves under non-saline and saline conditions at 75 and 90 days from sowing

using NFT.
Salinity N.S.+ (NaCl+CaCly)
(A) N.S.+ NacCl N.S.+ CaCl, (1:1) wiw
Mean
Treatment (C Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean ©
mg/L
g N.S.| 2000] 4000 (A*C)[ 2000 4000| (A*C)[ 2000] 4000 (A*C)
Total chlorophylls
Water 1.47| 1.56| 0.89 1.31 1.64 1.42 1.51 1.73| 1.30 1.50 1.44
SA 75 1.55| 1.62| 1.30 1.49 1.71 1.47 1.57 221 1.42 1.72 1.60

SA 150 153 1.59| 1.18 1.43 1.66| 1.45 1.55 191 1.37 1.60 153
AsA 50 154 1.61| 124 1.46 1.70| 1.47 1.57 2.19| 1.42 1.72 1.58
AsA 100 154 1.61| 1.20 1.45 1.68| 1.46 1.56 1.95| 1.40 1.63 155
a-toco 50 154 1.61| 1.19 1.45 1.68| 1.46 1.56 1.92| 1.39 1.62 154
a-toco 100 154 161 121 1.45 1.69| 1.46 1.56 1.99| 141 1.65 155
Yeast 1000 | 1.49| 1.56| 1.15 1.40 1.64| 1.43 1.52 1.79| 1.32 153 1.49
Yeast 2000 | 1.52| 1.57| 1.14 1.41 1.65| 1.44 1.54 183 1.34 1.56 1.50

c A 1.43 1.55 1.62
é B | 153 1.74] 1.33
A*B 159 1.17 1.67 ‘ 1.45 ‘ 1.95‘ 1.38|

LSD at 0.05 A;0.04‘ B;0.04‘ C: 0.06 A*B;0.0G‘ A*C;O.lo‘ B*C;O.lo‘ A*B*C; 0.18

Total carotenoids
Water 0.610 0.673 0.490 0.591| 0.753 0.573 0.646| 0.877] 0.540, 0.676| 0.637
SA 75 0.663 0.740| 0.530 0.644| 0.847| 0.610, 0.707| 1.110 0.573 0.782| 0.711
SA 150 0.657, 0.730 0.517 0.634| 0.790, 0.593] 0.680| 1.003 0.560, 0.740| 0.685
AsA 50 0.660 0.740 0.523 0.641| 0.827| 0.607| 0.698| 1.107 0.570, 0.779| 0.706
AsA 100 0.660 0.737 0.517 0.638| 0.797| 0.600| 0.686| 1.040 0.570| 0.757| 0.693
a-toco 50 0.657| 0.723 0.500 0.627| 0.790, 0.600, 0.682| 1.020 0.567| 0.748| 0.686
a-toco 100 | 0.660 0.740 0.523 0.641| 0.827] 0.603] 0.697| 1.057| 0.570| 0.762| 0.700
Yeast 1000 | 0.620 0.687| 0.487] 0.598| 0.753| 0.577| 0.650| 0.890 0.547| 0.686| 0.644
Yeast 2000 | 0.640| 0.707| 0.497, 0.614| 0.777| 0.587| 0.668| 0.957, 0.550 0.716| 0.666

c A 0.625 0.679 0.738
g B | 0.647] 0.841 0.555
A*B 0.720 0.509 0.796‘ 0.594‘ ‘ 1.007‘ 0.561‘

LSD at 0.05 A;0.023‘ B: 0.023‘ C:0.041 A*B: 0.041‘ A*C: 0.070‘ B*C: 0.070‘ A*B*C: 0.120

—————————————————————————————————————————————————————————————————————————————————————————————————————————

N.S.= Nutrient Solution (Control) : SA = Salicylic acid

AsA = Ascorbic acid ; a-toco. = a-tocopherol
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Table (7): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on chlorophyll a and b concentrations
(mg/g FW) in sweet pepper leaves under non-saline and saline conditions at 75 and 90 days from sowing using NFT.

