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Abstract: The present investigation aimed to study the effect of foliar spraying with different concentrations of SA, B,
and their combinations on pepper plants during two summer seasons of 2006 and 2007. Dry weight/plant and fruit
yield/plant as well as some antioxidant compounds including, free phenols, carotenoids, Vitamin C and ‘peroxidase
activity in the leaves and fruits in addition to cuticle thickness of pericarip were studied. The results showed that SA
(10° M) with B (5ppm) produced greatest amount of dry weight, fruit yield as well as the measured antioxidant
compounds in the fruits and enhanced the cuticle thickness of pericarip as well. The accumulation of these different
compounds in fruits may be improved the nutritional values of pepper fruits. Therefore, for producing a pepper fruits
with high-quality should use combination of SA and B at low concentrations as foliar spray on the pepper plant.
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INTRODUCTION

Pepper Capsicum annuum L. ; Solanaceae is an
important vegetable crop, not only because of its
economic importance, but also for the nutritional value
of its fruits, which an excellent source of natural colors
and antioxidant compounds, like phenolics, vitamin C
and carotenoids (Howard et a/, 2000 ; INavarro ef al.,
2006). The intake of these compounds in food is an
important health-protecting factor. They have been
recognized as being beneficial for prevention of
widespread human diseases including cancer, Phenolic
compounds retard or inhibit lipid autoxidation by acting
as radical scavengers (Namiki 1990), cardiovascular
diseases, when taken daily in adequate amounts
(Bramley, 2000 and Sies, 1991), and consequently, are
essential antioxidants that protect against propagation of
the oxidative chain. It is also known that vitamin C play
an important role in pepper fruits as, chelates heavy
metal ions (Namiki, 1990, Rietjens et al., 2002), reacts
with singlet oxygen and other free radicals, and
suppresses peroxidation (Bielski ef af., 1975), reducing
the risk of arteriosclerosis, cardiovascular diseases, and
some forms of cancer (Harris,1996). Carotenoids play
an important role in fruit coloring and act as
antioxidants, reacting with free radicals, mainly
peroxide radicals and singlet molecular oxygen
(Namiki, 1990 & Russo and Howard, 2002).

Several studies strongly suggest that SA and other
salicy- lates as a simple ubiquitous plant jhenolic and it
is considered as hormone-like substances play an
important role in many biological respoises in plants.
SA has been reported to regulate a nuribes of processes
including plant growth and development, seed

‘germination, fruit yield and quality, glycolysis,
flowering, disease resistance, ethylen: production,
salinity tolerance and heat productiou in thermogenic
plants (Raskin, 1992; Klessig and Malany, 1994 &
Hayat and Ahmad 2007). lon uptake and transport
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(Harper and Balke, [981), photosynthetic rate, stomatal
conductance and transpiration (Khan et a/.;=2003) could
also be affected by SA application.

The effect of SA on plant growth, fruit yield and its
quality has been discussed by several researchers (Kord
and Hathout 1992, Zhang ef a/, 2003). 1t is reported that
SA positively affected the antioxidants, for example,
exogenous treatment with SA in low concentration
enlarged activity of some antioxidant enzymes
(peroxidase and superoxid dismutase) in barley leaves
exposed to herbicide stress (Ananieva ef al., 2004) and
carrot exposed to salinity and boron toxicity (Eraslan et
al., 2007). In addition to, | mM SA induced catalase
activity and H,O; in tobacco leaves during 3 hours after
treatment demonstrated his role in plant defense
mechanisms (Chen and Klessing, 1991).

Micronutrients can affect the plant biochemistry
and physiology, which can influence the resistance or
tolerance mechanisms of plants to pathogens. Boron (B)
is an essential micronutrient for plant growth and
development, pollen germination and growth of pollen
tubes as well as it is involved in a number of metabolic
pathways and functions such as cell wall synthesis and
structure,  lignification, carbohydrate metabolism,
phenol metabolism, plasma membrane integrity, salt
tolerance and plant disease (Marschner, 1995, Dordas
and Brown, 2005, Stavrianakou et al., 2006, Simoglou
and Dordas, 2006, Lopez-Gomez et al., 2007 & Singh et
al., 2007).