Sa("Ar;'ty N.S.+ NaCl N.S.+ CaCl, N'S'J'(f.\lf;cv\';ﬁ acly)
) Mean
Treatment (C Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean ©)
mg/L
g N.S.[ 2000] 4000, (A*C)[ 2000 4000 (A*C)[ 2000] 4000| (A*C)
Chlorophyll a

Water 1.030] 1.127, 0.500 0.886| 1.170] 0.887] 1.029| 1.260 0.783 1.024| 0.980
SA 75 1.087 1.183 0.780 1.017| 1.383 1.067] 1.179| 1.660 0.907| 1.218| 1.138
SA 150 1.127 1.187] 0.757) 1.023| 1.283 0.953] 1.121| 1.403 0.837| 1.122| 1.089
AsA 50 1.013 1.150 0.813 0.992| 1.277] 0.923] 1.071| 1.567| 0.867| 1.149| 1.071
AsA 100 1.140 1.160 0.773 1.024| 1.310] 0.860] 1.103| 1.417| 0.883 1.147| 1.091
a-toco 50 1.140) 1.153 0.757] 1.017| 1.203 1.023] 1.122| 1.440 0.870 1.150| 1.096
a-toco 100 | 1.163 1.123 0.733 1.007| 1.187| 0.887| 1.079| 1.470 0.900 1.178| 1.088
Yeast 1000 | 1.040 1.110 0.717) 0.956| 1.167| 0.840, 1.016| 1.283 0.837| 1.053| 1.008
Yeast 2000 | 1.100 1.180 0.753 1.011| 1.217] 0.857] 1.058| 1.330 0.860, 1.097| 1.055

c A 0.992 1.086 1.126
é B | 1.093 1.274 0.838
A*B 1.153 0.731 1.244‘ 0.922 1.426 0.860
LSD at 0.05 | A; 0.027‘ B; 0.027‘ C; 0.047| A*B; 0.047‘ WIC; 0.081‘ B*C; 0.081‘ A*B*C; 0.140
Chlorophyll b

Water 0.440 0.450 0.383 0.424| 0.467| 0.517| 0.474| 0.470 0.520f 0.477| 0.459
SA 75 0.457, 0.437| 0.520 0.471| 0.323] 0.403 0.394| 0.547] 0.513 0.506| 0.457
SA 150 0.407] 0.430 0.427] 0.421| 0.377| 0.477)| 0.420| 0.507| 0.537| 0.483| 0.441
AsA 50 0.530 0.460 0.460 0.483| 0.420, 0.547| 0.499| 0.623 0.547| 0.567| 0.516
AsA 100 0.397] 0.450 0.430 0.426| 0.367| 0.567| 0.443| 0.527] 0.523 0.482| 0.450
a-toco 50 0.400 0.453 0.437] 0.430| 0.473] 0.427| 0.433| 0.480 0.520] 0.467| 0.443
a-toco 100 | 0.380 0.493 0.473 0.449| 0.527| 0.577| 0.494| 0.520 0.513 0.471| 0471
Yeast 1000 | 0.457| 0.447| 0.433 0.446| 0.470] 0.590, 0.506| 0.500 0.483 0.480| 0.477
Yeast 2000 | 0.417| 0.390 0.387] 0.398| 0.440 0.580, 0.479| 0.490 0.480 0.462| 0.446

c A 0.439 0.460 0.488
g B | 0.431 0.464 0.491
A*B 0.446] 0.439 0.429‘ 0.520‘ ‘ 0.518‘ 0.515‘

LSD at 0.05 A;0.014‘ B; 0.014‘ C;0.024] A*B; 0.024‘ A*C; 0.042‘ B*C; 0.042‘ A*B*C; 0.072

—————————————————————————————————————————————————————————————————————————————————————————————————————————
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Table (8): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on chlorophyll a/b ratio and total
chlorophylls/carotenoids ratio in sweet pepper leaves under non-saline and saline conditions at 75 and 90 days from
sowing using NFT.

Sa("Ar;'ty N.S.+ NaCl N.S.+ CaCl, N'S'J'(g'.\'l"’;(\;,'v;'vs acl)
' Mean
Treatment (C| Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean (©)
mg/L
g N.S.[ 2000] 4000 (A*C)[ 2000 4000| (A*C) [ 2000] 4000 (A*C)

Chlorophyll a/b ratio
Water 236 2.51| 1.32| 206| 251| 173 2.20 2.68| 1.52| 219 2.15
SA 75 2.38| 2.71| 150| 220 | 4.26| 265 3.10 3.17| 1.77| 244 | 258
SA 150 277 279 1.77 2.44 342 1.99 2.72 2.76| 1.53 2.35 2.51
AsA 50 1.92| 2.49| 1.75 2.05 3.07| 1.69 2.22 251 157 2.00 2.09

AsA 100 2.89] 2.58| 1.80 2.42 3.57| 153 2.66 269| 1.70 2.43 2.50
a-toco 50 2.86| 2.55| 1.73| 2.38| 254| 239 2.60 3.03| 1.67| 252 2.50

o-toco 100 | 3.16| 2.28| 1.56| 233 | 226| 1.54 2.32 2.86| 1.75| 259 242

Yeast 1000 | 2.28| 2.50| 1.66 2.15 246| 1.43 2.06 255 1.73 2.19 2.13

Yeast 2000 | 2.63| 3.08| 1.95 2.55 279 1.49 2.31 271 1.79 2.38 241

c A 2.29 2.47 2.34
é B | 258 2.79] 1.72
A*B 261 1.67 2.99 ‘ 1.83 ‘ ‘ 277 167 |

LSD at 0.05 A;0.0S‘ B;0.0B‘ C;0.14 A*B;0.14‘ A*C;0.24‘ B*C;0.24‘ A*B*C; 0.41

Chlorophyll / carotenoids ratio
Water 240, 2.32| 1.82 2.18 2.20| 249 2.36 1.98| 2.42 2.27 2.27
SA 75 2.34) 2.20| 249 2.34 2.03| 2.46 2.28 2.07| 251 2.31 2.31
SA 150 235 2.16| 2.30 2.27 212 247 231 1.90( 243 2.23 2.27
AsA 50 233 2.22| 2.50 2.35 211 247 2.30 198 2.51 2.27 2.31

AsA 100 233 221| 234 2.29 212 244 2.30 1.87| 2.47 2.22 2.27
a-toco 50 2.35| 2.22| 2.37 231 217 2.44 2.32 1.88| 2.45 2.23 2.29

a-toco 100 2.33] 2.19| 231 2.28 2.16| 243 231 1.88| 2.55 2.26 2.28

Yeast 1000 | 2.40| 2.29| 2.36 2.35 221 2.52 2.38 2.03| 243 2.29 2.34

Yeast 2000 | 2.37| 2.36| 2.29| 2.34 | 213| 2.46 2.32 1.92| 248| 225| 231

C A 2.30 232 2.26
g B | 236 211 242
AB 224 231 214 ‘ 2.46 1.95] 247

LSD at 0.05 A;0.09‘ B;0.0Q‘ C:0.16 A*B;O.lﬁ‘ A*C;O.Z?‘ B*C;O.Z?‘ A*B*C; 0.48

Yeast = Yeast extract

Regarding the promotive effect of a-tocopherol on photosynthetic pigments, a-tocopherol is located in the
chloroplast envelop, thylakoid membranes and plastoglobuli and deactivates photosynthesis derived reactive oxygen
species (mainly 102 and OH -), which are well protected against photooxidative damage (Munné-Bosch, 2005). In
addition, it may have a key role in protection against oxidative stress caused by B-oxidation; it could be that tocopherol
also has this role during senescence as well as it is very abundant in the thylakoid membranes that contain
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polyunsaturated fatty acids and are in close proximity to ROS produced during photosynthesis and correlative evidence
strongly suggests an antioxidant role for tocopherol (Munné-Bosch and Sattler et al., 2004).

The stimulatory effect of yeast on chlorophyll and carotenoid in sweet pepper leaves might be due to that the
yeast as source of cytokinins which delay the dehydration of chlorophyll via the inhibition of chlorophyllase and enhance
the synthesis of protein and RNA that are closely related with delaying the aging of leaves and cytokinins increase number
of chloroplasts in the leaf by increasing both intensity of cell growth phytohormones and the activity of cytoplasm
ribosomes, thus chlorophyll synthesis is stimulated (Brozenkova and Makrozova, 1976).

Ascorbic acid, proline, total phenols and carbohydrates concentrations:

Results presented in Tables (6,9 and 10) reveal that the primary components of this system include carotenoids,
ascorbic acid, total carbohydrates, proline and total phenols were enhanced with exogenous application of
phytohoromnes, vitamins and yeast extract.

The data presented in Tables (9-10) clearly show that increasing salinity levels from 2000 to 4000 mg/L of all
salinity types increased significantly ascorbic acid, proline, total phenols as well as total soluble carbohydrates
concentrations in sweet pepper shoot and the highest value was obtained under high salinity level. In addition, sweet
pepper plants growing under NaCl showed a greater increase in ascorbic acid, proline, total phenol as well as total soluble
carbohydrates concentrations followed by NaCl+CaCl, and CaCl, as compared to the unstressed plants. Furthermore,
pre-soaking seeds in SA, AsA, a-tocopherol and yeast extract at both levels increased ascorbic acid, proline, total phenols
as well as total soluble carbohydrates concentrations under non-saline conditions. In addition, pre-soaking seeds in AsA at
50 mg/L and SA at 75 mg/L was more effective as compared with the other treatments.