In view of some afore-mentioned reports which
indicated that SA or B could alleviated stress factors by
stimulation of the antioxidants content (Eraslan ef al.,
2007 & Lopez-Gémez et al, 2007), to further the
present study examined the effects of exogenous
application of the SA, B or their interaction effect
through foliar application which could improve pepper
fruit yield for food safety and antioxidants content for
prevention  of  widespread  human  diseases.
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MATERIALS AND METHODS

Plant material, treatments and growth conditions:

The experiment was carry out under the
screenhouse conditions at the experimental station of
the Faculty of Agriculture, Suez Canal University,
Ismailia, Egypt during the summer seasons of 2006 and
2007. Seeds of pepper Capsicum annum L. Solanaceae
cv. Twingo Fl; provided from the Egyptian Vegetable
Research Center, Ministry of Agriculture, Egypt were
germinated in styrophom trays under the screenhouse
conditions. The trays were filled with a soil mixture
(modified cornell peat-lite mixes in I:1 ratio, Hartmann
et al., 1990). After emerging, seedlings were watered
with a commercial nutrient solution (19-19-19 N-P-K
with micronutrient) at a dilution of 1:200. The seedlings
were maintained under 58-85% humidity and with a
day/night temperature ranged from 20-35 °C for six
weeks. Uniform seedlings (45 days old) were
transplanted in hills 0.25 m apart. Four plots, each 40
m? (2 ridges, each 20 m in length and 1.0 m in width)
were prepared at the beginning of June in both seasons.
Plots were distributed using complete randomized block
design. Soil texture was sandy (91% sand, 3.% clay and
6% silt), pH 8.27, EC 3.48 dSm™, Ca 20.87 meq”', Mg
9.78 meq™, K 0.884 meq™, Na 3.25 meq™*, HCO; 6 meq’
L C17.28 meq™ and SO, 21.52 meq™".

[n the screenhouse, temperature, relative humidity
and light density were fluctuated between 25-40 °C, 58-
85% and 25-30 klux respectively, uring the
experiment. Plants 75 days old (at - iaitiation of
flowering stage) were sprayed with different
concentrations of salicylic acid (0.0, 10 and 10™ M)
and / or Boron (0.0, 5.0 and 10.0 ppm) as well as their
interactions, Borax Na,B40,.10H;O was used as a
source of Boron (10.6% B). Solution of boron, salicylic
acid and their interaction with a surfactant triton 0.1%
were sprayed three times with two weeks intervals on
the whole plant shoot. The volume of sprayed solution
was approximately 50 ml per plant each time. The same
amount of dionized water plus triton 0.1% was used as a
control. All sprays were done in the inotning (8-9 a.m.).

Plants were received urigation and fertilization as

recommended by Ministry of Agriculture.

Measuremeats and Observations:

All plant samples were taken after (30 days from
sowing for the following measurements:
Plant biomass:

Shoot dry weight of [0 plants from each replicate
were determined using gravimetric method. Dry weight
was determined after fixing plant material at 90 °C and
drying (at 70 °C) up to a constant weight.

Yield and fruit quality:

Marketable green-yellowish fruiss were harvested
at 105 days fromn transplanting then fruit v eight /plant
was recorded.

Antioxidants analysis:

All Chemicals analysis were estimated in the 3™
leaf from the plant tip and first fruit formed in the plant
(at inain stem).

a) Ascorbic acid concentration (mg/g F.W.) in the fruits
was estimated according to (Pearson 1970).

b) Carotenoids were extracted from the fresh leaves and
fruit pericarp by acetone 85% and determined
spectrophotometricaly according to Lichenthaler and
Wellburn (1983), and then calculated as mg/g DW.

¢) Ethanolic extract (96% ETOH) of pepper leaves and
fruit pericarps were prepared according to Abdel-
Rahman et al., (1975), then the free phenols
determined spectrophotometricaly at 650 nm with
folin- ciocalteu reagent according to (William ef al.,
1965).