Regarding the interactions, means (A*B) indicated that ascorbic acid, proline, total phenols as well as total
soluble carbohydrates concentrations were significantly increased with increasing salinity level from 2000 to 4000 mg/L
for all salinity types. The maximum increase was recorded for plants grown under NaCl followed by NaCl+CacCl, and
CaC|2.

Proline:

Proline concentration was increased markedly in the leaves of sweet pepper plants with increasing NaCl and
NaCl+CacCl; salinity level from 2000 to 4000 mg/L (Table 9). Plants accumulate proline a non-toxic and protective
osmolyte under saline conditions, it is considered to be compatible solutes. Moreover, proline can also confer enzyme
protection and increase membrane stability under various conditions. Proline accumulation may also help in non-
enzymatic free radical detoxifications (Khan et al., 2002).

Accumulation of proline may be a part of general adaptation to stress recognized as osmotic adjustment agents (Misra
and Gupta, 2005) and play a clear role as an osmoticum which can accumulate to high concentrations in the cell
cytoplasm without interfering with cellular structure or metabolism (Samaras et al., 1995). These functions include
osmoregulation; as a compatible cytoplasmic solute, it apparently counteracts the osmotic potential of the vacuole salts
(Bray et al., 2000). Higher osmolytes accumulation especially proline and soluble proteins seems to be related to salt
tolerance in sweet pepper as shown in the present investigation and not to be a consequence of tissues reaction to salt
stress damage. Various studies have focused on the ability of proline as a compatible osmolytes, which cause the minimal
inhibition of metabolism (Siddiqui et al., 2008) and/or enzyme and membrane protection against salt inactivation (Tajdoost
et al., 2007).

Phenolic compounds:

Total phenols in sweet pepper were increased with increasing salinity levels from 2000 to 4000 mg/L (Table 10).
This increase showed some tendency to adjust osmotically against salt stress. These results are in agreement with (Amor
et al., 2000), who stated that stress condition leads to an increase in phenolic compounds. These phenolic compounds
could be a cellular adaptive mechanism for scavenging oxygen free radicals during stress and this free radical scavenger
and others such as ascorbate could be readily oxidized in the system of tissue representing sub-cellular damages.

Until recently, studies of the antioxidant properties of phenolic compounds in vitro, combined with the well-
characterized activation of phenolic biosynthesis in response to diverse biotic and a-biotic stresses, and has led to a
reevaluation of the physiological function of phenolic compounds in plants (Grace and Logan, 2000).
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Table (9): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on ascorbic acid (mg/g FW) and proline
concentrations (mg/g DW) in sweet pepper shoot grown under non-saline and saline conditions at 75 and 90 days from
sowing using NFT.

Salinity N.S.+ (NaCl+CacCly)
N.S.+ NaCl N.S.+ CaCl
(A) 2 (1:1) wiw Mean
Treatment Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean (©)
C) mg/L
(©) mg N.S.[ 2000] 4000| (A*C)[ 2000] 4000| (A*C)[ 2000] 4000| (A*C)

Ascorbic acid
Water 435 7.85| 10.37] 752 | 6.04| 8.88 6.42 6.65| 9.68| 6.89 6.95
SA 75 5.64| 8.42| 11.30, 8.45 6.38| 9.25 7.09 7.25| 10.23] 7.71 7.75
SA 150 5.60| 8.58| 11.51| 8.56 6.34| 9.35 7.10 7.39| 10.08 7.69 7.78
AsA 50 587 8.74| 11.84) 8.82 6.46| 9.55 7.29 7.47| 10.21] 7.85 7.99

AsA 100 5.99| 8.81| 1369 9.50| 6.51| 9.62 7.38 7.55| 10.27) 7.94 | 8.27
a-toco 50 5.70 8.47| 11.39], 852 6.42( 9.31 7.14 7.29| 10.04| 7.68 7.78

a-toco 100 5.78| 8.69| 11.75 8.74 6.44( 9.43 7.22 7.41| 10.15 7.78 7.91

Yeast 1000 | 5.05| 7.78| 10.53] 7.79 | 6.07| 8.97 6.70 | 6.90| 9.75| 7.23 7.24

Yeast 2000 | 5.31| 8.13| 10.88] 8.11| 6.27| 9.18 6.92 7.13| 9.99| 7.48 7.50

c A 8.45 7.03 7.58
é B | 548 7.31] 1027
A*B 8.39| 11.48 6.33‘ 9.28‘ ‘ 7.23 10.04|