Peoxidase activity determination

Preparation of peroxidase extract:

0.5 g fresh leaves and fruit pericarp were
homogenized in a mortar and pestle with 0.1 M
phosphate buffer (pH 6.5) at 4 °C and stirred for 20 min
(Urbanek et al, 1991). The suspension obtained was
filtered through one layer of muslin cloth and then
centrifuged at 18000g for 15 min, 4 °C. The supernatant
was used for determination of enzyme activity.
Peroxidase [E.C. 1.11.1.7] assay:

The reaction mixture consisted of 3.5ml of 0.1 M
phosphate buffer (pH 6.5), 0.3 ml of 0.1 % o-dianisidine
solution, 0.2 ml of enzyme extract and 0.2 ml of 0.2 M
hydrogen peroxide solution (Urbanek ef al., 1991). The
reaction mixture was incubated at 30 °C for 10 min and
the oxidation of O-dianisidine measured by changes in
optical density at 430 nm (Beckman DK-2
Spectrophotometer). Corrections were done for the
oxidation rate of O-dianisidine in the absence of H,0» in
the reaction mixture. Soluble peroxidase activity was
expressed as optical density per milligram of protein per
minute. One unit of peroxidase activity (AU) was taken
as the change of 1.0 unit of optical density per minute.
Anatomical studies

Fruit pericarp specimens from second year were
killed and fixed in F.A.A, then dehydrated in ethyl
alcohol series, embedded in Paraffin wax, sectioned to
thickness of 1511, double stained with Safranin and Light
green, cleared in Xylene and mounted in Canada balsam
according to Willey (1971).Cuticle measurements were
calculated by eyepiece micrometer.

Data analysis:

Data  were statistically analyzed  using

 ANOVA/MANOVA of Statistica 6 software (Statsoft,

2001) with” mean values compared using Duncan’s
multiple range test with a significance level of at least
p<0.05.

RESULTS

Effect of SA, B and their interactions on some
autioxidants contents in leaves and fruits of pepper
plants:

The data (Figure 1) proved that no treatment with
either of SA or B and their interaction combination
enhanced carotenoids and free phenols content over the
coatrol treatment. In most cases the control treatment
had high carotenoids and free phenols content in the
leaves. [lowever, in {ruit high vitamin C, carotenoids
and free phenols were occurred under low concentration
of SA in combination with low concentration of B (5
ppm) in both seasons. Fruit antioxidants were increased
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by 48% and 289%, 51% and 75% in addition to 48%
and 81% respectively in both seasons. In most cases,
either of SA or B at their tested concentrations did not
improve the content of carotenoids and free phenols in
pepper fruits, except only SA at 10 which increased
fruit carotenoids content in the first season’and B at 10
ppm increased fruit carotenoids content in the second
season. The same trend also was true for peroxidase
activity in leaves and fruits which were significantly
increased when the pepper plants sprayed with the
combination of SA and B at low concentration
compared with control, where peroxidase activity
increased by 82% in leaves and 67.4% in fruits.
However, peroxidase activity in leaves and fruits did not
significantly affect when pepper plants sprayed with SA
or B alone (Figure 1).

Fruit antioxidant traits positively correlated to each
other (Table 2), especially vitamin C and carotenoids
content. Such results appear to support that these traits
are associated for their response to the treatments with
SA, B and their interactions.

Effect of SA, B and their interactions on growth,
fruit yield and cuticle thickness of pericarp:

High vatues of shoot dry weight appeared in plants
which foliar sprayed either with SA at low
concentration alone or in combination with boron at 5

ppm than those treated with boron alone or control
plants in both seasons. The positive effect of low level
of SA on shoot dry weight amplified when SA
combined with low level of boron (5 ppm) in the second
season. The combination of SA (10 and boron (5
ppm) enlarged shoot dry weight by 15.9% and 90.4% in
both seasons, respectively. The lowest fruit yield
(483.35 and 283.35 g/plant) was obtained in plants
under control, and the maximum values (780 and 610.9
g/plant) in plants sprayed with SA + B at low
concentration, where the increasing percentage was
61.6% and [15.6% in fruit weight per plant over the
control treatment in both years, respectively (Table ).
Also, the significant highest values of cuticle thickness
of fruits pericarp were recorded with the treatments of
SA at low concentration alone (125um) or in
combination with B at low concentration (127um).
However the lowest values were observed in control
plants and treated plants with SA at high concentration
(Table 1 and Figure 2). '

Correlation coefficient Table (2) indicated that the
fruit yield is highly correlated with the shoot dry weight
(r =0.59%), also, the yield significant positively
correlated with vitamin C and carotenotds (r = 0.57*
and 0.36%, respectively).

Table (1): Effect of SA, B and their interactions on shoot dry weight, fruit weight per plant and pericarp thickness of

pepper fruits.

Treatments

Fruit Characters

Shoot Dry Weight (g/plant)

e Cuticle thickness(pm)

B SA (g/plant)
2006 2007 2006 2007 2007
0.0 26.14 ™ 18.41° 483.4 283.4¢ 62.5¢
0.0 10° 33.51° 31.73 % 700.0 508.4° 125.0°
10 30.00 ® 22.37°¢ 566.5 * 408.3 ° 64.7 ¢
0.0 T 19.74 © 405.0"° 4492 ¢ 113"
5.0 10°¢ 30.30 © 35.05 780.0 ° 610.9° 127.0°
10" 2745 % 22.98° 592.5 % 450.0 95.1°¢
0.0 22.65° 25.30 575.0 ¢ 600.0° 122°
10.0 10° 0. 75 25.15 % 758.0 608.4° 93.4°¢
10" 23.35° 23.57 ° 665.0 * 408.35 ° 93.5°¢

Values are the means of three replicates. Values followed by the same letter within a column are not significantly different at the 0.05% level of
probability according to Duncan's multiple range test

Table (2): Correlation coefficients between traits of pepper -p]ants (cv. Twingo F1) treated with SA, B and their

interactions.
- Antioxidants - : Shoot
eaves Fruits Dry
=L g Free  Peroxidase ., . ] : Free Peroxidase i
Carotenoids Phenols _activity Vitamin C Carotenoids Phenals  activity Weight
Leaf Free Phenols 0.05
Leaf Peroxidase -0.43* -0.03
Fruit Vitamin C -0.26 0.10 0.32
Fruit Carotenoid -0.33* 0.17 0.27 0.68*
Kruit Free Phenols -0.20 0.38* 0,55% 0.22 -0.45%
Fruit Pesuxidase -0.11 0.09 0.39* 0.45* 0.32 0.33
Shkout Dry Weight -0.13 0.14 0.18 0.6o* 0.44* 0.2.3 0.10
Kruit Weighﬁt -0.30 0.23 0.27 0.57* 0.36* 0.11 0.14 0.59*

*sigmificant at 0.03 probability levels
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Figure (1): Effect of SA, B and their interactions on some antioxidants content in leaves and fruits of pepper plants.
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DISCUSSION

Effect of SA, B and their interactions on some
antioxidants contents in leaves and fruits of pepper
plants.

The results of this investigation proved that SA or B
alone generally did not affect antioxidants concentration
in pepper leaves and fruits. However, the combination
of SA and B at low level enhanced the concentration of
antioxidants (carotenoids, vitamin C, free phenols and
peroxidase), significantly. These results partially are in
agreement with those of Eraslan er al. (2007) in carrot,
who found that carotenoids, anthocyanin content and the
total antioxidant activity were positively aftected by the
application of SA. Similarly, Fernandes er al. (2006)
found that treatment of the primary leaves of cowpea
with 10 mM salicylic acid increased the total peroxidase
activity contributed by the anionic isoform. The results
indicated that the best treatment increased the content of
enzymatic and non-enzymatic antioxidants in fruits and
only enzymatic in leaves. This finding may be support
that the plant fruits possess more protection means than
the plant leaves.

Effect of SA, B and their interactions on growth,
fruit yield and cuticle thickness of pericarp.

Bioproductivity of plants lias been one of the main
topics of agricultural sciences and different experts
(geneticists, plant breeders, biotechnologists, plant
nutritionists, plant physiologists, etc) have been trying
to describe it.