LSD at 0.05 A;o.1o‘ B;O.lo‘ C:0.17 A*B;O.17‘ A*C;0.30‘ B*C;O.30‘ A*B*C; 0.52

Proline
Water 3.26| 5.75| 7.78 5.60 453| 6.66 4.82 4.93| 7.26 5.15 5.19
SA 75 449| 6.61| 10.27 7.12 4.89| 7.22 5.53 5.66| 7.70 5.95 6.20
SA 150 420 6.31| 8.47 6.33 4.76| 6.93 5.30 5.44| 7.53 5.72 5.78
AsA 50 4.40| 6.55| 8.88 6.61 | 4.84| 7.16| 5.47 | 560| 7.67| 5.89 5.99

AsA 100 4.28| 6.43| 8.64 6.45 481 7.01 5.37 5.54| 7.62 5.81 5.88
a-toco 50 423 6.35| 8.55 6.38 4.78| 6.98 5.33 5.47| 7.56 5.75 5.82

a-toco 100 434 6.52| 8.82 6.56 4.83| 7.07 541 5.55| 7.65 5.85 5.94

Yeast 1000 | 3.78| 6.04| 7.90 591 455| 6.70 5.01 499| 7.31 5.36 5.43

Yeast 2000 | 3.98 6.17| 8.12| 6.09| 4.66| 6.88| 517 | 527| 7.45| 557 5.61

c A 6.34 5.27 5.67
g B | 411 548 7.70
A*B 6.30| 8.60 4.74 ‘ 6.96 ‘ 5.38] 7.53

LSD at 0.05 A;0.0S‘ B;0.0S‘ C;0.13 A*B;O.lS‘ A*C;O.ZZ‘ B*C;0.22‘ A*B*C; 0.39

. N.S.=Nutrient Solution (Control) ¢+ SA = Salicylicacid

' ' '
Attt il 1
' '

AsA = Ascorbic acid ! a-toco. = a-tocopherol

Yeast = Yeast extract
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Total soluble carbohydrates:

Data presented in Table (10) show that salinity increased total carbohydrates in the shoots of sweet pepper with
increasing salinity level from 2000 to 4000 mg/L as compared to non-salinized plant.

Table (10): Effect of pre-soaking seeds in SA, AsA, a-tocopherol or Yeast extract on total phenols (mg/100g FW) and total
soluble carbohydrates concentrations (mg/g DW) in sweet pepper shoot grown under non-saline and saline conditions at 75
and 90 days from sowing using NFT.

Salinity N.S.+ (NaCl+CaCly)
(A) N.S.+ NaCl N.S.+ CaCl, (1:1) wiw
Mean
Treatment (C Conc. (B) Mean Conc. (B) Mean Conc. (B) Mean ©
mg/L
g N.S.| 2000] 4000 (A*C)[ 2000 4000| (A*C) [ 2000] 4000 (A*C)
Total phenol

Water 27.18 4793 64.80 46.64| 37.77| 55.51] 40.15| 41.11 60.50, 42.93| 43.24
SA 75 37.45 55.07 85.59 59.37| 40.71] 60.15 46.10| 47.19 64.18 49.60| 51.69
SA 150 3496 52.62 70.61 52.73| 39.62| 57.78 44.12| 45.32 62.74 47.67| 48.18
AsA 50 36.69 54.63 74.01 55.11| 40.38 59.69] 45.59| 46.70 63.96] 49.12| 49.94
AsA 100 35.66 53.64 71.98 53.76| 40.10| 58.43 44.73| 46.16 63.47| 48.43| 48.97
a-toco 50 35.25 52.95 71.22 53.14| 39.83] 58.200 44.43| 45.58 63.03 47.95| 48.50
a-toco 100 | 36.15 54.320 73.47] 54.65| 40.25 58.93 45.11| 46.28 63.78 48.74| 49.50
Yeast 1000 | 31.55 50.33 65.81] 49.23| 37.96| 55.82] 41.78| 41.56 60.920 44.68| 45.23
Yeast 2000 | 33.16| 51.39 67.68 50.74| 38.81 57.35 43.11| 43.91] 62.10] 46.39| 46.75

i A 52.82 43.90 47.28
é B | 34.23 4563 64.14
A*B 52.54 71.68 39.49‘ 57.98‘ ‘ 44.87‘ 62.74|

LSD at 0.05 A;O.62‘ B;O.62‘ C;1.08 A*B;l.OS‘ A*C; 1.87‘ B*C: 1.87‘ A*B*C; 3.24

Total soluble carbohydrates
Water 7.28| 15.11 20.87] 14.42| 10.96 17.36] 11.87| 12.32 18.81] 12.81| 13.03
SA 75 10.90 17.07| 28.46 18.81| 12.13 18.75 13.93| 14.92 20.70f 15.50| 16.08
SA 150 10.45 16.14 23.50 16.70| 11.61] 18.30] 13.45| 13.49 19.58 14.51| 14.89
AsA 50 10.79 16.720 26.19 17.90| 12.04| 18.64] 13.82| 14.60 20.51] 15.30| 15.68
AsA 100 10.67] 16.51 24.66 17.28| 11.77| 18.51] 13.65| 13.98 19.94 14.87| 15.27
o-toco50 | 10.53 16.35 24.24 17.04| 11.69 18.41 13.54| 13.74 19.73 14.67| 15.08
a-toco 100 10.720 16.60, 25.06 17.46| 11.84] 18.59] 13.72| 14.29 20.40 15.14| 15.44
Yeast 1000 7.92| 1558 21.83 15.11| 11.02] 17.61] 12.18| 12.39 18.91 13.07| 13.45
Yeast 2000 9.90| 15.820 2254 16.08| 11.34/ 18.08 13.11| 12.78 19.21] 13.96| 14.38

_ A 16.76 13.25 14.42
é B | 991| 13.81 2077
A*B 16.21] 24.15 11.60‘ 18.25‘ ‘ 13.61{ 19.75’

LSD at 0.05 A;0.0S‘ B;0.0S‘ C: 0.09 A*B;0.0Q‘ A*C;O.ls‘ B*C;O.ls‘ A*B*C; 0.27

—————————————————————————————————————————————————————————————————————————————————————————————————————————

N.S.= Nutrient Solution (Control) : SA = Salicylic acid

AsA = Ascorbic acid ; a-toco. = a-tocopherol
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The present results confirm that the carbohydrates content is a very sensitive factor for salt tolerance
improvement. The increase in total carbohydrates content in shoots was observed under salinity stress. This was due to
an increase in glucose and fructose (reducing sugars) concentration not only in the leaves but also in the roots associated
to the presence of high concentration of chloride in the plant tissues (Liu and VanStaden, 2001).

These results indicate a positive relation between high salinity levels and sugar accumulation potential. In
addition, glycophytes adapt themselves to somewhat saline conditions by lowering osmotic potential through converting
starch to sugar (Larcher, 1995) and accumulation of sugars resulted in decreased oxidative stress because of the radical
scavenging features of many solutes (Smirnoff and Cumbes, 1989) and enhanced efficiency in the use of carbon coupled
to a reduction in cellular metabolism, that could fervor the accumulation of respiratory substrate to support the osmotic
adjustment required to survive in saline media (Schnapp et al., 1990), Moreover, Tajdoost et al. (2007) suggested that the
increment in soluble carbohydrate due to salinity may play an important role in increasing the osmotic pressure of the
cytoplasm. Furthermore, Bartels and Sunkar (2005) found a strong correlation between sugar accumulation and osmotic
tolerance. Hence, improvement of crop performance by increasing osmotic potential-adjusting ability might be more
significant in increasing plant growth.

In general, the increment in soluble components among which total sugars due to saline conditions might, in turn,
play an important role in increasing the osmotic pressure of the cytoplasm. In addition, sugars as osmolytes enable plants
to keep better water relations under salt stress conditions and sugar concentration may be used as an indicator to the
osmoprotectant levels in wheat plant and may contribute to salt tolerance in this system. This conclusion is in accordance
with the results obtained by Munns et al. (2006) who stated that organic molecules act as osmotica and play an important
role in osmotic adjustment in non-halophytes.

It could be concluded that pre-soaking sweet pepper seeds in AsA at 50 mg/L or SA at 75 mg/L could alleviate the
harmful effect of salinity on the leaf phytochemical contents .
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