Plants have enzymatic and non-enzymatic
antioxidant systems, to remove the reactive oxygen
species, which produced as secondary metabolites under
normal or stress conditions (Ashraf and Harris, 2004;
Navarro ef al., 2006) for better growth and produce high
fruit yield. The pervious statements supported our
results which indicated that high values of shoot dry
weight and fruit yield as well as fruit cuticle thickness
were correlated with the treatment contained SA and B
dt low eoncentration. Its clear that, SA and B markedly
improved fruit yield by inducing of antioxidants which
are involved in the regulation of both cell division and
expansion as reported by Franceschi and Tarlyn, (2002),

Salicylic acid (M)

Pignocchi et al. (2003), Chen and Gallie, (2006) and
Hayat and Ahmad (2007) and cell wall lignification
which was protected the fruits from any stress. This is
consistent with findings of Dordas and Brewn, (2005),
Stavrianakou et al. (2006), Simoglou and Dordas,
(2006), Lopez-Gomez et al. (2007) and Singh et al.
(2007). Also, peroxidases has a function in lignification,
auxin regulation, wounding and defense against
pathogen infection (Hiraga et al,, 2001; Kawano, 2003),
which supported the present results.

The positive correlation between fruit weight and
vegetative growth positively indicates that the processes
of photo-assimilate translocation from the leaves and/or
compartmentation within the fruits, as induced by SA
and B, may induce the sink demand and thereby the
fruit yield production. Also, high correlation between
fruit yield and antioxidants content, one may speculate
that, the higher antioxidant within the fruits has
provided suitable metabolic conditions for the processes
involved in fruit weight and fruit number to be more
rate efficient.

[n general, plants sprayed with low concentration of
SA and boron (10° M & 5 ppm, respectively) showed
the highest values in most investigated parameters in
both seasons compared with all treatments as well as
control. Whereas, SA has an inhibition effect with
indirect sqnanner on plant when used in high
concentration (Taiz and Zeiger, 2006), therefore pepper
plants responded better to SA at low concentration. In
the same way, B as a micronutrient must used in low
concentration, due to avoid their toxic effect on plants
Xu et al., 2007).

It could be concluded that spraying pepper plants
with SA in 10° M with B at concentration of 5 ppm
increased the amount of some antioxidant compounds
like vitamin C (ascorbic acid), carotenoids and free
phenols as-well as peroxidase activity in pepper fruits,
which resulted to produce a healthy plants with high
yield. These results led to accumulate of different
antioxidant compounds in fruits which improved the
nutritional value of pepper fruits whicli very important
for human health.



90

Elwan and El-Hamahmy, 2008

REFERENCES

Abdel-Rahman, T., H. Thomas, G. J. Doss and L.
Howell (1975). Changes in endogenous plant
hormones in cherry tomato fruits during
development and maturation. Physiol. Plant.,
34(1): 39-43.

Ananieva, E. A., K. N. Christov and L. P. Popova
(2004). Exogenous treatment with Salicylic acid
leads to increased antioxidant capacity in leaves
of barley plants exposed to Paraquat J. Plant
Physiol. 161. 319-328.

Ashraf, M. and P. J. C. Harris (2004). Potential
biochemical indicators of salinity tolerance in
plants. Plant Science 166: 3-16.

Bielski, B. H., H. W. Richter and P. C. Chan (1975).
Some properties of the ascorbate free radical.
Annals of the New York Academy of Sciences,
258:231-237.

Bramley, P. M. (2000). Is lycopene beneficial to human
health?. Phytochemistry, 54: 233-236,

Chen, Z. and D. R. Gallie (2006). Dehydroascorbate
reductase affects leaf growth, development and
function. Plant Physiology, 142: 775-787.

Chen, Z. and D. F. Klessing (1991). [dentification of
soluble salicylic acid binding protein that may
function in signal transduction in the plant
disease-resistance response. Proc.Natl. Acad. Sci.
USA. 88: 8179-8183.

Dordas, C. and P. H. Brown (2005). Boron deficiency
affects cell wviability, phenolic leakage and
oxidative burst in rose cell cultures. Plant and
Soil 268 (1-2): 293-301.

Eraslan, F., A, Inal, A. Gunes and M. Alpaslan (2007).
Impact of exogenous salicylic acid on the growth,
antioxidant activity and physiology of carrot
plants subjected to combined salinity and boron
toxicity. Scientia Horticulturae 113: 120-128.

Fernandes, C. F., V. C. P. Moraes, [. M. Vasconcelos, J.
A. G. Silveira and J. T. A. Oliveira (2006).
Induction of an anionic peroxidase in cowpea
leaves by exogenous salicylic acid. Journal of
Plant Physiology 163: 1040-1048. _

Franceschi, V. R. and N. M. Tarlyn (2002). L-ascorbate
acid is accumulated in source leaf phloem and
transported to sink tissues in plaats. Plant
Physiology, 130: 649-656.

Harper, J. P. and N. E. Balke (1981). Characterization
of the inhibition of 17" absorption in oat roots by
salicylic acid. Plant Physiol 68:1349-1353.

Harris, J. R. (1996). Subcellular biochemistry, ascorbic
acid: biochemistry and biomedical cell biology
(Vol. 25). New York: Plenum.

Hartmann, H. T, D. E. Kester and F. T. Davies (1990).
Plant Propagation: Principles and Practices, Sth
Edition. Prentice-Hall, Englewood Cliffs, NJ, 647
pp.

Hayat, S. and A. Ahmad (2007). Salicylic Acid: a Plant
Hormone. Springer 401 p.

Hiraga, S., K. Sasaki, H. Ito, Y. Ohashi and H. Matsui
(2001). A Large Family of Class [II Plant
Peroxidases. Plant Cell Physiol. 42: 462-468.

Howard, L. R., S. T. Talcott, C. H. Brenes and B.
Villalon (2000). Changes in phytochemical and
antioxidant activity of selected pepper cultivars
(Capsicum species) as influenced by maturity.
Journal of Agricultural of Food Chemistry 48:
[713-1720.

Kawano, T. (2003). Roles of the reactive oxygen
species-generating peroxidase reactions in plant
defense and growth induction. Plant Cell Rep. 21:
829-837.

Khan, W., B. Prithiviraj and D. L. Smith (2003).
Photosynthetic responses of corn and soybean to
foliar application of salicylates. J. Plant Physiol.
160:485- 492,

Klessig, D. F. and J. Malamy (1994). The salicylic acid
signal in plants. Plant Mol. Biol. 26: 1439-1458.

Kord, M. and T. Hatout (1992). Changes in some
growth criteria, metabolic activities and

endogenous hormones in tomato plants
consequent to  spraying with  different
concentrations of salicyaldehyde.

Egypt.J.physiol.Sci.16 (1-2):117-139.

Lichtenthaler, H. K. and W. R. Wellburn (1983).
Determination  of  total carotenoids and
chlorophylls a and b of leaf extracts in different
solvents. Biochem. Soc. Trans. 11: 591-592.

Lopez-Gomez, E., M. A. San Juan, P. Diaz-Vivancos, J.
Mataix Beneyto, M. F. Garcialegaz and J. A.
Hernandez (2007). Effect of rootstocks grafting
and boron on the antioxidant systems and salinity
tolerance of lequat plants (Eriobotrya japonica
Lindl.) Environmental and Experimental Botany
60:151-158.

Marschner, H. (1995). Mineral Nutrition of Higher
Plants, second ed. Academic Press, London, p.
889.

Navarro, .. M., P. Flores, C. Garrido and V. Martinez
(20006). Changes in the contents of antioxidant
compounds in pepper fruits at different ripening
stages, as affected by salinity. Food Chemistry
96:66-73.

Namiki, M. (1990). Antioxidants/antimutagens in food.
CRC Critical Reviews in Food Science and
Nutrition, 29: 273-300.

Pearson, D. (1970). The chemical analysis of foods (6th
ed.), T.A Constable, London.

Pignocchi, C., J. M. Fletcher, J. E. Wilkinson, J. Barnes
and C. H. Foyer (2003). The function of
ascorbate oxidase in tobacco (Nicotiana tabacum
L.), Plant Physiol. 132: 1631-1641.

Raskin, I. (1992). Role of salicylic acid in plants. Annu.
Rev. Plant Physiology Plant Mol. Biol. 43:439-
463.

Rietjens, . M. C. M., M. G. Boersma, L. Haan, B.
Spenkelink, H. M. Awad, N. H. P. Cnubben, J. J.
Zanden, H. Woude, G. M. Alink and J. H.
Koeman (2002). The pro-oxidant chemistry of
the natural antioxidants vitamin C, vitamin E,
carotenoids and flavonoids. Environmental
Toxicology and Pharmacoiogy || (3-4): 321-333.

Russo, V. M. and L.R. Howard (2002). Carotenoids in
pungent and non- pungent peppers at various



Effect of Salicylic acid and Boron on growth. |. Fruit productivity and antioxidcnt contents 91

developmental stages grown in the field and
glasshouse. Journal of the Science of Food and
Agriculture 82: 615-624.

Sies, H. (1991). Oxidative stress: Oxidant and
Antioxidant. London: Academic Press.

Simoglou, K. B. and C. Dordas. 2006. Effect of foliar
applied boron, manganese and zinc on tan spot in
winter durum wheat. Crop Protection 25: 657-
663.

Singh, R., R, R. Sharma and S, K. Tyagi (2007). Pre-
harvest foliar application of calcium and boron
influences physiological disorders, fruit yield and
quality of strawberry (Fragaria x ananassa
Duch.). Scientia Horticulturae 112: 215-220.

Statsoft, Inc., (2001). STATISTICA fur Windows
[Software-system fiir Datenanalyse] Version 6.
www, Statsoft.com.

Stavrianakou, S., G. Liakopoulos and G. Karabourniotis
(2006). Boron deficiency effects on growth,
photosynthesis and relative concentrations of
phenolics of Dittrichia viscosa (Asteraceae).
Environmental and Experimental Botany 56:
293-300.

Taiz, L. and E. Zeiger (2006). Plant physiology,
Benjamin-Cummings  Pub  Co, Reading,
Massachusetts

Urbanek, H., E. Kuzniak-Gebarowska and K. Herka
(1991). Elicitation of defense responses in bean
leaves by Botrytis cinerea polygalacturonase.
Acta Physiol Plant. 13:43-50.

William, H. P., A. C. Chichilo and H. Reynolds (1965).
Official methods of analysis of the association of
agricultural chemists. 10ed, Ass.of Agric.chem.
Washington,D.C,p 158.

Willey, R. L. (1971). Microtechnique, A laboratory
guide. McMillan publishing Inc., N.Y.p99.

Xu, F., H. E. Gddbach, H. P. Brown, W. R. Bell, T.
Fujiwara, D. C. Hunt, S. Goldberg and L. Shi
(2007). Advances in Plant and Animal Boron
Nutrition, Proceedings of the 3rd International
Symposium on all Aspects of Plant and Animal
Boron Nutrition p.399.

Zhang, Y., K. Chen, S. Zhang and I. Ferguson (2003).
The role .of salicylic acid in postharvest ripening
of kiwifruit. Postharvest Biology and Technology
28:67-74.

(Mﬁdﬂ)dﬂﬂlgéJuﬂiSJ&&:\SJ%@C&}’\JJAJMUJDwaijwlLﬁAhguﬁjlﬁu
sy Clilaa (5 giaa g gidall J graaall -

*% panlasd] dgans Ao dasa g %) gl deaa g teaa
e Abie el €10V L gull 3L Aaala et ) 3 AS _pilunl) aus *
e etlie L) €Y 0YY iy guall 318 Rnala Aoy 31 &S <oy Al s ##

Lo pdolad] AN (5 ) sl g llialidl aala e dalinalt o 38 iy (Lilalh sl iy Bla dul o s Caadl 138 o 1S
elall GLall ¢yl e DS e oy sl g lliebidl paabay el 5 dul o addum YooV YT del )l auge da
a3 el N ALYl = el gl SN o5 all @ gl e sanSY) clalia o ey ) ALY o el Jpeasall
ad Aol o il @ pedal Jalahl L 8 S sl Ailaie 3 S5 Sl Ads lass A p0 o7 S g Jalill LS 310 B SaamS sl
o) gen tante (7)) il malay Jilill il ) o5 Lasie Lggle J gemall o3 il JSI LN J gumna g il cilall (550
el g i g SN 35 pall Y gl Jia s a3 A 52O Saliadl) il jall a8 e f ciae | dlabaal) i (G sl 6 32 ©)
ey JomSh Alelaey 455l Jalal) el S5 Sl Aia s 8ol ) Alabaall uih ol LS 03 g paald o 330 s Y diLmYl
g4 U peana 2 0l Ldde ool il (g pafi La e Teliy s L0000 Wi e Catnen Ll 3 LS jall 02 oS0 55 ol ol
Auzmidie O3S 5 5 sall y bl adda daglae Jalill <l 3 a5t Alle Sapa 3 Jalil e e





